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Executive Summary
Over the past 10 years (2010-2020), the area under soybean plantings in South Africa has more
than doubled, and production has increased by 76 %. The livestock industry in South Africa
consumes an estimated 1.2 million tonnes of soybean meal per annum or 98 % of current
domestic soybean production (including full-fat soya). Figure 1 provides a spatial distribution
of South Africa’s soybean production, storage, crushing and feed mill locations.
Over the past few years, there has been a slow but steady trend within the local feed industry
from imported to domestically produced soybean meal. The industry, however, requires a
reliable, consistent supply of soybean meal from the seed crushers that meets stringent
quality characteristics relating to oil and protein (amino acid) content as well as the
digestibility of proteins and amino acids (quality of soybean meal). A concern within the feed
industry is that the quality of locally produced soybean meal may not yet be as good as that of
imported meals. The cost of local supply is an additional consideration here, where soybean
production and processing capacity is concentrated in the northern summer production
regions and significant feed production capacity is situated in coastal regions (Figure 1) where
imported soybean meal could be sourced at a lower cost.

Figure 1: Soybean production, storage, crusher and feed mill locations in South Africa
Soybean quality in South Africa
While approximately 60 % of the value of soybean comes from its meal, the remaining 40 %
comes from its oil (Pettersson and Pontoppidan 2013). Therefore, the combined content of
protein and oil in soybean seed is more important than just its protein or oil content. The feed
industry requires a minimum of 46 % protein in soybean meal (with 12% moisture content) to
ensure that the feeds produced by the Industry conform to the Fertilizers, Farm Feeds,
Agricultural Remedies and Stock Remedies Act (No. 36 of 1947). Shifting the focus from
increasing yield per hectare to improved nutrient yield and preserving quality during
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processing could benefit everyone in the soybean supply chain, from the farmer, silo owner
and crusher to the feed/food manufacturer.
The main characteristics that determine soybean quality are low and uniform moisture
content, low percentage of foreign material, discolouration, susceptibility to breakage,
damage by heat (internal cracks), insect and fungal damage, elevated values of density, oil
and protein concentration, and seed viability. Some factors that can affect these
characteristics are environmental conditions during the grain formation of plants, season,
harvesting system, storage techniques and transport (Briedenhann, 2015). In this study, the
effect of agronomic, environmental and crop management factors on soybean quality were
investigated. Problems associated with the storage of seed and the factors that influence
soybean meal quality during soybean processing (crushing) were unpacked. A thorough
literature review was combined with extensive industry interviews and BFAP’s economic
models to quantify the impact of soybean and meal quality on the South African feed and
soybean processing industries.
Soybean composition establishes the limits for soybean meal composition, i.e. protein and oil
content of the soybean itself sets the bound for the protein content of the finished soybean
meal. Table 1 provides a high-level summary from literature of agronomic factors that have
been found to influence protein and oil content of soybeans. The majority “vote” is indicated
in the table; however, some contradictory literature was found regarding the effect of planting
density.
Table 1: Summary of agronomic factors influencing soybean protein and oil content
Protein content
(number of sources)
Increased Drought
Stress
Earlier Planting Date
Increased Planting
Density

(4)
(5)
(3)

Oil content
(number of sources)
(4)
(7)
(4)

Report reference
Section 3.1.5, Table 34.
Section 3.1.6, Table 35.
Section 3.1.6, Table 36.

In terms of nutrient limiting factors, it was found that Cobalt and Molybdenum (Mo) in alkaline
soils increased crop oil content and that combining Nitrogen with Mo positively impacted crop
yield and protein content. Higher temperatures increased oil (up to 26°C) and protein content.
It was found that early plantings improved seed yield and composition, but not necessarily
seed protein content, with optimal planting dates found to be:
 Growth class 6 cultivars early-October
 Growth class 4 to 5 cultivars mid-October
While the majority consensus is indicated in Table 1 above, some contradictory results were
found regarding planting density, with few studies having evaluated the effects of the
interaction between sowing density and row spacing on soybean chemical composition. It can
be concluded that spatial arrangement affects plant structure and morphology, thus affecting
oil and protein content.
Unlike some cultivars advertised in Brazil, soybean seed cultivars advertised in South Africa
are not accompanied by any information on oil or protein content parameters. Even though
2

the national cultivar trials measure the oil and protein content of the seed, most emphasis is
on yield parameters. Breeding for soybean seed composition traits is a complicated process,
and to underline this, the major function of protein meal in nutrition is to supply sufficient
quantities of essential amino acids – therefore, merely taking soybean protein content into
account is likely not enough. However, ample genomic resources and tools are currently
available to soybean researchers for the study of seed composition traits (Bandillo et al., 2015;
Phansaket al., 2016). It is believed that a combination of conventional breeding strategies and
genomic approaches will help to identify genomic loci, haplotypes, and genetic markers aiding
inbreeding for improvement of seed composition traits.
Figure 2 compares South Africa’s soybean protein and oil content on an as-is (approximately
13 % oil content) basis1. Due to South Africa’s geographical location in terms of latitude, and
its day length and heat unit exposure, the potential oil and protein content is lower than in
other countries like the United
States, Brazil and Argentina. A
study conducted in the United
States found a definite trend, with
soybean from more northern
regions having a higher oil content
than southern production regions,
but little effect on protein content
(Breene, 1988).
The profitability of soybean
production is illustrated with the
gross margins in Figure 3. Gross
margins are off-course sensitive
to fluctuations in yield (national
average yield is shown): areas
with lower input costs often result
in lower yields and lower gross
margins. In normal years,
Mpumalanga performs the best
due to higher input costs, higher
yield
potential
and
better
practices. However, the figure
illustrates the potential for North
West with its high yields relative to
low input costs resulting in high
gross margins. This supports the
drive to expand soya production in
the West. The Free State has a
very tight margin in drier years.
Figure 2: Soybean protein and oil content comparison

1

To compare the figures it was assumed that the data for Brazil and Argentina are on an “as
is” basis, which would roughly equal the 15 % of the United States (moisture content was not
stipulated). To compare the data between the countries, South Africa’s data, which is
published on a dry matter basis, was adjusted to reflect a moisture content of 13 %.
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Figure 3 Historic gross margin per main production region
Throughout the period during which soybeans are stored in silos after harvest the main
objective is to preserve the characteristics of the grains. It is vital that their quality is
preserved (Briedenhann, 2015). The three major factors affecting the quality of soybeans
during storage are moisture content, temperature and storage time. Moisture content at
delivery is the most important factor for successful storage of soybean seed and should ideally
fall between 12 and 14 %. Drying of soybeans is not a common practice in South Africa as yet,
however, some farmers have invested in on-farm drying capacity in order to minimise harvest
losses and to harvest and deliver their product earlier at higher prices.
South Africa has two grades for soybean seed based only on basic physical aspects. While
some silo owners have invested in NIR equipment that could potentially inform on quality
aspects of seed such as oil and protein content there is no requirement for these
measurements at silo level as yet.
No reference to a quality-based incentive system (e.g. price premiums for higher oil and/or
protein content) has been found with reference to the soybean industry either locally or
internationally. Furthermore, no adequate grading system is in place to take the graded
soybeans further in the value chain. Due to logistical challenges at silos the different soybean
seed qualities cannot be kept separate in the downstream value chain.
Soybean processing
In an ideal world, crushers’ sourcing strategy would aspire to quality-based sourcing in order
to increase efficiencies and profitability of crushing operations. However, South Africa’s
soybean industry is not yet fully mature and occasionally experiences soybean shortages. This
renders a quality-driven sourcing strategy from a crushing perspective impractical in the
current market environment. Some crushers have explored the methodology of buying
soybeans directly from farms or regions known to have good quality soybeans. This way, they
can implement quality control and pay a premium for higher oil and protein levels (e.g.,
irrigation soybeans). However, this can only be done during the harvest season, as any surplus
soybeans are then stored in silos (where they lose their identity) until they are crushed.
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Outside of the soybean harvesting season, crushers’ sourcing options are significantly
constrained and “crushing something” – even if the best-priced available soybean is of suboptimal quality – is preferrable to “not crushing”. Table 2 provides a high-level summary of
local and imported soybean characteristics and pricing.
Table 2: Comparing local to imported soybeans
PROTEIN
CONTENT
OIL CONTENT
OTHER
CONSIDERATIONS

PRICING
(AVERAGE
2019/2020)

LOCAL SOYBEANS
34 – 38 %

IMPORTED SOYBEANS
39 – 40 %

14-19 %
Consensus that yield & protein
content have improved, but that
there’s space for improvement with
consistency in protein content.
Local seed has a high quality variation
w.r.t.:
 Growing regions
 Between
seasons
(e.g.
drought vs. normal climate)
 Within seasons (increasing
quality towards end of the
season)
R 7 173.06/ton

>18 % (usually >20 %)
Some reports of lower protein
& oil content levels and high
free fatty acids.
Reports of soybeans that were
dried resulting in a darker
colour and negatively affected
oil content.

R 7 828.51/ton

*Local processors report that beans
are bought at a discount of R200 –
R450 to import parity due to supply
and demand dynamics.

Soybeans destined for processing are inevitably of variable quality. Therefore, processors
must be prepared to test for this variability (most do so using NIR technology) and to adjust
their processing practices accordingly. Soybeans are tested for moisture, crude fibre, crude
protein and oil content.
Full-fat soya, expeller- and solvent-extracted soybean meal are three completely different
products that are not interchangeable. Full-fat soya is an energy and protein source
(containing all the oil originally in the bean) while expeller meal is a source of protein only
(most of the oil has been extracted). Expeller soybean meal, also called extruded meal, is a
midway product where some of the oil has been extruded, but the result is less energy-dense
than full-fat soya and lower in oil and protein than solvent meal (see Table 3). Solvent
extracted meal has been through an expeller type process and further processed with a
solvent to remove most of the oil.
Table 3: Solvent meal vs expeller meal vs full-fat soya

Solvent soybean meal
Expeller soybean meal
Full-fat soybean meal
Source: Industry interviews
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Protein content
46.5 %
42.5 – 43.5 %
36 – 37.5 %

Oil content
2%
5-7%
15 - 18 %

Fibre
Max 4 %
Max 6 %
Max 6.5 %

In South Africa the majority of soybeans are currently processed by solvent extraction to
remove about 99% of the oil content. Soybean meal, the by-product of the process, is included
in the diets of most farm animal species (see Figure 4). The majority of soybean meal
produced is consumed by poultry followed by the swine, beef, dairy, pet food and aquaculture
industries.

Figure 4: Soybean meal vs. full-fat soya use in South Africa
Most South African feed mills prefer solvent extracted soybean meal and add their oil
separately as an energy source, as they can then control the energy and protein levels and
their associated costs. However, some feed mills cannot add oil separately during their milling
process because they do not have an oil application system and need to use full-fat soybean
meal. Full-fat soya is traditionally not as popular because it is often more expensive and feed
mills struggle to find reliable, sufficient, good quality suppliers (full-fat crushing plants
typically process between 5 000 and 50 000 tonnes per annum which is a lot smaller scale
than the 50 000 – 600 000 tonnes per annum processed in solvent plants). Nevertheless, there
are feed mills that include full-fat soya and expeller meal in their feed formulation and have
come to prefer it to regular soybean meal, due to its energy contribution. It was regarded as
an efficient substitute for fishmeal. Local expeller soybean meal is also favoured due to its
consistent low urease reading of between 0.03 – 0.05. In the following sections, the definition
and measurement of soybean meal quality will be discussed.
Crushing margins are very tight and volatile (see Figure 5). A slight decrease in oil or meal
prices, or increase in soybean cost, may result in crushers making a loss. The varying gross
margins offset each other, one year’s profit compensating for the next year’s loss. Crushers
generally make a smaller gross margin in the years where either South Africa or America
experienced a dry year, and fewer soybeans are available. The volatility extends within the
years, as the harvest comes in and stocks increase and decrease.
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Figure 5: Solvent crushing margin
Soybean meal quality

Soybean composition establishes the limits for soybean meal composition (a better quality
bean results in a better quality meal), while processing ultimately determines meal
composition within these limits (processing needs to run without fault to comply with
specifications).
The processor greatly contributes to the nutritional value of meal by reducing the bioactivity
of anti-nutritional soybean proteins through the proper use of heat during “toasting”. The
challenge with toasting is that sufficient heat must be applied to the de-oiled meal to denature
the anti-nutritional proteins thereby rendering them biologically inactive, but not to the extent
that the soybeans are overheated resulting in a lower digestibility of the protein. A number of
factors must be continuously managed to achieve consistently the proper toasting “sweet
spot”, including the combination of
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Heating time and
Heating temperature.

Table 4 defines under- and over-processing of soybean meal and lists the negative effects of
both on poultry production. Soybean crushers and feed manufacturers need reliable methods
to differentiate between good quality soybean meal and under- or over-processed meal, to
mitigate these negative effects well. The following section discusses the various tests used to
determine whether soybean meal is under- or over-processed.
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Table 4: Under- vs. Over-processing of soybean meal

DESCRIPTION
DEFINITION

NEGATIVE
EFFECTS:

NEGATIVE EFFECTS OF UNDERPROCESSING
/ Occurs if i) the process of heating is
completed too rapidly or ii) if the
temperature at which the meal is
processed is too low.
The anti-nutritional factors are not
destroyed, and this leads to a
reduction in amino acid digestibility











Proteolytic enzyme activity is
inhibited, decreasing
digestive efficiency.
Pancreatic hypertrophy. As a
consequence of inhibition of
proteolytic enzymes, the
animal reacts to the
presence of protease
inhibitors by secreting more
digestive enzymes, which
results in pancreatic
hypertrophy.
Increased demand for
vitamin D.
Diarrhoea results because
the lectins (haemagglutinins)
present in under-processed
soybean meal destroy the
intestinal mucosa.
Nutrient absorption is
reduced as a consequence of
injury to the mucosa and
inhibition of proteolytic
enzymes.
Decreased bird performance
will occur, especially among
young birds

NEGATIVE EFFECTS OF OVERPROCESSING
Occurs when proteins are
exposed to excessive heat
treatment.
The proteins are denatured,
and amino acid digestibility is
reduced; the negative effects
that cause reduced analytical
concentrations and reduced
digestibility of amino acids
occur for lysine and cystine.
 Decreased quality of
protein.
 Decrease in the true
amino acid digestibility
of certain amino acids
(lysine, and to a lesser
extent cystine and
arginine). The effects on
lysine can largely be
explained by the
Maillard reaction in
which free amino
groups are bound to
free carbonyl groups
(e.g., reducing sugars
or carbohydrates).
 Possible reduction of
choline contents
(unclear)
 Reduced performance
of growing chicks.

Testing for under- or over-processed soybean meal:

In vivo monogastric animal growth performance testing is seen as the most relevant means

of assessing soybean meal quality. However, such a direct analysis is challenging and
impractical in routine operations. These types of trials are not only extremely costly and time
consuming, but in vivo animal testing also requires many ethical considerations (Festing and
Altman, 2002). Fortunately, there are several in vitro tests (also referred to as wet-chemistry
or laboratory analysis) available to assess soybean meal quality. However, there is no single
test available that can assess both under- and over-processing of soybean meal.
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The following tests are most widely used to evaluate soybean meal quality:
 Urease activity (UA, American Oil Chemists Society, 2000). The presence of active
trypsin can be indirectly determined by measuring the activity of urease enzyme
present in soya. Both trypsin inhibitor and urease proteins are denatured and
deactivated during heating. Urease, unlike trypsin inhibitors, is easy to measure, and
is therefore used as a marker of trypsin inhibitor activity. Although the urease test is
routinely performed and often used in contract specifications, the results do not
correlate well with animal performance.
 Protein Dispersibility Index (PDI) (PDI, Batal et al., 2000). PDI is useful to further
distinguish the quality of soybean meal that is otherwise considered to be of good
quality based on the urease and KOH measurements. A PDI between 45 and 50 % and
urease of 0.3 pH unit change or below indicates that the soybean meal is of extremely
high quality, adequately heat processed but not over-toasted.
 KOH protein solubility (KOH, Araba and Dale, 1990 a, b; Parsons et al., 1991). Protein
solubility in 0.2 % KOH has been shown to be a good indicator of in vivo protein quality
for overprocessed soybean meal. Samples with high KOH values are most digestible
as long as urease activity is below the upper recommended limit.
 Trypsin inhibitor activity (TIA) (TIA, Kakade et al., 1969; 1974; Hamerstrand et al., 1981).
The measurement of the trypsin inhibitor activity (TIA) is not commonly used due to
the complexity of the analysis as well as the time required. Activity levels of between
30 and 40 mg/g of soybean meal indicates raw meal whilst levels lower than 5 mg/g
are acceptable for young animals.
Some of these tests are quick and easy to process, whilst others require skill and reliable
laboratory technicians (see Table 5-10). Analysis of quality of soybean meal using in vitro
techniques has some disadvantages:
 Repeatability: Although in vitro soybean meal quality test results within laboratories
do not differ significantly, those between laboratories differ significantly (de CocaSinova et al., 2008).
 Results do not always correlate with the intensity of the heat processing (de CocaSinova et al., 2008). Thus, various research studies have proven in vitro analysis of
soybean meal quality to be a poor indicator of soybean meal quality (Palić and Grove,
2004; Caprita et al., 2010b; Palić et al., 2008 and Palić et al., 2011).
 Furthermore, the tests may not be correlated with actual animal performance. Of the
available in vitro tests, it has been shown that TIA is the best predictor of in vivo efficacy
for soybean meal (de Coca-Sinova et al., 2008; Ruiz, 2012a; Ruiz and de Belalcazar,
2017; Ravindran et al., 2014). However, the TIA test is tedious and time-consuming
and, as mentioned in the previous point, may still provide inconsistent results because
of differences in methodology among laboratories (Sueiro et al., 2015; Chen et al.,
2020).
It is thus essential that feed formulators consider various quality indicators jointly in order to
make inference about the quality of the soybean meal. In South Africa, most feed formulators
make use of in vitro analysis to assess soybean meal quality. Table 4-5 presents a summary
of suitability for under- or over processing. For more detail on each test refer to section 5.9.1
and Table 5-10.
Some believe that the combination of the KOH and PDI tests gives the best representation of
the soybean processing quality. Stakeholders in the industry disagree on which test is the best
to use but agree that a single test is not adequate, preferring to conduct a combination of tests
to get reliable results which unfortunately has a cost and time associated with it. Many feed
mills have an ad-hoc system, where not all tests are conducted on all loads, but rather a
10

tendency is determined for future discussions and as reference for possible price
negotiations.
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Table 5: Chemical analysis methods for processed soybeans. Source Fryer (2016; 2020)

Under
processing
Over processing
Target values
Ease of use

Urease activity

PDI

KOH

TIA

+++

++

+

+++

Reactive
lysine:
Total lysine
No

No
< 0,3 pH rise
< 0,4 mg N/g*min
Most common

+

++

No

+++

15 to 40 %

73 to 85 %

< 4 mg/g

> 90 %

Simple
method

Simple
method

Difficult

Difficult

Suitability rating
+++ high
++ medium
+ low
Figure 6 illustrates the possible quality tests and decision outcomes of the meal quality
measuring process at crushers and feed mills. Important to note, is that each crusher and
feed mill is different and conducts a combination of different quality tests and may have extra
rules and regulations resulting in an option being unviable.

Figure 6: Meal processing quality measuring process
Occasionally, crushers discount their meal price due to seasonal over-supply in the market
and historically, discounts driven by sub-quality product were negotiated with off-takers (this
is reportedly not commonly practiced anymore). Figure 7 illustrates the effect that different
discount levels can have on the gross margin of crusher. Crushers still need to incur the same
variable costs but receive a lower price for their meal. They make R72 less profit per 1 %
discount that they give. At a 5 % discount, this accumulates to R361 per ton.
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Figure 7: Crushing margin sensitivity to price discounts
Soybean meal comparisons and standards
International soybean meal quality comparisons indicated that the composition of soybean
seed and soybean meal varied depending on the country of origin and where they were
processed. When soybean meals subjectively deemed to be of low, intermediate, and high
qualities were evaluated, amino acid concentrations and protein solubility in KOH tended to
improve as subjective quality increased. Other conclusions include:
 At similar crude protein contents, the nutritive value of soybean meal is greater for the
United States meals than for the South America or Indian meals.
 United States meals have less crude protein and fibre and more sucrose, phosphorus,
and indispensable amino acids per unit of protein than Brazilian meals.
 The differences observed in nutritive value of the soybean meal depend not only on the
processing conditions applied by the crushing plant but also on the origin of the
soybeans.
 Nutritionists should use different matrices to describe the nutritional value of soybean
meal of different origins.
In recent years there has been an interest in evaluating soybean meals sourced internationally
with those of locally produced meals from different processors. These trials focussed only on
monogastric nutrition. Most of the soybean meal that has been imported to South Africa for
the last 20 years has been produced by Molinos in Argentina, this meal having maintained a
very high quality, delivering excellent animal performance and, as such, has been historically
regarded to be the “gold standard” in South Africa.
Four trials have been published that compare imported to locally produced soybean meal:
 Briedenhann (2016) presented results of an independent trial comparing four locally
produced meals to that of Argentinian imports.
 Gous (2018) compared the performance of three South African soybean meals to that
of imported meal originating from Molinos crushers in Argentina.
 Barnard (2018) evaluated a similar imported soybean meal from Argentina to locally
produced meal that was produced during a day shift at a crusher, a night shift at a
crusher and under processed soybean meal.
 Cronje (2019) evaluated in vitro quality parameters and digestibility between locally
produced and imported soybean meal from Argentina destined for the South African
pig industry.
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All these trials concluded that locally produced soybean meal is not inferior to imported meal
based on proximate analysis and quality tests. Table 6 summarises the trial outcomes, and
suggests that although the South African soybean meal was of acceptable quality, the
variation in processing quality parameters was higher for local soybean meal than for the
imported meal (in accordance with some industry reports).
Table 6: Comparing local and Argentinean soybean meal
LOCAL MEAL
PROXIMATE
ANALYSIS (SEE

TABLE 6-11 FOR
MORE DETAIL)
PROCESSING
QUALITY
PARAMETERS

(SEE TABLE 6-12
FOR MORE
DETAIL)

Protein (%)
Fat (%)
Fibre (%)
Moisture (%)
Ash (%)
TIU/mg
KOH
PDI
Lysine R
Evonik
Urease

PRICING

IMPORTED MEAL
(ARGENTINA)
44.9 – 53.1
46.1 – 53.5
1.3 – 2.5
0.7 – 1.8
2.8 – 4.7
3.2 – 4.8
7.3 – 11.7
7.9 – 11.9
5.4 – 6.7
5.6 – 6.9
1.1 – 5.2
1.3 – 1.6
73.6 – 94.3
74.1 – 83.9
9.6 – 25.2
17.9
2.5
2.5
13.0-15.0
12.0
0.02 – 0.51
0.02 – 0.12
R 5 777.64/ton (average R 7 119.65/ton (average
2020)
2020)

Over the past few years, significant work has been done by crushers to improve the crushing
process and its delivered product, especially to lower the trypsin inhibitors and deliver a 46.5
% protein meal. The larger crushers seem to be generally comfortable that the process is
adhering to output specifications, but this is uncertain when it comes to smaller crushers that
struggle to process high moisture content soybeans. Table 7 represents current
recommended quality measurements for soybean meal. Currently there are no regulatory
mechanisms that police these minimum standards.
Table 7: Recommended quality measurements for soya bean meal. Source: Roosendaal, 2015
Quality Parameter
Ash
Acid insoluble ash (silica)
Protein solubility index (0.2 % KOH)
Protein dispersibility index
Urease activity
Trypsin inhibitor activity of meal
Bulk density
Screen analysis

Colour
Taste
Contaminants
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Minimum standards
Less than 7.5 %
Less than 1 %
75 – 85 %
15 – 40 %
0,00 – 0,05 pH unit rise
Less than 3 mg/g
57 – 64 g/100ml
95 % through a #10 mesh
40 – 50 % through a #20 mesh
6 % maximum through a #80 mesh
Uniform particle colours of light tan to light brown
Bland
Free from urea
Free from melamine
Free of ammonia
Free from heavy metals
Free from Salmonella

Quality Parameter

Minimum standards
Free from mycotoxins and mould
There has been a definite shift to using local meal instead of imported meal from Argentina,
and buyers seem to be overall satisfied with the current local meal quality. Most feed mills
report that protein content of local soybean meal has increased over the past decade and is
on par with international soybean meal.
Some stakeholders state that the imported meal from Argentina has better consistency, with
set specifications, including processing quality indicators, that are already disclosed when
ordering the meal, and a Certificate of Analysis is received upon delivery. Each South African
crusher has a different process and preference, resulting in a wider product range.
Furthermore, the products of newer plants are reportedly more consistent and can ensure a
better-quality product with more accurate tests. Some believe that South African meal has
overtaken Argentina meal in terms of quality, and that South Africa produces some of the best
soybean meal quality in the world. However, there are still some negative reports, like
variation within a load, and local soybean meal being courser than imported meal that needs
to be reworked to improve the digestibility.
Similar to crushers, there is consensus on the feed mill side, that if the correct process and
procedure is followed during crushing, the meal will conform to quality specifications.
Rejections have decreased over the years as crushers have started focusing more on the meal
as main product and have incorporated what they have learned about quality requirements in
collaboration with their off-takers. There is relatively good transparency, with numerous
reports of feed mills working with crushers to ensure that the meal complies with their
required specifications. The larger crushers stated that they have had very few rejected loads,
and none of them were due to low protein or incorrect processing.
Soybean meal quality mitigation
Processing consistency is the most important factor for feed mills. It is even more important
than protein content as there is no proper mitigation for wrongly processed meal at feed mill
level, and monogastric animals cannot digest the feed. The crushing industry is a competitive
space, and crushers continuously investigate and adjust to solve and mitigate issues. If the
protein content of the produced meal is below specification, crushers can blend it with higher
protein meal, but only up to a point if the protein content is not too low. This is supposedly
done by Argentina to form a constant protein level and consistent meal. Other local crushers
stated that blending leads to inconsistent feed, and that the protein content should rather be
manipulated with the oil, fibre, and moisture content of the beans. By removing more moisture
and fibre in the beans, the protein level is increased.
Feed mills adjust their formulation according to the protein content to ensure they meet their
specifications. This can however only be done up to a certain minimum protein level, after
which some feed mills reject the load. Some feed mills increase the protein level with other
protein sources like sunflower, full-fat soya and canola, or amino acids. This is however very
expensive.
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Table 8 summarises the potential mitigations that are used by some crushers and feed mills
for low protein, incorrect processing levels and meal size. It is important to note that the
mitigations are merely views of some stakeholders, and that other stakeholders may be
against the possible mitigations or deem them as unnecessary.
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Table 8: Potential mitigations for soymeal
PARAMETER
PROTEIN

OVER
PROCESSED

UNDER
PROCESSED

MEAL SIZE

CRUSHER MITIGATION
FEED MILL MITIGATION
 Dehull beans
 Adjust formulation
 Blend meal
 Add other protein source
 Manipulated with the oil, fibre  Add amino acids
and moisture content of the  Apply for discount
beans
 Sometimes sell for discount
 Decrease cooking time
 Downgrade digestibility and
apply for discount and add
 De-hull (limited for cold
probiotics
dehulling)
 Only see effect later,
 Blend (only small volumes)
calculate effect and talk to
 Sometimes sell for discount
supplier
 Increase cooking time
 Downgrade digestibility and
apply for discount and add
 De-hull (limited for cold
probiotics
dehulling)
 Blend (only small volumes)
 Re-process bit by bit
 Mill again

From a feed formulation perspective, shortcomings in raw materials used in feed formulation
such as soybean meal can be corrected to some extent using additives. The most common is
the addition of synthetic amino acids, enzymes and pro- and pre-biotics. However, the cost of
additives is high and could not realistically be used to mitigate all negative effects of out-ofspec soybean meal quality but would rather be used to enhance the digestibility of feed to
lessen some anti-nutritional factors. Table 9 presents a summary of some of the most
important anti-nutritional factors in soybeans.
Table 9: Summary of anti-nutrient factors in soybeans. Sources: Liener (1977), Ensminger and
Olentine Jr (1978), Peisker (2001)
ANTI-NUTRITIONAL
FACTOR
PROTEASE INHIBITORS

MODE OF ACTION





LECTINS
(PHYTOHAEMAGGLUTININS)



ANTI-VITAMIN
FACTORS
(RACHITOGENIC
FACTOR
AND ANTI-VITAMIN B12
FACTOR)
GOITROGENS





Combines with trypsin or
chymotrypsin to form an
inactive complex and lower
protein digestibility
Causes hypertrophy of the
pancreas
Counteracts
feedback
inhibition of pancreatic enzyme
secretion by trypsin
Agglutinates red blood cells
These factors render certain
vitamins (e.g. vitamins A, B12,
D, and E) physiologically
inactive
Enlargement of the thyroid

METHOD
DETOXIFICATION
 Heat treatment
 Germination
 Fermentation



Heat treatments




Cooking
Supplementation
vitamins



Heat treatment in some
cases
Administration of iodide
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OF

of

METAL-BINDING FACTORS
(PHYTATE)



These
factors
decrease
availability of certain minerals
(e.g., P, Cu, Fe, Mn,Zn)

SAPONINS



ESTROGENS



Bitter taste, hemolyze red
blood cells
Cause an enlargement of the
reproductive tract

CYANOGENS



OLIGOSACCHARIDES



ANTIGENS
(GLYCININ AND ΒCONGLYCININ)








Heat treatment
Addition
of
chelating
agents
Use of enzymes
Fermentation

Cause toxicity through the
poisonous hydrogen cyanide
Impair digestion (e.g. intestinal
cramps, diarrhoea, flatulence)



Cooking



Ethanol/water extraction

Cause
the formation
of
antibodies in the serum of
calves and piglets. Prevent
proliferation
of
beneficial
bacteria in the gastrointestinal
tract



Ethanol/water extraction

Perspectives from Feed Mill industry
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Figure 5.10 illustrates the profitability of a feed mill that produces an average broiler feed.
The main inputs for broiler feed are maize and soybean meal. The specific contribution levels
vary per feed mill and feed type. These are also the major costs that feed mills incur.

-

-

(1 000)

Gross Margin

Soybean Meal

Full-fat soybean meal

Oter raw material cost

Total costs of milling

Feed Price

Figure 8: Profitability of a feed mill that produces an average broiler feed
As soybeans are the main protein source, the gross margin is highly dependent on the price
of soybean and full-fat soya, because a certain threshold of protein needs to be achieved. As
the prices of the inputs vary, feed mills can vary the input contributions. There are however
limits to what extent they can adjust the formulation.
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Overall, soybean meal has become the preferred protein source for intensive poultry feed
formulation (which is the largest feed consumer world-wide), due to the following
characteristics:
 Soybean meal contains a high level of protein in comparison to other plant protein
sources.
 Soybean meal has an excellent profile of essential amino acids and these amino acids
are highly digestible. Soybean meal has the highest lysine digestibility of any of the
commonly available protein sources. It also ranks high in methionine, cystine and
threonine digestibility. In addition, the variation in digestibility is lower for soybean
meal than for other oilseed meals.
 Soybean meal has an excellent lysine to protein ratio.
 Soybean meal is a palatable source of supplemental protein. It does not adversely
impact the palatability of feeds for poultry or any other type of livestock.
 Soybean meal can serve as the sole source of supplemental protein for all types of
poultry and swine at any stage of growth or production. In most poultry and swine diets
soybean meal provides 80 % of the dietary amino acids.
 Generally, soybean meal is a competitively priced source of protein.
Despite these positive aspects and the importance of soybean meal as feed ingredient, the
quality and digestibility of soybean meal is vital for the feed mill and poultry industry (as
discussed in previous sections). Multiple in vivo trials have been conducted by feed industry
stakeholders to study the relationship between quality indicators of soybean meal such as
Urease, KOH, and PDI on either feed intake, average daily gain and feed conversion ratio which
are mainly influenced by the crude protein availability and the amino acid composition. A
small gain in digestibility of feed and therefore improved feed efficiency could have a large
financial impact for poultry producers.
An objective of these trials was to investigate the feasibility of determining an optimum
Urease, KOH and / or PDI within the “in-spec ranges” that achieves maximum feed efficiency.
Preliminary results have shown that the impact of optimizing soybean meal quality (i.e. further
refining acceptable quality parameter specifications) can lead to increases in final bird weight
of between 15 and 50 g for the same days-to-slaughter and total feed consumption. Table 10
demonstrates the impact of these improvements on the implied feed conversion ratio and
profits per bird (R/bird or kg).
Table 10: Impact of improvement in final body weight on profit and feed conversion ratio for
high- and low-density farmers
Increase in final broiler weight
(g)
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Profit gain (%)
Implied FCR value
Implied FCR improvement
Feed cost per kg reduction

2.96
1.44
0.69
0.87

Profit gain (%)
Implied FCR value
Implied FCR improvement
Feed cost per kg decrease

3.81
1.6
0.63
0.89
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20

25

30

High-density Farmer
3.91
4.85
5.92
1.43
1.43
1.43
1.40
1.40
1.40
1.12
1.37
1.63
Low-density Farmer
5.02
6.24
7.46
1.59
1.59
1.59
1.26
1.26
1.26
1.12
1.35
1.69

35

40

45

50

6.86
1.42
2.11
2.01

7.81
1.42
2.11
2.26

8.76
1.41
2.84
2.52

9.7
1.41
2.84
2.78

8.68
1.58
1.90
1.92

10.05
1.58
1.90
2.15

11.26
1.57
2.55
2.38

12.48
1.57
2.55
2.73

Further trials to quantify the relationship between quality indicators and poultry production
performance are underway and have the potential to further refine industry-wide best
practices regarding soybean meal processing quality.
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1. Introduction
Over the past 10 years (2010-2020), the area under soybean plantings in South Africa has more
than doubled, and production has increased by 76 %. The livestock industry in South Africa
consumes an estimated 1.2 million tonnes of soybean meal per annum or 98 % of current
domestic soybean production (including full-fat soybean meal). Over the past few years, there
has been a slow but steady trend within the local feed industry from imported to domestically
produced soybean meal. The industry, however, requires a reliable, consistent supply of
soybean meal from the seed crushers that meets stringent quality characteristics relating to
oil and protein (amino acid) content as well as the digestibility of proteins and amino acids
(quality). A concern within the feed industry is that the quality of locally produced soybean
meal may not yet be as good as imported meals. Shifting the focus from increasing yield per
hectare to improved nutrient yield and preserving quality during processing could benefit
everyone in the soybean supply chain, from the farmer, silo owner and crusher to the
feed/food manufacturer.
Most soybean seed production is destined to be used in the manufacturing of animal feed.
Feed manufactures are required to deliver compound feed above the minimum protein
content specified in Act 36 of 1947. For broiler production, these minimum contents differ
depending on the class of feed to be manufactured and range between 12 – 21 %.
Furthermore, each feed class should not contain more than 12 % moisture and must contain,
depending on class, a minimum lysine content which ranges from 0.45 to 0.7 %. Similar
preconditions are set for different animal feed classes. Act 36 of 1947, however, does not
specify the protein source(s) to be used in these feeds. Traditionally, South Africa has been a
major producer and net exporter of fish meal. In the past, fish meal was inexpensive and
readily available as a protein source in poultry diets. As a result of overfishing, a reduced catch
and increased world prices, fish meal has become a less popular ingredient. The choice
alternative feed ingredient to replace fishmeal is soybean meal (also referred to as oilcake).
This gave rise to the establishment of the soybean industry in South Africa.
Within the regulatory framework to date (February 2021), no official reference is made toward
a required minimum protein and/or oil content of soybeans. The grading system at silo level
only makes provision for two grades of soybeans based on their physical attributes (see
section 3.3.1). As required by the feed manufacturing industry, manufacturing soybean meal
with a high protein content and an intact amino acid profile requires an understanding of the
quality measures along the value chain. Industry norms and best-practices (published by
AFMA) regarding the protein, fat/oil, fibre and moisture content have been implemented in
the supply and off-take of soybean derived products. The factors impacting soybean and
soybean meal quality, as well as the economic impacts thereof, were investigated at field /
farm level, silo level, crusher level as well as feed mill level following a request from the OAC
to submit a proposal to gain a deeper understanding of soybean and soybean meal quality
characteristics.
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2. The Soybean Market Outlook
2.1.

Global and domestic outlook

Soybeans have been one of the most dynamic crop types globally, with production area
doubling over the past 20 years. Soybeans are a high protein-yielding oilseed and rising
demand for meat, and consequently animal feed has been a major driver of production
expansion. Increased demand for vegetable oil, both as a food product and for biofuel
production, has also contributed to demand growth.
Table 2-1 indicates that, from 2000 to 2018, the global soybean area expanded faster than any
other major field crop – at an annual average of 2.76 %. Over the coming decade, the OECDFAO Outlook (2019) projects a further expansion of 0.6 % per annum. This represents a
significant slowdown from the past but, supported by continued intensification of meat
production practices in many developing regions, it continues to outpace the projected
expansion in other major field crops.
Table 2-1: Area under major field crops globally
Average value:
2016 - 2018
Soybean
Maize
Other oilseeds
Rice
Wheat
Other coarse grains

Million hectares
124
190
88
165
218
154

Average annual
growth:
2000 - 2018
% per annum
2.76
2.10
1.65
0.64
0.13
-0.44

Projected annual
growth:
2018 – 2028
% per annum
0.60
0.45
0.51
-0.06
0.12
0.11

Figure 2.1 depicts soybean production volumes in 2018, illustrating global production
concentration. The three largest producers, namely the USA (35 %), Brazil (32 %) and
Argentina (14 %), accounted for more than 80 % of global production in 2018. Smaller but still
significant producers are China, India, Paraguay, Ukraine and Russia.
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Figure 2.1: Distribution of global soybean production in 2018
The rising demand for soybeans has been driven mostly by burgeoning demand for animal
feed at a global level. By contrast, demand for oilseeds in Sub Saharan Africa (SSA) has
predominantly been derived from rising vegetable oil consumption. Underpinned by a growing
population and continued urbanisation, vegetable oil consumption in the region increased by
an annual average of 4.8 % from 2000 to 2016. The OECD-FAO projects further expansion of
3.5 % per annum up to 2025.
Medium-term projections, based on the assumption of stable weather conditions, reflect an
equilibrium for soybean prices at levels of around 350 USD, trading slightly upward and
stabilising around 370 USD per tonne by 2029 (Figure 2.2). In line with oilseed prices, soybean
meal prices are expected to increase only marginally over the medium term, despite growing
livestock production. Soybean meal prices reach an equilibrium at around 400 USD per tonne
post-2024, similar to 2015 and 2018. The projected price path reflects a slow recovery in most
global economies following the 2020 recession, with unemployment effects expected to linger
but assumes no further disruptions of global supply chains beyond 2020.
In vegetable oil, a modest increase is projected for 2020, as the spread of COVID-19 in Malaysia
disrupted palm oil production. In the medium term, the slow, prolonged recovery from the
2020 recession is not conducive to rapid demand growth, and petroleum prices are not
expected to increase to levels that would induce a substantial switch into biofuels.
Consequently, prices stabilise in line with the underlying oilseed prices.

29

USD per tonne

1400
1200
1000
800
600
400
200
0

Maize: US Nr 2, FOB gulf

Soybean Seed: Argentina, CIF Rotterdam

Soybean Meal

Soybean Oil

Figure 2.2: International soybean and soybean product prices. Source: FAPRI & BFAP, 2020
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Except for South Africa, where per capita income levels and consequently meat consumption
are well above the regional average, intensification of livestock production has been slow.
Whereas growth in vegetable oil consumption in South Africa, at 3.6 % per annum, has been
slower than the rest of SSA (5 % per annum), South Africa accounts for just over 40 % of SSA
protein meal consumption. This share has been increasing over time, as the rate of expansion
in protein meal consumption in South Africa (5 % per annum) has also outpaced the rest of
SSA (2 % per annum).
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Figure 2.3: Soybean production in the SADC region. Source: Compiled from FAO (2020)
Within the SADC region, soybean production is concentrated in a few countries. On average,
between 2014 and 2018, South Africa has contributed two-thirds of total SADC production,
with a further 17 % attributed to Zambia and 10 % to Malawi. This implies that the three
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countries combined accounted on average for 94 % of total soybean production across the
SADC region, as shown in Figure 2.3.
Despite rapid growth in soybean production over the past decade, the aggregate SADC region
remains a net importer of soybeans. On average, between 2016 and 2018, South Africa was
the largest net importer; however, this is skewed by the sharp decline in production in 2016
when the severe drought across the Southern African region resulted in a substantial yearon-year decline in production levels. Zimbabwe and Angola were the next biggest importers.
There are also net exporters of soybeans in the region, with Malawi and Zambia the surplus
producers over the past three years. Except for 2016, when South Africa imported substantial
volumes from Paraguay, the bulk of imports accrue from within the SADC region. Zimbabwe
and Botswana typically procure from Malawi and Zambia. Conversely, Angola tends to source
both inside and outside SADC, mostly from Portugal and South Africa.
2.2.

Domestic market outlook

Thousand Hectares

South Africa’s area under soybean production has increased from an average of 100 000
hectares in 2000-2002 to an average of 700 000 hectares during the baseline period (20172019). For the current 2020/2021 season, an all-time bumper crop in excess of 1.6 million
tonnes is expected to be harvested with the national average yield estimated at 2.08t/ha.
According to the latest BFAP Baseline, soybean area is projected to increase to just over 1
million hectares by the end of the outlook period (Figure 2.4). Soybeans have played an
increasingly important role in crop rotation in the summer crop production region from both
an agronomic and a risk mitigation perspective.
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Figure 2.4: Long term summer area trends. Source: BFAP (2020)
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For oilseeds produced in the summer rainfall regions, the year-on-year gain in output has
been lower than maize but still substantial, at 10 % for sunflower and 8 % for soybeans.
Nevertheless, with meal and oil prices still primarily derived from import parity levels, annual
average price levels are projected to increase by 20 % and 9 %, respectively, for soybeans and
sunflower. Consequently, the gross production value (GPV) from soybeans is projected to
increase by almost 30 % year on year, despite a 25 000-hectare reduction in area planted. In
comparison, the GPV from sunflowers is set to increase by 20 %, despite a 15 000-hectare
reduction in area planted.
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Figure 2.5: Soybean seed balance sheet outlook. Source: BFAP (2020)
While the demand for maize meal is set to increase in 2020, the severe impact of the lockdown
on the livestock sector is expected to result in a marginal decline in the demand for animal
feeds. Soybean meal consumption is expected to decline by 6 % yearly, while maize utilized as
animal feed is expected to decline by almost 100 000 tonnes.
However, despite slower growth in the demand for animal protein in South Africa due to
COVID, the commitments made in the poultry Masterplan (DTi, 2019), which underpins the
projected decline in the share of imported products in domestic consumption, combined with
an export-led expansion in the beef sector, may still imply substantial growth in the demand
for animal feed over the coming decade. Based on the Masterplan implementation scenarios,
yellow maize consumption as animal feed is projected to rise by 22 % over the next ten years.
Similarly, soybean processing volumes are projected to increase by 63 % over the same period
(Figure 2.5). Area trends over the coming decade also reflect the demand prospects, with
white maize area continuing to decline, contracting 12 % by 2029 relative to the 2017-2019
base period. With less marginal land in production, yield gains of 25 % over the same period
are sufficient to meet projected demand growth. By contrast, the area cultivated to yellow
maize and soybeans continues to increase, expanding by 9 % and 47 % respectively over the
ten years to 2029 (Figure 2.4).
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The following figure illustrates an overview of the South African soybean industry. Soybeans
are produced widely over the country, some under irrigation and others on dryland. The
harvested beans are stored in silos until they are sold and further processed. Soybeans are
processed by crushers with solvent extraction, extruder or full-fat processing. In South Africa,
the most common processing technology is solvent extraction. Crushers produce oil, hulls
and meal for their off-takers with set specifications and sometimes extra quality
requirements. Textured Vegetable Protein (TVP) is produced for the human consumption
market. Most soybean meal is used in poultry feed, being the most important protein source.
Some of the stakeholders are vertically integrated, supplying one node with a previous.

Figure 2.6 South African soybean industry overview
Farm-level
2.3.

Agronomic factors influencing the yield, protein and oil content of soybean seed.

While approximately 60 % of the value of soybean comes from its meal component, the
remaining 40 % comes from its oil (Pettersson and Pontoppidan 2013). Therefore, the
combined content of protein and oil in soybean seed is more important than just its protein or
oil content. The feed industry requires a minimum of 46 % protein in soybean meal (with 12 %
moisture content) to ensure that the feeds produced by the Industry conform to the Fertilizers,
Farm Feeds, Agricultural Remedies and Stock Remedies Act (No. 36 of 1947).
Several factors are known to influence yield and the content of protein and oil in soybean seed.
The factors can be divided into those associated with the plant, the soil, the
climate/environment, and the rhizobia involved in nitrogen fixation.
In 2015 and 2019, Prof Rob Gous reviewed these factors (Gous, 2015; 2016). In this report, an
effort has been made to add further information based on analysis of the national cultivar trial
data and other international and South African evidence.

33

2.3.1.

Plant factors

Genetic variation in seed protein content is considerable; thus, plant geneticists have the
potential to increase protein content by selection. The mechanisms controlling the
partitioning of seed composition constituents along the main stem in soybean are still
controversial. Bellaloui and Gillen (2010) noted that the partitioning of protein, oil, and fatty
acid concentration along the main stem depended on the position of nodes on this stem,
cultivar differences, and light intensity. Seed protein and oleic acid concentrations were
higher in the top nodes, while oil and linolenic acid concentrations were lower in the bottom
nodes. This pattern was consistent at R8 stage compared with R6, indicating that R8 is more
indicative of final seed composition status, and the full period from R6-R8 is vital for achieving
maximum accumulation of seed composition constituents (see section 2.3.5, Figure 2.12 for
growth stage illustration). However, the lower oil concentration in the bottom nodes for the
indeterminate types does not support the findings of Collins and Carter (1956).
Furthermore, general acceptance is an inverse relationship between seed yield and seed
protein content, especially in indeterminate types. This is true even though the seed protein
and oil contents from determinate and indeterminate plant types are similar. Determinate
varieties, therefore, appear to have a better potential to combine high seed yield with high
seed protein than indeterminate varieties (Wilcox and Guodong, 1997). This was confirmed
using the South African national cultivar trials as a data source. There was no significant (R2
< 0.06) trend between yield (t/ha) and protein concentration (%) for either irrigated or dryland
plantings (Figure 2.7). On the contrary, there was a slightly negative trend between protein
concentration and yield for the determinate growth types for both irrigated and dryland
plantings.

Figure 2.7: Relationship between seed protein concentration (%) and yield (t/ha). Source: ARC
national cultivar trials
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2.3.2.

Nitrogen fertilisation

Responses to fertiliser depend on:
 The type of soil
 The type of N source
 The amount of fertiliser applied
 The growth stage of the plant at which the fertiliser is applied

As soybean is a legume that can fix atmospheric nitrogen (N), it is commonly accepted that it
is unnecessary to fertilise soybeans with this chemical element. This position, however, is
increasingly being questioned and is currently a controversial topic (van Biljon, 2016).
Soybean has a large nitrogen (N) requirement, accumulating ca. 80 kg N ha−1 in the
aboveground dry matter at the R7 stage for each tonne of seed yield produced (Salvagiotti et
al., 2008; Tamagno et al., 2017). Hence, a soybean crop that produces 4.5 tonnes ha−1
(equivalent to the current average irrigated US soybean yield) has an associated N
requirement of ~ 360 kg N ha−1. To fulfil this N requirement, soybean relies on biological N2
fixation and other sources of N, including soil N supply from organic matter (SOC)
mineralization, dry and wet atmospheric deposition, N from irrigation water, and N fertilizer
applied by growers. Each source's proportion varies with environmental and soil conditions,
including temperature, soil moisture, soil pH, mineral soil N, strain, and crop genotype. In
soybean, biological N2 fixation is greater in genotypes with longer reproductive periods
reflected by maturity groups (MG) (See Appendix A). The interplay between these two sources
is biologically interesting and agronomically relevant as the crop can accommodate the cost
of biological N2 fixation by five non-mutually exclusive mechanisms, whereby biological N2
fixation:
 reduces shoot growth and seed yield,
 or maintains shoot growth and seed yield by enhanced photosynthesis,
 or reduces root: shoot ratio,
 or maintains shoot growth but reduces seed yield by reducing the fraction of shoot
biomass allocated to seed (harvest index),
 or reduces the concentration of oil and protein in seed (Tamagno et al., 2018).
Tamagno et al. (2018) found that the relative abundance of ureides (any of several compounds
derived from urea) in unfertilized trials in the United States ranged from 48 to 93 %. This
compared with an average of 60 % of N derived from biological N2 fixation for the United States
(Herridge et al., 2008). In Argentina, biological N2 fixation in 86 location-years averaged 60 %
and ranged from 12 to 90 % (Collino et al. 2015). In Brazil, measurements in 6 environments
returned an average of 81 % and a range from 69 to 94 % (Hungria et al., 2005). These studies
reflected a similar biological N2 fixation ceiling around 90 %, comparable to the maximum
reported by Ciampitti and Salvagiotti (2018). However, the application of N reduced the
maximum relative abundance of ureides at full seed stage (R6), especially if these applications
were made late. Nitrogen fertilisation reduced the peak of biological N2 fixation up to 16 % in
applications at the full flowering stage. Seed yield declined 13 kg ha−1 per % increase in the
relative abundance of ureides at R6. Harvest index accounted for the decline in seed yield with
increasing biological N2 fixation. This indicates the cost of biological N2 fixation was met by a
relative change in dry matter allocation against the energetically rich seed and favouring
energetically cheaper vegetative tissue.
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The negative association (trade-off) between N2 fixation and indigenous soil N supply is well
documented in the literature (Streeter, 1985; Salvagiotti et al., 2008; 2009; Santachiara et al.,
2017; Tamagno et al., 2018). As soybean yield continues to increase due to breeding and
agronomic management (Specht et al., 2014; Grassini et al., 2015), the question arises as to
whether biological N2 fixation and indigenous soil N supply will be sufficient to meet the crop
N requirements in future high-yielding production scenarios.
Most recent reviews about the N requirement of soybeans have speculated about a possible
N limitation in high-yield soybeans, sometimes referred to as the ‘N gap’ (Salvagiotti et al.,
2008; Ciampitti and Salvagiotti, 2018).
In irrigated soybean field trials in Balcarce (Argentina) and Nebraska (USA), La Menza et al.
(2017) found that seed yield of soybeans with an ample N supply during the entire crop season
(full-N treatment) was on average 11 % higher than seed yield without N addition (zero-N).
Seed yield differences were associated with higher aboveground dry matter, seed number,
and seed weight in the full-N versus zero-N treatments. Seed protein (but not oil)
concentration was higher in the full-N treatment, and both protein and oil yields were higher
in the full-N versus zero-N treatments. Findings from the study indicated that N limits
soybean seed yield (as well as protein and oil yield) in environments with high yield potential,
where indigenous N sources seem insufficient to satisfy crop N requirements fully. Also, yield
response to N fertilizer can occur above a 2.5 t ha−1 yield potential threshold and has an upper
limit of 250 kg seed per tonne increase in yield potential.
Furthermore, La Menaza et al. (2019) found that seed yield and protein concentrations were
12 % and 3 % higher, respectively, when comparing full-N versus zero-N treatments. This was
due to greater accumulated N without changes in N-use efficiency and N harvest index when
the aboveground dry matter was expressed as glucose equivalents (ADMe) to account for
differences in seed biomass composition. Indigenous soil N supply modulated the magnitude
of the (full-N minus zero-N) seed yield difference, indicating that the N limitation is largest in
high-yield environments with relatively small indigenous soil N supply. Kaur et al. (2017) found
inconsistent results in seed composition responses based on a trial evaluating five nitrogen
fertilizer rates and three nitrogen sources on both clay and silt loam soils. Also, Craft et al.
(2019) found minimal effects on leaf senescence, yield, seed protein, and seed oil in an
experiment applying soil and foliar N at various rates.
Van Biljon (2016) found that for South African production systems, especially where organic
matter in the soil is low and/or where soil fertility (in acid soils) is inadequate an initial
application of at least 10 to 20 kg N/ha should be applied. It should be advantageous for yields
of more than 3 to 4 t/ha to apply 30 to 40 kg N/ha during the pod-filling stage (R4 to R5). Under
irrigation, with targeted yields of 6 t/ha and more, the nitrogen application should be much
higher. It is cautioned that these are preliminary indications, and the validity thereof should
be investigated with long-term experiments on the same plot within a crop rotation system.
The Agricultural Research Council (ARC) has been conducting annual multi-environmental
trials, known as national cultivar trials, since the 1970s (ARC-Grain Crops Institute, 2019).
Each year, seed suppliers voluntarily contributed seed of registered cultivars to the researchdriven tests. In these trials, different sets of commercially available local cultivars were
assessed to make recommendations to breeders and farmers.
The ARC national trials aim to support farmer cultivar selection to choose cultivars better
adapted to their region to increase yield and profits with little cost. Annually, the ARC-GC
(Agricultural research council of grain crops) plants field trials with randomised complete36

block design layouts with three replicates. The seed included in the trials must first pass
germination tests, as required by the ISTA (International Seed Testing Association). The ISTA
ensures uniformity in seed testing worldwide and standardises methods for sampling and
laboratory analyses. The ARC-CG conducts field trials following the standard procedures as
laid out by ISTA. A service provider can conduct germination tests, and for example, in the
2018/2019 season, Senwes Grainlink conducted these tests. The germination tests stipulate
that 80 % of a cultivar must germinate. The ARC uses services offered by the SAGL, an ISO
17025 accredited testing laboratory in South Africa for oil content and protein content
analyses (The Southern African Grain Laboratory NPC, 2019).

Figure 2.8: Relationship between nitrogen application (kg/ha) and yield (t/ha), protein content
(%) and oil content (%). Source: ARC.
2.3.3.

Nitrogen fixation

Nitrogen fixation depends on:
 Type of inoculant
 Genotype (cultivar) x inoculant interaction
 Competition of different strains of inoculants
 Stress factors i.e. drought, humidity, pH
Although indigenous rhizobia microsymbionts of soybean can be present in the soil and can
successfully establish nodulation, they are generally less efficient at nitrogen fixation than
symbiotically superior inoculant strains (Rodríguez-Navarro et al., 2011). Pre-seed treatment
with effective and efficient N-fixing bacteria strains is, therefore, one of the basic agricultural
practices in soybean cultivation (Brockwell and Bottomley 1995).
Several environmental conditions and management practices can affect the establishment of
symbiosis between the introduced nitrogen-fixing bacteria and soybean plants. Besides the
highly competitive native rhizobia populations in soils, unfavourable field conditions can have
a restrictive effect. Known soil factors affecting the establishment of symbiosis are:
 pH (optimal 6.6–7.8),
 temperature (strain-specific),
37







clay content (high content can reduce rhizobia diversity),
organic matter (can have a positive and negative effect),
fertility (nitrogen must be present, phosphorus has a moderate influence, though
potassium is less important),
salinity (significant negative effect) and
percolating water movement (low soil moisture reduces rhizobia populations and their
survival) (Thilakarathna and Raizada, 2017).

Most seed companies sell soybean seeds that have already been inoculated by coating the
preferred inoculant directly onto the seed. Among farmers, there is a widespread belief that
coated seeds require no additional inoculation. However, the period between inoculation by
the seed company and the time the seed is sown by the farmer may be up to 2–3 months. Often
the viability of the inoculant has decreased over this period and the seed could benefit from
another inoculation. Seeds are then stored either at the seed company, in intermediary
storage or farmers’ warehouses. Inappropriate storage and transport can damage the seed
coat and reduce or even destroy the rhizobia inoculant's viability.
Flajšman et al. (2019) found that inoculation treatments enhanced protein content of seeds by
1.2–1.7 % and increased yields of seed, protein and oil by a maximum of 6.8, 8.3 and 5.9 %,
respectively compared to the un-inoculated control. Prusiński et al. (2020), on the other hand,
in an experiment in Poland, found that thermal and humidity conditions affect the
effectiveness of inoculation and mineral N fertilization. The high sensitivity of the nodulation
process in soybean to extreme water deficits resulted in a significant reduction in B.
japonicum DNA and nodules' dry weight. In addition to the direct impact on soybean
development, they can also modify the yield. However, there was high variability in the results.
No clear indication of the effect of two inoculation and three N fertilization treatments on seed
yield or protein content could be made.
Yousaf et al. (2019), in Pakistan, found that seed inoculation with P. fluorescens was more
effective than R. japonicum in improving grain yield and quality. The genotypes did not differ
significantly in grain yield, biological yield or oil content; however, they differed in protein
content. In the United States, Carciochi et al. (2019) found that additional inoculation of seed
or additional soil inoculation with Bradyrhizobia at V4 or R1 did not significantly affect either
soybean seed yield or composition. This was explained by the lack of response to inoculation
on nodule number and relative abundance of ureides. It is likely that the lack of severe stress
conditions during the nodulation process (early during the crop establishment) and soils
previously planted with soybean in the rotation, or those with viable rhizobia populations,
create conditions in which seed or additional in-season soil inoculations, at V4 or R1 growth
and development stages, did not produce any benefit on seed yield and composition.
With the interest of expanding soybean production in small-holder environments, a study
undertaken in Ethiopia (Abera et al., 2019) found that nodulation, shoot dry weight, N content,
yield, yield contributing traits, and protein content of soybean can be increased by inoculation
with selected indigenous rhizobia isolates. However, the results indicated that the rhizobia
inoculation did not increase the oil content of soybeans. Furthermore, the variation in seed
protein and oil content of soybeans planted in two different environments indicated that
environmental conditions are also important factors affecting seed composition.
In South Africa, van Rensburg et al. (2002) found, using three different soybean genotypes
(Barc-9, Avuturda and Talana), three Bradyrhizobium japonicum inoculant strains (WB108,
WB112 and WB1) and three soil types (Avalon, Arcadia and sand) in a growth chamber study
that soybean production could be improved by appropriate selection of genotype and inoculant
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strains for their compatibility in different soils. The average protein content of the seeds
formed by the inoculated treatments was significantly (P < 0.01) higher than that of seeds in
the control treatments, irrespective of soil type and genotype. This indicates that N2 fixation is
linked to seed protein content. The average seed protein content was highest (significant at
P < 0.01) for plants inoculated with WB1. Differences in seed protein content between plants
inoculated with WB108 and WB112 were not significant. The average seed protein content was
lowest for plants grown in the Arcadia soil (significant at P < 0.05), irrespective of inoculant
strain and genotype, but did not differ significantly between plants grown in Avalon soil and
sand. The fact that plants grown in the Avalon soil had a relatively high average seed protein
content compared to plants grown in the other two soils could be related to acidity stress.
Stress, in general, is known to increase the protein content of seeds.
Despite the growing cultivation of soybean in South Africa, and Africa at large, there is limited
information in the literature on the type of rhizobia nodulating this legume crop in South
African soils. To serve as a guide for the production of soybean inoculants in South Africa, a
study was undertaken to identify the type of rhizobia preferred by soybeans grown in the
region, the dominant rhizobial strains in local soils, and their genetic diversity (Naamala et
al., 2016). Concatenated gene sequence analysis indicated that most isolates did not align with
known type strains and might represent new species. This underscores the high genetic
variability associated with soybean Bradyrhizobium in South African soils and the presence of
an important reservoir of novel soybean-nodulating Bradyrhizobia in the country.
2.3.4.
-

Other nutrient limiting factors
Micronutrients increase the efficiency of Nitrogen fixation.
Eastern production areas with acid soils most commonly have Mo deficiency.
Seed enriched with molybdenum (Mo) is better than enriching soil as Mo has been
toxic to seeds at inoculation.
Cobalt and Mo in slightly alkaline and alkaline soils increased crop oil content.
Combining Ni with Mo had a positive impact on crop yield and protein content.

2.3.4.1. Soil and foliar applications
Interactions between plant nutrients in the soil affecting root uptake are complex. Some fields
require phosphorus (P) and potassium (K) fertilization for optimum soybean production.
Mostly these application rates, when required and based on soil testing, are relatively large
amounts. Fertilizer application methods and equipment commonly used to supply these
nutrients are adapted to apply these large fertilizer rates to the soil before planting. Foliar
fertilization, on the other hand, can be used to apply only small amounts of nitrogen (N),
Phosphorus (P) and Potassium (K), and also to apply sulphur (S) and micronutrients.
The soybean plant's nutrient use is characterized by a sharp decline in root activity during
seed development stages and increased translocation of nutrients from leaves and pods into
the seeds. Initially, the theory was that if nutrients (N, P & K) were applied directly to the
foliage at this time, grain yield might be increased. In the United States, this was studied
extensively in many experiments. However, the conclusions were often inconclusive. The
relationships between yield response and various field or crop characteristics indicated that
the conditions in which foliar fertilization would increase yield are difficult to predict.
Furthermore, although research suggests that foliar fertilization can sometimes be effective
as a means of supplementing the primary fertilization program for soybeans, spraying across
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all production conditions would not be economically effective because of the expected
probability of a positive yield response is only 15 % (Mallarino, 2015).
In South Africa, soybeans are usually planted in rotation with maize. Soybeans remove large
quantities of phosphorus and potassium per tonne of yield compared with maize (see
Table 2-2). However, Soybeans do not respond as dramatically to band-placed fertilizer as
maize but respond well to soil reserves that have built up over a long period through
fertilization of previous crops in rotation. These nutrients must therefore be replenished
through fertilizer application if the soil levels are low.
Table 2-2: Nutrient removal per tonne of yield (kg). Source: Pannar (2006) soybean production
guide
Crop
Maize
Wheat
Soybeans

N
15.0
22.0
60.0

Grain
P
3.0
3.8
7.0

K
3.5
4.3
19.0

Whole plant (hay/silage)
N
P
K
27.0
4.5
20.0
90.0
8.0
25.0

2.3.4.2. Potassium (K)
At approximately 1 to 2 % concentration of plant dry matter, potassium (K) is the secondmost-common nutrient in the plant obtained from the soil. Potassium plays many roles in the
plant but, unlike most other nutrients, is not a component of any biochemical compound.
Because of its presence as a cation (positively charged molecule), potassium regulates water
and solute movement, charge balance, and osmotic and turgor pressures in cells. In other
words, potassium helps to move and keep water and solutes where they are supposed to be
based.
One crucial role potassium plays in plants is the opening of stomata. With a reduction in the
availability of K, stomata do not function efficiently, and the rate of photosynthesis and water
use efficiency both decline. Because of the reduced efficiency of stomata, plants will become
much less drought tolerant.
Potassium availability is affected by soil moisture, and uptake is significantly reduced in dry
environments. Potassium deficiency symptoms appear as chlorosis and necrosis of the leaf
margins and interveinal chlorosis of the inner leaf. Symptoms will appear first on older
growth. Correction of potassium deficiency symptoms is difficult during the growing season,
especially during reproductive growth. Potassium applications should be made before the
growing season based on soil test recommendations.
It is widely reported that K fertilization may influence the quality of soybean seeds, although
the results are controversial due to exchangeable K in soil and environmental conditions of
each region. Hackenhaar (2019) (Brazil) found that two rates of K fertilizer (40 and 200 kg
ha- 1) did not have a significant effect on oil and protein content of the soybean cultivars
evaluated. However, Lara et al. (2018) (Brazil) found that increasing rates of K had no
significant effect on the protein content of seed. Still, oil content exhibited a curvilinear
response with an optimum at around 80 to 100 kg K ha-1. This low response in protein content
to increase in K fertilisation was also observed by other researchers (Tanaka et al., 1995; Viega
et al., 2010)
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In South Africa, Mokoena (2013) undertook a study evaluating K and P fertilisation's effects on
yield and quality parameters of soybeans. Application of K at a rate of 100 t ha-1 had the highest
grain yield whilst the control of 0 K ha-1 had the lowest. Increased K application rates resulted
in increased oil content while it decreased the protein content compared to the control.
Furthermore, ongoing research in South Africa evaluates a Remedial Measures Technique
(Oosthuyse, 2000 and 2006) based on empirical analysis of the soil (Oosthuyse, 2018, 2020).
The evaluation of the effects with the national cultivar trial data showed that potassium's
effect on protein percentage was the most significant in cool irrigated production systems (R
= 0.43). Therefore, the interaction between potassium application and environmental factors
plays a role. A very weak negative trend was found between potassium and protein in various
environmental circumstances. However, the interaction between potassium and yield and oil
content was found to be insignificant (R < 0.07) (Figure 2.9).

Figure 2.9: Relationship between potassium application (kg/ha) and yield (t/ha), protein
content (%)

2.3.4.3. Phosphorus (P)
Phosphorus is essential as the source of energy storage and transfer in the plant and a
component of DNA and RNA. Phosphorus is greatly affected by pH and is most available to
plants within a pH range of 6.0-7.2 (Figure 2.10). Phosphorus symptoms appear as stunted
plants with distorted and dark green to purple coloured leaves. Correction of phosphorus
deficiency symptoms is difficult during the growing season because of phosphorus's
immobility in the soil. Phosphorus applications should be made prior to the growing season
based on soil test recommendations by either broadcasting or incorporating the product.
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The hills and valleys of phosphorus fixation explain how pH affects phosphorus availability, as
seen in Figure 2.10 (Adapted from M. Stewart, NRCS).
Band placement of P fertilizer for soybeans is not generally recommended as soybeans do not
readily respond to such treatment and because soybean seed is sensitive to fertilizer burn.
Soil reserves of these nutrients should be gradually built up by fertilization of other crops
planted in rotation. However, where levels are very low, fertilizer must be applied before
planting. The current recommendation is to apply approximately 200 kg superphosphate and
100-150 kg of potassium chloride per ha (Pannar, 2006).

Figure 2.10: Phosphorus fixation in soil. Source: Spivey and Lee, Louisiana nutrient handbook
Khan et al. (2020) (Pakistan) reviewed the effect of phosphorus on growth, yield, and soybean
quality. They drew on research by Kanojia and Sharrma (2009), Jahangir et al. (2009),
Mahmoodi et al. (2013) and Bodkhe et al. (2014), highlighting the positive effects of P
applications on the oil content of soybeans. However, they state that rates of P required
depends upon the cultivar used, soil type and the availability of phosphorous already in the
soil. Yin et al. (2016) (US) found that protein concentrations were enhanced with increased P
application rates in their two study locations, but oil levels decreased when P was increased.
Furthermore, they found the year effects on protein and oil concentrations were significant at
both locations.
In South Africa, Mokoena (2013) found that the oil content under control conditions (0 kg P ha1
) was significantly higher than where P (20 or 40 P ha-1) was applied. The protein content of
the plants receiving the lower levels of P (20 kg-1) was significantly higher than the control (0
kg P ha-1). Although higher, the protein contents did not differ significantly from that of the 40
kg P kg-1 treatment.
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Figure 2.11: Relationship between phosphorus application (kg/ha) and yield (t/ha), protein
content (%) and oil content (%). Source: ARC NCT data 2010 - 2019
2.3.4.4. Soil Acidity
Acid soil infertility is a serious yield-limiting factor in many parts of South Africa. This is
especially true of the country's eastern high rainfall areas where many soils are naturally
strongly acidic, and distance from the lime source is often considerable (Farina et al., 1982).
The two most important factors limiting plant growth on acid soils are nutrient deficiencies,
especially phosphorus, calcium and magnesium, and toxic levels of elements such as
aluminium. Aluminium (Al) toxicity is particularly acute in acid subsoils since conventional
liming practices do little to ameliorate it, and the consequent lack of deep rooting renders the
crop susceptible to short-term water stress (Nobel et al., 1987). Noble et al. (1982) and Noble,
Lea and Fey (1984) found that soybean genotypes varied in their sensitivity to Al toxicity and
acid, low Phosphorus soil conditions. However, this research was done over 33 years ago
using conventional cultivars that have been discontinued in the South African market.
Currently, most soybeans planted are GMOs.
2.3.4.5. Molybdenum (Mo)
The efficiency of N fixation in soybeans can be limited by micronutrient deficiencies, especially
of molybdenum (Mo). Soybeans generally respond positively to fertilisation with Mo in soils of
low fertility and fertile soils depleted of Mo due to long-term cropping. Seeds enriched with
Mo could be a viable alternative to exterior seed treatment because certain forms of Mo have
been shown to be toxic to rhizobium when applied to seed at the time of inoculation (Yang et
al., 2020). Dozet et al.’s (2016) research in Romania found the use of cobalt and molybdenum
in slightly alkaline and alkaline soils increased the seed oil content by 1.77 %, whilst Carlim
(2019) in Brazil found that an application of Ni associated with Mo resulted in a 12 % crop yield
increase, as well as a 6 % higher protein content, relative to the control. The highest protein
content was obtained by combining the two nutrients.
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Molybdenum deficiency in South Africa is most common on acid soils in the Eastern
production areas. The effects of Mo on yield may be very marked, and two completely different
sets of symptoms may occur. Most commercially available seed has been reinforced with Mo
during production. However, where farmers hold-over their own seed, it is advisable that
these should be sprayed with sodium molybdate at a rate of 150 g ha-1 in 200 l water (Smit,
2000). Table 2-3 lists the micronutrients found in the harvested portion of some major local
crops.
Table 2-3: Content of micronutrients in the harvested portion of some major crops in South
Africa. Source: Yamada (2004) and Blamey et al. (1997) as published by Farina
and Thibaud (2006)
Crop

B

Cu

Fe

Mn

Mo

Zn

8.0
20.0
12.0
14.0
55.0

1.0
3.0
0.02
6.0
0.0

40.0
42.5
5.0
48.0
17.0

g/t-1
Maize
Soybean
Sugarcane
Sunflower
Wheat

1.5
30.0
2.0
14.0
3.0

8.0
15.0
1.8
13.0
8.0

40.0
100.0
25.0
50.0

2.3.4.6. Other micronutrients
Other elements and trace elements that can potentially alter soybean seed yield potential,
seed oil and protein content, and profile are Sulphur (S), Calcium (Ca), Magnesium (Mg), Zinc
(Zn), Copper (Co), Boron (B), Nickel (Ni) Manganese (Mn), Chloride (Cl) and Iron (Fe) (Spivey,
no date).
During interviews conducted with industry stakeholders, a hypothesis arose that nitrogen,
fertilizer, micro-elements and crop rotations with wheat (and related sulphur availability in
the soils) have a large impact on soybean protein levels.
2.3.5.

Environmental conditions

The influence of climatic factors such as temperature, solar radiation and precipitation on
seed composition has been intensively investigated using controlled experiments in
greenhouses and growth chambers and multi-environmental field trials. When summarising
these findings from literature, some reference is made to soybean growth stages which are
explained as a reference below.
The growth stages of soybeans are divided into vegetative growth stages (V) and reproductive
growth stages (R). Subdivisions of the V stages are designated numerically as V1, V2, V3,
through V(n), except the first two stages, which are designated as VE (emergence) and VC
(cotyledon stage). The last V stage is designated as V(n), where (n) represents the number for
the specific variety's last node stage. The (n) stage will fluctuate with variety and
environmental differences. The vegetative and reproductive stages are designated
numerically with their common names in Table 2-4.
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Figure 2.12: Growth stages illustration.
Table 2-4: Vegetative and reproductive stages of soybeans. Source: Pioneer Agronomy
Sciences, nd
Vegetative Stages Reproductive Stages
VE = emergence
R1 = beginning
bloom
VC = cotyledon
R2 = full bloom
V1 = first node

R3 = beginning pod

V2 = second node

R4 = full pod

V3 = third node

R5 = beginning seed

V4 = fourth node

R6 = full seed

V5 = fith node

R7 = beginning
maturity
R8 = full maturity

V(n) = nth node
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Description of Reproductive Stages
One flower open at any node on the main stem
Open flower at one of the two uppermost nodes
on the main stem with a fully developed leaf
Pod 3/16 inch long at one of the four
uppermost nodes on the main stem with a fully
developed leaf
Pod ¾ inch long at one of the four uppermost
nodes on the main stem with a fully developed
leaf
Seed 1/8 inc long in a pod at one of the four
uppermost nodes on the main stem with a fully
developed leaf
Pod containing a green seed that fills pod
cavity at one of the four uppermost nodes on
the main stem with a fully developed leaf
One normal pod on the main stem that has
reached its mature colour
95% of the pods have reached their mature
colour

Vegetative and Reproductive Stages of a Soybean Plant. This system accurately identifies the
stages of a soybean plant. However, all plants in a given field will not be in the same stage
simultaneously. When staging a field of soybeans, each specific V or R stage is defined only
when 50 % or more of the plants in the field are in or beyond that stage.
The V stages (node stages) following VC are defined and numbered according to the
uppermost fully developed leaf node. A fully developed leaf node is one that has a leaf above
it with unrolled or unfolded leaflets. In other words, the leaflet edges have begun to unroll and
are no longer touching. The V3 stage, for example, is defined when the leaflets on the 1st
(unifoliolate) through the 4th node leaf are unrolled. Similarly, the VC stage occurs when the
unifoliolate leaves have unrolled.
The unifoliolate leaf node is the first node or reference point to begin counting upward to
identify upper leaf node numbers. This node is unique because the unifoliolate (simple) leaves
are produced from it on opposite sides of the stem and are borne on short petioles. All other
true leaves formed by the plant are trifoliolate (compound) leaves borne on long petioles and
are produced singularly (from different nodes) and alternately (from side to side) on the stem.
The cotyledons, which are considered modified leaf storage organs, arise opposite the stem
just below the unifoliolate node. When the unifoliolate leaves are lost through injury or natural
ageing, the unifoliolate node's position can still be determined by locating the two leaf scars
on the lower stem that permanently mark where the unifoliolate leaves have grown. These
unifoliolate leaf scars are located just above the two opposite scars, marking the cotyledonary
node position. Any leaf scars above the opposite unifoliolate scars appear singularly and
alternately on the stem and mark node positions where trifoliolate leaves had grown.
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2.3.5.1. Temperature
-

-

Temperature, photoperiod and other environmental variables affect soybean
plants at morphological and physiological growth stages.
Photoperiod changes the cultivar response in different geographical locations.
Within locations, temperature can still affect phenological responses; therefore,
maturity group classification is used.
The optimal temperature during vegetative stages for reproductive growth is
30°C.
The optimal temperature during the reproductive stages for yield is between 22
to 24°C.
Modest deviations can negatively affect seed yield and quality.
Soybeans show medium toleration to frost and recover from frost damage if it
occurs before flowering.
Some genotypes are less sensitive to temperature than others.
For soybean, high temperatures were 39/29°C for day/night, and low
temperatures were 15/10°C for day/night.
Higher temperature increased:
o Oil content up until 26°C. Another study stated up to 19.7%.
o Protein content (Crude and water-soluble)
o Amino acids
o Oleic acid
o Sulphur amino acids
Adverse temperature decreased:
o Yield
o Seed weight (High temperatures of 39°C at day and 29°C at night)
o Linolenic and linoleic acids (linearly)
o Raffinose and stachyose concentrations

Among other environmental variables, temperature and photoperiod predominantly affect
morphological and physiological growth and development of the soybean plant (Setiyono et
al., 2007). The phenological response to temperature can primarily determine soybean variety
selection for cultivation in a given geographical location during early growth-stages with little
photoperiod interaction (George et al., 1990; Setiyono et al., 2007), but the response to
temperature may be modified by photoperiod in different geographical locations. This serves
as a basis for classifying the cultivars by maturity group (Hetherly et al., 2004).
The effect of temperature on the growth and development of soybean varies as a function of
the growth stage and can have secondary adverse effects on seed yield. During the vegetative
(Vn) stages, the optimal temperature for reproductive growth and development is 30°C
(Hesketh et al., 1973). Conversely, during the reproductive (Rn) stages, the optimal
temperature for seed yield varies between 22 and 24°C (Hatfield et al., 2011). Even modest
deviations from the optimum during the Rn stages can reduce seed yield and quality (Wolf et
al., 1982; Egli et al., 2005; Ohnishi et al., 2010).
It has been shown that low temperatures, 15/10°C day/night, 3 to 4 days before anthesis, will
affect the fertilization process, and thus seed set, resulting in lower seed yield (Ohnishi et al.,
2010). Similarly, high daytime temperatures of 39°C or night-time temperature of over 29°C
have been reported to reduce pollen germination and viability, resulting in lower seed yield
(Djanaguiramanet al., 2013). Even moderate temperatures of 35°C from flowering to maturity
for 10 hours per day can result in a 27 % reduction in seed yield (Gibson and Mullen, 1996).
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Baker et al. (1989) reported that individual seed weight decreased with increasing
temperature, and the highest reduction occurred at 39/29°C.
Furthermore, predicted increasing temperatures of future climates are likely to be associated
with heatwaves that may be more extreme than in climates of the 20th century. The severity,
duration, and frequency of heatwaves are expected to increase in the 21st century. Allen et
al. (2018) found that global warming might not threaten, but increase, yields of soybean in
northern zones such as, e.g. the US, Europe and China, where this crop is currently grown at
slightly suboptimal temperatures (depending on cultivar sensitivity to photoperiod,
temperature, and solar radiation factors). However, global warming would threaten soybean
yields in warmer climates such as those found in South Africa.
The effect of temperature on soybean seed quality and composition is incompletely
understood. Kumar et al. (2006) (India) found that mean daily temperatures during bean
development are positively correlated with protein content and negatively correlated with oil
and linolenic acid content. Conversely, Nakagawa et al. (2020) (Japan) found high
temperature during seed filling increased lipid content but decreased protein content,
associating with yield reduction. High temperatures increased the expression of two genes
related to seed lipid biosynthesis and genes for a lipid biosynthesis regulator and its
transcription factor and decreased gene expression related to lipid degradation. High
temperature also downregulated genes related to seed storage protein and upregulated
genes for cysteine and aspartate proteinases. They found that high temperature during seed
filling preferentially accumulates lipid in place of protein content in seed, although seed yield
reduction was associated with lower seed protein content. Alsajri et al. (2019) (US) found that
temperature affected all seed quality parameters in two cultivars studied. Seed protein
concentration was slightly higher at the two lower and higher temperatures than at 29/21°C.
Seed oil concentration increased with temperature up to 26°C for the first cultivar and 25°C
for the second cultivar and declined at higher temperatures. Palmitic acid content responded
quadratically to temperature with a significant interaction between cultivars, while stearic
acid showed a similar quadratic response in both cultivars. Oleic acid increased with
increasing temperature, while linolenic and linoleic acids declined linearly with temperature.
Sucrose concentration declined with an increase in temperature in both the cultivars.
Raffinose and stachyose concentrations in the two cultivars responded differently to
temperature and declined with increasing temperature. Differences in sensitivity to
temperature between genotypes were also found by Onat et al. (2017) (Turkey).
Grieshop and Fahey (2001) and Karr-Lilienthal et al. (2005) reported that essential,
nonessential and total amino acid contents of soybeans were lower in the United States'
northern zones are cooler than those in the central and southern zones. Wolf et al. (1982)
(US) found that a higher deposition of sulphur amino acids (methionine and cysteine) occurred
at higher temperatures.
Song et al. (2016) (China) evaluated 763 soybean samples collected across China from 2010 to
2013. The contents of crude protein and water-soluble protein, the total amount of protein
plus oil, and most of the amino acids were positively correlated with an accumulated
temperature ≥ 15 °C and the mean daily temperature but were negatively correlated with
hours of sunshine and diurnal temperature range. The correlations of crude oil and most fatty
acids with climate factors were opposite to those of crude protein. Crude oil content had a
quadratic regression relationship with mean daily temperature. A positive correlation
between oil content and mean daily temperature was found when the daily temperature was
<19.7 °C. Furthermore, the diurnal temperature range was a main factor that directly affected
soybean protein and oil contents.
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Piper and Boote (1999) conducted experiments to analyse the effect of temperature on protein
content (%) (Figure 2.14). For this experiment, the temperature observation was calculated as
the average daily values of mean temperature from the predicted first pod (Using the SOYGRO
phenology model) to observed maturity. The response of oil content was also analysed using
the same process to determine temperature observations (Figure 2.15). The significance level
was at a probability of 0.01.

Figure 2.14: The response of protein % vs
temperature over all soybean
cultivars. Source: Piper and
Boote (1999)

Figure 2.13: Temperature effects on soybean
seed (a) protein and (b) oil
content for plants harvested
at 120 d after sowing. AG:
'Asgrow AG 5332', PR: Figure 2.15: The response of oil % vs
'Pregony P 5333 RY'. Source:
temperature over all soybean
Alsajri et al. (2018)
cultivars. Source: Piper and
Boote (1999)
Maturity group (MG) zones represent regions where a cultivar is best adapted without implying
that MG-specific cultivars cannot be grown elsewhere (Boerma and Specht, 2004). Mourtzinis
and Conley (2017) re-delineated MG zones across the United States using 2005 to 2015 yield
variety trial data. Although the zones were generated using a vast amount of information in
their study, the results were restricted to the planting date range of the variety trials. Other
work by Mourtzinis et al. (2017) (US) indicated that planting date and MG decisions could
greatly affect yield and composition, and therefore, significantly increase or suppress overall
farm profitability. A combination of early planting (late April to early May) and using the
longest maturity group (MG 2) resulted in the highest yield, oil, and oleic acid potential across
the examined region. However, if a seed with high protein content is the overarching goal, a
compromise in lower seed yield may be necessary.
Soybeans require over 1 500 heat units (base 10 °C) (Schulze, 2007). While relatively resistant
to very high and low temperatures, optimum growth takes place at temperatures between
20 °C and 30 °C, with growth rates decreasing when daily maxima are > 35 °C and below 18
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°C (Smith, 1994). Soybeans display a medium tolerance to frost and recover from frost damage
if it occurs before flowering (Smith, 1998). Since the 2009/10 season, the national soybean
trial results are presented with averages for three production region types, i.e., cool,
moderate and warm. Figure 2.16 presents the percentage of cultivar evaluations conducted
in dryland and irrigated conditions in the different production regions. In warm production
regions, 93 % of the cultivar trials were irrigated, whereas, in moderate and cool areas, only
32 % and 9 % were irrigated, respectively.

Figure 2.16: Distribution of cultivars evaluated under dryland and irrigation for different
production regions.
The main irrigation sites in the cool regions were at Bethlehem and Kokstad, whilst the only
dryland sites planted to soybeans in the warm regions were at Bossies, Brits and Herzogville.

50

Figure 2.17: Oil and protein concentration and yield for different combinations of irrigated and
dry production conditions in different production regions.
A two-way ANOVA was conducted that examined the effect of irrigation and temperature and
their interaction on soybean yield, oil content and protein content based on the national
soybean cultivar evaluation trials from 2010/11 to 2018/19 in Figure 2.17.
There was a statistically significant difference between group means when considering the
effect of temperature on oil content 𝐹(2) = 145.754, 𝑝 < 2 × 10
and protein content
(𝐹(2) = 9.946, 𝑝 = 4.95 × 10 ). The significance of the effect on yield is relevant to the
significance level, as 𝐹(2) = 4.16, 𝑝 = 0.0157.
When considering the difference in group means depending on irrigation, the effect on yield
(𝐹(2) = 62.11, 𝑝 < 4.5 × 10 ) and protein (𝐹(2) = 53.90, 𝑝 < 4.45 × 10 ) was significant.
The significance of the effect on oil content was once again dependent on the significance level
with F(2) = 6.27, 𝑝 = 0.0126.
There was, lastly, a statistically significant interaction between irrigation and temperature on
yield as, 𝐹(2) = 2.503, 𝑝 = 0.0820. The same can be concluded for the impact of the
interaction on protein content with 𝐹(2,8092) = 42.49, 𝑝 < 2 × 10 . However, the impact of
the interaction between irrigation and temperature on oil content did not have a statistically
significant interaction with 𝐹(2) = 0.847, 𝑝 = 0.486.
2.3.5.2. Water (Drought stress)
Water deficit dramatically limits growth and yield in soybeans. Irrigation can be an option
when soybean plants are under drought stress; however, irrigation is not always possible. In
the US, only 9 % of the soybean area is under irrigation (Schlenker and Roberts, 2009). In
South Africa, this figure is similar where, on average, 10 % of soybean area is irrigated (20102018). Whilst there is a noticeable trend in the increase in soybeans under dryland production,
the relative proportion under irrigation appears to be stable at around 10 %. The 2016 drought
had a noticeable effect on yield in that season and the season thereafter which was attributed
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to the water shortage in irrigation schemes. Given that South Africa is a drought-prone
country and with the prediction that drought events will occur more frequently in future due
to climate change (Engelbrecht and Engelbrecht, 2016), expansion of soybean production in
South Africa may occur primarily at the expense of other field crops such as maize, wheat,
sorghum and sunflower.

Figure 2.18: Dryland and irrigated soybeans over various production seasons. Source:
DALRRD
The relationship between water stress and soybean seed composition is controversial
(Dornbos and Mullen, 1992). The effect of stress also depends on the severity and the duration
of the drought stress and the growth stage of the plant. Mertz-Henning et al. (2017) (Brazil)
found that water deficit induced during the reproductive period resulted in a higher protein
and a lower oil content, whilst this relationship was not as clear with water stress induced
during the vegetative growth stage.
Kumar et al. (2006) and Rotundo and Westgate (2010) found that protein contents increased
with soil moisture deficits. In contrast, Specht et al. (2001), Boydak et al. (2002) and Carrera
et al. (2009) found that protein contents decreased with a soil moisture deficit. Some studies
indicated that oil content was reduced with drought stress, whereas others reported an
increased oil content with water deficit (Specht et al., 2001; Rotundo and Westgate, 2010)
Drought stress during the early reproductive stages (early flowering to full bloom [R1–R2]),
reduces (by 12–45 %) soybean yield. When drought stress is coupled with high temperature
during this growth phase, the effect on yield is extreme (Kobraee et al., 2011). Yield reduction
in this phase (R1–R2) is explained by high flower abortion and consequently decreased seed
numbers. However, seed weight increases as assimilates are concentrated on the fewer
seeds produced (Eck et al., 1987). Hence, the reduction in grain yield is not as substantial,
except for cases where drought stress is prolonged (Mwenye et al., 2016).
Soybean yield is extremely sensitive to drought stress during the mid-reproductive stages
(R3–R6 [pod initiation to seed filling]). Drought stress in these growth stages reduces grain
yield extensively (19–88 %) (Eck et al., 1987; Dornbos et al. 1989; Karam et al., 2005; Dogan et
al. 2007; Kobraee et al. 2011, 2014). Substantial (88 %) grain yield reductions have been
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recorded at seed filling (R5–R6) (Eck et al., 1987). Similarly, the yield components are
extremely sensitive to a soil-water deficit in this growth phase. In addition, the reproductive
period is further shortened (Eck et al., 1987), and less time remains for plant recovery.
Soybean yield and its components are less sensitive to drought in the late reproductive growth
stages compared with the early reproductive growth stages. Drought stress imposed
throughout the growth cycle reduces yield of soybean substantially (12–80 %). This is
attributed to the drastic effect on dry matter, number of pods (77 %), individual seed weight
(6–25 %) and plant height (25 %). Variation in yield reduction in the different growth phases re
could be attributed to (1) the different drought stress coping mechanisms (escape, avoidance
and tolerance) among the genotypes and (2) different stress intensities used (Mwenye et al.,
2016).
The effect of drought is dependent on the intensity of the stress. The intensity of stress is often
expressed as a percentage of soil plant-available water (PAW) and, in most cases, ranges from
20 % to 80 % at a specified soil depth. Yield is reduced when the PAW is depleted to 40–60 %
and substantially reduced when PAW is depleted to as low as 20–30 % (Eck et al. 1987;
Dornbos et al., 1989; Specht et al., 2001).
Seed protein and oil contents in soybeans are differentially affected by drought stress. An
inverse relationship between total oil and protein contents is evident (Table 2-5). Protein
content increases with increased drought-induced stress (Dornbos and Mullen 1992; Bellaloui
and Mengistu 2008), and Soybean seed oil content decreases with increased drought stress
(Dornbos and Mullen 1992; Masoumi et al., 2011). High temperatures significantly increase
the effect of drought stress on both protein and oil content (Dornbos and Mullen 1992).
However, in some studies soybean seed protein content was decreased with drought-induced
stress, whilst oil content was increased (Foroud et al., 1993a; Spetch et al., 2001; Bellaloui
and Mengistu 2008), which may be as a result of a genotypic or genotype × environment
interaction effect on the process by which carbon flux in soybean is primarily partitioned to
form protein and oil during embryogenesis.
Even though the proportion of protein increases with stress, the quantity available is
decreased when expressed as a function of reduced total yields. It would also be more
informative to investigate how drought stress affects the fatty acid (palmitic acid, stearic acid,
oleic acid, linoleic acid and linolenic acid) profiles of the soybean oil. Changes in fatty acid
profiles determine the dietary health qualities and industrial utilisation of soybean oil
(Clemente and Cahoon 2009).
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Table 2-5: Irrigation experiments conducted and their results. Source: Mwenye et al., (2016)
Reference

Location

Type of
experiment

Dornbos and
Mullen, 1992a

Iowa, USA

Glasshouse, pot
experiment

Foroud et al.,
1993a
Specht et al. , 2001

Alberta, Canada
Semi-arid
USA

Field experiment (nonweighing lysimeters)
Field experiment

Irrigation
strategy
Deficit
irrigation
(100%, 75%,
50%)
Deficit
irrigation
Deficit
irrigation
Deficit
irrigation
Deficit
irrigation
Water deficit

Protein content (%)
Drought stress level
Control
Moderate
Year 1: 40.3 Year
2: 37.4
38.7b
41.5c
39.50

42.3
39.5
39.2
45.2
38.65

44.9
42.4
43.7
47
39.0

21.3
23.3
24.3
23.5
18.85

20.3
22.3
23.5
20.8
19.35

19.2
20.4
21.8
17.6
19.15

46

45

44.8

17.5

18.00

18.10

42.3
41.0
–

41.9
42.2
–

20.6
21.1
495.36

20.9
20.7
231.22

21.2
20.1
115.80

–

41.0

20.4

37.96

38.54

20.28

Bellaloui and
Mississippi, USA
Field experiment
Cultivar 1: 41.1
Mengistu, 2008
Cultivar 2: 40.7
Masoumi et al.,
Iran
Field experiment
–
2011d
Arid
Bellaloui et al.,
USA
Greenhouse (pot)
39.8
2011e
experiment
Kobraee et al.,
Kermanshah, Iran
Field experiment
Deficit
37.66
2014
irrigation
a
The experiment also explored the combined effect of temperature and drought stress
b
Stressed at 29 °C
c
Stressed at 35 °C
d
Seed oil content expressed as kg ha−1
e
Contents expressed as g kg −1
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Severe

Oil content (%)
Drought stress level
Control Moderate Severe

18.5
18.01

17.

Figure 2.19 Illustrates the trends of seed performance at different rainfall levels in the local
cultivar trials from 2010 – 2019. The most significant impact was on yield (R > 0.1).

Figure 2.19: Trends of seed performance at different rainfall levels for dryland production.
Source: Cultivar trials 2010- 2019
2.3.5.3. Photoperiod
Soybean is a typical short-day (SD) plant, and its flowering and maturity are strictly regulated
by photoperiod (Garner and Allard, 1920, 1923, 1933; Wang et al., 2009). Increasing evidence
demonstrates that photoperiod affects many aspects of soybean growth and development
such as leaf senescence, pod setting, seed filling, shoot and root growth, etiolation, and stress
responses besides flowering and maturity (Han et al., 2006; Covington and Harmer, 2007;
James et al., 2008; Song et al., 2015; Nico et al., 2016). On the other hand, as a thermophilic
crop, soybean growth, and development is also susceptible to temperature changes (Setiyono
et al., 2007). Therefore, responses to both photoperiod and temperature affect the growth,
development, and yield formation of soybean cultivars (Zhang et al., 2020).
The days from emergence to beginning maturity is an important trait in crops because it
reflects the geographical adaptation of a cultivar (Cober et al., 1996). MG is a concept to
provide guidance for soybean classification according to the photo-thermal responses in
maturity. In the United States and Canada, soybean cultivars are classified into 13 MGs based
on their growth period designated by Roman numerals, starting with MG 000 for the extremely
early-maturing cultivars, and ending with MG X for the latest-maturing varieties (Caldwell,
1973). In South Africa, the choice is normally between MG IV and MG VII and these can
conveniently be referred to as short, medium and long growth season cultivars. (Also see
Appendix A)
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Han et al. (1996) indicated that photoperiod significantly affected the chemical composition of
soybean. They found that protein content, palmitic acid/oil, and oleic acid/oil decreased,
whereas oil and linoleic/linolenic increased under long-day conditions. Additionally, by
intercepting solar radiation per plant it was demonstrated that mean daily temperature during
grain filling independently affected the oleic acid percentage of some oil crops. The oleic acid
percentage was linearly related to mean daily temperature but curvilinearly related to
intercepted solar radiation (Rajcan et al., 2005; Izquierdo, 2009). Increasing mean daily
temperature and/or intercepted solar radiation per plant (up to a saturation level) increased
the oleic acid percentage at the expense of the linoleic and/or linolenic acid percentages
(Izquierdo, 2009).

Figure 2.20: Yield per production region. Source: Cultivar Trials 2010 - 1019
To further investigate the photoperiod effect, BFAP (2021) analysed cultivar trial data from
2010 to 2019 (ARC) (Figure 2.18, Figure 2.19 and Figure 2.20). Response surface methodology
was used to understand the effect of planting date and cultivar maturity on response variables
yield (t/ha), oil content (%) and protein content (%). A lack-of-fit test was conducted to
conclude each model's reasonability, and a one-way ANOVA was used to compare first-order
and second-order models.
Results for yield responses (Figure 2.21) displayed that the relationship assumed in the first
order and second-order model is not reasonable (𝑝 < 0.001). The same case stood for protein
content as the result of a lack-of-fit test for both first and second-order models were that the
models were unreasonable (𝑝 < 0.001) (Figure 2.22). Lastly, the results for oil content were
also unfavourable for surface response mapping as 𝑝 < 0.001 (Figure 2.23).
A one-way ANOVA test does, however, reveal that there is not a significant difference between
the first- and second-order models for oil content as p = 0.1375. This is, however, not the case
with protein and yield content with p < 0.001. For both yield and protein content, the secondorder model is superior to the first-order model.
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Figure 2.21: Response surface map for yield Figure 2.22: Response surface map for
as a response to planting date
protein content as a response
and cultivar maturity
to planting date and cultivar
maturity

Figure 2.23: Response surface map for oil content as a response to planting date and
cultivar maturity.
2.3.6.

Crop management

2.3.6.1. Use of certified seed
Since soybean is a self-pollinating crop, the retention of seed by soybean producers is a legal
and common practice. According to the South African National Seed Organisation (SANSOR),
up to 80 % of the harvest has previously been planted using farm-saved seed. This situation
created a vicious cycle that caused seed companies to lose income from soybean seed sales,
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which, in turn, demotivated investment in the soybean seed industry. For this reason, seed
and technology companies were hesitant to invest in new variety and technology development,
as their return on investment was not guaranteed.
To counteract the deleterious effects of using retained seed, a system developed in South
Africa requires soybean producers to pay a levy when they sell their product to the
processor/silo. This is known as an End Point Royalty Programme. In June 2018, the minister
of Agriculture, Forestry and Fisheries approved such a statutory levy for funding
developments in seed breeding and technology. A proportion of the levy is paid to seed
companies as compensation for their performance in the soybean seed market.
The levy aims to assist with the funding of new variety development and ensure that South
Africa can access state-of-art biotechnology. The funds are paid to seed and technology
companies actively involved in breeding new varieties and introducing current and advanced
biotechnology. Compensation depends on each company’s market share.
This will bring South African producers on a par with the progressive biotechnology available
to countries such as Brazil, Argentina, Uruguay and the United States (US). The first
biotechnology traits expected to be deregulated in South Africa are glyphosate- and insectresistant traits.
The implementation of this levy on soybeans has proven to be successful for seed and
biotechnology suppliers alike. The second season of the levy on soybeans runs from March
2020 until the end of February 2021. In 2020 an application for the continuation of the levy after
28 February 2021 was submitted for consideration. The levy will form an integral part of
financing the necessary research in the continuous development of new soybean varieties.
2.3.6.2. Planting date








Planting date effect relies on genetic and environmental conditions.
Early plantings improve seed yield and composition, but not necessarily seed
protein content.
Optimal planting dates found:
o Growth class 6 cultivars early-October
o Growth class 4 to 5 cultivars mid-October
If late planting is forced by later rainfall, it is recommended to plant with fast growth
classes.
Planting after November is regarded as late.
The region in association with maturity group must be considered.
Western areas of moderate production regions usually experience later rainfall
making it better to plant growth class 6 to 7 cultivars.

Choosing the optimum planting date is an effective way to improve soybean growth and
development and enhance the yield potential. However, the effect of planting date on soybean
grain yield depends on genetic and environmental conditions (Egli and Cornelius, 2009).
Planting date and MG decisions can significantly affect yield and seed composition and,
therefore, influence profitability (See chapter 472.3.5.2). For example, results of Mourtzinis et
al. (2017) show that for the upper U.S. Midwest, a combination of early planting (late April–
early May) and using the longest maturity group (MG 2) had the highest yield, oil, and oleic
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acid potential across the examined region. However, if a seed with high protein content is the
overarching goal, a compromise in lower seed yield may be necessary.
According to Barnard (2016) the ideal planting date for the cool production areas of South
Africa is from the beginning of October to the beginning of November. The shorter growth
classes (4 to 5) normally have a lower dark hour need than the longer ones. Therefore, it is
better to plant the growth class 6 cultivars very early and the growth classes 4 to 5 cultivars
in mid-October.
If the weather does not permit a normal planting date and enforces a late one, it is better to
start with the faster growth classes and to plant the longer growth classes afterwards. Any
planting after the end of November is regarded as late. Growth classes 5 to 7 are best adapted
to moderate areas. The western part of the moderate regions usually receive rain later in the
season, where it is better to plant 6 to 7 growth class cultivars. In the hot production areas,
any growth class can be planted. However, the full season cultivars usually have the best yield
in these regions.

Figure 2.24: Correlation between planting date and key quality parameters in various
production regions
Table 2-6 summarizes the effect of planting date on oil and protein content of seed (%) for
various regions across the world. Although not conclusive it seems that earlier plantings are
more beneficial to oil content whilst later plantings increase the protein content of soybean
seeds.
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Table 2-6: Planting date literature review
Oil%
Reference

Country

Experiment type

Morsy, et al., 2016.

Egypt

Field experiment

Protein %

PLD*1

PLD2

PLD3

Year 1

22.95

20.03

Year2

20.42
18.7

PLD4

PLD1

PLD2

PLD3

19.52

33.39

35.22

38.84

19.16
19.20

33.06
30.40

37.19
35.30

39.74
33.6

39.58
43.50

39.58
42.10

37.05
41.70

1

Junior et al., 2017

Brazil

Field experiment

23.16
18.70

Freiria et al., 20162
Pott et al., 2019

Brazil
US

Field experiment
Field experiment

21.27
22.00

20.05
21.9

22.09
21.40

Kumar et al., 20063
Sadeghi and Niyaki, 20134

India
Iran

Field experiment
Field experiment

19.70
20.74

19.10
19.00

18.00
19.30

19.30

39.40
35.92

38.10
36.25

39.70
33.17

Hankinson et al, 20155

US

Field experiment
Field experiment

Year 1
Year 2

18.30
18.30

18.20
18.20

17.90
17.90

17.30
17.30

34.50
35.80

35.2
36.20

35.20
36.20

18.20
21.70

18.30
21.60

34.30
43.30

34.00
43.60

34.40

Field experiment

Location2
Year 1

17.50

Australia

Year 2

22.50

21.80

21.10

43.20

44.20

44.90

Gaynor et al., 20166
*
1
2
3
4
5
6
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PLD – Planting Date
Average of four cultivars
Soybean food type, average of four cultivars
Average of nine cultivars
Average of three cultivars
One cultivar
Irrigation

21.30

20.3

PLD4

39.95

35.00
35.60

45.4

Figure 2.25: Correlation between planting date and key parameters in dryland and irrigated
production systems for Potchefstroom
2.3.6.3. Plant density, plant population and row width
-

-

-

Spatial arrangement helps with
o Control of weeds, pests, and diseases
o Reduced lodging
o Maximising yield (Narrow rows showed higher yields opposed to wide
rows)
o Greenish soybeans
Spatial arrangement affects:
o Photoassimilate production
o Chlorophyllase activity in stressful situations
o Plant structure and morphology, thus affecting oil and protein content
Stressful situations are described as intense competition among plants, high
temperatures, and dry periods during maturation.
Few studies evaluated the effects of interaction between sowing density and row
spacing on soybean chemical composition.

The spatial arrangement of plants, determined by sowing density and row spacing, may affect
soybean production due to modifications of the growth environment and plant development
from sowing to harvest. Appropriate sowing density management affects plant structural
characteristics and may contribute to the control of weeds, pests, and diseases and reduce
lodging and maximizing yield (Board, 2003; Khan et al., 2003; Procópio et al., 2013; Balbinot
Jr. et al., 2015).
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Soybean plant arrangement affects intraspecific competition for water, sunlight, and
nutrients, which modifies environmental resource usage, affecting photo-assimilate
production (Board, 2000; Boroomandam et al., 2009; Kuss et al., 2008). Stressful situations
such as intense competition among plants, high temperatures, and dry periods during
maturation may affect or even terminate chlorophyllase activity prior to complete chlorophyll
degradation (Rangel et al., 2011). The frequency of greenish soybeans in a batch is unstable
and depends on the type, intensity, and period when stressful conditions occur (França Neto
et al., 2012).
Oil and protein content of soybeans may vary depending on location and crop management,
like plant spatial arrangement, which can modify plant structure and morphology (Luca and
Hungria, 2014). Few studies have evaluated the effects of interaction between sowing density
and row spacing on soybean chemical composition (Bellaloui et al., 2015; Moreira et al., 2015;
Werner et al., 2017).
Studies, especially in the United States of America, indicated that soybeans produced higher
yields when planted in narrow rows as opposed to wide rows. The higher yields were mostly
attributed to better solar interception as a result of a higher leaf area index. A denser leaf
canopy increases water use efficiency and decreases weed competition.
De Jager (2005) in South Africa found that soybeans planted at the same density (30.0 m-1) but
two row spacings (0.45 and 0.9 m) developed more branches at the narrower row spacing.
The added branches in the narrow rows resulted in bushier plants which broadened quickly.
This resulted in faster basal coverage and a higher leaf area index which is in accordance with
Broad et al. (1990) and Bullock et al. (1998). De Jager (2005) found that although seed yields
did not always differ significantly between the narrow and wide rows, the yields were
consistent higher with the narrower rows.
2.3.7.

Summary

Since factors such as longitude, altitude, environmental temperature (heat units) and rainfall
play major roles in determining the quality of seeds produced, it is apparent that soybean
producers have only a limited capacity to influence the oil and protein contents of seeds.
Nevertheless, seed inoculation before planting, the judicious application of N and microelements such as Mo and Mg, and the choice of variety and planting time are managed by the
farmer. These factors can make a difference and contribute to the quality and yield of
soybeans, as indicated in the previous sections.
More research is required to find the right combinations that work for different areas in South
Africa.
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Table 2-7: Literature review of the impact of density (plants per m2) on oil and protein content
Country

Type of experiment

Gulluoglu et al., 2017

Turkey

Field experiment

Matsuo et al, 20181

Japan

Field experiment

Werner et al., 2017

Brazil

Güllüoğlu, et al., 2016

Oil%

Protein %

Density
Year 1
Year 2
Density

14.3
19.6
16.2
6.34
19.70

15.7
19.3
16.0
13.24
19.75

17.7
19.4
16.7
23.30
19.66

Field experiment

Density
RW1
RW2
RW3
RW4

15.00
23.62
22.70
21.86
23.37

30.00
23.19
23.95
22.39
23.35

40.00
23.01
21.94
22.65
22.55

Turkey

Field experiment

Density

31.60
17.61

33.20
17.53

34.90
18.30

35.70
17.71

38.10
17.55

40.00
17.51

Kareem et al., 2019

Iran

Field experiment

Density
Site 1
Site 2

7.69
23.41
23.57

10.00
23.43
23.63

14.29
23.63
23.60

15.38
23.40
23.60

20.00
23.70
23.20

28.57
23.91
23.34

Bellaloui et al., 2020

US

Field experiment

Density
RW1
RW2
RW3

40.00
22.05
22.90
22.84

56.00
22.28
21.90
21.99

1
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Average over trials and cultivars

20.3
19.1
15.7

23.7
19.3
15.9

28.6
19.4
16.6

35.7
19.2
16.1

42.10
17.99

47.60
17.41

50.00
17.43

52.60
17.89

63.20
17.81

66.40
18.11

6.34
46.31

13.24
45.98

23.30
46.04

15.00
35.49
35.87
37.10
35.19

30.00
35.50
34.67
37.37
35.28

40.00
35.67
37.48
36.37
36.23

7.69
28.87
28.49

10.00
27.80
28.18

14.29
28.40
28.42

40.00
38.80
37.30
38.30

56.00
37.95
38.20
39.00

69.90
17.94
15.38
28.27
28.31

20.00
28.27
29.17

28.57
27.73
29.32

2.4.

Research trends relating to protein and oil content of soybean seed

2.4.1.

Spatial analysis
-

The environment is one of the most important determining factors for seed
amino acid composition in the United States.
Higher protein concentration was found in the Southern United States regions.
Amino acid concentration was higher in southern regions than in northern
regions in the United States and China.
A negative relationship was found between the concentration of seed amino
acid, protein, and oil with latitude.
GEM (genotype, environment, management) interactions across latitudes
influenced yields, quality, seed amino acid, protein, and oil content.
Positive interrelationships were found between:
o Isoleucine and Valine
o Arginine, Leucine, Lysine, and Threonine

The previous section illustrated that there is a multitude of factors that affect soybean yield
and quality (oil and protein content). Hence there are many genotype (G), environmental (E)
and management (M) interactions. Of these, environmental factors play an important role.
Spatial analysis is one manner of identifying the main effects of factors influencing the yield
and quality parameters of soybean seed, and this suggests that the environment is one of the
most important factors determining seed amino acid composition in the United States
(Grieshop et al., 2003), Argentina (Carerra et al., 2011) and Brazil (Goldflus, 2006).
Karr-Lilienthal et al. (2005) found that seed produced in the United States' Northern regions
produced lower concentrations of seed amino acids than those produced in the South.
Likewise, soybean seed amino acid concentration tended to increase from Northern to
Southern regions in China (Qin et al., 2014; Song et al., 2016). Rotundo et al. (2016) reported a
greater protein concentration in soybeans from the Southern United States regions.
Assefa et al. (2018) analysed data from soybean testing programs conducted across 14 states
from 2012 to 2016 (n = 35,101 data points). The results indicated that for each tonne ha−1 yield
increase, protein yield increased by 0.35 tonne protein ha−1 and oil yield improved by 0.20 tonne
oil ha−1. Essential seed amino acid concentrations exhibited a spatial autocorrelation, and
there was a negative relationship between concentration of seed amino acid, protein, and oil,
with latitude.
There was a positive interrelationship with different degrees of strength among all seed amino
acids, with the correlation between isoleucine and valine being the strongest (r = 0.93)
followed by the correlation among arginine, leucine, lysine, and threonine (0.71 < r < 0.88).
Assefa et al. (2018) concluded that the variability in genotype (G) x management (M) x
environment (E) across latitudes influencing yield also affected soybean quality; seed amino
acid, protein, and oil content in a similar manner.
2.4.2.

Breeding for better oil, protein and amino acid composition

Although seed composition is genetically controlled, it has been reported to be influenced by
agricultural practices, including seeding rate, row spacing, irrigation, growing conditions,
geographic location, and fertilizers. As alluded to in the previous section, research on the
effects of agricultural practices on seed composition is mostly limited (Ballaloui et al., 2015
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and Werner et al., 2017) and results obtained are still conflicting (Jaureguy et al., 2013 and
Bellaloui et al., 2014). Furthermore, even though steady genetic gains have been made in
soybean yield through improved breeding strategies, the molecular and physiological
mechanisms controlling yield, seed protein, and oil content are largely unknown.
A negative relationship has been documented in the scientific literature between yield and
protein or amino acid concentration (Johnson et al., 1955; Mello Filho, 2004; Singh, 2016);
However, the concentration measures abundance of a quality trait relative to other competing
components. Thus, it is not clear whether the negative relationship between protein and yield
is due to a decrease in protein concentration per-se or an increase in other seed components'
composition when increasing yield. It is indicated that, even though there is a negative
relationship between protein concentration and yield, protein yield and seed yield correlate
positively (see Figure 2.26).

Figure 2.26: Oil yield and seed yield for dryland production systems
According to Patil et al. (2017), an understanding of the genetic and molecular control of
soybean seed protein and oil could help identify strategies for developing better beans.
Soybean seed composition, especially seed storage protein, is a complex trait that is
controlled by multiple genes and affected by the genotype (G) × environment (E) interaction
(Carver et al., 1986; Manjarrez-Sandoval et al., 1997; Chaudhary et al., 2015). Increasing seed
storage protein is difficult due to its strong negative correlation with oil content (Chaudhary
et al., 2015) and seed yield (Bandillo et al., 2015; Kim et al., 2016; Chung et al., 2003). Figure
2.27 illustrates the overall correlation of different seed components in soybean.
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Figure 2.27: Correlation of seed components in soybean. Source: Patil et al. (2017)
Figure 2.27 denotes a positive correlation (+) and negative correlation (−) between seed
components. Temperature (yellow high temp; blue low temp.) affects protein, oil, and sucrose
concentrations, and it is shown by up (increase) and down (decrease) arrows. Correlation
between known sub-components such as cysteine, oleic acid, raffinose, and stachyose are
shown.
With the advancement of genetic map construction (Hyten et al., 2010; Lee et al., 2015b), the
availability of a well-annotated reference genome (Schmutz et al., 2010), resources for
association mapping (Song et al., 2013, 2015), and whole-genome resequencing (WGRS) data
(Zhou et al., 2015; Valliyodan et al., 2016), a large number of QTL for seed protein content have
been identified.
The United States Department of Agriculture created SoyBase
(https://soybase.org/sb_about.php) as a database that contains genetic information about
soybeans. It includes genetic maps, information about Mendelian genetics and molecular data
regarding genes and sequences. It was started in 1990 and is freely available to individuals
and organizations worldwide. In addition to conventional breeding, transgenic approaches
have also been utilized for protein and amino acid improvement and functional studies.
The major function of protein meal in nutrition is to supply sufficient amounts of essential
amino acids. Although soybean cultivars with improved protein content have been
successfully developed, only a few studies have been conducted to evaluate amino acid
content or to identify genomic regions controlling amino acid composition. The difficulty in
breeding for improved amino acids could be due to lack of genetic variability, lack of high
throughput, and cost-effective phenotyping platform to screen a large number of samples for
amino acids.
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Figure 2.28: Amino acid composition on soybean protein. Source: Patil et al. (2017)
Together, essential amino acids (isoleucine, histidine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, and valine) and conditionally essential amino acids
(arginine, cysteine, glutamine, tyrosine, glycine, ornithine, proline, and serine) comprise about
20 % of the soybean seed protein (Tessari et al., 2016). For the same crop, the total sulphur
(S) containing amino acids (TSAA), cysteine and methionine, compose less than 1.5 % of the
total protein (Figure 2.28).
Patil et al. (2017) indicated the following as rate-limiting factors for protein improvement:
 Temperature effects and environmental stability. Comparing soybean meals from
United States, Brazil, and China, several researchers concluded that environmental
conditions greatly impacted seed composition. Among the main environmental factors
affecting protein and amino acid composition were temperature, solar radiation, water
availability, and soil nutrient supply.
 Genetic architecture, negative correlation with oil and yield.
Furthermore, for oil content and composition it was found that palmitic and oleic
concentrations responded positively to phosphorus application rate up to a certain level (Yin
et al., 2016). However, the response of linolenic acid concentration was inconsistent (negative
or positive). Stearic concentration was not influenced by phosphorus fertilization. Application
of 10 kg∙P∙ha−1 resulted in higher production of protein and palmitic, oleic, and linolenic acids
than zero phosphorus and the higher phosphorus application rates as well on the phosphorus
deficient soil. Excessive phosphorus application rates could lower seed yield and the quality
of some attributes in seed. Yin et al’s (2016) results suggest that linoleic acid concentration,
a key quality attribute in soybean seed for human and animal consumption, can sometimes be
enhanced by phosphorus fertilization, and thus appropriate P application may increase the
market value of soybean production; the indigenous soil phosphorus fertility level and
phosphorus application rate should be taken into account by soybean breeders in breeding for
new soybean cultivars with low linolenic acid level since phosphorus can affect linolenic acid
level in the seed.
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Breeding for soybean seed composition traits is a complicated process. However, ample
genomic resources and tools are currently available to soybean researchers for the study of
seed composition traits (Bandillo et al., 2015; Phansaket al., 2016). It is believed that a
combination of conventional breeding strategies and genomic approaches will help to identify
genomic loci, haplotypes, and genetic markers aiding inbreeding for improvement of seed
composition traits. Once genome-wide allelic and haplotype data are available on important
breeding lines and haplotype-trait associations are established for protein, oil, and amino acid
traits, it may be possible for soybean breeders to undertake breeding-by-design approaches.
2.4.3.

Breeding against anti-nutritional factors

Some anti-nutritional factors present in soybean grains are thermolabile, such as protease
inhibitors and lectins. However, thermo-stable anti-nutritional factors are also present, such
as non-starch polysaccharides (NSP) and oligosaccharides, which are not eliminated by
thermal treatment (Leske et al., 1993, Francis et al., 2001). These soluble components are
among the main factors responsible for the antinutritional effects of soybeans (Choct et al.,
2010).
Selection, assisted by specific molecular markers, to avoid having any antinutritional factors
(Kunitz and lectin inhibitor) in soybean seeds has enabled individual heterozygotes to be
identified and so has reduced one generation at each back crossing cycle and, therefore,
lessens the number of generations needed to obtain improved varieties of soybean. The
segregation test has confirmed that these traits are controlled by two genes that segregate
independently (Moraes et al., 2006). Gallao et al. (2013) obtained lower averages of Kunitz
inhibitor and phytic acid in transgenic cultivars than in conventional cultivars that had been
evaluated in Londrina and Ponta Grossa, Brazil. The ‘BRS 244 RR’ transgenic cultivar stood
out, and it showed the lowest rates of phytic acid in Londrina (1.21 mg g-1) as well as in Ponta
Grossa (1.39 mg g-1) (See section 5.3Antinutritional Factors).
The BIOAGRO Soybean Quality Breeding Program, of the Federal University of Viçosa, has
developed a line that is devoid of Kunitz Trypsin Inhibitor (KTI) and Lectin (LEC), thus improving
the digestibility of soybean proteins and lowering morphological alterations of the intestinal
microvilosities when compared to the genotypes that are carriers of these anti-nutritional
factors. The line obtained was derived from a cross between CAC-1 HyPro without KTI and
CAC-1 HyPro without lectin. Using such a breeding program makes it possible to identify
promising genotypes (Brune et al., 2010).
The presence of raffinose oligosaccharides (RO), in particular raffinose and stachyose in
soybeans, cause abdominal discomfort, cramps, flatulence and diarrhoea in monogastric
animals (Brasil et al., 2010). This occurs because the mucous membrane in the small intestine
does not possess the α-galactosidase enzyme necessary for the hydrolysis of the α-1,6
linkages present in unprocessed soybean meal, allowing these sugars to pass intact to the
large intestine where they are fermented by anaerobic microorganisms creating excessive
gas (Smits and Annison, 1996; Karr-Lilienthal et al., 2005) (Section 2.3.4.5). Bueno et al. (2018)
found that the soluble non-starch polysaccharide content showed no significant correlation
with protein, oil, sucrose or raffinose + stachyose contents, but oligosaccharides showed a
negative correlation with protein content. Thus, lines with lower non-starch polysaccharide
content, especially soluble non-starch polysaccharides, can be selected without affecting oil
or protein content. This makes developing cultivars with low soluble non-starch
polysaccharide content possible which would be beneficial in feed for monogastric animals.
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2.4.4.

Genetically modified (GM) soybeans

Glyphosate-tolerant genetically modified (GM) soybeans (Glycine max (L.) Merr.), known
commercially as Roundup Ready soybeans, were approved for commercial cultivation in South
Africa in 2001 (NK603—Monsanto’s ‘Roundup Ready’ variety). GM soybeans now account for
about 90 % of all soybean production in South Africa as seen in Figure 2.30 (Khojely et al.,
2018). Furthermore, Figure 2.29 illustrates the simultaneous area expansion (in light blue)
and yield increase (widening gap between area and production) since the introduction of
Roundup-Ready and Root-knot tolerant cultivars.
Xia et al. (2019) (China) found that GM soybeans had the highest oil concentration but poorest
quality, whereas conventional soybeans from the Huanghuaihai region of China showed
significantly higher protein, total amino acid, essential amino acid and oleic acid contents, and
lower n-6 : n-3 ratio and carbohydrate content, which suggested superior nutritional value.
Principal component analysis indicated that protein, carbohydrates, and amino acids (except
tryptophan, methionine, tyrosine, histidine and proline) contributed most to distinguishing GM
soybeans from conventional Chinese soybeans.
For fatty acid profiles, Galão et al. (2014) found that the n-3 fatty acid quantities were higher
in transgenic species (GM cultivars) this being reflected in lower n-6/n-3 ratios, a highly
desired trend. However, the results indicated a large amount of variation among the different
germplasms (either conventional or GM) within and across locations.

Figure 2.29: Soybean production from 1975 to 2020 in South Africa (Source: SAGIS, 2020)

69

Figure 2.30: Conventional and GMO Cultivar usage in South Africa. Source: Cultivar trials 2000
- 2019

2.4.5.

High oleic soybean oil

High oleic soybean oil is a fairly new and important type of mono-unsaturated fat. Oleic is
another word for mono-unsaturated fatty acid. Since soybean oil is commonly used in salad
dressings, baked goods, fried foods and snack foods, consumers and the food industry can
increase the amount of good, mono-unsaturated fat found in those foods by switching to high
oleic soybean oils. As the health benefits of high oleic soybean oil become more well-known,
consumers are likely to see it advertised on product labels. Until then, it is usually listed on a
product’s ingredient list.
High oleic soybean oil has a higher amount of mono-unsaturated fat and originates from three
different types of soybeans — two created through transgenic genetic modification and a third
through mutation of a native gene. The transgenic versions use RNA interference, a genetic
mechanism similar to certain types of immune responses to viruses, to reduce the expression
of a gene that converts oleic fatty acid into another downstream form of oil. The result is that
the plant accumulates more oleic fatty acid. The non-transgenic high oleic soybeans have the
same gene mutations, again reducing its expression so that oleic fatty acids accumulate in
the oil at high levels.
In the United States, the high oleic soybean varieties available perform just as well as the
other types of soybeans. The high oleic types are a little more expensive because the seed
must be kept separate from other commodity soybean seeds. The expense of identity
preservation should decline, however, as planting increases. In 2017 there were more than
240 000 hectares planted with high oleic soybeans. The United Soybean Board has set a goal
to plant over 7 million hectares to high oleic soybeans by 2023. Figure 2.31 displays the
projection for the U.S. crop by 2024 as the use of high oleic soybean oil is expected to increase.
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Management of high oleic soybeans, including planting, weed management, and disease and
insect control, is essentially the same as for any other soybean variety. However, there are
only two real differences. First, if farmers plant both high oleic soybeans and other varieties,
they must keep the identity of the high oleic beans separate. That means cleaning equipment
before planting, harvesting, storing, and transporting high oleic soybeans. Second, farmers
can expect a 4 - 5 % increase in contract price because of the extra work that goes into keeping
high oleic soybeans separate. Processing for oil and proteins is no different for high oleic
soybeans.

Figure 2.31: High oleic soybean oil availability. Source: Gelski, J (2021)
2.4.6.

Biodiesel

Soybean (Glycine max (L.) Merrill) is an important source of oil for biodiesel production.
However, the traits related to oil content and fatty acid profile are, as already mentioned,
generally not targeted by soybean breeding programs. Developing methods to increase oleic
and reduce linolenic fatty acid content within soybean genotypes would increase the use of
soybeans for food and feed, as well as biodiesel production.
Biodiesel produced with high polyunsaturated fatty acids content has a high tendency to
undergo oxidation, making storage difficult and overall quality reduced. Oils with high levels
of mono-unsaturated fatty acids are preferred for biodiesel production because lower
oxidation improves cold flow properties and nitrogen oxide emissions are decreased.
Furthermore, soybean oil with high concentrations of polyunsaturated fatty acids causes low
oxidative stability, resulting in rancidity, a rapid decline of optimal flavour and reducing
storage time of manufactured food products. Thus, both food manufacturing (Section 2.4.5)
and biodiesel producers would benefit from the development of high oleic (mono-unsaturated)
soybean seed.
Woyann et al. (2019) found that genetic selection could reduce linolenic fatty acid content by
14 %. Their results indicated that there is sufficient genetic variability in fatty acid composition
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in soybean seed for effective selection to take place. Increases in oleic and reductions in
linolenic contents could be achieved with the introduction of mutant FAD2-1A and FAD2-1B
genes through breeding programs or biotechnological strategies.
Pradhan and Mbohwa (2017) in South Africa used secondary data from literature to develop a
life cycle inventory on farming, crushing and conversion capacity of soybean. Their life cycle
assessment results indicate that soybean biodiesel is renewable, environmentally sustainable
and economically viable. Soybean biodiesel yields 125 % more useful energy than the energy
required to make it, saves 31.5 % greenhouse gas emissions compared to fossil diesel, and
on average returns 1.39 times the cost of the energy input.
2.5.

Oil and protein content of SA seed versus international

Unlike some cultivars advertised in Brazil, soybean seed cultivars advertised in South Africa
are not accompanied by any information on oil or protein content parameters. Even though
the national cultivar trials measure the oil and protein content of the seed, most emphasis is
on yield parameters.
The oil content of soybeans in South Africa is expressed on a dry matter basis, whilst that of
the United States is mostly on a 13 % moisture basis. Figure 2.32 presents the protein content
(%) of seeds from South Africa, the United States, Brazil and Argentinian and that of Figure
2.33 for oil. To compare the figures, it was assumed that the data for Brazil and Argentina are
on an “as is” basis, which would roughly equally the 15 % of the United States. To compare
the data between the countries South Africa’s data which is published on a dry matter base
was adjusted to reflect a moisture content of 13 %.

Figure 2.32: Protein content of seeds from various countries
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Figure 2.33: Comparison of seed oil content (%) from various countries
Due to South Africa’s geographical location in terms of latitude, and its day length and heat
unit exposure, the potential oil and protein content is lower than that of other countries like
the United States, Brazil and Argentina. A study conducted in the United States found a definite
trend between soybean from more northern regions having a higher oil content than southern
production regions, but little effect on protein content (Breene, 1988) (Also see Section 5.4.1
on page 165 and). Thus, penalising South African producers due to lower protein content
would not be viable, as they are disadvantaged due to a factor outside of their control. Cultivar
development should rather be researched to gain access to a cultivar that performs well at
the South African latitude.
2.6.

Farm-level profitability

2.6.1.

South African context

Soybean production in South African has increased significantly over the past 20 years.
Increased production was driven by area expansion with yield indicating a marginal increase
over the past two decades. Between 2010 and 2018, 90 % of production practice has remained
predominantly under dryland cultivation (DALRRD). The majority of soybeans are produced in
Mpumalanga (44 %), followed by the Free State (33 %) and KwaZulu-Natal (8 %). In recent
years, there has been a drive to increase soybean production in the western parts of the
country as a suitable substitute for maize and due to its importance as part of a crop rotation.
The area under soybean production in the North West province has increased by 23 % over
the past 5 years (2016 to 2020) with production volumes rising by 34 %.
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Figure 2.34 Historic soybean production in South Africa. Source: CEC, 2020
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Figure 2.35 depicts the average summer rainfall and yield for key soybean producing areas in
South Africa (Mpumalanga and the Free State), as well as the potential growing region in the
West (North West). The graph clearly indicates the correlation between yield and season, with
clear dips during the 2015 and 2016 drought.
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Figure 2.35 Summer rainfall and Yield per main production region. Two Historic yield and
summer rainfall per province
Figure 2.36 illustrates the direct variable cost trend over time, represented in cost per
hectare. Their largest contributors are fertilizer, fuel and plant protection. These costs are
subject to international price volatility, such as the oil price and the Rand to US$ exchange
rate. On average, Mpumalanga has the highest direct variable cost, and North West the lowest.
This is subject to yield potential, as Mpumalanga has a higher targeted yield due to its potential
to achieve better yields. The costs of the two provinces increased at a similar rate over the
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past six years, Mpumalanga at an annual average of 3.4 %, and North West 4 %. In the Free
State the variable cost remained relatively constant (1 %), especially the fertilizer cost, which
may be due to new fertilizer facility investments in the region.
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Figure 2.36: Direct variable cost per main production region
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Figure 2.37 Historic gross margin per main production region
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As expected, gross margins are sensitive to fluctuations in yield, which is evident from Figure
2.35 and Figure 2.37 (which only illustrates the national average yield). Areas with lower input
costs often result in lower yields and lower gross margins. In normal years, Mpumalanga
performs the best due to higher input costs, higher rainfall and better practices. However, the
figures also illustrate the potential for North West with its high yields and low input costs
resulting in high gross margins. This supports the drive to expand soybean production in the
West. The Free State has a very tight margin in drier years.
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Figure 2.38 illustrates the breakeven points for yield and producer price compared to their
respective historic 5-year minimums. The breakeven points only account for direct variable
costs and exclude overheads, thus the actual points are in reality higher. For the largest
producing area, Mpumalanga, to realise a profit, the yield needs to be above 0.89 t/ha and the
producer price higher than R2 659. In the past 5 years, the soybean producer price never
dipped below R4 680, giving all regions a margin of safety. However, the Free State and North
West’s yields have come close to the threshold in the past 5 years, adding more risk to soybean
production in these areas.
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Figure 2.38: Breakeven yield and producer price per region

2.6.2.

Agri-benchmark

Agri-benchmark is an international network of researchers that captures production cost data
to a centralized database in order to facilitate cost of production comparisons. Figure 2.39
illustrates soybean yields for South Africa, Zambia and Malawi and is further compared to
typical farms in Argentina, Brazil, Ukraine, and United States. The data represent an average
for the 2017/18 production season. For the agri benchmark data, the farm name represents
the size and location of the farm. For instance, the 1600EFS farm in South Africa means that
the farm is located in the Eastern Free State with a total cultivated farm size of 1600 hectares.
The international sample average for soybean production under dryland conditions was 3.1
t/ha (Figure 2.39). The results for Southern Africa clearly indicate the opportunity for yield
gains. Yields in Malawi have varied between 0.9 t/ha for the small-scale farmer and 1.3 t/ha
for the commercial producer. In the Mkushi region of Zambia, a small-scale average yield of
2.0 t/ha was reported.
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BFAP (2020)
The cost of production and gross margins for the 2017/18 production season are presented in
Figure 2.40 and Figure 2.41, respectively. The cost of production represents the cost to
produce a tonne of soybeans, hence, accounting for variation in yield. Internationally, the
average cost to produce a tonne of soybeans amounts to USD129. It is evident that production
cost in Southern Africa is higher (61 % in South Africa, between 56-157 % in Malawi and
between 40-73 % in Zambia). The higher cost is mainly driven by lower yields, however, also
due to higher per unit cost of inputs such as seed, fertilisers, and chemicals. The region is
highly dependent on imports of agricultural inputs. For instance, in South Africa it is estimated
that more than 80 % of domestic fertiliser demand and more than 95 % of plant protection
chemicals are imported. This implies that local prices in South Africa are subjected to the
same supply and demand forces that drive international markets: for example, the farm gate
price of domestic fertilisers is strongly influenced by international price fluctuations, currency
exchange rates and shipping and distribution costs (Grain SA, 2016).
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Figure 2.40: Cost of production of soybeans: 2017/18 - USD to produce a ton of soybeans.
Source: Agri benchmark, BFAP (2020)
In South Africa, the cost to produce a tonne of soybeans amounts to USD207, approximately
USD78 per tonne more compared to the international sample space. Hired labour, other direct
cost and fertilizers have contributed 53 % of direct cost. Other direct costs include repairs &
maintenance and marketing costs.
In Malawi, input costs are high because the country is land locked. Mchinji district is one of
the highest agricultural production zones for a number of crops including the staple maize
crop. In this case, most smallholder farmers, who are the main source of labour, usually have
enough food for their households hence see no need to work on farms that offer lower wages.
Commercial farms usually hire labour from outside the district which becomes costly. The
cost to produce a tonne of soybeans for small-scale producers amounts to USD203 and for
commercial producers, USD344/tonne.
In Zambia, small-scale producers spend USD224 for every tonne of soybeans produced. The
single largest cost item is seeds followed by hired labour. Commercial producer’s expenditure
is less at USD181 per tonne soybean produced with seed and fertilisers accounting for the
highest share in direct expenditure.
The gross margin per hectare for the 2017/18 production season is illustrated in Figure 2.41.
It is key to note that it only accounts for direct expenditure. The international average gross
margin in 2018 for the sample amounts to USD519 per hectare where in regions such as Iowa
in the United States, margins of close to USD1000 per hectare materialised (underpinned by
high yields). In South Africa, only 55 % of the international average gross margin has been
realised whereas in Malawi the figure is much lower ranging between 7-30 %. The commercial
farm in Mkushi indicated robust performance from a profitability perspective, underpinned by
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high yields obtained on a supplementary irrigation production system. However, the smallscale farm reported a gross margin of USD243 per hectare less compared to the commercial
farm which is indicative of the opportunities that exist in the region.

Zambia

Figure 2.41: Gross margin of soybeans – 2017/18 - USD per hectare. Source: Agri benchmark,
BFAP (2020)
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3. Silo level
3.1.

Storage of soybean seed

The main characteristics that determine soybean quality are low and uniform moisture
content, low percentage of foreign material, discolouration, susceptibility to breakage,
damage by heat (internal cracks), insect and fungal damage, elevated values of density, oil
and protein concentration, and seed viability. Some factors that can affect these
characteristics are environmental conditions during the grain formation of plants, season,
harvesting system, storage techniques and transport (Briedenhann, 2015). This section deals
with the problems associated with the storage of seed in silos after harvesting. Soybean seed
is stored mainly for two intended purposes, firstly, to be processed for soybean meal and/or
oil and secondly to be retained as seed for the next planting season.
Throughout the period during which soybeans are stored in silos after harvest the main
objective is to preserve the characteristics of the grains. It is vital that their quality is
preserved (Briedenhann, 2015). However, during storage (post-harvest stage) soybeans are
subjected to numerous biotic and abiotic factors (Carvalho et al., 2014) that may contribute to
qualitative and quantitative losses. These factors are:
 physical, i.e., temperature and humidity,
 chemical, i.e., oxygen
 biological, i.e., bacteria, fungi, insects, and rodents (Ludwig et al., 2011).
The three major factors affecting the quality of soybeans during storage are moisture content,
temperature, and storage time.
The grain mass is an ecological system in which deterioration is the result of interaction
between physical, chemical, and biological variables. The rate of deterioration during storage
depends on the rate of change of these variables, which are directly affected by temperature
and water content, and also their inter-relationship with the grain and storage structure.
Insects, rodents, and fungi are the main biological factors responsible for qualitative and
quantitative losses in stored grains (Briedenhann, 2015).
3.2.

Factors affecting the quality of stored soybean seed

3.2.1.

Foreign material

Foreign material affects the ability to store soybeans. Fine foreign materials tend to segregate
during loading and occupy void spaces in the central region of the grain mass. The larger and
lighter materials will accumulate close to the walls of the silo. Consequently, pockets in the
grain mass are potential sites for hot spots, creating an ideal environment for insects to grow
and multiply. Cleaning soybeans prior to storage will reduce the risk of spoilage and economic
loss (Briedenhann, 2015).
3.2.2.

Moisture at delivery

To reduce the chances of shattering losses, harvest should begin at seed moisture levels of
between 12 and 14 %. Harvesting at moisture levels below 10 % results in brittle beans that
are more likely to split during storage and handling. For maximum weight and minimum field
losses the optimum harvest moisture advocated is between 13 and 15 %. If silos have the
capacity for drying with air blowers, harvesting at 16 % moisture is possible. Producers
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waiting for the ideal moisture content of 12 % often experience difficulty harvesting an entire
crop without losses in yield and quality, either because of shattering, lodging or disease. Preharvest losses will be minimised if the crop is harvested before the bean seed moisture
reaches 10 % (Briedenhann, 2015).
If soybeans are harvested at high moisture levels, they must be dried to 13 % as quickly as
possible. Advantages of a high-moisture harvest are earlier harvest, less shatter loss and
more available harvest time. Disadvantages are greater threshing loss, more damaged seed
and the expense of drying to an acceptable moisture level. A moisture level of 11 % is desirable
if beans are to be kept for longer than six months (Briedenhann, 2015).
The most important factor for successful storage is soybean moisture content. Table 3-1
shows the maximum recommended moisture contents for storing soybeans at normal silo
storage temperatures. At the moisture contents specified, the relative humidity in the
microenvironment around each soybean is sufficiently low to prevent fungal growth over the
specified storage period. It is important to note that fungi respond to the moisture level of
individual seeds and not to the average moisture content of the soybeans in the silo. These
moisture contents are lower than those recommended for maize at the same conditions
because of the higher oil content of soybeans (about 22 % on dry weight basis)
Table 3-1: Recommended safe storage periods for soybeans with different moisture. Source:
ACASIA (1997) and Wilcke et al. (2004)
Storage period
4 years
1 - 3 years
6 - 12 months
6 – 9 months
6 months
3.2.3.

Moisture content (%)1
10 - 11
10 - 12.5
12.5 - 14
14 - 15

Moisture content (%)2
11
12
13

Drying

Soybeans can be rapidly dried after harvest to reach an acceptable moisture level. There are
several types of high or low temperature dryers. The purpose of drying is to lower moisture
to guarantee favourable conditions for storage and further processing or handling of the
product. Drying of beans can be done by circulating air at varying degrees of heat through the
mass of beans. The airflow imparts heat while absorbing the humidity from the outer layers.
Reduction in moisture content unfortunately does not take place uniformly. Passing sufficient
air through soybeans at a given rate, air temperature and humidity will result in the soybeans
achieving a stable moisture level, known as equilibrium moisture content (Table 3-2).
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Table 3-2: Soybean equilibrium moisture content at various temperatures. Source: Sadaka,
2014, as adapted by Briedenhann, 2015
Temperature
(°C)
4
10
16
21
27
32
38

Relative humidity (%)
30
6.4
6.3
6.2
6.1
5.9
5.8
5.7

40
7.7
7.6
7.4
7.3
7.1
7.0
6.9

50
9.3
9.1
8.9
8.8
8.6
8.4
8.3

60
11.3
11.1
10.9
10.7
10.5
10.3
10.1

70
14.2
14.0
13.7
13.5
13.2
13.0
12.7

80
18.9
18.6
18.3
17.9
17.6
17.3
17.0

90
28.7
28.2
27.8
27.3
26.9
26.5
26.1

Although drying could be beneficial for the South African soybean industry, it is not yet
common practice in the country. Producers who are interested in adding this process to their
farming operations should evaluate the benefit of drying in relation to the cost of the energy
input required (Briedenhann, 2020). Furthermore, soybeans imported from Brazil have been
found to be discoloured due to the drying process followed in that country. This resulted in
discoloured, i.e., too dark or reddish tinge, soybean meal and oil. Crushers have reported that
soybeans harvested earlier in the season tend to be greener with higher moisture levels. To
mitigate this, early harvested beans are sometimes stored and processed last, to allow them
to dry.
3.2.3.1. Drying methods
Natural drying by exposing beans to the sun is recommended, where atmospheric conditions
favour the reduction in moisture over a reasonably short time span. However drying systems
can be used to dry other grains to dry soybeans, though, temperature and relative humidity
levels must be carefully monitored. Systems with extremely high temperatures (above 60°C),
which could cause seed coats to crack should be avoided. In-bin drying systems with natural
airflow and low temperatures are the most suitable for soybeans, while continuous flowing or
batch systems are less desirable (Briedenhann, 2020).
In natural air-drying systems natural air passes through the soybeans until the moisture
content reaches the equilibrium moisture content level. The moisture content will adjust
according to the quality of the air used. Thus, the soybeans’ starting moisture content as well
as the temperature and relative humidity are important to consider. Natural air drying is
effective under favourable weather conditions. As a rule, air temperature should be above
15°C and the humidity below 75 %. Natural air-drying typically involves a bin with a perforated
floor and a drying fan, grain spreader, sweep auger and unloading auger. An external energy
source, such as fossil fuel, can supply electricity to the fan. This method is the most energy
efficient, but it is slow and can lead to spoilage, particularly in poor weather conditions.
Dryers that re circulate or stir grain constantly should be avoided. Dryers should minimise
drop heights. Beans that have been cleaned will dry more readily and be of better quality.
Cooling is one of the greatest benefits gained from moving and turning soybeans in an
elevator. Relative humidity of the drying air determines the moisture content to which the
grain will dry.
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3.2.3.2. Requirements for airflow
Air transports moisture away from the soybeans, and both the quality and quantity of the air
are essential factors in determining the final moisture content. The quantity of air the drying
fan can deliver should also be considered. This quantity is expressed in cubic meters per
minute, while the quality depends on the temperature and relative humidity. Increasing the
air temperature will increase the drying capability, but soybeans can be damaged if the air is
too hot or dry. The larger the volume of air passed through the soybeans, the faster the drying
time. Airflow rates must be adjusted depending on the reduction in measured moisture
required. The higher the initial moisture content, the more airflow is required. Reducing
moisture from 20 to 18 % requires three times more airflow than a reduction from 15 to 13 %.
It is therefore expected that it would be much more efficient and cost effective to reduce the
moisture level of soybeans by 3 to 4 % to reach the optimum moisture level, than to dry
soybeans with very high moisture levels (Briedenhann, 2020).
3.2.3.3. Soybean shrinkage
Soybeans are purchased for their oil and protein content, while the water content has no value.
Consequently, some adjustment needs to be made from a moisture content baseline.
According to grading regulations, the acceptable maximum moisture level for soybeans in
South Africa is 13 %. Buyers will not pay for excess moisture, which can be regarded as
shrinkage, and producers who deliver low-moisture soybeans to buyers would be at a
disadvantage. As marketing soybeans with a moisture level above or below 13 % decreases
the profit, producers should be doing everything possible to maximise returns. The drying cost
should be kept stable to optimise return on investment. It is important to monitor the total
kilograms of water that will be removed per tonne of soybeans and the cost of the energy
inputs required to extract the moisture.
3.2.3.4. Effect on quality
Although drying in the postharvest process is fundamental in reducing grain water contents
in order to ensure the safe storage of soybean seed, it can influence physical–chemical
structure of the seeds, causing quality losses (Carvalho and Silva, 1994; Domenico et al, 2015;
Defendi, et al., 2017; Park et al., 2017). When high temperatures are used in the drying
process, a reduction in the oil and protein content of the grain occurs, in addition to increasing
the acidity index of the oil (Putranto et al., 2011; Bokusheva et al., 2012; Botelho et al., 2015;
Tubbs et al., 2016; Ferreira et al., 2019). Hartmann-Filho et al. (2016) also concluded that the
quality of soybean and crude oil is reduced as the temperature of the drying air is increased.
Coradi et al. (2020) indicated that there may be cultivar differences in the quality of different
soybean types submitted to artificial drying. Mostly the drying of soybean seed at 35°C and
storing at 10°C temperature resulted in a better physicochemical quality. The soybean seed
of Roundup Ready cultivars maintained higher levels of protein and lipids after drying and
storage processes than the second generation Roundup Ready cultivars.
3.2.4.

Temperature

Heat is the most common indicator of a problem in stored grain and oilseeds. High
temperatures encourage the development of fungi and can create chemical changes, such as
hydrolytic and oxidative rancidity. If left unchecked increased temperature may lead to heatdamaged or charred grains. Once the temperature of soybeans exceeds 50°C the oxidation of
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oil therein becomes a self-sustaining process. A temperature monitoring system in soybean
storage silos is thus seen as essential.
High temperatures also encourage the development of insects and pests, which multiply at
an optimum temperature of between 27 and 35°C. A combination of high moisture and high
temperature promotes the development of fungi. Most common fungi have faster growth rates
in conditions above 16°C.
Fungi can be expected to start growing after a few weeks at a moisture of above 14 % and a
temperature of above 30°C, as compared to a few years if kept at 5°C. The combination of
moisture and temperature must be considered when deciding on the moisture at which the
soybeans will be stored.
Temperature also causes moisture migration. The driving force in moisture migration in grain
mass is temperature gradient. This condition causes very small air movements and water
vapour translocation in the grain mass. Grains stored at moisture levels considered safe may
spoil because of moisture migration associated with inter-seed currents.
3.2.5.

Effect of storage on soybean seed protein quality

Soybean proteins generally constitute about 35–45 % of the total seed on a dry basis. Around
90 % of total proteins in soybean are globulins and are extractable with dilute salt solutions.
Glycinin and b-conglycinin are two major storage globulins. The glycinin, also called soy 11S
protein, consists of acidic and basic polypeptides which are linked by a disulphide bridge. βConglycinin, a 7S protein, is a trimeric glycoprotein consisting of three types of subunits.
Hou and Chang (2004) found that the purified glycinin from soybean stored in adverse
conditions (84 % relative humidity at 30 °C) was associated with a significant amount of sugar
and showed reductions in hydrophobic interactions after 3 months; the total free sulfhydryl
content in glycinin decreased, but the intramolecular disulphide bonds increased; the R-helix
content of secondary structure slightly increased, but the ß-sheet content decreased.
The structure of glycinin purified from three other conditions i.e. (i) 57 % relative humidity at
20 °C, ii) 4°C and ii) uncontrolled ambient garage for 18 months) showed no significant
changes for 18 months of storage when compared to the control.
In another study Liu et al. (2008) examined the influence of four different storage conditions,
i.e., i) 88 % relative humidity at 30 C (adverse condition) for 8 months, under ii) 55 % relative
humidity at 20° C (mild condition), iii) cold condition (4° C), and iv) an uncontrolled ambient
garage for 12 months, respectively. They found that the protein subunits of the isolates
prepared under the adverse conditions were degraded slightly after 3 months, degraded
significantly after 6 months, and almost all subunits were degraded completely after 8
months. However, for the isolates from the soybeans stored under the other three conditions
(mild conditions, cold conditions, and uncontrolled ambient conditions), no significant
changes were evident after 12 storage months.
Lee and Cho (2012) also found a reduction of 43–33.8 % of crude protein (CP) in soybean grains
after a storage period of 2 years.
Thus, storage and handling during and after harvest can affect the structure and extractability
of glycinin and thus negatively affect the digestibility of protein in solvent extracted soybean
meal.
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3.2.6.

Effect of storage on soybean seed oil quality

The free fatty acid (FFA) levels of the oil in stored soybeans are a commonly-used quality
indicator for soybean oil. The free fatty acid level can increase over time in storage, and the
rate of formation increases with storage temperature and moisture content, and also with
various kinds of soybean damage. Free fatty acid level can be used as a predictor of refining
losses and costs as the crude oil is refined.
Lipid oxidation is the major cause of oil and fat deterioration due to formation of
hydroperoxides resulting from the reaction between oxygen and the unsaturated fatty acids.
These compounds rapidly decompose to aldehydes, ketones, alcohols, hydrocarbons, esters,
furans and lactones, which impart a displeasing taste and odour (Farhoosh et al., 2009).
At harvest, the free fatty acid level is typically in the range of 0.05–0.7 % (Yoshlda et al.,1992).
Derocher et al. (2005) tracked free fatty acid levels in Asgro 2601 soybeans stored for 18
months at 9 and 14 % moisture, and at 27 and 10°C. At harvest, free fatty acid levels averaged
0.5 %. Soybeans stored at 9 % moisture did not increase in free fatty acid levels over 18 months
at either 27 or 10°C. The free fatty acid levels of 14 % moisture soybeans increased, on
average, 0.07 percentage points per month of storage if stored at 27°C, so the free fatty acid
levels increased from 0.5 to 1.8 % after 18 months. The increase was only 0.007 percentage
points per month if stored at 10°C, so the free fatty acid levels increased from 0.5 to 0.7 %
after 18 months. Dry, cool, undamaged soybeans will have a low rate of free fatty acid
formation in the oil.
In summary, soybeans that have been damaged in storage can affect free fatty acid content,
which in turn can affect taste and odour, including an increase in refining losses of up to 4 %.
Free fatty acid content increases significantly in soybeans stored between 13 and 20 %
moisture, and this increase is exacerbated by high temperatures.
3.2.7.

Colour of grains

The appearance of grains is considered a critical and decisive factor in the commercialisation
process. Discolouration is indicative of physical or chemical alterations, presence of
metabolites and other unfavourable characteristics. The darkening of soybeans during
storage is an important qualitative indicator of deterioration. Darkening is significantly
increased over time if the grain is stored at a high temperature and humidity (Briedenhann,
2015).
3.2.8.

Storing soybean seeds for sowing

To protect stored soybean seeds destined to be planted, seed is often treated immediately
after processing before being bagged and stored. It is important that the products (see below)
used to control pathogens, insects, and supply of nutrients do not negatively affect seed
physiological quality.
3.2.8.1. Temperature
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Drying soybean seeds at temperatures of 45 and 55 °C directly affects the viability,
germination, and vigour of soybean seeds. Hartmann-Filho et al. (2016) indicated that the
temperature of drying air affects the physiological quality of soybean seeds, and this affects
storage duration. They found that in association with storage conditions without climate
control, the drying of soybean seed at an air temperature of 40°C is recommended if seed is
to be stored successfully for 180 days without climate control.
3.2.8.2. Seed treatment
There is no consensus about the effect of seed treatment on quality of seeds after storage.
Dan et al. (2013) observed a reduction in the emergence of seedlings derived from soybean
seeds treated with the insecticide thiamethoxam after three months of storage. However,
Conceição et al. (2016) found that treating soybean seeds with fungicide (Carbendazim +
Thiram), insecticide (Imidacloprid + Thiodicarb), micronutrient and polymer did not damage
the physiological quality of the seeds after eight months of storage. Furthermore, the
treatment of soybean seeds with fungicide (Carbendazim + Thiram) promoted the control of
fungi associated with the seeds. Also, Neves et al. (2016) found that treating seeds with the
fungicides Carbendazim + Thiram efficiently controlled the fungi Cladosporium sp., Fusarium
sp., Penicillium sp. and Aspergillus sp. before and after storage.
3.2.8.3. Damaged seeds
Neves et al. (2016) found that it is important to remove damaged seeds prior to storage using
a gravity table. This improves the physiological and sanitary quality of the seed and improves
seed vigour. In other words, storing soybean seeds with high level of mechanical damage
markedly decreases their quality and germination.
3.2.8.4. Hermetic storage
In hermetic storage, changes in atmospheric composition can be prevented due to a reduction
in the metabolic activity of all living organisms that would otherwise cause a reduction in O2
and increase in CO2. This condition reduces seed deterioration by inhibiting the development
of microorganisms by hypoxia (O2 below 3 %) and the high CO2 concentration.
The atmosphere within silos can be maintained due to system hermeticity (Navarro et al.,
2012; Ochandio et al., 2017). Ludwig et al. (2021) found that controlled atmosphere with 1 kPa
O2 resulted in higher germination percentage after 7 months of storage. However, seeds
should not be stored at temperature above 25°C. Storage with high CO2 partial pressure did
not have additional benefits on physiological potential maintenance of soybeans seed
compared to O2 reduction alone. Furthermore, Ludwig et al., (2021) found that cultivars react
differently to storage conditions.
3.2.9.

Summary

There are many factors that influence soybean seed quality during storage: Some factors that
can affect these characteristics are environmental conditions experienced during grain
formation, harvesting system, storage techniques and transport. However, the moisture
content during storage is the most critical component.
3.3.
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Current grading of soybean seed

3.3.1.

South Africa

In order to be traded on the South African market, soybeans must meet the minimum
standards for seed quality as laid down in the Agricultural Product Standards Act 1990 (Act
No 119 of 1990) with any relevant amendments up to the 21 April 2017. These legal standards
are used throughout the soybean value marketing chain to ensure that the product can be
bought and sold with confidence by all parties and companies involved. Currently South
African soybeans are divided into two grades, namely Class SB (SB1) and Class Other
Soybeans (See Appendix B).
The weight or mass of individual soybean seeds or kernels can vary from 11 g per 100 seeds
under bad drought conditions to 18 g per 100 seeds in good years for soybeans grown under
good management and high soil fertility conditions. Most acceptable seed samples will
contain a range of seed sizes from 15 to 18 g per 100 seeds.
In brief, soybean seeds that meet the above standards are graded and sold as class SB1
soybeans.
Listed below are the maximum permissible deviations within a sample that meets the
standards required.
 Wet pods – 0,2 %.
 Foreign matter including stones, other grains and sunflower seeds – 5 %.
 Other grain must not exceed 0,5 %.
 Sunflower seed – 0,1 %.
 Stones – 1 %.
 Seeds with Sclerotinia or clumps of sclerotia – 4 %.
 Soybean seeds and parts of soybean seeds above the 1,8 mm slotted screen and which
pass through a 4,75 mm round hole screen – 10 %.
 Defective soybean seeds on the 4,75 mm round hole screen – 10 %.
 Soiled soybeans seeds – 10 %.
 Foreign matter with Sclerotinia not exceeding 7 %.
 The moisture content cannot exceed 13 %
The South African Grain Laboratory (SAGL) annually conducts and compiles a soybean crop
quality survey which is presented in a report. The goal of the survey is to compile a detailed
database, by accumulating quality data collected from the national commercial soybean crop
over several seasons. Quality analyses, which included grading, are performed on composite
samples. These composite samples represent each delivery of soybeans at the various silos
throughout the soybean production regions. Samples are taken according to the prescribed
grading regulations. Figure 3.1: Spatial distribution of crude fat (%) and crude protein (%) for
the years 2013 to 2018. Data source: SAGL. represents the spatial distribution of crude fat (%)
and crude protein (%) on a dry basis for the season 2013 to 2019. Figure 3.2 represents the %
sclerotia (%) and foreign matter (%) of the soybean seed graded.
The protein and fat content of the seed varied though the seasons (Figure 3.1). Most of the
crude fat was however between 18 and 22 %. Indications are that the fat content of the beans
is higher (light brown - 20-22 %) in the warmer areas than the cooler areas of highveld, i.e.,
eastern Free state and Mpumalanga. The protein content of the soybeans mainly ranged
between 38-42% (Figure 3.1), with the Eastern production regions submitting soybeans with
oil content higher than 40% in most years.
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Figure 3.1: Spatial distribution of crude fat (%) and crude protein (%) for the years 2013 to
2018. Data source: SAGL.
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Figure 3.2: Spatial distribution of sclerotinia (%) and foreign matter (%) for the years 2013 to
2018. Data source: SAGL.
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3.3.2.

Grading regulations of the United States and general

In the United States the Federal Grain Inspection Service (FGIS) has established grading
standards for soybeans to facilitate marketing and trade. Information pertaining to these
regulations are available from:
 https://www.ams.usda.gov/sites/default/files/media/SoybeanStandards.pdf
 https://www.ams.usda.gov/sites/default/files/media/Book2.pdf
In the United States soybeans are divided into two classes based on colour, viz. yellow
soybeans and mixed soybeans. Each class is divided into four numerical grades (US No. 1, 2,
3, and 4) and a US Sample Grade. The latter represent those soybeans that do not meet the
requirements of any of the numerical grades. Special grades (e.g., garlicky and infested) are
provided to emphasize special qualities affecting the value and are added to and made part of
the grade designation.
Six factors are considered in assessing grade designation: i) test weight, ii) heat damage, iii)
total damage, iv) foreign material, v) splits, and vi) soybeans of other colours. Although
moisture, protein, and oil contents are not part of the official grading standards and do not
affect numerical grade, they may be specified on contracts in some markets. Near Infrared
(NIR) technology is used for rapid estimation of moisture, protein, and oil contents.
Table 3-3: Official grades and grade requirements of the Federal Grain Inspection Service,
United States Department of Agriculture. Source USDA, 2020.
Grade

Maximum Limits of
Damaged Kernels
Foreign
Splits (%)
Soybeans of
Material
other colors1
Heat
Total (%)
(%)
(%)
(part of total)
(%)
U.S. No. 1
0.2
2.0
1.0
10.0
1.0
U.S. No. 2
0.5
3.0
2.0
20.0
2.0
U.S. No. 3
1.0
5.0
3.0
30.0
5.0
U.S. No. 4
3.0
8.0
5.0
40.0
10.0
U.S. Sample Grade is soybeans that:
 Do not meet the requirements for grades U.S. No.1, 2, 3, or 4 (Table 3-3); or
 Contains 4 or more stones which have an aggregate weight in excess of 0.1 percent of
the sample weight, 1 or more pieces of glass, 3 or more crotalaria seeds (Crotalaria
spp.), 2 or more castor beans (Ricinus communis L.), 4 or more particles of an
unknown foreign substance(s) or a commonly recognized harmful or toxic
substance(s), 10 or more rodent pellets, bird droppings, or an equivalent quantity of
other animal filth in 1,000 grams of soybeans, or
 Contain 11 or more animal filth, castor beans, crotalaria seeds, glass, stones, or
unknown foreign substance(s) in any combination, or
 Have a musty, sour, or commercially objectionable foreign odour (except garlic odour);
or
 Are heating or otherwise of distinctly low quality.
1
Disregard for Mixed Soybeans
Grading standards are similar between countries of origin but differ in some details. For
instance, Brazil and Argentina have an export grade for soybeans, Grade No. 1, which limits
90

foreign matter to 1 %. Brazilian grades specify a maximum of 14 % moisture but Argentina, a
maximum of 13 %. The moisture content normally regarded as safe for long-term storage is
13 %. The Mexican system does not consider test weight as a grading factor but does consider
oil acid value (a measure of free fatty acid content).
Entirely different criteria are used for grading food-grade soybeans destined for soymilk and
tofu. Typically, individual purchasers establish their own criteria often including seed size,
seedcoat colour, number of hard beans (germination or soaking test), total sugar, oil peroxide
value or thiobarbituric acid test (measures of oil oxidation), acid value, protein dispersibility
or solubility. Organic production or genetically modified free soybeans may also be criteria for
food-grade soybeans.
3.4.

Determining seed quality at silo level

Silos buy soybeans according to SAFEX regulations and prices. The regulations are specified
by SAFEX as stated in Table 3-4.
Table 3-4: SAFEX regulations

Nature of deviation

Maximum
percentage
permissible
deviation (m/m)

Grade SB1

(a) Wet pods
(b) Foreign matter including stones, other grain and sunflower
seeds: provided that such deviations are individually within the
limits specified in items (c), (d) and (e)
(c) Other grain
(d) Sunflower seed
(e) Stones
(f) Sclerotia
(g) Soybeans and parts of soybeans above the 1.8 mm slotted screen
which pass through the 4.75 mm round- hole screen
(h) Defective soybeans on the 4.75 mm round-hole screen
(i) Soiled soybeans
(j) Deviation in (b) and (f) collectively: Provided that such deviations
are individually within the limits of said items

0.2 %
5%
0.5 %
0.1 %
1%
4%
10 %
10 %
10 %
7%

Since grading requirements do not currently include characteristics like protein and oil
content, silos do not typically measure protein and oil content when procuring the seed and
do not keep the different soybean grades separate when storing. However, many silo owners
have been investing in NIR equipment which would enable them to measure the protein and
oil contents.
Most current grading systems of soybeans are based on measured physical parameters. To
enhance this manual procedure, new technologies such as image processing and machine
learning techniques are tools which have a huge potential to be used in the quality grading of
soybean seeds (Momin et al., 2017; Jitanan and Chimlek, 2019 and Yende et al, 2019). These
tools are useful in determining shape, colour and contamination level of beans. They have the
advantage of being unbiased, quick to implement allowing for more samples to be taken per
assignment.
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Seed protein and oil content are two of the most important seed composition and nutritional
quality traits in soybean, which interestingly do not normally form part of a seed grading
system. Traditionally, concentrations of protein and oil are determined by lab wet chemical
techniques, such as the Kjeldahl procedure and combustion nitrogen analysis for protein and
Soxhlet method for oil (Section 1184.9). These conventional methods provide accurate and
precise measurements of protein and oil content. However, they are time- and labourconsuming, cost-inefficient and high-lab input, and also generate chemical residues. These
techniques need a trained technician to perform and cannot achieve multiple-constituent
measurements for a single sample at the same time.
Near-infrared (NIR) spectroscopy is a fast, simple and non-destructive technology for analysis
of chemical materials/nutrients in food and crops with little sample preparation. It offers fast
response, automatic reading and recording, easy operation and limited space required, and
in particular, simultaneous analysis of multiple parameters. Since the 1970s, NIR
spectroscopy has been extensively used to determine the protein, oil and other chemical
compounds in various crop species, including soybeans (Pazdernik et al., 1997; Weir et al.,
2005; Patil et al., 2010; Lee et al., 2013; Wang et al., 2014; Santos et al., 2018; Singh et al.,
2018; Zhu et al., 2018, Li, et al., 2020).
NIR spectroscopy can be used for measurement of both physical and chemical properties.
Wang et al. (2002) found that NIR technology could be used to detect damaged soybean seeds.
NIR technology as a rapid method for evaluation physicochemical changes of stored soybeans
was also investigated by Bazoni et al. (2017). They found that this method could be used to
determine pH, colour and free fatty acids changes in stored soybeans.
3.5.

Plausibility of a soybean incentive scheme based on quality parameters (oil and
protein content)

An incentive system that rewards farmers for high oil content seed has been investigated for
the sunflower industry. The incentive should motivate farmers to concentrate on producing
higher oil yielding seed and aid the crushers as their profitability is dependent on the oil
content. This concept is not new in the international sunflower markets. However, no
reference to such a system has been found in reference to the soybean industry, locally or
internationally. Furthermore, no sufficient grading system is in place to take the graded
soybeans further in the value chain. At silo level, the soybeans are purchased according to
grades with very general specifications that do not include oil or protein content. Due to
logistical challenges currently, seeds of different quality cannot be kept separate in the
downstream value chain.
In an ideal world crushers’ sourcing strategy would include quality-based sourcing in order
to increase efficiencies and profitability of crushing operations. However, South Africa’s
soybean industry is not yet fully mature and occasionally experiences soybean shortages. This
renders a quality-driven sourcing strategy from a crushing perspective impractical in the
current market environment. Nevertheless, this could be a consideration for the future.
Some crushers have explored the methodology of buying soybeans directly from farms or
regions known to have good quality soybeans. In this way they can implement some quality
control, and pay a premium for higher oil and protein levels (e.g., irrigated soybeans).
However, this can only be done during the harvest season, as any surplus soybeans are then
stored in silos (where they lose their identity) until they are crushed. Furthermore, due to a
shortage of local soybean supply in South Africa, crushers have to take what they can get, and
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cannot be demanding regarding the quality that is delivered. Crushers have also reported that
the only reason for them to reject a load is if it contains more than 15 % dirt. This calls for a
need for better grading regulations, suggesting a grading system similar to wheat. Further
research needs to be done on this.

3.6.

Summary
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Moisture at delivery is the most important factor for successful storage of soybean
seed.
Moisture at harvest should not exceed 15 % nor should fall below 10 %, Ideal between
12 and 14 %.
Drying of soybean is not yet a common practice in South Africa.
Soybeans should not be dried at high temperatures > 60°C as this may cause seed to
crack and/or discolour.
High humidity (>80 % R.H.) and temperature (> 30°C) negatively affects the protein
content of soybeans.
Damaged soybeans may increase the free fatty acid contents and lead to poor quality
soybean oil.
South Africa only has two grades for soybean seed based on the physical aspects.
NIR at silos could potentially inform on quality aspects of seed such as oil and protein
content.
No quality aspects are considered in the pricing of soybeans either in the United States
or South Africa.

4. Crushing level
4.1.

Overview of crushing methods to produce soybean meal destined for animal feed use

4.1.1.

Introduction

For trading purposes, soybeans are considered a fungible (interchangeable) commodity, and
any soybeans of one classification can replace soybeans of the same classification from
another source. To an extent this convention is true; for example, Class SB1 soybeans have to
meet certain criteria to be classified as SB1. However, such criteria are insufficient to guide
processors in their choice of processing conditions or to predict quality of products without
additional testing or experience.
At the time of harvest, soybeans are at their peak of quality; subsequent harvesting, storage,
and handling reduce their quality.
Soybean processing consists of a series of unit processes that in total determine the cost of
processing and quality of final products. Soybeans destined for processing are necessarily of
variable quality. Therefore, processors must be prepared to test for this variability and to
adjust their processing practices accordingly.
In South Africa, processors analyse each batch of soybeans received using mostly NIR
technology. The soybeans are tested for moisture, crude fibre, crude protein and oil content.
The aim is to produce a soybean meal that can be used by feed manufacturers to produce feed
that adheres to the farm feed general guidelines as set out by the Department of Agriculture,
Land Reform and Rural Development (DALRRD) (Act 36 of 1947). To achieve this the meal
produced should have a protein content of ± 46.5 %, a fat content of ±2 % delivered at a ± 12
% moisture content with not more that 4 % crude fibre.
Before extraction, the soybean seeds undergo different treatments aimed at increasing oil
extraction and soybean meal quality (Dunford, 2012; Johnson et al., 2018). These are
described in section 4.5. The different extraction processes are described in section 4.6 and
include both solvent extraction and different types of mechanical extraction. Several tail end
treatments are discussed in section 4.7, which include enzyme addition, fermentation, and
fine grinding.
The aim in this review is to give a general overview of the process followed. Interviews with
different crushers in South Africa highlighted that each crushing plant is unique in its
processing efficiency due to variation in the process used and to differences in machinery.
4.1.2.

Processing methods for soybean-based protein products

There are a number of products on the local and international market that are being sold as
full-fat soybean meal. These products are produced by a variety of processes, all of which
have a different impact on the nutritive value of the product and its quality in terms of
antinutritional factor levels. However, in South Africa the majority of soybeans are currently
processed by solvent extraction to remove about 99 % of the oil content. Soybean meal, the
by-product of the process, is included in the feeds of most farm animal species. The majority
of soybean meal produced is consumed by poultry followed by the swine, beef, dairy, pet food
and aquaculture industries.
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Although solvent extraction is an efficient method for extracting oil from soybeans, it requires
considerable capital investment, a high level of technology and large-scale operation. The
hexane solvent used in this process is highly flammable, is considered a carcinogen and
represents an environmental hazard. These constraints have forced the soybean industry,
both locally and internationally, to develop an alternative process that is less hazardous.
Since the early 1960s, extrusion technology has been used to produce full-fat soybean meal.
Because the extrusion process does not require a high level of technology, is effectively “all
natural” and does not emit any undesirable residue into the environment, this technology has
been adopted worldwide. Extrusion plants can be configured to simultaneously produce fullfat soy, partially de-fatted soybean meal (ExPress or Ex soybean meal) and chemical-free,
virgin soy oil. Full fat soybean meal has the same protein and oil content as raw soybean,
usually 36-37.5 % protein and 15-18 % oil and pro-fat/low fat/extruded soybean meal 42-4 3%
protein and 5-7 % oil, depending on the soybean oil and protein content.
Broadly, the extrusion plants fall into two categories:
a. Those that use a continuous screw process also known as “wet extrusion”
b. Those that use an extrusion/expelling process, or “dry extrusion”
Figure 4.1 gives a diagrammatic overview of the three processes used for producing the
different types of soybean meal. In South Africa soybean meal is produced using all three
types of processes. However, the setup of each plant is different. Furthermore, the age of
equipment and technologies used also differ between the plants, which affects the meal
quality.
Additional advantages of extrusion, for example a high temperature and shorter cooking time,
will minimize degradation of food nutrients while improving the digestibility of protein by
denaturation. In addition, during extrusion cooking most of the cells are ruptured making oil
more readily available to the animal. Just as for solvent extraction (See section 4.6.1) the
critical factor during extrusion cooking is the prevention of over- or under processing since
either will reduce the nutritional value.
Wet extrusion does not lend itself to mechanical extraction of the oil as this process not only
uses mechanical energy but also steam that is injected into either a preconditioner or the
extruder barrel (see Figure 4.1: Diagram of the different processes to produce soybean meal).
Moisture interferes with oil expelling. In the "dry" extrusion process the mechanical energy
from the extruder’s main drive motor is the only energy used to process the soybeans.
“Dry” extrusion is a relatively novel procedure involving a patented high shear dry process
(Zhang et al., 1993; Webster et al., 2003). This procedure results in continuous pressing of oil
and production of soybean extruders that contain 6 to 8 % fat. High shear extrusion refers to
the fact that this type of extruder does not require an external source of heat or steam. Heat
is generated through friction as the sole source of energy to “cook” and partially dehydrate
soybeans within seconds. As the extrudate (processed material) exits the barrel of the
extruder, cells are ruptured resulting in the release of tocopherols (natural antioxidants).
Because of the “dry“ extrusion process and the constant higher shear, the extrusion-expeller
procedure may prevent Maillard reactions2 enhance the availability of oil, and de-activate the
2
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The Maillard reaction describes a process in which the NH2 group of an amino acid combines with
a reducing sugar in the presence of heat to produce Amadori compounds and melanoidins. These
compounds are not bioavailable; therefore, they reduce amino acid digestibility and growth

anti-nutritional factors such as trypsin inhibitors, lectins, urease, lipase and lipoxyginase
enzymes. The meal produced is a highly digestible source of energy and protein for all animal
species, especially poultry and swine.
Pre-extraction treatments of all three processes consist of cleaning, drying, cracking,
dehulling, different heat treatments and flaking (Mateos, et al., 2002. These treatments are
discussed in more detail in section 4.5.
The three extraction processes, i.e., solvent extraction, and two mechanical extractions, viz.,
screw process and an extrusion/expelling, are detailed more in section 4.6.
Tail end treatments such as enzyme additions, fermentation and fine grinding are discussed
in section 4.7.
Soybeans must be thermally processed to destroy anti-nutritional factors and to increase oil
availability while preserving the nutritional quality of the protein. The major anti-nutritional
factor of concern in raw soybeans is a trypsin inhibitor (Also see section 4.8.1). This is a
protease (enzyme) that reduces the efficiency of utilisation of protein and in turn reduces
growth rate in animals and humans and results in metabolic and nutritional diseases. This
protease can be inactivated by heat treatment. A reduction of at least 85 % of the trypsin
inhibitor units is considered necessary by feed technologists if the above nutritional problems
are to be avoided.
The following heat treatment processes can be applied in the production of soybean meal:
toasting, micronisation, flaking, Jet-Sploding, extrusion, expansion, pelletizing, fluidized bed,
spouted bed, infrared dryer, microwaving and their combinations. These heat treatment
methods can be divided into three types:
 Dry heat treatment methods: Micronisation, roasting, Jet-Sploding and dry extrusion
are dry heating methods in which soybeans undergo different ranges of temperatures
and pressures (between 120-140°C under infra-red for micronisation, 160-180°C for
toasting, 300°C for Jet-Sploding and 140°C under 30-80 bars pressure for extrusion)
(Evrard et al., 2003). Soybeans that are heated in a rotating drum may be of poor quality
since some beans are burned and others not heated sufficiently (Newkirk, 2010).
 Dry Extrusion: Dry extrusion was reported to be the most effective for the provision of
energy: shearing of cell walls, which increases the availability of nutrients, notably
fats. Though high temperatures are necessary to destroy trypsin inhibitors,
temperatures above 140°C may hinder protein and amino acid digestibility.
 Moist heating: Cooking, toasting, flaking, fluidized bed, expansion, wet extrusion and
pelletizing are moist heating methods where steam is used to provide moisture and
heat (Evrard et al., 2003; Newkirk, 2010). For expansion, pressure is also provided
(Evrard et al., 2003). Moist heating methods are considered to be safer than dry heating
for maintaining soybean quality (Newkirk, 2010).
All these methods have their advantages and disadvantages, and
Table 4-1: Heat treatments of soybeans and associated cooking temperatures, represents a
list of some of the treatments and temperatures. The effects of these treatments on
performance. In addition, advanced Maillard reaction products can themselves react with amino
acids and make them unavailable. Lysine is particularly susceptible to the Maillard reaction
because it has an exposed NH2 in the position on its side chain, which readily reacts with the
carbonyl group of reducing sugars.

96

antinutritional factors, urease activity, protein solubility and lysine content have been
reviewed in the literature (Latshaw et al., 1976; Wiriyaumpaiwong et al., 2004). To aid accurate
diet formulation, the nutritive value of commercial full-fat soybeans should be indicated as
well as the process they have undergone (Evrard et al., 2003).
Table 4-1: Heat treatments of soybeans and associated cooking temperatures (Source:
Ramos, 2016)
Methods of Processing
Solvent Extraction
Roasting
Expander
Micronization
Wet Extrusion
Dry Extrusion
4.2.

Cooking Temperature
105°C
105°C
100 – 140°C (steam, less friction)
180 – 220°C
135 – 140°C (steam, less friction)
150 – 160°C (friction)

Local feedback on quality and historic improvement of seed

While most believe that local seed has been improving over the years in terms of yield and
protein content, some stakeholders believe that local producers still need to learn a lot and
that there is space for further improvement in terms of consistency in protein content. It was
also reported that due to South Africa’s location relative to the equator and the climate, the
protein levels can never reach the same levels as some competing countries. The local seed
is reported to have high quality variation with respect to growing regions, as well as between
and within seasons (increasing quality towards the end of the season). Inconsistent seed size
results in some beans not being crushed properly and the equipment having to be adjusted
and readjusted frequently. Variable protein levels affect the cooking time, making it difficult
to produce a consistent and coherent processed product. However, due to technology
improvements and close collaboration with soybean meal off-takers, the cooking process and
related quality aspects of soybean meal are believed to have improved significantly. Other
crushers report that they have not had any problems with the local seed, and that South
Africa’s seed is actually very competitive in quality and protein level and is constantly
improving.
There is a trade-off between oil and protein: soybeans with higher protein will have lower oil,
and vice versa. However, some reports of imported soybean specifications alluded to higher
protein and oil content than typically found in South Africa. Some crushers have reported a
local seed protein content ranging between 34 and 38 %, and oil content of 14 to 19 % while
imported protein is usually between 39 and 40 %, and guarantees a minimum oil content of 18
%, but is usually higher than 20 %. However, there have also been reports of lower protein
and oil levels and high free fatty acids in imported beans and that they were dried in an odd
way, giving them a darker colour, which affects the oil content. Nevertheless, local beans are
bought at a discount between R200 and R450 per ton to soybean import parity, due to the
supply and demand dynamics, and to compete with imported beans. Furthermore, traders
flood the market on occasions and reportedly “expect to be compensated” for the oil
percentage in the beans.
There is consensus in the industry that a better-quality bean results in better quality meal,
and that the crushing process needs to run without fault, for the meal to comply with
specifications.
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4.3.

Soybean meal types

Normally, soybeans are processed into defatted meals for feed formulation, particularly for
poultry and pigs. This type of meal is known as solvent extracted soybean meal and represents
the largest portion of production in South Africa (see Figure 4.2 ). However, the amount of
full-fat soybean meal and expeller soybean meal (also called partially defatted soybean meal
or extruded meal) used has been increasing in the livestock industry locally and
internationally due to development of new varieties with limited number or levels of antinutritional factors (Gu et al., 2010). Properly processed full-fat soybeans are a valuable feed
ingredient for animal feeding because of their high energy content.
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Figure 4.1: Diagram of the different processes to produce soybean meal
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Figure 4.2: Full-fat vs solvent extracted soybean meal usage in South Africa
There are two main types of soybean meal: dehulled soybean meal and soybean meal,
depending on whether or not the testa (seed coat) is removed. Both products vary in their
nutrient composition but are relatively high in protein content, low in fibre, high in energy, and
have little or no anti-nutritive factors when properly processed.
Soybeans yield 18.6 % of oil and 74.5 % of soybean meal with the rest being waste (FEFAC,
2007). The amino acid profile of soybean meal is close to that of fishmeal, except for
methionine (INRA, 2004) which is considerably lower in soybean protein. This deficiency can
easily be corrected in monogastric diets using a synthetic source of methionine. Also, soybean
meal is superior to other vegetable protein sources in terms of crude protein content and
matches or exceeds them in both total and digestible amino acid content.
4.3.1.

Full-fat, solvent extracted soybean meal and expeller soybean meal in South Africa

Full-fat soya, expeller-, and solvent extracted soybean meal are three completely different
products that are not interchangeable. Full-fat soya is an energy and protein source
(containing all the oil originally in the bean) while expeller meal is a protein source only (most
of the oil has been extracted). Expeller soybean meal is a blend, where some of the oil has
been extruded but the result is less energy dense than full-fat soya and lower in protein than
solvent meal. Solvent extracted meal has been through an expeller-type process and further
processed with a solvent to remove most of the oil. Table 4-2 illustrates the difference
between solvent extracted, expeller soybean meal and full-fat soybean meal in terms of
protein, oil and fibre content.
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Table 4-2: Solvent extracted soybean meal versus expeller soybean meal versus full-fat
soybean meal. Source: Industry interviews
Protein content
Solvent soybean meal
46.5 %
Expeller soybean meal
42.5 – 43.5 %
Full-fat soybean meal
36 – 37.5 %
(Source: Industry Interviews)

Oil content
2%
5-7%
15 - 18 %

Fibre
Max 4 %
Max 6 %
Max 6.5 %

Most South African feed mills prefer solvent soybean meal and add their oil separately as an
energy source, as they can then control the energy and protein levels and their associated
costs better. However, some feed mills cannot add oil separately during the milling process
because they do not have an application system and need to use full-fat soya. Full-fat soybean
meal is not as popular because it is often more expensive and feed mills struggle to find
reliable good quality suppliers (full-fat crushing plants typically process between 5 000 and
50 000 tonnes per annum which is a lot smaller scale than the 50 000 – 600 000 tonnes per
annum processed in solvent plants). Nevertheless, there are feed mills that include full-fat
soybean meal and expeller meal in their feed formulation and have come to prefer it to regular
soybean meal, due to its energy contribution; it used to be an efficient substitution for
fishmeal. Local expeller soybean meal is also favourable due to its consistent urease reading
of between 0.03 – 0.05.
Solvent extraction has better extraction rates than mechanical extruders, but the profitability
depends on the oil and meal prices. Most solvent crushers are predominantly oil companies,
thus they focus on maximising the oil contribution, as it maximises their profits. On the other
hand, some crushers in the market have started to focus on the soybean meal contribution to
profits and as a result have invested time and money into optimising meal quality as well as
oil extraction. The crushing margin for full-fat is very tight, due to its high pressure and heat
process and therefore high electricity costs. However vertically integrated full-fat crushers
believe it is still worth the risk and effort.
4.3.2.

Soybean products for human consumption in South Africa

Soybean meal for human consumption, also known as Textured Vegetable Protein (TVP,
processed from white flakes), is mainly used for three products:




Extenders
Spice ingredients
Meat substitution

Meat extenders or fillers are used in meat products like patties and sausages to fill the
product in a less-expensive way. Meat substitutes are produced in different forms (course,
fines, chunks and caramel) and are ready to eat once hot water is added (typically products
like soybean-mince or stews).
There are currently only two TVP plants in South Africa, with many crushers interested in
entering the market. But currently demand is very low and uncertain, and the market,
especially the low-income meat substitution market, needs to be developed through
education. The largest growing market is the meat extender market, and there seems to be
great potential in the meat substitute market.
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The soybeans used to produce TVP for human consumption and the way in which this is
processed are the same as with soybean meal for feed, but the meal is further milled and run
through extruders. The starting capital for a TVP plant is higher than a normal crushing plant,
due to high equipment cost and the plant having to adhere to stricter health and safety
protocols. The protein content of soybeans for TVP is even higher than for animal feed. For a
more detailed analysis of the soybean for human consumption markets refer to the
forthcoming BFAP study, also funded by the OAC.
4.4.

Soybean oil

Soybean oil is produced primarily for human consumption. However, it has become a useful
source of feed-grade fat for animals due to a need to formulate high-energy diets for modern
breeds. Feed-grade soybean oil is used in high energy diets, particularly for poultry, because
of its high digestibility and metabolizable energy content compared with other vegetable
fats/oils (Sell et al., 1978).
The high energy value of soybean oil is attributed to its high percentage of (poly)unsaturated
fatty acids, which are well absorbed and utilised as a source of energy by the animal
(Huyghebaert et al., 1988). Also, the high polyunsaturated fatty acids in soybean oil seem to
have an energy independent effect on improving reproduction in dairy cattle (Lucy et al., 1990;
Kerley and Allee, 2003), which has been attributed to the role of linoleic acid in reproduction
(Staples et al., 1998).
In poultry production there are many variables that have an impact on digestibility of fats such
as the age of the bird and inclusion level of fat. For an estimate of the nutritive value of fats
and fatty acid mixtures the following are important:
 the fatty acid ratio and characteristics of the fatty acids such as length of the fatty acid
chains,
 intact fatty acids after saponification and
 non-elutable matter,
 content of free fatty acids,
 the oxidative state of the fat source (Goodgame, 2020).
In South Africa the national Grain laboratory SAGL is now analysing soybean seed delivered to
different silos to develop and maintain a national fatty acid profile database to the benefit of
the Oil Seed Industry.
4.5.

Pre-extraction treatments

The next section gives a general overview of the pre-extraction treatments. As already
mentioned, (See section 4.12) each factory has its own unique process.
4.5.1.

Cleaning

The first step in the process is cleaning the soybeans to remove foreign material like stones
(destoner) and ferrous metal. Cleaning is important for protection of equipment and for
production of high-quality meal. Imported soybeans in South Africa often contain high
quantities of dust. Inclusion of foreign matter is also part of the grading process in South
Africa (See section 3.3).
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4.5.2.

Drying

Further drying before cracking depends on the specific moisture content and whether or not
the beans will be dehulled. In most cases soybeans are dried to approximately 9.5 % moisture.
The beans are then tempered where the moisture content is allowed to equilibrate to loosen
the hull, which improves dehulling. Soybeans containing 12 % moisture that are not to be
dehulled can be processed without further drying; but, if they are to be dehulled, they should
be dried to 10 %. The drying process is energy intensive.
4.5.3.

Cracking

The objective of cracking is to break the soybean seed into suitable pieces for dehulling and
flaking. The beans are cracked into 8 to 16 pieces by passing them through corrugated rolls
of a roller mill. The cracking step is important for traditional dehulling. With properly dried
and cracked soybeans, the cotyledons should separate easily from the hulls. If the soybeans
are too dry, they will pulverize in the cracking rolls and produce excessive fines which could
cause problems in the extractor. If too soft, or moist, they tend to mash and not release the
hulls. There should be a minimum of fines and no mashed beans at the end of the process.
The size of the flake will be in proportion to the size of the piece. A consistent bean size is thus
important to ensure that small beans will be cracked properly.
The cracked soybeans may go directly to conditioning, flaking, and extraction if a ±44 % protein
meal is to be produced. For high-protein meal the hulls are separated from the meats before
conditioning. The dehulled soybeans are known as meats.
4.5.4.

Dehulling

Dehulling of soybeans is done to produce high-protein meal for animal feed or flour for human
consumption. In particular, the poultry industry demands high-protein meal of high and
consistent quality. Dehulling is a facultative process that separates the oil-rich kernel from
hulls, these representing ± 8 % of the seed and consisting mainly of fibre and a limited amount
of oil.
There are two main dehulling practices:
1. Mechanical dehulling which includes:
 Front-end dehulling: This is the most common practice.
 Tail-end dehulling: In tail-end dehulling the separation of the hulls is done on the
extracted meal after grinding.
2. Hot dehulling:
 Hot dehulling: This process differs from conventional preparation in that the hulls
are removed from split soybeans before cracking and flaking. Cleaned whole
soybeans with normal storage moisture are gently heated to approximately 60°C
in a period of 20 to 30 min, which allows moisture to migrate to the surface. They
are then rapidly heated and dried to loosen the hulls. The soybeans are then split
into halves by corrugated rolls, and the hulls are released from the splits by
mechanical impact or friction. Separated hulls are removed by aspiration.
As a practical matter, it is not possible to get an absolute separation of hulls from the meats
(cotyledons), but the objective is to obtain sufficient separation to meet the standard meal
analyses required. Generally, if the fibre content is reduced to the desired value, the protein
content will meet specification. There are exceptions to this, and at times the inherent protein
content of the bean may be so low that it is difficult to produce a high protein level in the meal.
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From an economic standpoint it is desirable that little of the meats be lost in the hulls.
However, small meat particles may adhere to hulls and be carried with them. Thus, the hull
fractions from the aspirators are passed over a gravity table to salvage small pieces of meats
that are aspirated along with the hulls.
Advantages of dehulling:
 Less total volume to process, which means greater extraction output per day. The
plant throughput can be increased by 10 % or more by dehulling.
 Improved protein content of the meal.
 Lower residual oil
Advantages of not dehulling:
 Decreased energy for drying.
 Decreased electricity for dehulling equipment.
 Reduced wear and maintenance on dehulling equipment. Meal from dehulled
soybeans is generally easier to grind and takes less power than meal from nondehulled soybeans. Hulls are quite difficult to grind and require proportionately larger
and higher-power grinders than meal does.
Most crushers in South Africa dehull their soybeans to make the crushing process smoother,
reduce fibre content in the end product and produce a more consistent product while others
believe that the hulls have a nutritional value and should not be removed: this view is more
common among full-fat soybean crushers. Dehulling is also believed to give better control
over urease levels.
Crushers report that hot dehulling is believed to be more efficient and should be the latest
industry standard/technology, while cold dehulling seems to work the best in South Africa and
is still more commonly found. If extraction is done with heat, hot dehulling makes more sense.
Most crushers are of the opinion that if the plant (with given equipment and technology) runs
correctly, it is insignificant whether hot or cold dehulling is done.
4.5.5.

Conditioning (Cooking/Heat processing ~ moist heating)

Cracked soybeans (soybean meats) with, or without, hulls are conditioned in the same
manner. In the conditioner (vertical stack cookers or rotary horizontal cookers) the cracks
(soybean meats) are heated to approximately 71°C, and steam, or a water spray, is added to
adjust moisture to approximately 11 %, which makes the material plastic (soften) for flaking.
Inadequate conditioning at too low a temperature may result in excessively fragile flakes.
Cooking the seeds has positive effects on:
 moisture conditioning of seeds and easing dehulling,
 oil viscosity reduction,
 increasing plasticity of seed,
 breaking of cell walls (cell rupture),
 protein clotting by denaturation,
 sterilization and deactivation of thermosensitive enzymes, and
 destruction of thermolabile antinutritional factors (ANFs) (Dunford, 2012;
Laisney 1992).
If the soybean meats are not properly cracked and conditioned, the flaking may not achieve
the desired cell rupture or distortion necessary for efficient extraction and/or produce
excessive fine material that interferes with efficient extraction.
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4.5.6.

Dry heating procedures mostly associated with full-fat soybean meal production

4.5.6.1. Micronization (heating with infrared radiation)
Micronization is the process of heating the soybeans with infrared radiation (Marty et al., 1994;
Subuh et al., 2002). The infrared radiation is generally in the range of 1.8 to 3.4 μm and is
generated by heated ceramic tiles. The soybeans are passed under the heated plate using a
vibrating screen conveyer. The soybeans may be in contact with the infrared radiation for 5 to
15 minutes, depending on the design of the system and the operational parameters used.
Radiation causes the beans to heat rapidly from the outside in. In some cases, operators will
temper the soybeans with water to increase their moisture content in an attempt to increase
the efficiency with which the anti-nutritional factors are destroyed. Wiriyaumpaiwong et al.,
(2004) demonstrated adequate processing in a commercial micronization unit when the
soybeans were heated to between 119 and 121°C without the addition of water. Micronization
has proven to be popular with applications where high-oil content is desirable, but a high
degree of quality control is required if the product is to be used to feed young birds or swine.
4.5.6.2. Jet-sploding
Jet-sploding is a dry heat technique in which the beans are sent through a stream of air
preheated to 315°C rather than being directly exposed to the flame. The molecules vibrate in
the heat, the intracellular water cooks and the grain heats up from the inside out, reaching
inner temperatures of 90 to 95°C. The seeds swell and pop (Thomason, 1987).
4.5.7.

Crushing and flaking

Flaking has traditionally been the final step in preparation of soybeans for extraction. The
heated and cracked meats are passed through a roller mill equipped with smooth surfaced
rolls to produce flakes that may range from of 0.2 to 0.5 mm and, most commonly, from 0.25
to 0.3 mm in thickness. Flake size and thickness are controlled by the size of the cracked
soybeans, conditioning, and the adjustment of flaking rolls. Crushing and flaking operations
promote solvent extraction by changing the permeability of the soybean flakes (Dunford,
2012).
4.5.8.

Expanders

After crushing/flaking the flakes are conveyed either directly to the extractor or alternatively
to an expander. Expanders produce a porous pellet with increased cell rupture and greater
density.
Watkins et al. (1989) indicate the following advantages of using expander equipment:
 The seed is finely macerated in the expander, freeing the oil for rapid extraction.
 Pellet-like collets are formed, which are denser (weigh more per cubic foot).
 The collets are porous and do not restrict ("blind") percolation of solvent through the
extractor bed, as may occur with the more fragile flakes.
 Slightly more oil is recovered by solvent extraction per tonne of soybeans processed.
 The solvent drains more completely from the extracted collets, resulting in more
complete removal of oil and use of less energy to desolventise collets compared to
flakes.
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Plants vary in the amount of flakes being expanded from one-third to all flakes produced.
Some plants have problems with excessive solvent drainage and reduced extraction when
expanding more than one-third of the flake stream. All factors taken together; an extraction
plant can expect to nearly double the throughput of its hexane extractor and reduce the
extraction costs per tonne of soybeans processed using expanders.
4.5.9.

Alcon Process

Another practice in preparation of soybeans for extraction is the Alcon process (Penk, 1985).
This process consists of an additional stage between the conventional preparation and
extraction, aimed at eliminating enzyme activity by intensive moisture/temperature/time
treatment.
Advantages of the Alcon process (Penk 1985):
 Higher bulk density
 Larger extraction throughput capacity
 Higher percolation speed
 Lower hexane retention
 Larger lecithin quantity
 Better hydration of phosphatides
 Lower residual phosphatide content in crude oil
 Good meal quality
Disadvantages of the Alcon process
 Lower extractability
 Lower meal quantity
4.6.

Extraction processes

As already referenced in section 4.1.2 there are three processes used to produce soybean
meal and as such three processes to extract soybean oil, i.e.:
 Solvent extraction: The most common process consists in extracting oil from soybean
flakes by solvent. In the United States, virtually all soybeans (99 %) are solvent
extracted. This method is the most efficient and about 1-1.5 % oil is left in the resulting
soybean meal.
 Expeller extraction (Skew processing): The second method consists in a mechanical
extraction by a screw press (expeller). This method yields less oil and a soybean meal
containing more than 5 % residual oil.
 Extruding and expelling: The third method combines extruding (barrel with friction and
heat) and expelling of soybean flakes and can use solvent for oil extraction (Johnson
et al., 2018). In South Africa, oil is pressed out mechanically and therefore renders a
product different from solvent extracted meal: with a higher oil content.
4.6.1.

Solvent extraction

4.6.1.1. Solvent extraction
Solvent extraction of soybeans is a diffusion operation in which the solvent (e.g., hexane)
selectively dissolves miscible components (oil) from other substances. The extractor provides
the physical means of contact between solvent and solids consisting of prepared soybeans.
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Contact can be achieved by i) immersion of the solids in the solvent, ii) percolation of the
solvent through a bed of solids, or iii) a combination of the two.
A great variety of extractors are used worldwide but they all operate in a similar manner,
involving percolation of the solvent through a bed of flakes and/or expanded material. The
flakes are washed in a counter-current manner with hexane (a petroleum distillate) or
alcohol. This solvent solubilizes the soybean lipid material, and through a series of steps, the
hexane-oil mixture is separated. The oil-rich extract called miscella is evaporated and the
solvent is recycled to the extractor (Woerfel, 1995).
In conventional solvent extraction, the thickness, moisture content (<10 %), and integrity of
the formed flakes are important. It is also important that the time between flaking and
extraction be a short as possible. Once flaked, enzyme action is at a maximum, and the free
fatty acids (FFA) and non-hydratable phosphotides (NHP) increase in proportion to the time
between flaking and extraction. The later introduction of the expander and the Alcon process
reduced the importance of the flaking operation but also caused changes in the amount and
type of phosphatides extracted into the crude oil.
4.6.1.2. Meal desolventising and toasting
The soybean flakes, with the oil removed, are called “spent flakes.” From the extractor, the
spent flakes are conveyed to a desolventiser-toaster for removing undrained hexane. The
process involves heating the spent flakes to evaporate the hexane and sparging steam to carry
away hexane vapours.
In this step hexane is removed from the flakes, followed by cooking at 100 to 110°C at elevated
moisture levels ranging from 16 to 24 % for times in the range of 15 to 30 min. The hexanewet extracted flakes leave the extractor at a temperature of about 57°C and enter the top
chamber of the desolventiser-toaster. Live steam is injected below the level of the meal at the
bottom of one or more sections of the apparatus; the steam that condenses furnishes the
latent heat required for hexane evaporation, and the condensed steam raises the moisture
level to facilitate the "toasting" operation.
The meal leaving the desolventizer-toaster section will normally have a residual solvent
content between 300 and 500 ppm depending on machinery used. The urease activity should
be reduced so that the pH rise in the standard urease test is less than 0.2 pH units.
Toasting time, temperature, and moisture conditions affect the degree of cooking and the
nutritional properties of the resulting meal. However, optimization of these process variables
is difficult in practice because nutritional testing is a slow process and using such a test for
direct process control is not practical (Also refer to section 4.9.3).
4.6.1.3. White flakes
Flash desolventisation or heat vacuum drying of the de-fatted flakes produces white flakes
that are higher in protein quality (solubility) and do not have the undesirable darker colour.
Through a series of different extraction and precipitation processes, soy protein isolate (SPI)
or soy protein isolates (SPC) are produced (Lusas and Rhee, 1995). Whereas soy protein
isolate production is fairly standardized, different methods of extraction are used to obtain the
soy protein concentrates resulting in slightly different compositional characteristics. Soy
protein concentrates as well as the white flakes can be further processed by either grinding,
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texturizing or separation on the basis of molecular weight to obtain a large array of products
used in human nutrition. Soy protein isolates are used in animal nutrition but are limited to
specialty diets due to the relatively high cost. The use of these ingredients in animal diets is
mainly as a replacement of high-quality protein sources such as animal or milk proteins or as
a replacement of fishmeal in aquaculture diets.
White flakes are an item of commerce in their own right. Some are produced by soybean
processors who supply soy protein manufacturers but do not market soy flour, concentrates,
or isolates. The major difference between white flakes, grits, and flours is the granulation.
The OAC has contracted BFAP to perform an in-depth study of the market opportunities for
soybean derived products for human consumption, this is a work in progress with finalisation
of the project due in July 2021.
4.6.1.4. Drying and cooling
From the desolventiser-toaster, the meal will go to a dryer-cooler. In this step of the process,
the toasted meal is dried from the high moisture content of 16 to 22 % at which it exits the
desolventiser-toaster section to near the 12-14 % level required for finished meal. It is then
cooled to a safe level for storage and handling. Ideally the meal should exit the cooler at a
temperature less than 32°C or within 6°C of the ambient air temperature, whichever
temperature is higher.
The drying step usually occurs at temperatures well below that of toasting; thus, there is no
concern for possible nutritional damage to the meal. However, certain types of dryers, which
use indirect steam, could result in overheating of the meal, and have a deleterious effect on
nutritional quality.
The finished meal from dehulled soybeans will contain less than 1.5 % crude fat and about 48
% protein and is referred to as high protein meal. In some soybean processing operations,
soybean hulls, or soybean mill-run, are added back to the meal to adjust the protein levels of
the meal prior to grinding. This allows the soybean processor to produce soybean meals that
meet the end-user specifications for protein and fibre.
Table 4-3 shows the resulting composition of crude soybean oils as a result of different
extraction processes.
Table 4-3: Composition of crude soybean oils as affected by the extraction process from good
quality soybeans. Source: Erickson, 1995

Process variation
Conventional extraction
Expander
Alcon
4.6.2.

Phosphatides
(%)
2.0 – 3.0
2.5 – 4.0
4.0 – 6.0

Crude composition
Free Fatty Acids
(%)
0.5 – 0.8
0.8 – 1.0
1.0 – 2.0

Neutral Oil Loss
(%)
2.5 – 3.8
3.5 – 5.0
5.0 – 7.0

Mechanical extraction

An alternative to the use of solvents for extracting oil from soybeans is the use of mechanical
pressing. This is an old practice dating from the original lever and screw presses to more
modern hydraulic and continuous screw presses. Continuous screw presses or
"expellers/extruders" were the principal methods used for soybean oil extraction in the United
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States until about 1950 when solvent extraction became the preferred method. (Expeller is a
trademark for the continuous screw press patented by Anderson in 1903 and has become
somewhat of a generic term for all such types of equipment.)
An extruder is a high temperature, short processing time bioreactor that can transform a
variety of ingredients to intermediate or finished products. The extrusion process involves
pushing the material through a series of restriction rings by means of a system of coils, which
creates high pressure (30 – 40 bars) and high temperature as the result of the friction and
movement of the processed beans (Ristic, 1999). In this process, soybeans are fed into an
extruder barrel where a central revolving shaft forces the beans through the extruder. This
technique creates sufficient heat through friction to destroy the anti-nutritional factors.
During extrusion, denaturation causes the breaking of the hydrogen bridges and the
disulphide bonds responsible for the secondary and tertiary structure in proteins resulting in
irreversible protein denaturation. This process probably increases the accessibility of proteins
to enzymatic breakdown and thus improves in vitro digestibility. Extrusion also changes the
content, composition, and physiological effects of dietary fibre (Marsman, 1997).
The quality of the end product is affected by (Serrano and Villalbi, 1999):
 Initial size of the bean particle.
 Extruder supply speed and duration of treatment.
 Pre-conditioning moisture and temperature levels.
 Residence time, percentage of moisture added, and temperature reached within the
extruder unit.
 Geometric configuration of the worm gear and bolts.
 Size and shape of the exit opening of the extruder unit.
 Dwell time, temperature, and air velocity in the dyer.
The advantages of mechanical pressing are:
 Lower initial capital costs;
 Suitable for up to 100 tonne/day capacity; and
 No use of solvents.
The disadvantages to mechanical extraction are:
 Low capacity (15 to 30 tonne/day/press);
 High residual oil in the press meal (4 to 7 %);
 High power requirements; and
 High maintenance and operator skill.
Two extrusion methods are currently available on the market namely “dry” and moist/”wet”
extrusion.
4.6.2.1. Moist/”Wet” extrusion -Expeller extraction (Screw pressing)
Moist/wet extrusion involves prior conditioning and the injection of hot steam into the extruder
unit. An additional drying stage is required once the treatment is complete. This equipment is
more expensive than that used for dry extrusion. On the other hand, it has a superior
production capacity of up to 9,000 t ha-1, (Thomason, 1987) and is more effective in terms of
denaturing the anti-nutritional factors (Harper, 1978).
A typical wet extrusion plant comprises a seed filter or cleaner, a preconditioning unit, a
supply unit, a hollow tube complete with bolts and steam injection valves and/or several inner
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shafts powered by a motor, a drier and a cooler. Within the preconditioning unit, water vapor
is added to take the mixture to a moisture level of 24 – 28 % and a temperature of 80°C - 90°C.
The size of the extruder shaft depends on the distance concerned so as to obtain an optimally
homogeneous mixture and to ensure that the pressure applied to the mixture is sufficiently
high. The pressure level inside the tube is approximately 30 bar, so that the water does not
evaporate in spite of the high temperatures it can reach. Pressure is then swiftly blown to the
mixture when it leaves the extruder, this leads to the rapid evaporation of the water and,
subsequently, the expansion of the product. As a result, the oil cells burst releasing the oil.
This oil is then absorbed again as the mixture is cooled and remains locked inside. The bean
is then dried to reduce its moisture level.
4.6.2.2. “Dry” extrusion – Extruding and expelling
The dry extrusion process refers to extrusion without the prior conditioning of raw ingredients
and can only be used with ingredients that are rich in fat which will then provide sufficient
lubrication for the matrix. This technique developed during the 1960s subjects the ground
beans to pressure inside a thick-walled barrel powered by a worm gear (Nelson et al., 1987).
The pressure reaches a level of 35-40 bar and the heat produced by the friction between the
beans and the walls of the cylinder heats and sterilizes the product. This treatment takes 20
to 30 seconds and reaches temperatures of some 120 to 165°C, depending on the machine
used (Perilla et al, 1997; Wijeratne, 2000). This treatment is utilized in processing low
moisture, highly expanded starch products and in processing whole soybeans for both the
food and feed industries.
The main disadvantage of this treatment is that excessively high temperatures may be
reached which would reduce the level of available lysine. Nevertheless, dry extrusion is more
popular than moist/wet extrusion as it is less expensive and can be done on a small scale in
farm facilities (5-25 tons of soybeans per day). Thus, farmers can use it on-site to treat their
own soybeans (Wijeratne, 2000).
4.7.

Tail-end treatments

Tail-end treatments are occasionally applied at the processing level in other countries
however, in South Africa, they are more commonly applied at feed miller / producer level. Not
all the treatments are used in South Africa.




4.7.1.
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Enzyme inclusion in the feed has the potential to reduce the level of trypsin
inhibitor, which would improve broiler performance, however this still requires
research to overcome the inconsistencies in results (Navarro et al., 2017; Sotak et
al., 2014; Cervantes-Pahm et al., 2010; Graham et al., 2002).
The fermentation process can degrade anti-nutritional factors and also hydrolyse
proteins, creating small peptides that are easier to digest. Beneficial microbes
such as Bacillus spp., Lactobacillus spp. and specific fungi are present in the final
product, which can contribute to overall health and productivity in an action not
dissimilar to that of a probiotic.
Enzyme addition

There is evidence that the use of various enzymes – mainly protease3, pectinase4 and phytase5
– could positively influence the negative effects of antinutritive factors in soybean meal. This
however further complicates the correlation between trypsin inhibitor activity and bird
performance (Aureli, 2013; 2015; Stefanello, 2016).
Protease can improve the nutritive value of commercial solvent-extracted and full fat soybean
meal. Microbial proteases are protein-digesting enzymes that are used in pig and poultry
nutrition to break down the stored proteins and proteinaceous anti-nutrients in various plant
materials (Ao, 2011; Barletta, 2011). Proteases isolated from different species differ in their
ability to improve the performance of chicks fed the treated soybean meal (Ghazi, 2002 and
2003). A combination of protease and phytase additively improves the performance of maize
soybean diets (Cowieson et al., 2015). Mono component protease has been shown to improve
ileal digestibility of soybean meal in commercial laying hens (Li et al., 2015).
It has been demonstrated that proteases can degrade Kunitz and Bowman-Birk inhibitors as
well as lectin. Protease can degrade protein in soybean meals with various levels of antinutritional factors. Improvement is greater for less digestible sources (Nasser-Odetallah,
2015). Potential effects are reduced challenge to the pancreas, better access to sulphur amino
acids, less stress on intestinal epithelial tissue and improved feed conversion.
Exogenous enzymes can improve digestibility of feedstuffs, lower feed costs and improve
animal performance. Although the concept of using exogenous microbial enzymes to improve
the nutritive value of feed ingredients in the animal feed industry has already been
established, use of mono-component proteases has been less common (Erdaw et al.,
2017a,b). Proteases may improve animal performance and nutrient digestibility by decreasing
digesta viscosity, improving endogenous enzyme activity and decreasing pancreas weight
(Bedford and Classen, 1993; Bedford and Schulze, 1998; Erdaw et al., 2017a,b; Yan et al.,
2017).
Soybean meal is considered highly digestible for poultry, but there are still possibilities to
improve its nutritional value. Studies have reported that the endogenous proteases
synthesized and released in the gastrointestinal tract may be sufficient to optimize feed
protein utilisation (Le Heurou-Luron et al., 1993; Nir et al., 1993). On the other hand, the
digestibility of crude protein and amino acid in poultry diets has indicated that valuable
amounts of protein pass through the gastrointestinal tract without being completely digested
(Parsons et al., 1997; Wang and Parsons, 1998; Lemme et al., 2004). Thus, the addition of
exogenous proteases can present an opportunity to improve protein and amino acid

3

4

5

A protease (also called a peptidase or proteinase) is an enzyme that catalyzes (increases the rate
of) proteolysis, the breakdown of proteins into smaller polypeptides or single amino acids. They do
this by cleaving the peptide bonds within proteins by hydrolysis, a reaction where water breaks
bonds(Wikipedia).
Pectinase is an enzyme that breaks down pectin, a polysaccharide found in plant cell walls.
Commonly referred to as pectic enzymes, they include pectolyase, pectozyme, and
polygalacturonase, one of the most studied and widely used[citation needed] commercial
pectinases. It is useful because pectin is the jelly-like matrix which helps cement plant cells
together and in which other cell wall components, such as cellulose fibrils, are embedded.
A phytase (myo-inositol hexakisphosphate phosphohydrolase) is any type of phosphatase enzyme
that catalyzes the hydrolysis of phytic acid (myo-inositol hexakisphosphate) – an indigestible,
organic form of phosphorus that is found in many plant tissues, especially in grains and oil seeds –
and releases a usable form of inorganic phosphorus.
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digestibility (Bedford, 1996; Angel et al., 2011). However, it must be acknowledged that crude
protein and amino acid digestibility varies considerably among soybean meal sources.
The interpretation of results from studies conducted with proteases is difficult in part because
of the lack of information about protease characteristics and the confounding effects of more
than one enzymatic activity in a single enzyme product. The diversity of feed ingredients also
contributes to inconsistent and variable results (Simbaya et al., 1996; Marsman et al.,1997).
Studies done with mono-component proteases allow easier interpretation. However, the
literature dealing with the use of protease addition to soybean meal-based diets is scarce.
Many of the adverse responses to exogenous proteases have been reported due to a lack of
understanding about enzyme effect, creating nutrient imbalances, and then a true failure of
the enzyme potential to modify its substrate (Marsman et al., 1997; Cowieson et al., 2006;
Freitas et al., 2011). Thus, it is critical that knowledge of ingredient quality and the response
to supplemented protease is known in advance so that diets can be formulated strategically
to allow for the expected improvements on bird retention of nutrients (Cowieson et al., 2006;
Stefanello et al., 2016)
Formulating diets with enzymes would be more accurate if a standardized system for feed
enzymes could be developed that would consider the overlap in mechanism between
exogenous and endogenous nutrient flows and that these patterns may reflect the amino acid
composition of endogenous proteins. Cowieson et al. (2020) demonstrated that the effect of
exogenous protease and phytase on amino acid digestibility in complete diets is predictable
based on measurements made in individual ingredients. In addition to improving digestibility
values per se, exogenous protease and phytase could enhance precision in least cost
formulation systems.
4.7.2.

Fermentation

Studies have demonstrated that anti-nutritional factors in soybean meal can degrade through
microbial fermentation (Chi and Cho 2016; Zhang et al., 2017; Su et al., 2018). The
fermentation of soybean meal by probiotics can eliminate anti-nutritional factors and enhance
nutritional value by producing several enzymes (Mukherjee et al., 2016) (Table 4-4), such as
i.e., Bacillus spp, Aspergillus spp, Lactobacillus plantarum or Saccharomyces cerevisiae.
Dietary supplementation of probiotics can improve growth performance and prevent disease
in broilers (Khan and Naz 2013; Abudabos et al., 2017) (Also see section 5.7).
Fermented soybean meal (FSBM) is produced using fungal and bacterial strains
(predominantly Aspergillus oryzae and Lactobacillus subtilis, respectively) (See
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Appendix C). The fermentation process can be a solid-state fermentation, or a submerged
fermentation, and soybean meal can be subjected to both processes depending on its state,
i.e., crude without any alteration to the moisture content or texture or dried and ground flour
to make fine particles which are readily dissolvable in water. The former approach has
numerous advantages including productivity and cost due to the possibility of using agroindustrial residues and/or by-products as nutrient source, as well as support for
microorganism development (Rigo et al., 2010).
Solid state fermentation of soybean meal by Lactobacillus species and Clostridium butyricum
can reduce the carbohydrate and protein contents of fermented soybean meal (Su et al., 2018).
Bacillus species can produce lactic acid and remove trypsin inhibitor during fermentation.
Thus, they increase protein hydrolysis and liberate free amino acids (Mukherjee et al., 2016).
Feeding of fermented soybean meal produced by B. subtilis during the early phase can
improve growth performance in broilers (Kim et al., 2016).
Cheng et al. (2019) found that protease in combination with Bacillus subtilis significantly
increased the degradation of soybean protein and soybean allergens in a dose-dependent
manner during the solid-state fermentation of soybean meal.
Thus, a dietary
supplementation of 10 % fermented soybean meal could inhibit the allergic immune response
in broilers. However, broilers consumed more of the fermented feed on average during the
entire feeding period than the soybean meal group (P < 0.05).

Aspergillus species are widely used to produce fermented soybean meal because of their
capacity to produce multiple hydrolysis enzymes (Hong et al., 2004). Feeding of fermented
soybean meal produced by Aspergillus species significantly increased the activity of intestinal
digestive enzymes and improved growth performance of broilers (Mathivanan et al., 2006;
Feng et al., 2007a, b).
Rojas and Stein (2012) have shown that fermented soybean meal has greater digestible
energy, metabolizable energy and net energy than fish meal. Amino acid digestibility was
greater for fermented soybean meal when compared to fish meal. The fermentation process
also enhanced the total tract phosphorus digestibility. Fermented soybean meal had greater
total tract phosphorus digestibility when compared to conventional soybean meal (65.5 versus
46.1 %, respectively). The addition of the enzyme phytase to the fermented soybean meal
treatment increased the total tract digestibility from 65.6 % to 71.9 %. The addition of phytase
to the conventional soybean meal treatment increased the total tract phosphorus digestibility
from 46.1 % to 71.4 %. This implies that feeding fermented soybean meal can potentially
reduce the amount of supplemental phosphorus in the diet as it contains more digestible
phosphorus than conventional soybean meal. It also implies that phytase should be added to
a soybean meal feed to maximise the digestibility of phosphorus.
Exogenous enzyme supplementation is also widely used to enhance the degradation of
soybean protein and inactive anti-nutritional factors during the solid-state fermentation of
soybean meal (Ma and Wang 2010; Amadou et al., 2011). Dietary enzyme supplementation
improves the nutritional status and growth performance of broilers (Abudabos 2012;
Abudabos and Yehia 2013; Abd El-Hack et al., 2018).
Several research groups (Frias et al., 2008; Song et al., 2008; Teng et al., 2012) tried to
compare the nutritional quality of fermented soybean meal produced by both fungal and
bacterial fermentation. The dissimilarity in the resulting fermented soybean meal can be
attributed to the different metabolic activities and enzymes involved of the two species utilized
for fermentation, although in both the fermentations the antinutrients decreased and
113

nutritional quality improved. However, there were significant differences in the extent of
variation for certain components.
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Table 4-4: Comparison of nutritional quality of unfermented, fungi-fermented and bacteriafermented soybean meal1. Source: Mukherjee et al., (2016)
Nutritional components
affected by fermentation
Crude protein content (%)
Soluble protein content (%)
Soluble protein content (%)
Antioxidant activity (%)
Small-sized peptides (<15 kD) (%)
1
Hong et al., 2004; Teng et al., 2012.
4.7.3.

Unfermented
soybean meal
34.5
20.0
60.5
8.0
5.0

Types of organism used for
fermentation
Fermented soybean meal
Fungi
Bacteria
37.4
37.5
24.0
33.0
67.4
76.0
27.0
38.0
35.0
63.0

Fine grinding (also referred to as micronization)

This step is normally the final unit process in continuous extraction. It reduces the particle
size of the meal to that required by the customer and can be done at crusher or feed
manufacturer level. Because the meal is handled in bulk conveying and transport systems, it
is desirable to produce a minimum of flourlike dust (<100 mesh in size) in the grinding
process.
The effect of grinding intensity on growth response of broiler chicken has been described in
the literature (Ferket, 2000; Svihus et al., 2004; Bjerrum, 2005; Parsons et al., 2006; Amerah
et al., 2007 and Siegert et al., 2017). Studies have indicated that particle size influences
gizzard development and retention time of feed (Ferket, 2000) and digestion could be improved
(Bjerrum, 2005). Different responses might, to a certain extent, be explained by an effect of
particle size distribution on pre-caecal amino acid digestibility. If pre-caecal amino acid
digestibility is decreased by an inappropriate particle size distribution in feed, the supply of
digestible amino acid in the animal feed might have growth limiting effects. This aspect is of
relevance when feed is formulated with low safety margins in amino acid concentrations.
Further research conducted with extruder soybean meal found significant effects of particle
size on broiler performance. An increase in particle size (fine, 530 μm to coarse, 1 300 μm)
had a similar magnitude of response in body weight gain as a significant change in trypsin
inhibitor activity (Pacheco et al., 2014). Marx et al. (2021) also found that soybean meal particle
size (625, 775, 1,053, and 1,406 μm ) had a quadratic effect on crude protein digestibility and
ileal digestible energy (P < 0.05):
 From day 0 to 21, feed intake was linearly reduced as soybean meal particle size
increased, whereas weight gain increased, and feed conversion ratio improved
quadratically (P < 0.05).
 From day 22 to 35, weight gain and feed conversion ratio linearly improved (P < 0.05)
as soybean meal particle size increased.
 From d 36 to 42, growth performance was not affected.
 For the total experimental period, day 0 to 42, weight gain tended to increase (P = 0.06),
and feed conversion ratio decreased linearly (P < 0.05) as dietary soybean meal
particle size increased. However, the feed intake was not affected. Carcass yield
variables were not influenced by soybean meal particle size.
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As a conclusion, diets containing soybean meal with large particles fed to broiler chickens
from day 0 to 42 result in similar crude protein digestibility and digestible energy as smaller
soybean meal particles, but greater weight gain and better feed conversion ratio can be
obtained with large soybean meal particles.
According to Valencia et al. (2009) the fine grinding of soybean meal results in higher amino
acid digestibility than when this is applied to full-fat soybeans. However, although some
studies indicated that apparent pre-caecal crude protein digestibility could be influenced by
the grinding intensity (particle size), no such effect was observed in other studies (Parsons et
al., 2006; Bhuiyan et al., 2013; Xu et al., 2015). Thus, there is no consensus as to whether finer
or coarser ground soybean meal is more beneficial in poultry nutrition.
This corresponds with the views of some South African poultry nutritionists who believe that
the texture of the meal and final product is very important when producing feed pellets, as
finer ground meal is better for chickens. Thus, some feed mills are emphasising the meal size
when procuring meal from crushers. There are, however, great differences in opinion
between industry stakeholders regarding the correct meal size.
4.8.

Importance of properly processing soybeans on the quality of soybean meal

The nutritional characteristics of soybean meal are the result of two primary factors:
 the composition of the soybeans from which the meal was produced and
 specific aspects of how the soybeans have been processed.

Soybean composition establishes the limits for soybean meal composition, while processing
ultimately determines meal composition within these limits.
As previously mentioned, the processor greatly contributes to the nutritional value of meal by
reducing the bioactivity of anti-nutritional soybean proteins through the proper use of heat
during “toasting.”
The challenge with toasting is that sufficient heat must be applied to the de-oiled meal to
denature the anti-nutritional proteins thereby rendering them biologically inactive, but not to
the extent that the soybeans are overheated resulting in a lower digestibility of the protein. A
number of factors must be continuously managed to achieve the proper toasting “sweet spot”
consistently.
Within the processing of soybeans there are thus two factors that play an important role in
determining the nutritional value:
 Heating time and
 Heating temperature.
Many trials that have been conducted to evaluate the effect of these conditions both
independently and in combination on soybean meal quality indicators (See section 1184.9) and
animal performance (see section 5.8.3).
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Figure 4.3: Soybean meal as a result of cooking time and temperature. Source: Fryer
The protein quality of soybean meal is dependent on the digestibility of the protein content and
the reduction of anti-nutritional factors present in raw soybeans (Caprita et al., 2010).
Insufficient or over-heating of the crushed flakes will result in poor quality soybean meal as
insufficient heating will fail to destroy anti-nutritional factors and over-heating will reduce
protein digestibility and the availability of amino acids (Caprita et al., 2010a). Feed
manufacturers therefore need reliable methods to differentiate between good quality soybean
meal and under- or over-processed soybean meal (Caprita et al., 2010b).
4.8.1.

Under-processing

Under-processing of soybeans happens if i) the process of heating is completed too quickly or
ii) if the temperature at which the meal is processed is too low. In this case the anti-nutritional
factors are not destroyed, and this leads to a reduction in amino acid availability. The residual
trypsin inhibitor mediates its effects via the digestive processes, increasing both endogenous
and exogenous amino acid losses. It also binds and inactivates the pancreatic enzyme, trypsin.
The result is that protein digestibility is reduced and swelling of the pancreas occurs
(compensated by the production of additional enzymes - trypsin and chymotrypsin). This lost
or bound trypsin is also rich in sulphur amino acids which further reduces the protein status
of the animal.
Negative effects of under-processing are:
 Proteolytic enzyme activity is inhibited, decreasing digestive efficiency.
 Pancreatic hypertrophy. As a consequence of inhibition of proteolytic enzymes, the
animal reacts to the presence of protease inhibitors by secreting more digestive
enzymes, which results in pancreatic hypertrophy.
 Increased demand for vitamin D.
 Diarrhoea results because the lectins (haemagglutinins) present in under-processed
soybean meal destroy the intestinal mucosa.
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4.8.2.

Nutrient absorption is reduced as a consequence of injury to the mucosa and inhibition
of proteolytic enzymes.
Decreased bird performance will occur, especially among young birds (University of
Georgia, Department of Poultry Science, n.d.).
Over-processing

In this process, the proteins are denatured, and amino acid digestibility is reduced. When
proteins are exposed to excessive heat treatment or over-processing, the negative effects that
cause reduced analytical concentrations and reduced digestibility of amino acids occur for
lysine and cystine. Most of the other amino acids are not affected by excessive heat treatment
or overprocessing. Thus, the reduction in protein quality of soybeans as a result of overprocessing is primarily due to the combination of the destruction of lysine or cystine and the
reduced digestibility of the lysine and cystine that is not destroyed. These effects on lysine and
cystine may be largely explained by the Maillard reaction: when proteins are heated in the
presence of certain carbohydrates, the sugars (such as xylose and glucose) complex with free
amino groups, especially the epsilon amino group of lysine. The sugar and amino acids
undergo a series of reactions and, as a consequence, the availability of amino acids is reduced
(Anderson- Haferman et al, 1992).
Negative effects of over-processing are:
 Decreased quality of protein.
 Decrease in the true amino acid digestibility of certain amino acids (lysine, and to a
lesser extend cystine and arginine). The effects on lysine can be largely explained by
the Maillard reaction in which free amino groups are bound to free carbonyl groups
(e.g., reducing sugars or carbohydrates).
 Possible reduction of choline contents (unclear)
 Reduced performance of growing chicks.
(University of Georgia, Department of Poultry Science, n.d.).
4.9.

Quality monitoring methods and tools for soybean meal

4.9.1.

Methods using chemical analysis

Variation in protein quality among samples of soybean meal can occur due either to
insufficient heating (under-processing) or excessive heating (over-processing) (see section
4.8). The objectives of protein quality tests are to examine whether:
 The anti-nutritional factors have been adequately reduced.
 The protein quality has been maintained.
 As much oil as possible has been released from the cells (Monary, 1996)
Palić and Grove (2004) suggested that in vivo monogastric animal growth performance testing
was the most relevant test to assess soybean meal quality. However, such a direct analysis is
challenging and impractical in routine operations. These types of trials are not only extremely
costly and time consuming, but in vivo animal testing also requires many ethical
considerations (Festing and Altman, 2002). Fortunately, there are several in vitro tests (also
referred to as wet-chemistry or laboratory analysis) available to assess soybean meal quality.
However, there is no single test available that can assess both under- and over-processing of
soybean meal.
The following tests are most widely used to evaluate soybean meal quality:
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Urease activity (UA, American Oil Chemists Society, 2000),
Protein Dispersibility Index (PDI, Batal et al., 2000),
KOH protein solubility (KOH, Araba and Dale, 1990 a, b; Parsons et al., 1991), and
Trypsin inhibitor activity (TIA, Kakade et al., 1969; 1974; Hamerstrand et al., 1981)

Some of these tests are quick and easy to process, whilst others require skill and reliable
laboratory technicians. Table 4-5 indicates the usefulness of these tests for measuring
soybean quality if under/over processed. Furthermore, to acquire meaningful and consistent
results, strict adherence to the methodology is required.
Table 4-5: Chemical analysis methods for processed soybeans. Source Fryer (2016; 2020)
Urease activity
PDI
KOH
TIA
Reactive
lysine:
Total lysine
Under
+++
++
+
+++
No
processing
Over processing
No
+
++
No
+++
Target values
< 0,3 pH rise
< 4 mg/g
> 90 %
15 to 40 % 73 to 85 %
< 0,4 mg N/g*min
Ease of use
Most common
Simple
Difficult
Difficult
method
Suitability rating
+++ high
++ medium
+ low

Analysis of quality of soybean meal using in vitro techniques has some disadvantages:
 Repeatability: Although in vitro soybean meal quality test results within laboratories
do not differ significantly, those between laboratories differ significantly (de CocaSinova et al., 2008).
 Results do not always correlate with the intensity of the heat processing (de CocaSinova et al., 2008). Thus, various research studies have proven in vitro analysis of
soybean meal quality to be a poor indicator of soybean meal quality (Palić and Grove,
2004; Caprita et al., 2010b; Palić et al., 2008 and Palić et al., 2011).
 Furthermore, the tests may not be correlated with actual animal performance. Of the
available in vitro tests, it has been shown that TIA is the best predictor of in vivo efficacy
for soybean meal (de Coca-Sinova et al., 2008; Ruiz, 2012a; Ruiz and de Belalcazar,
2017; Ravindran et al., 2014). However, the TIA test is tedious and time-consuming
and, as mentioned in the previous point, may still provide inconsistent results because
of differences in methodology among laboratories (Sueiro et al., 2015; Chen et al.,
2020).
It is thus essential that feed formulators consider various quality indicators jointly in order to
make inference about the quality of the soybean meal. In South Africa, most feed formulators
make use of in vitro analysis to assess soybean meal quality.
The most common in vitro methods used to assess the quality of soybean meal are described
in more detail below:
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4.9.1.1. Urease activity index (UAI)








UAI is the most common test to evaluate the quality of soybean processing.
Urease (enzyme) occurs naturally in soybeans.
This method determines the residual urease activity as an indirect indicator to
assess whether the protease inhibitors have been destroyed.
Urease breaks down urea to ammonia and carbon dioxide.
The test measures the increase in pH as a consequence of the release of ammonia
(alkaline) into the media.
Recommended level: 0.01 –0.35 pH unit rise (NOPA, 1997)
Over-processing cannot be detected via urease activity.

The urease activity index is the test most commonly used to evaluate the quality of the
treatment used to process soybeans. Urease, an enzyme, occurs naturally in soybeans. This
method determines the residual urease activity of soybean products as an indirect indicator
to assess whether the anti-nutritional factors such as trypsin inhibitors have been destroyed
by heat processing. Urease breaks down into urea, ammonia, and carbon dioxide. This test
measures the increase in the pH as a consequence of the release of ammonia into the media
arising from the breakdown of urea by the urease present in soybean products. Untreated
soybeans would cause the pH to rise by about 2.0 pH units (see Fig below). There are two
methods used to measure UAI, i.e.,
 ISO 14902:2001and
 ii) AOCS Official Method Ba 12-75, 1997.
Results based on these two methods are not comparable due to
 differences in particle size (P < 0.01),
 trypsin inhibitor extraction method (P < 0.05), and
 trypsin substrate (P < 0.01) (Sueiro, 2015).

Figure 4.4: Effects of heating time on urease Figure
activity of full-fat soybeans
autoclaved at 121°C. Source:
Herkelman et al., 1991
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4.5:

The effects of heating
temperature on urease
activity. Source Palic et al.,
2008.

When Δ pH is used as an indicator of soybean meal processing, the data may be influenced by
whether or not the meal has been previously treated with organic acids, preservatives, or
sterilizing agents. All overheated samples yield urease indices below 0.05 but that does not
imply that all samples with urease tests below 0.05 have been overheated (Waldroup et al.,
1985). Thus, the value of UAI as a reliable indicator of the adequacy of soybean meal
processing is questionable. Furthermore, a urease activity index value of “zero” does not
necessarily indicate that the soybean meal is overprocessed, which has been shown in trials
with chickens (Araba and Dale, 1990a). Consequently, the UAI is suitable only for determining
under-processed soybean meal and its use, therefore, is limited.
Previously, the indication of under-processed soybean meal was a UAI of > 0.20; for
adequately processed meal, 0.05 – 0.20; and for over-processed meal a UAI of < 0.05 (Garlich,
1988). However, Ruiz (2012) presented new insights on the acceptable urease activity range
for soybean meal. He suggested, for solvent-extracted soybean meal, that the range should
be between 0.00 and 0.05 pH units, which correlates with approximately 1.65 to 2.35 mg of
trypsin inhibitor/mg (or ~ 3-4 TIU/mg6). Currently the recommended level is 0.01 – 0.35 pH
unit rise (NOPA, 1997).
Chen et al. (2020) has also shown that there is a very poor correlation between trypsin inhibitor
and urease activity. They evaluated trypsin inhibitor and urease activity of soybean meal
products from different countries, including South Africa (Table 4-6: The levels of trypsin
inhibitor (TI, mg g−1) and urease activity (UA, ΔpH units) of solvent-extracted soybean meal
samples received from feed mills in different countries1.Table 4-6) and showed that trypsin
inhibitor content and urease activity of soybean meal samples varied by country. ≥ 40 % of
the SBM samples had high levels of trypsin inhibitor (≥ 4 mg/g) in some countries such as
Brazil, Mexico, South Africa and United States. According to the database of > 800 samples
collected internationally the trypsin inhibitor content is poorly correlated with urease activity,
therefore it is recommended that urease activity should not be used as a surrogate indicator
of trypsin inhibitor content when deciding on a control parameter to evaluate soybean meal
quality in feed processing plants.

6

(TIU)/mg [1 TIU/mg = 1.9 trypsin inhibitor activity (TIA) mg/g]
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Table 4-6: The levels of trypsin inhibitor (TI, mg g−1) and urease activity (UA, ΔpH units) of
solvent-extracted soybean meal samples received from feed mills in different
countries1. (Source: Chen et.al., 2020)

1

Country

Number of
samples

Argentina
Belgium
Brazil
Chile
China
Colombia
Ecuador
France
Germany
India
Italy
Mexico
North Africa
Paraguay
Philippines
Poland
South Africa
Spain
Thailand
USA
Ukraine
SEM
CV
P value

15
25
332
21
5
28
9
8
9
5
10
68
14
15
4
10
30
27
18
192
2

Trypsin
Inhibitor
(mg g−1)
2.89CD
3.67ABC
3.59AB
3.16BCD
3.21ABCD
3.15BCD
4.04ABC
4.18ABC
4.53A
3.95ABCD
2.70CD
3.62AB
3.41ABCD
3.73ABC
2.12D
2.92CD
3.24ABC
2.30D
3.70ABC
3.06C
3.73ABCD
0.27
27.56
<0.0001

Urease activity
(Δ pH units)
0.052ABCDE
0.048BCDE
0.044BCDE
0.021DE
0.046BCDE
0.071AB
0.056ABCDE
0.030CDE
0.050ABCDE
0.121A
0.044BCDE
0.038CDE
0.064ABCDE
0.019E
0.016E
0.058ABCDE
0.066ABC
0.058ABCDE
0.067ABCDE
0.045BCDE
0.018E
0.0112
84.74
<0.0001

Means with different letters were significantly different from each other at P < 0.05.

4.9.1.2. Protein dispersibility index (PDI)





The PDI measures the amount of soy protein dispersed in water after blending a
sample with water in a high-speed blender.
The results are expressed as a percentage of the original nitrogen content of the
sample.
Recommended levels are between 15 and 30 % (adequately processed: no overnor under-processing).
Results are considered superior to the KOH especially in cases of underprocessing.

The protein dispersibility index (PDI) was originally used in the food industry for evaluating the
protein quality in products for human consumption. It is a measure of protein solubility in
water, viz. the PDI measures the amount of soy protein dispersed in water after blending a
sample with water in a high-speed blender at 8500 rpm. Protein solubility of soybean meal
decreases as the heat exposure increases. The results are expressed as a percentage of the
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original nitrogen content of the sample. Recommended levels are between 15 and 28-30 % for
adequately processed soybean meal.
Kratzer et al. (1990) demonstrated that full-fat soybean meal flaked at 121°C for increasing
lengths of time reduced the dispersibility of the protein. Batal et al. (2000) proved that PDI
was a good indicator of quality soybean meal and that this method delivered more consistent
results than the urease activity index or KOH methods. They showed that the PDI method was
especially useful in determining the degree of under-heating of soybean meals. Body weight
gain and feed efficiency of broilers exhibited a high positive correlation with the reduction in
PDI values. While TIA rapidly declines to “zero” (at which point the soybean meal may or may
not be over-processed) PDI values do not approach “zero” even with severe overprocessing.
Although the PDI method is a relatively easy test, it nevertheless has disadvantages:
 PDI is dependent on particle size: PDI increases with decreasing particle size (as does
the KOH method). Thus, it is recommended that samples are ground with a 1 mm
mesh.
 PDI is dependent on the temperature of the solutions and on the centrifugation speeds
and times.
 PDI decreases during storage.
4.9.1.3. Protein solubility (KOH)







This method determines the percentage of protein that is solubilized in a potassium
hydroxide (KOH) solution.
Raw soybeans and well processed soybean products should have a KOH protein
solubility of around 90 % (that is 90 % of the protein present in the product is
solubilized in a KOH solution).
NOPA (1997) recommended levels: 73-85 % (0.2 % KOH; tendency to the upper limit).
KOH is not sufficiently sensitive to identify under-processing as can be achieved with
Urease activity measurement.
KOH is effective in differentiating between over-processed products and those
correctly processed.
KOH is considered to be more accurate in estimating over-processed soybean meal
than PDI.

This method determines the percentage of protein that is solubilised in a potassium hydroxide
(KOH) solution (Araba and Dale, 1990). Raw soybeans and well processed soybean products
should have a KOH protein solubility of around 90 % (that is, 90 % of the protein present in the
product is solubilized in a KOH solution). NOPA (1997) recommends levels of 73 - 85 % (in 0.2
% KOH; tendency to the upper limit). According to Monary (1989), under-processed soybean
meal has a KOH of >85 %; for adequately processed soybean meal the KOH should be between
71 and 85 % and for over-processed soybean meal this value is lower than 70 %. It was
observed by Shini (2002) that a lower KOH value means a reduction in digestible amino acids
or a lower amino acid availability due to the Maillard reaction and that a higher KOH value
means more digestible amino acids, but a lesser breakdown of trypsin inhibitors present in
soybeans, leading to a lower digestion and absorption of amino acids.
The KOH method is relatively inexpensive and simple to perform. Unlike the UAI method, it
can be used to determine all degrees of soybean processing from under- to over-processed.
However, it must be noted that KOH is not sufficiently sensitive to estimate under-processing
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at the same level as can be achieved with the UAI. KOH is, however, effective in differentiating
over-processed products from those correctly processed (Palic and Coetzee, 2009). The
solubility values have been correlated with growth rates in poultry (Araba and Dale, 1990) with
a clear decline in growth performance for solubility values below 71 % and those with values
above 85 %. This is clearly depicted in Figure 4.6 where meals processed at excessively high
temperatures had a KOH <70 % with an associated lower average daily gain in poultry.

Figure 4.6: Effect of temperature and KOH test on average daily gain of chickens. Source Palic
and Coetzee (2009)
Although KOH is a relatively simple method, it also depends on the laboratory that does the
analysis. Different studies and laboratories have indicated different results. In a study by
Herkelman et al. (1991), the optimum average daily growth was achieved at a KOH between ~
40-50 %, whilst Coetzee et al. (2009) achieved these results with a KOH of ~ 70 – 85 %.
Furthermore, it was found that KOH results are dependent on sample preparation. Parson et
al. (1991) found that KOH was dependent on particle size.
4.9.1.4. Trypsin inhibitor activity (TIA)








Inhibitors form a complex with trypsin = reduced activity.
Trypsin hydrolyses synthetic BAPNA (a-benzoyl DL-arginine p-nitroanilide).
The product generated has a yellow colour that can be detected using a
spectrophotometer.
Trypsin activity is proportional to the intensity of the yellow colour.
Target value: below 5 mg/g
Procedure is not well adapted for QC use.
A well-equipped laboratory with skilled technicians is necessary.

The trypsin inhibitor activity (TIA) method extracts trypsin inhibitor from the sample of soybean
meal at a pH 9.5 thereby determining the presence of trypsin inhibitors both partially bound
or in a soluble form (Valdebouze et al., 1980; Smith et al., 1980; Kourtera et al., 1987). This
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procedure is based on the release of spectrophotometrically determined para-nitroaniline by
the tryptic hydrolysis of benzoyl-DL-arginine p-nitroanilide (BAPNA) (Hammerstrand et al.,
1981). The product has a yellow colour and trypsin activity is proportional to the intensity of
this yellow colour. The target value should be below 5 mg/g.
The TIA test makes use of monoclonal antibodies to locate and bind the trypsin inhibitors and
can distinguish between the two types of principal anti-trypsin factors with greater sensitivity
than is normally achieved with other methods (UAI, KOH and PDI). The trypsin inhibitor content
may be expressed in two ways:
 mg of trypsin inhibited per g of sample and
 mg per g or kg of nitrogen (Kakade et al., 1974).
The reference procedures proposed by the American Oil Chemists' Society (AOCS, 2011b), the
French Association for Normalization (AFNOR, 1997), and the International Organization for
Standardization (ISO, 2001) are based upon the work of Kakade et al. (1969, 1974). The only
difference between the AOCS and the ISO procedures and the AFNOR (1997) procedure is the
composition of the extraction buffer, which is alkaline for AFNOR and acid for the other. TIA
is not suitable for routine quality control as a well-equipped laboratory and skilled technicians
are required.
Opinion is divided as to what should be an acceptable trypsin level in processed soybean meal.
Work published by Herkelmann et al. (1992) shows a linear response between bird
performance, body weight gain (BWG) and feed conversion, and levels of TIA (mg/g) in soybean
included in the feed. There still seems to be considerable uncertainty regarding these levels.
Pacheco et al. (2014) indicated optimal bird performances at trypsin inhibitor activity of 6.7
mg/g rather than the lowest value of 3.6, which was also fed as a treatment. More recently,
Kunez et al. (2020) re-iterated the linear trend of TIA but questioned the usefulness of defining
upper limits of TIA in soy products. However not all researchers have found a linear response
to TIA. Ruiz (2012) observed that if feed contained high levels of soybean meal with a TIA of
more than 3.5 mg/g or urease activity above 0.06 pH units, rapid feed passage outbreaks could
occur (observation, not a trial), detrimentally affecting bird performance.
It is thought that a reduction in TIA content of 90 to 95 % indicates adequate processing. In an
attempt at standardization, the European Federation of Feed Manufacturers recommended
TIA to represent the protein contents as presented in Table 4-7 (Monary, 1989).
Table 4-7: Trypsin inhibitor activity values using the trypsin inhibitor activity method. Source:
Monary, 1989b
% protein in full-fat soybean meal
50
40
30

Trypsin Inhibitor Activity
(mg/kg)
5
4
3

TIA tests are expensive and time consuming, with a repeatability standard deviation of 0.27
(Sueiro, 2015). It is suggested that this method should be used only if there is no other choice,
such as in case of the development of soybean cultivars with low levels of trypsin inhibitors.
However, Belalcazar and Otalora (2012) indicated a high correlation between UAI and TIA
(Figure 4.7). Ruiz (2012) accordingly proposed that the urease index, which is a more rapid
test for under-processing, could be used in conjunction with TIA tests, whilst bearing in mind
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that a UAI value as low as zero should not be regarded as being an indication of
overprocessing.

Figure 4.7: Correlation between trypsin inhibitors and urease activity in 104 samples of
soybean meal. Source Belalcázar and Otálora, 2012 as published by Ruiz, 2012
4.9.1.5. Nitrogen solubility index (NSI)
The nitrogen solubility index is a measure of the degree of solubility of soybean protein in a
water solution. This method uses smaller quantities of the sample in water and a lower
agitation speed of 120 rpm for 120 minutes at 30°C (AOCS Official Methods, 1997b) than the
PDI. It was previously reported that the water solubility of raw soybean is approximately 90 %
but tends to decrease in relation to the temperature and duration of heating. Globally accepted
NSI values for well-processed soybeans range from 10 to 11 %.
4.9.1.6. Dye-binding (Cresol red-soy-check)
Dye-binding (Cresol red-soy-check) is a fast and reliable indirect test which measures the
degree of heating of the soybean product. This method is based on the capacity of soybean
protein to absorb the cresol red dye. The capacity of cresol red to bind proteins increases with
more extensive heat processing. As an indirect test it does not measure the actual content of
the anti-nutritional factors as the recommended levels indicating adequate heating are
subjective. Table 4-8 shows the amount of dye absorbed (mg/g) by processed full-fat soybeans
(Monary, 1989).
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Table 4-8: Table: Amount of cresol red dye absorbed by heat-treated soybeans at different
temperatures. Source Monary (1989).
Full-fat soybean meal
Under-processed
Adequately-processed
Over-processed

Dye absorbed (mg/g)
< 3.7
3.7 - 4.3
4.3 - 4.5

The Cresol red test is a semi-quantitative method and, therefore, cannot be objective. It can
be moderately reliable if used by an experienced person, for example, a soybean processor
but it cannot be recommended for use in analytical laboratories.
4.9.1.7. Soybean meal colour
McNaughton et al. (1981) found that the colour of processed soybean meal can be an indicator
of trypsin inhibitor contents and broiler performance. Hunter (1941) proposed an α, ß
uniform-chromaticity scale representing surface colours. This can be measured using a
Hunter multipurpose reflectometer with tristimulus filters. The L values represent lightness
or darkness, + α (redness), and +ß (yellowness) tristimulus values. Using the Hunter colour
scale McNaughton et al. (1981) found that broilers fed commercial soybean meal with 12.12
μg/mg trypsin inhibitor, tristimulus +a colour value of 3.21, and a urease index of 0.19 Δ pH
had a poorer growth and feed efficiency those fed soybean meal with 1.77 μg/mg trypsin
inhibitor, a + α colour value of +4.76, and urease index of 0.02 Δ pH. However, it was also found
that particle size of the soybean meal influences the colour. Soybean meal ground to pass a
20-mesh screen had the best broiler performance when tristimulus colour values ranged
from +4.5—5.5 ± α colour values or 58—65 L colour values.
Thus, Hunter lab colour has the potential to be a first quick and reliable method for
determining soybean meal quality.
4.9.1.8. Lysine availability
Lysine availability is critically important in poultry nutrition. Thus, another indicator of heat
damaged soybean meal is the concentration of reactive lysine in the meal (Fontaine et al.,
2007). The ε-amino group present in lysine is especially reactive if reducing sugars are
present. The reaction of lysine with sugar during the first stages of the Maillard reaction
creates a complex compound that renders lysine unavailable to animals, even though the
analysed value of lysine will not change. The amount of lysine that still possesses its reactive
ε-amino group after processing represents the amount of undamaged lysine that remains
available to the animal, known as reactive or available lysine.
The ratio between lysine and crude protein (Lys: CP) is a simple but highly accurate measure
of heat damage. When an ingredient is heat-damaged to an extreme level (final stage of
Maillard reaction), the concentration of lysine is reduced, but the concentration of crude
protein is not (González-Vega et al., 2011). For soybean meal, a Lys: CP ratio of 6 and above is
generally accepted as an indicator of good protein quality.
Two types of tests are available: Carpenter (1960) developed a method using 2,4dinitrifluorobenzene (DNFB) while Kakade and Liener (1969) used 2,4,6-trinitrobenzene
sulphonic acid (TNBS) to determine available lysine.
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These methods are complex, and results do not always correlate well with the lysine
availability as determined in vivo (Monary, 1989). It has also been reported (Palic, 1998) that
technicians experience allergic reaction to DNFB.
4.9.2.

NIR as rapid method to determine soybean meal quality parameters

One of the biggest breakthroughs in ingredient analysis over the past few years has been the
development of near-infrared (NIR) technology. NIR spectroscopy enables the rapid analysis
of raw materials by the application of infrared light to a sample and measuring the spectra of
that light. NIR is an excellent tool for quality control as it enables the analysis of thousands of
samples per year with precision, accuracy, and minimal cost per sample. It is a nondestructive method and no or minimal sample preparation (grinding) is required. Once
calibrated, fairly low-level skills are required for operation.
Near-infrared reflectance spectroscopy (NIRS) has the ability to analyse moisture, protein,
fibre, neutral detergent fibre (NDF), acid detergent fibre (ADF), starch, fat and various other
parameters within seconds. For the feed industry, specialised calibrations have been
developed to determine quality assessment parameters of soybean products, such as TIA,
KOH, and the Protein Dispersibility Index (PDI) (Heil, 2010; Ferreira et al., 2014; Pierna et al.,
2015; Li et al., 2020; Dantes, 2020). These parameters can be combined with other parameters
such as the reactive lysine assay, to design new parameters. With the help of these
parameters most soybean meal products can be classified according to the degree of
processing, from raw beans to heavily overprocessed samples, within minutes (Fryer, 2020).
The disadvantage of NIRS is that the equipment is expensive, and that mathematical and
statistical skills are required to calibrate the equipment if calibration models are not included
in the supply of the equipment. Developing a basic calibration entails specialised software as
well as at least 200 analysed reference samples, with known wet chemical results. However,
calibration is mostly supplied free of charge by some equipment suppliers. If the equipment
supplier does not supply calibrations, these can be purchased from companies specialising in
their development (Brandt, 2017).
There are numerous debates over different NIR technologies (scanning instruments, Diode
Array instruments, Fourier Transform instruments) and which wavelength ranges maximise
the accuracy of the tests. The consensus is that all of these instruments work perfectly well,
but that there is still room for improvement in the calibration, interpretation and integration
of results, and as such these are often disputed.
4.9.3.

Practicality of methods in the South African context

The industry has set a standard for meal specifications, namely Act 36. Most feed mills have
extra specifications that are stated for the upcoming year in the procurement contract, to
which crushers have to comply. The meal is normally ordered and bought by the procurement
managers who focus on cost optimisation and not necessarily on quality. The quality of each
truck of meal delivered is measured upon arrival by all major feed producers. From taking
the sample to receiving the results, takes roughly an hour. The industry standards have
generally become more strict over time, as the traditional requirements are insufficient for
the more efficient feed conversion ratios (FCR) experienced by current chicken producers,
and because more soymeal is used in feed than historically. Table 4-9 lists the tests, methods
applied and industry perception of the tests for the different indicators. Important to note is
that the perceptions are merely representative of some stakeholders and do not reflect the
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entire industry’s perspective. In Table 4-10 these tests and their related principles are listed
in more detail.
The two most important indicators for feed manufacturers are protein and processing levels.
If the meal does not meet the protein level specifications, the load is either rejected, or a new
price is negotiated. This means that crushers either have to sell their meal at a discount or
find a new buyer and transport the load further. It does happen that the protein levels of a
certain period are lower, or that the local meal supply is very low, then some feed mills will
make an exception.
Table 4-9: Meal indicators, tests, method applied and average industry standards
Indicator
Protein
Fat
Fibre
Moisture
Ash
Processing

Test

Urease Activity index
Protein Solubility (KOH)
Protein Dispersibility Index
(PDI)
Trypsin Inhibitor Activity
(TIA)
Cresol red
Evonic NIR

Test method
NIR
NIR
NIR
NIR
NIR
Wet chemistry
NIR/Wet
chemistry
Wet chemistry
Wet chemistry
Wet chemistry
NIR

Industry perception of test

Better for determining
over-processing
Better for determining
under-processing
Best if only one test is done
Controversy around its
reliability
Best for full-fat soybean
meal
Validating reliability

Crushers measure the protein and processing levels when loading the truck. If the load is
outside of specification, crushers will offload the load and sell it at a discount to a different
client if they accept it. If it is within specification, the load is delivered to the off-taker. If the
test from crushers states that the load is within specification, but the test at the feed mill
states the opposite, crushers test a retention sample kept at their facility. If the retention
sample test now states that the meal is outside of the specifications, crushers will sell the
load at a discount or to another feed mill. If the retention sample test concludes that the load
was within specification, an independent test is conducted to determine whether the crusher
or feed mill’s test is correct. Whoever’s test was correct has to take the load and cover any
possible additional costs like transport.
The level of processing indicates the extent to which trypsin inhibitors are destroyed, which
reduces chicken growth. If soybean meal is under- or over-processed, feed mills will reject
the meal and crushers either must discard the soybean meal or sell it to ruminant feed
processors at a discount. The most typical processing quality test is the urease activity index
(urease test). However, some stakeholders believe that there is no significant correlation
between trypsin inhibitors and urease levels, but there is a strong correlation between trypsin
and the KOH test. Some believe that the combination of the KOH and PDI test gives the best
representation of the soybean processing quality. Stakeholders in the industry disagree on
which test is the best to use but agree that a single test is not indicative by itself and prefer to
conduct a combination of tests to get reliable results, which unfortunately has a cost and time
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associated with it. Many feed mills have an ad-hoc system, where not all tests are conducted
on all loads, but rather a tendency is determined for future discussions and as reference for
possible discounts.
If the urease test states that the soybean meal is outside of the specified parameters, some
off-takers conduct a second and third test, before rejecting the meal. Others will also reject
the load until the TIA test (which takes two weeks to get the results as they are sent to The
Netherlands) indicates that the load meets the requirements. If the TIA test indicates that the
specifications were indeed not met, but the load was accepted, feed mills will speak to
crushers to mitigate the problem. Some stakeholders have looked into using NIR to develop
processing quality trends, but there are reports that the NIR test still needs to be improved
with a better calibration. Some have also started using the “Evonik” NIR test on a limited basis,
and are validating the reliance.
Figure 4.8 illustrates the possible quality tests and decision outcomes of the meal quality
measuring process at crushers and feed mills. Important to note, is that each crusher and
feed mill is different and conducts a combination of different quality tests and may have extra
rules and regulations resulting in an option being unviable.

Figure 4.8 Meal processing quality measuring process
A very good correlation was established between the animal production parameters and the
PSKOH values, while a poor correlation between animal production parameters (ADWG and
FCR) and PDI values was established. The PSKOH method was found to be the most reliable
method for FFSB quality control under standardized South African conditions.
4.9.4.
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Summary
Urease: The presence of active trypsin can be indirectly determined by measuring the
activity of urease enzyme present in soybean meal. Both trypsin inhibitor and urease
proteins are denatured and deactivated during heating. Urease, unlike trypsin
inhibitors, is easy to measure, and it is therefore used as a marker of trypsin inhibitor
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activity. Although the urease test is routinely performed and often used in contract
specifications, the results do not correlate well with animal performance.
KOH: Protein solubility in 0.2 % KOH has been shown to be a good indicator of in vivo
protein quality for overprocessed soybean meal. Samples with high KOH values are
most digestible as long as urease activity is below the upper recommended limit.
Protein dispersibility index: PDI is useful to further distinguish the quality of soybean
meal that is otherwise considered to be of good quality based on the urease and KOH
measurements. A PDI between 45 and 50 % and urease of 0.3 pH unit change or below
indicates that the soybean meal is of extremely high quality, adequately heat
processed but not over-toasted.
TIA: The measurement of the trypsin inhibitor activity (TIA) is not commonly used due
to the complexity of the analysis as well as the time required. Activity levels of between
30 and 40 mg/g of soybean meal indicates raw meal whilst levels lower than 5 mg/g
are acceptable for young animals.

Table 4-10: Description of tests and their related principles and practicality to test soybean meal quality (Kleyn, 2013)
Test

Urease
Index
(Increase in
pH)

0,2% KOH
Solubility
(%)

PDI (%)

TIA (Trypsin
Inhibitor
Activity)
(mg/g)
Dye-binding
(cresol red –
soy-check)
Time taken
to colour
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Principal

Heat denatures
urease and thus
anti-nutritional
components,
mainly an
indicator of
under-heating.
Over-heating
reduces N
solubility in 0,2%
KOH
quantification of
over-heating.
Heating reduces
N solubilisation in
water,
quantification of
under-heating.
Direct
measurement of
trypsin inhibitor,
also indicator of
all anti-nutritional
components.
Measures lysine
(free epsilon
amino group),
reduced by
overheating

Duration

Skill
level

Accuracy

Measurement

Degree of cooking (Kleyn, 2013)
Undercooked
Adequate
Perfect

Overcooked

Unsafe
reject
>1.5

Marginal use
-adults only
0.3 – 1.5

0.1 – 0.3

Perfect for
young bird
0.05 – 0.1

Marginal use
-adults only
< 0.05

Recommend
ed value*
0.00 - 0.05

Raw

Ok

20 min

Low

Average

pH increase due
to ammonia
release

20 min

Low/Avg

Average

Protein
solubilised

Nearly 100 %

85 -90 %

80 - 85 %

75 – 80 %

< 75 %

75 – 85 %

10 min

Low/Avg

Good

Protein
solubilised

> 75 %

45 – 75 %

30 – 45 %

15 – 30 %

< 15 %

15 – 45 %

> 24 Hours

High

Good

Presence of
trypsin inhibitors

> 25

5 -25

2-5

0.5 -2

< 0.5

<3

< 10 min

Low

Low

Dye binding
related to protein
solubility

Red

Dark Pink

Pink

Light Pink

Amber

5 – 6.5 mg/g

40 - 120

120 - 200

200 - 300

> 300

4.10.

Effect of Storage duration on soybean meal

Serrano et al. (2013) investigated the Influence of duration of storage on protein quality traits
of soybean meals (Table 4-11). In two experiments the influence of duration of storage of
soybean meal on variables that define the quality of the protein fraction were determined, viz.
urease activity, protein dispersibility index (PDI), KOH protein solubility (KOHsol), and trypsin
inhibitor activity (4.9.1 Methods using chemical analysis). They found that the duration of
storage did not affect urease activity or trypsin inhibitor activity values in either of the two
experiments. However, PDI values decreased linearly with time of storage in both experiments
(P < 0.001). Also, KOHsol decreased linearly (P < 0.05) with duration of storage in experiment
2 (long-term storage) but not in experiment 1 (shorter term storage). Therefore, PDI values
might not be adequate for comparing protein quality of commercial soybean meal samples
that have been stored for different periods of time. The KOHsol values are less affected by
length of storage of the meals under current commercial practices.
Table 4-11: Influence of storage duration on protein indicator levels. Source Serrano et al.,
2013
Test
Urease activity
PDI (%)
KOH (%)
TIA mg/g

0
0.00
21.9
83.8
3.0

30
0.00
21.5
83.6
3.1

Storage duration (days)
60
90
0.00
0.00
20.1
18.8
83.2
83.8
3.0
3.0

120
0.00
17.7
83.8
3.0

In developing a trading platform for soybean meal (See section 4.1.1) recognisance of these
finding must be taken as initial values deviate over time. Thus, in developing quality standards
a timeframe should be linked to the validity of tests done.
4.11.

Microbial contamination

During processing the oilseeds are subjected to very high temperatures, which reduces the
bacterial load in the soybean meal to virtually zero. Unfortunately, this can all be undone if
the meal becomes re-contaminated further down the production process. Oilseed byproducts remain one of the raw materials with the highest risk for bacterial contamination,
according to test results, with Salmonella contamination a particular risk.
The cooling process is one of the production steps that poses the highest risk for
recontamination. Coolers are the fulcrum point where heat is dissipated, creating a location
where both moisture and some residual heat from steam and evaporation accumulate
(especially where coolers run continuously). This creates an ideal environment for bacterial
growth as moisture, heat and nutrients are required for bacterial growth, all of which are
present in these types of production areas. As the soybean meal continuously moves through
the cooler it can be re-contaminated by contact with any bacteria present on the surfaces of
the cooler. Equipment surfaces further down the production process can also be a possible
risk for bacterial recontamination.
In the cooler and production areas, the following actions can be considered:
 Thorough physical cleaning of the inside of the cooler/production areas and removal
of old product. This should be done as often as possible, preferably daily and at least
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4.12.

weekly. Physical cleaning of the surfaces is essential to remove dust that can be a
carrier of bacteria, such as Salmonella.
The application of an antimicrobial product onto the production surfaces can be
considered for reducing microbial levels and thus reducing the risk of recontamination in these high-risk areas. These surfaces should always first be
physically cleaned as far as possible before the antimicrobial is applied, for it to be
effective at disinfecting the target surface. The use of an antimicrobial should be
repeated daily, to prevent recontamination and control microbial growth rates. The
antimicrobial should also ideally be able to reach and treat some of the areas that
cannot be physically cleaned (Schieke, 2020).
Soybean oil production

Modern soybean oil processing starts with solvent extraction to obtain crude oil as presented
in section 4.6.1.1. Crude oil contains variable amounts of non-triglyceride materials. To
remove some of these impurities from the crude soy oil and convert it to a high-quality edible
oil, it is necessary to subject crude oil to a series of refining processes (Figure 4.9), including:
 degumming to remove lecithin,
 neutralization to separate out free fatty acids and
 bleaching to remove pigments and the residues of previous refining steps.
 Deodorization is the final operation, which removes volatile components by steam
distillation.
The final product is a refined, bleached, and deodorized oil, commonly known as RBD oil.
Crude
Soybean oil

Degumming

Deacidification

Decolorization

Deodorizing

Refined
Soybean oil

Figure 4.9: Process of refining crude soybean oil
However, due to its high concentration of polyunsaturated fatty acids, natural, refined soybean
oil remains susceptible to oxidation and off-flavour formation. It also has a limited range of
functionality. To overcome these limitations for wider food applications, additional processes,
including hydrogenation, inter-esterification, winterization and/or fractionation are often
necessary.
Just as in the production of soybean meal, there are a multitude of different types of
technologies and equipment available on the market to facilitate these processes. Thus, each
factory has its own unique process flow.
Soybean oil is sometimes included in poultry feed formulations to increase the metabolizable
energy content of the feed (Babour et al., 2006).
4.13.

Environmental impact

The increase in area under soybean production worldwide has increased public awareness of
the potential impact on the environment along the value chain.
In just 50 years, soybean production has increased 15-fold, resulting in one of the greatest
expansions of any global crop. As demand soars, huge areas of natural land have been
converted into soy plantations, causing wide-scale deforestation and other devastating knockon effects, viz. from biodiversity loss and rising carbon emissions (greenhouse gas (GHG)
emissions) to soil erosion and water contamination (Boerema et al., 2016). The largest
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expansion of soybean cultivation associated with deforestation is in South America, primarily
Brazil (Cattelan and Agnol, 2018; Gazzoni et al., 2019), Argentina, Bolivia, and Paraguay. Even
in Africa and Southern Africa (Gasparri et al., 2016) there are concerns about the expansion
of soybean production.
Furthermore, the high phytate content of soybean meal requires supplementation with
inorganic sources of phosphorus in monogastric animals. Dietary phosphorus in excess of
animal requirements is excreted into the environment and becomes an environmental
pollutant (Dilger and Adeola, 2006). This problem can largely be overcome with the use of
phytase enzymes, now readily available commercially, which act on phytate, breaking it down
to release phosphorus in a form available to the animal. This greatly reduces the need for
supplemental inorganic phosphorus, improves the nutritional value of soybeans and reduces
the amount of phosphorus excreted into the environment.
Soybean meals are usually extracted with hexane, a solvent that is extremely flammable and
non-bio-renewable, poses health risks and is regulated as a hazardous air pollutant (O'Quinn
et al., 1997).
In short other concerns are:
 The global trade (transport) of soybean products increases carbon emissions.
 Soil erosion due to deforestation
 Strained water resources due to extensive water use for irrigation and contamination
by agrochemicals such as pesticides and fertilisers.
 Genetically modified glyphosate-tolerant soybean (Bonny, 2008)
4.14.

Crushing in South Africa

4.14.1. Overview
Figure 4.10 and Figure 4.11 provide an overview of the soybean industry stakeholders
(production areas, silos, crushers and feed processors) with their relative capacity.
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Figure 4.10 Overview of the South African soybean industry stakeholders
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Figure 4.11 Overview of the South African soybean industry stakeholders
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In terms of supply and demand, processing capacity was yet again confirmed at 2.2 million
tonnes, which at a level of 80 % utilisation (Figure 4.12) would result in crushing capacity of
1.68 million tonnes. The full fat capacity is 450 000 tonnes and 360 000 tonnes at 80 %
utilisation. Given the production increase during the last few years, this is still sufficient for
the next two to three years (Keun, 2019).
The expansion in production is predominantly in the western parts of the country and various
role-players said there was opportunity for expansion in crushing capacity in this area. The
DTi indicated that existing incentive schemes may be able to assist with further expansion.
However, local infrastructure is of great concern. Load shedding and constraints relating to
water access create substantial downtime in the processing industry. In addition, this results
directly in large-scale wastage and losses, affecting crushing margins, which are a concern
within all agro-processing industries. Improved infrastructure in terms of logistics is needed
if total replacement of imported soybean meal is to be achieved, especially for the coastal
regions. To transport soybean meal from Argentina by sea costs in the region of R500600/tonne, whereas local transport from the soybean meal producing regions to the Western
Cape costs more than R800/tonne, making it difficult to compete with sea freight. In terms of
the replacement of imported meal, animal feed manufacturers confirmed their commitment
to the consumption of locally manufactured products and self-sufficiency of the inland
market.
The coastal areas will always be a challenge due to the logistics system and competitive
imports. It was reconfirmed that South Africa has good quality beans and meal, which must
be combined with reliable and consistent supply to build confidence in the sector.

Figure 4.12: South Africa's soybean crushing plants utilisation. Source: SAGIS, Agribiz
Research

138

4.14.2. Crusher Profitability
Local crushing capacity has increased significantly over the years. The majority (85 %) of
soybeans go to local crushers to produce soybean meal for the feed industry, with small
volumes (2 %) going to the human consumption market, and the rest (13 %) to seed and feed.

Soybeans: deliveries by producers, processing and exports
1 600 000.00
1 400 000.00
1 200 000.00
1 000 000.00

Tons

800 000.00
600 000.00
400 000.00
200 000.00
(200 000.00)
(400 000.00)
Producer deliveries

Oil and oilcake

Full-fat

Human con-sumption

Seed and feed

Net Imports

Figure 4.13 South African Soybean Processing Source: SAGIS, 2020
Crushing margins are very tight and volatile. A slight decrease in oil or meal prices, or
increase in soybean cost, may result in crushers making a loss. The varying gross margins
offset each other, one year’s profit compensating for the next year’s loss. Crushers generally
make a smaller gross margin in the years where either South Africa or America had a dry
year, and fewer soybeans are available. The volatility extends within the year, as the harvest
comes in and stocks increase and decrease. Figure 4.14, Figure 4.15 and Figure 4.16 illustrate
the historic profitability of the different crushing types.
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Figure 4.14 Historic Solvent Extraction Crusher Profitability
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Figure 4.15 Historic Extruder Crusher Profitability
Full-fat crushers range from small on-farm processors to large commercial full-fat crushers,
varying in efficiency and cost. The model tried to combine all of these different plants to
represent an industry average.
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Figure 4.16 Historic Full-fat Profitability
When comparing the different crushing techniques, it is clear that all have very volatile
margins and are equally dependent on input costs and prices. Because solvent extraction
plants extract the most oil and are the most cost efficient, they generally make the most profit.
In principle, extruder plants, are full-fat soybean crushers that process the meal further by
extracting the oil. Thus, the processing cost is higher for extruders, but should be
compensated by the oil revenue. Because full-fat meal still includes all the oil, its price is
higher than soybean meal.
Even though soybean meal is the largest revenue stream per ton of soybeans processed, as
the meal extraction rate is 74.5 % and oil only 18 %, solvent and extruder crushers focus on
maximising oil extraction rates due to the high oil price. Even a 1 % increase in oil extraction
can give solvent crushers R130 more revenue (given the historic 5-year average), which can
aid the crusher in making a profit instead of a loss.
4.14.2.1. The impact of a meal discount on crusher profitability
Occasionally, crushers discount their meal price due to seasonal over-supply in the market
and historically, discounts driven by sub-quality product were negotiated with off-takers (this
is reportedly not commonly practiced anymore). Figure 4.17 illustrates the effect of different
discount levels on the gross margin of crusher. Crushers still need to incur the same variable
costs but receive a lower price for their meal. They make R73 less profit per 1 % discount that
they give. At a 5 % discount, this accumulates to R366 per ton.
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Figure 4.17 Effect of meal discount on crusher profitability
4.14.3. A futures contract in the making
In order to develop better transparency in the market, the industry is in the process of
developing a soybean meal futures contract that will be listed on SAFEX. This will afford
buyers and sellers of soybean meal the opportunity to hedge local meal under local
conditions, resulting in increased price transparency in the soybean meal market. Physical
delivery of these contracts has been identified as a challenge that needs to be resolved before
the contract can be listed. In years of oversupply, it is important to be able to export soybeans.
DALRRD is currently in the process of applying for access to markets such as China and has
conducted bilateral meetings with the Chinese. However, a protocol market such as China is
time consuming to access. A grain trade forum, including role-players from industry and
DALRRD, has also been established to facilitate communication and cooperation in this
regard. The industry is furthermore collaborating with DALRRD in order to find additional
markets. It is important to ensure that the quality of local products provided to export markets
is above the required minimum standards.
So far, the following guidelines have been developed and have been published in the South
African Cereals and Oilseeds Trade Association (SACOTA):
1. Gauteng as the reference zone (zero basis) for both contracts as the majority of
crushing plants that supported the contracts are in the Gauteng region.
2. Storage and handling
15 days of zero storage cost from date of delivery on the JSE in completion of the

futures contract.

From day 16 onwards a storage cost will be charged and will escalate every 7
days.
The storage cost and payment will be facilitated with each operator.

Handling fee is paid in and out directly to the operator outside the JSE before

receipt is issued.
3. Foreign product must be kept and monitored separately.
4. Anyone can deliver on the JSE registered warehouses as long as the product meets
the minimum (or better) specifications.
5. Tests should be performed by an ISO 17025 accredited laboratory. If no accredited
laboratory is available, then a laboratory who can prove competency in an ISO 17043
proficiency scheme for the matrix and analyte in question will be accepted.
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Proposed standards for the meal will be discussed in section 5.2.
The official launch of the soybean meal and sunflower seed oilcake SAFEX contract by the JSE
is awaited.
4.15.
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Summary
For trading purposes, soybeans are considered a fungible commodity, and any
soybeans of one classification can replace soybeans of the same classification from
another source.
Soybean composition establishes the limits for soybean meal composition, while
processing ultimately determines meal composition within these limits.
The type of process used dictates the type of soybean meal produced. Although
generally only two types of soybean meal are referenced i.e. full-fat and solvent
extracted, there are actually three types. The extruding/expelling process delivers a
full-fat meal type with a 5 – 8 % oil content and also sometimes is referred to as
pro/low fat or expeller soybean meal.
Soybeans must be thermally processed to destroy anti-nutritional factors and to
increase oil availability while preserving the nutritional quality of the protein. There
are three types of heat treatments, i.e., i) dry heat treatment methods, ii) dry extrusion
and iii) moist heating.
Tail end treatments of soybean meal include enzyme edition - mainly protease,
pectinase and phytase; fermentation and fine grinding (micronisation). These
treatments promote the digestibility of the soybean meal within a feed.
When processing soybeans two factors that play an important role in the nutritional
value, i.e., heating time and heating temperature.
Negative effects of under-processing are:
 Inhibits proteolytic enzyme activity decreasing the digestive efficiency.
 Leads to pancreas hypertrophy. As a consequence of inhibition of proteolytic
enzymes, the animals tend to react to the presence of protease inhibitors by
secreting more digestive enzymes, which results in pancreatic hypertrophy.
 Increases the demand for vitamin D.
 Leads to diarrhoea because the lectins (haemagglutinins) present in under
processing soybean meal destroy the intestinal mucosa.
 Decreases the nutrient absorption as a consequence of the mucosa injury and
inhibition of proteolytic enzymes.
 Ultimately may lead to decreased bird performance especially of young birds
Negative effects of over-processing are:
 Decrease quality of protein.
 Decrease the true amino acid digestibility of certain amino acids (lysine, and to a
lesser extend cystine and arginine). The effects on lysine can be largely explained
by the Maillard reaction in which free amino groups are bound to free carbonyl
groups (e.g., reducing sugars or carbohydrates).
 Possible reduction of choline contents (unclear)
 Negative affect on the initial performance of growing chicks.
There are a host of quality monitoring tools available, which include i) wet chemistry
tests and ii) NIR technology. The measures also differ in their ease of use, duration to
execute, skill level required and cost. All methods have pros and cons. NIR technology
has been widely adopted, however calibrations differ by manufacturer. Differences
between laboratories performing wet chemistry have also been found despite
methodological consistency.
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The urease test is the one most routinely done to detect under processing. The
recommended level should be 0.01 –0.35 pH unit rise (NOPA, 1997, although the ideally
level recommended for South African should be below 0,05 pH unit rise.
KOH is effective in differentiating over-processed products from correctly processed
ones. Thus, KOH is considered a better method to estimate over-processed soybean
meal than the protein dispersibility index (PDI).
There is no legislation governing quality parameters of soybean meal. The industry is
however self-regulating, and a proposed set of guidelines are on the table.
The industry is in the process of establishing a futures contract market for soybean
meal.
Proper storage of soybean meal is important as storage duration can affect nutritional
properties such as proteins and fatty acids (oil). Microbial contamination can also take
place.
There is an increased public awareness of the potential impact on the environment
along the value chain. At the crusher level, hexane, a solvent that is extremely
flammable and non-bio-renewable and which furthermore poses health risks and is
regulated as a hazardous air pollutant, has been identified as an environmental threat.

5. Feed Manufacturer Level
In the animal feed industry, quality and safety of animal feed are of utmost importance. The
nutritional quality of feed ingredients is vital in effectively matching diet specifications to
animal requirements (Van Barneveld et al., 2018). Feeds are now being balanced by diet
formulation methods based on the amounts of amino acids that can limit the feed’s nutritional
efficiency. Accurate information of the digestible amino acid contents and the use of rapid
analysis methods are therefore critical for a precise and cost-effective feed formulation (Van
Barneveld et al., 2018; Fontaine et al., 2001; Kovalenko et al., 2006). Soybean meal, containing
± 44 % crude protein, remains the most common protein source for all compound feeds for
pigs, poultry and dairy cattle, worldwide. It is not only readily available on a global basis but
also is priced so that any other protein source cannot easily compete. Soybean meal is the
textbook protein source on which example or typical formulations are based and one that
remains the reference standard for all other protein sources.
5.1.

Measuring the nutrient content of soybean meal

For effective feed formulation it is necessary to know the nutrient content of the feed
ingredients available for use in each feed. These measurements vary between and within
ingredients and laboratory procedures have been developed to provide this essential
information to feed compounders. Some of the measurements used to describe a feed are
described below.
5.1.1.

In vitro measurements

In vitro measurements are commonly referred to as “wet” chemistry or laboratory analysis.

Proximate analysis refers to the quantitative analysis of macromolecules in food. These are
tested using international standardised techniques.
5.1.1.1. As fed basis and dry matter basis:
Parameters such as chemical composition (crude protein, crude fibre), energy values
(digestible energy, metabolizable energy, net energy) and digestible/bioavailable components
(digestible amino acids, digestible phosphorus) are expressed in a unit relative to feed weight:
%, g/kg, mg/kg, MJ/kg. They can be presented either on:
 an as fed basis (relative to the total weight including moisture) or
 on a dry matter basis (relative to total weight minus moisture = dry matter).
For instance, the crude protein of maize grain is 7.6 % when expressed as fed basis and 8.9 %
on a dry matter basis, assuming a dry matter content of 86.3 %.
Some parameters, such as amino acids, fatty acids and digestible amino acids can be
expressed both on weight-based units (as fed and dry matter) and on non-weight units. Such
parameters include:
 Amino acids: g/kg (as fed or dry matter basis) and g/16 g N (which corresponds to %
of crude protein)
 Fatty acids: g/kg (as fed or dry matter basis) and as % of total fatty acids
 Digestible amino acids: g/kg (as fed or dry matter basis) and % (digestibility coefficient)
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5.1.1.2. Proximate analysis
Proximate analyses are a combination of analytical procedures developed in 1865 by Wilhelm
Henneberg and Friedrich Stohmann at the Weende Experiment Station in Germany. They are
based on the elimination of water from the feed and then the determination of five proximate
principles in the remaining dry matter (DM), i.e.:
1. Dry matter (DM): Drying is used in the first step of proximate analysis to determine the
water content of a feedstuff. Some components of a feed may be lost through
volatilization at this time. Usually, this is a small error.
2. Crude protein (CP) can be determined either by the Kjeldahl method or Dumas
technique. The N content of a feed is measured, and the protein content is then
calculated assuming that all protein contains 16 % N. The problems with this are that
some proteins are not 16 % N and some feed constituents that contain N (i.e., urea,
DNA, RNA) are not proteins. It must be noted that the Dumas and Kjeldahl methods
will produce different results, depending on the non-protein-nitrogen content of the
analysed sample and to what degree they are recovered by the respective methods.
3. Ether Extract (fats) (EE) is determined by extracting the dried sample in organic
solvent (ether). It represents the fat content in the sample. It assumes all the
substances soluble in ether are fat, which is not true.
4. Ash is used to determine mineral content. It provides no information on actual
amounts of individual minerals. It provides an estimate of the total inorganic
component of the diet, which is often interpreted as contamination. Many feed tags
indicate a maximum limit for ash as an index of quality.
5. Crude Fibre (CF) is an estimate of the cell wall constituent of a feed. Ideally, it should
represent cellulose, hemicellulose and lignin; however, the process of digesting feed
with weak acid then weak base solubilizes some of these components (especially lignin
and hemicellulose), and as a result, CF underestimates true fibre. It is the major
limitation of the proximate analysis system.
6. Nitrogen-free extract (NFE) is designed to provide an estimate of water-soluble
polysaccharides (sugars, starch) and is calculated as the difference between the
original sample weight and the sum of weights of moisture (water), ether extract,
crude protein, crude fibre, and ash. Therefore, it accumulates the errors of the other
analytical systems. It is an overestimate of true NFE.
A major problem with the crude fibre procedure is that the acid and base solubilize some of
the true fibre (particularly hemicellulose, pectin, and lignin), and some cellulose is partially
lost too. Hence crude fibre underestimates true fibre in the test material. The number, or
value, obtained in this procedure, therefore, is practically meaningless. Most laboratories
have phased out the crude fibre term and replaced it with the detergent fibre system.
Van Soest developed improved methods of fibre analyses (the detergent fibre system). Aciddetergent fibre (ADF) is an estimate of cellulose + lignin, whereas neutral detergent fibre
(NDF) is an estimate of cellulose + hemicellulose + lignin. Hemicellulose therefore is
estimated as NDF − ADF. This is not a perfect system, as there are contaminants in both ADF
and NDF terms. ADF does the best job of describing the portion of feed it is designed to
estimate (i.e., cellulose + lignin). The ADF and NDF terms have now largely replaced the crude
fibre term.
5.1.1.3. Metabolizable Energy
Soybean meal (SBM) contributes between 20 and 30 % of the metabolizable energy (ME) in
most poultry diets. Thus, an accurate assessment of its energetic value is essential for
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accurate feed formulation. While soybean meal has more gross energy than maize (17.6 vs.
16.3 MJ/kg, respectively, as fed basis), its carbohydrate fraction is poorly digested and
absorbed. The ME of soybean meal is thus only between 50 and 60 % of its gross energy. The
major factor affecting the ME of soybean meal is fibre, usually the presence of differing
amounts of soybean hulls. At times, meals of exceptionally poor quality will have appreciable
amounts of foreign material. The ME of soybean meal can be estimated from this equation:
ME (MJ/kg) = –11.62 – 0.28*(% crude fibre), assuming a dry matter content of 88 %. The R2 of
the equation is relatively low (0.61), presumably reflecting unaccounted variations in
carbohydrate fractions and residual oil. In solvent-extracted meals, the level of lipid is
generally low, and its variation does not greatly affect the ME content.
5.1.1.4. Amino Acids
For effective feed formulation it is necessary to know the digestible amino acid content of the
protein sources available for inclusion in each feed. In the case of soybeans, these values vary
depending on the protein content of the seed, which is influenced by plant breeding,
fertilization, maturity group, climatic conditions, etc. and on the conditions used during
processing and storage. Thus, it is essential to be able to measure the content of digestible
amino acids in soybeans for quality control purposes. The amino acid content of feed
ingredients is measured using an amino acid analyser but measuring the digestibility of the
amino acids in each ingredient must necessarily involve the animal as an additional step in
the process.
Digestibility measurements are made by comparing the amino acid contents in the feed and
in the excreta, but it is now widely accepted that caecal fermentation in poultry has significant
modifying effects on protein digestion and that amino acid digestibility in feed ingredients for
poultry should be determined at the ileal rather than excreta level (Ravindran et al., 1999). A
major problem faced by the users of digestible amino acids databases is the considerable
confusion that exists about the terminology used to describe the amino acids digestibility
estimates. For each amino acid in a feedstuff there are at least five possible values to describe
the digestibility for poultry: i) apparent or ii) true for excreta from iii) intact or iv)
caecectomised birds or v) ileal digestibility (Ravindran and Bryden, 1999). Ileal digestibility of
amino acids can be expressed as apparent digestibility or as true digestibility. The difference
between these two expressions arises from whether or not the digestibility estimates are
corrected for endogenous losses of amino acids. These measurements vary in the degree of
accuracy but should not be a deterrent to their use as long as the same measurement is used
to describe the digestibility of the amino acids in all ingredients being used in a formulation
matrix.
To estimate total or digestible amino acids from proximate composition a number of excellent
programs are available from companies that sell synthetic amino acid supplements. Some
examples of these regressions are presented in Appendix D.
5.1.1.5. Minerals
Mineral composition of soy products can vary considerably among and within products. The
concentration of minerals depends greatly on a number of factors, most notably the origin
and crop growing conditions of the soybean, the variety (See sections 2.3.6 and 2.3.5) and the
different types of crushing processes that are applied to manufacture soybean meal. Although
a measure of the concentration of these minerals is important for most feed applications,
under routine feed production conditions table values are used when formulating feeds.
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Generally, in feed production, formulators count on the contribution of the minerals in the
premix to cover mineral requirements of animals. This is especially the case for the
microelements. Regular analyses are generally only considered necessary for the macro
minerals calcium (Ca) and phosphorus (P). For these elements, analytical values rather than
table values are used in formulating.
Determining the amount of phosphorus in soybean meal is important because a fraction of
total phosphorus is not available to monogastric animals. In soybean meal much of the
phosphorus is present in the phytin molecule and is referred to as phytate phosphorus (PP).
The phosphorus that is not bound to the phytin molecule is referred to as non-phytin P (nPP)
(also refer to section 5.3.2.2).
Phytate is heat stable and needs phytases for its hydrolysis. To estimate the availability of
phosphorus in soybean meal products and other ingredients of vegetable origin the analysed
PP is subtracted from the analysed total phosphorus (Angel et al., 2002). The original methods
of testing for phosphorus content are tedious and require major investments in equipment
(e.g. High-performance liquid chromatography- HPLC), however, a number of quick tests have
become available. Due to the cost of phosphorus and environmental restrictions most
monogastric diets are now formulated with the inclusion of phytase. Phytases are
phosphohydrolytic enzymes that initiate the stepwise removal of phosphates from inositol
hexaphosphate (Lei and Porres, 2007). These, according to the type and concentration, will
convert variable amounts of phytate phosphorus to available or retainable phosphorus. The
amount of phytase added to a feed depends on the phytate phosphorus content of the feed and
represents an additional cost which can be offset by the reduction in the amount of
supplemental phosphorus that would otherwise be needed, and the generally improved
performance of the birds receiving the feed.
5.1.1.6. Vitamins
Soybean meal is a poor source of B vitamins and a lack of B vitamin supplementation in
soybean meal-based diets may cause reproductive and performance problems in sows, older
pigs and hens (McDonald et al., 2002). As with trace mineral addition to feeds, the vitamin
premixes added to commercial feeds provide sufficient of all vitamins irrespective of the levels
present in the feed ingredients themselves.
5.1.2.

Chemical composition of different types of soybean meals

Various organisations publish tables with nutritional values of feed products, e.g.
 Feedipedia, which is available online https://www.feedipedia.org/content/aboutfeedipedia This database publishes means, min and max values as well as standard
deviations. It is regularly updated from sources in published literature.
 Batel and Dale (2011).
http://bardiamond.com/Library/Feeds/Articles/Ingredient%20Analysis%20Table%20
2011%20Edition_Feedstuffs.pdf
 Van Eys (2015) published a manual of quality analysis for soybean products in the feed
industry.
The nutritional value of differently processed soybean meals is represented in Table 5-1 as
published by van Eys (2015).
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Table 5-1: The nutritional value of differently processed soybean meals. Source: Eys (2015)
Full-fat Soybeans
UNIT

Soy Protein

Extruded

Roasted

Concentrate

Isolate

5-14-005

5-04-597

5-32-183

5-24-811

Soybean
Hulls

1-04-560

Soybean meal
Mechanical
Extracted
44
5-04-600

Solvent
Extracted
44
5-04-604

Solvent
Extracted
48
5-04-604

Solvent
Extracted
50
5-04-604

88.08

87.58

88.20

Soybean
Mill Feed

Soybean
Oil

4-04-594

04-07-983

89.70

99.25
1.40

PROXIMATE ANALYSES
Dry Matter

%

88.10

89.44

91.83

93.38

89.76

89.8

Crude Protein

%

34.80

37.08

68.60

Crude Fiber

%

5.20

5.12

1.65

85.88

12.04

42.10

44.0

46.45

48.79

12.93

1.32

34.15

6.30

6.26

5.40

3.42

33.47

Ether Extract

%

17.90

18.38

2.00

0.62

2.16

9.00

1.79

2.13

1.30

1.70

97.20

Ash

%

5.2

NDF

%

11.00

4.86

5.15

3.41

4.53

6.00

6.34

6.02

5.78

4.73

0.40

12.98

13.50

56.91

21.35

13.05

11.79

9.95

ADF

%

6.40

ADL

%

1.00

7.22

5.38

42.05

10.20

8.76

7.05

5.00

4.30

0.40

2.05

1.17

0.75

0.90

0.40

Starch

%

4.37

4.66

5.95

7.00

5.51

5.46

3.28

1.40

9.76

Total sugars

%

7.70

6.70

Gross energy

Kcal/kg

4870

5013

DE swine
ME energy
swine
Ne swine

Kcal/kg

3800

4088

4517

4545

Kcal/kg

3560

3714

3661

Kcal/kg

2560

2803

2000

41.40

9.06

9.17

9.29

4165

4130

4120

1944

3394

3446

3776

11.67

8915

3955

1687

2986

3210

3299

9.25

8400

2000

1074

2337

1903

1955

1992

6760

2328

1929

1973

2147

8600

2574

2171

2208

2464

774

8805

5370

3890
SWINE

POULTRY

App. ME
broiler

Kcal/kg

3350

3332

App. Me adult

Kcal/kg

3450

3564

4060
2472

3945

334
RUMINANTS

ME ruminates

Kcal/kg

3400

3400

2690

1241

2831

2840

3010

1630

8180

NE dairy

Kcal/kg

2159

2097

1600

1544

1706

1748

1826

1001

4520

NE beef

Kcal/kg

2311

2230

1610

1618

1838

1847

1993

965

5022
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Full-fat Soybeans
UNIT

Soy Protein

Extruded

Roasted

Concentrate

Isolate

5-14-005

5-04-597

5-32-183

5-24-811

Soybean
Hulls

1-04-560

Soybean meal
Mechanical
Extracted
44
5-04-600

Solvent
Extracted
44
5-04-604

Solvent
Extracted
48
5-04-604

Solvent
Extracted
50
5-04-604

Soybean
Mill Feed

Soybean
Oil

4-04-594

04-07-983

AMINO ACIDS
Lysine

%

2.16

2.34

4.59

5.26

0.73

2.61

2.85

2.89

3.00

0.65

Threonine

%

1.40

1.53

2.82

3.17

0.73

1.64

1.80

1.84

1.90

0.30

0.53

0.52

0.87

1.01

0.14

0.59

0.62

0.63

0.67

0.13

Cystine

%

0.56

0.55

0.89

1.19

0.16

0.63

0.68

0.73

0.73

0.14

Tryptophan

%

0.44

0.49

0.81

1.08

0.12

0.55

0.56

0.63

0.65

0.13

Isoleucine

%

1.61

1.79

3.68

4.25

0.41

1.94

2.26

2.17

2.30

0.41

Valine

%

1.66

1.85

3.69

4.21

0.49

2.02

2.19

2.30

2.38

0.38

Leucine

%

2.59

2.76

5.41

6.65

0.75

3.24

3.42

3.60

3.60

0.58

Phenylalanine

%

1.74

1.87

3.60

4.35

0.47

2.15

2.16

2.37

2.37

0.38

Tyrosine

%

1.23

1.22

1.55

3.14

0.43

1.56

1.61

1.68

1.64

0.23

Histidine

%

0.93

0.96

2.41

2.25

0.29

1.14

1.64

1.21

1.21

0.18

Arginine

%

2.57

2.71

7.34

6.87

0.62

3.12

2.99

3.48

3.53

0.75

Alanine

%

1.41

1.52

3.33

0.51

1.85

2.53

2.05

2.04

Aspartic acid

%

3.88

4.06

8.29

1.14

4.88

4.03

5.49

5.55

Glutamine

%

6.17

6.35

12.00

1.49

7.62

6.29

8.62

8.52

Glycine

%

1.48

1.59

3.32

3.38

0.85

1.81

3.46

1.97

2.09

0.48

Serine

%

1.78

1.89

5.19

4.81

0.67

2.19

2.13

2.38

2.49

0.30

Proline

%

1.83

1.86

4.45

0.55

2.15

2.17

2.37

2.43

2.96

3.12

2.68

4.05

Methionine

MINERALS
Calcium

g/kg

3.10

2.62

2.37

1.50

Phosphorus

g/kg

5.50

5.70

7.63

6.50

1.59

6.64

6.37

6.63

1.75

Magnesium

g/kg

2.30

2.80

1.85

0.80

2.23

2.84

2.72

2.88

3.20

Potassium

g/kg

18.50

15.93

12.35

2.75

12.15

20.28

19.85

20.84

15.20

Sodium

g/kg

0.80

0.29

0.55

2.85

0.10

0.33

0.18

0.88

2.50

Chloride

g/kg

0.40

0.33

0.20

0.20

0.25

0.72

0.42

0.53
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Full-fat Soybeans
UNIT

Sulfur

g/kg

Soy Protein

Extruded

Roasted

Concentrate

Isolate

5-14-005

5-04-597

5-32-183

5-24-811

2.80

2.43

0.70

7.00

Soybean
Hulls

Soybean meal

1-04-560

Mechanical
Extracted
44
5-04-600

Solvent
Extracted
44
5-04-604

Solvent
Extracted
48
5-04-604

Solvent
Extracted
50
5-04-604

0.95

3.37

3.51

4.30

290.00

Soybean
Mill Feed

Soybean
Oil

4-04-594

04-07-983

Manganese

mg/kg

23.00

31.79

27.50

5.00

10.67

40.86

37.85

33.92

Zinc

mg/kg

40.00

47.80

47.00

34.00

37.75

58.98

53.56

53.70

Copper

mg/kg

34.00

15.17

17.00

14.00

10.68

21.90

20.03

17.10

Iron

mg/kg

146.00

128.01

137.00

137.00

437.50

218.45

304.84

190.75

Selenium

mg/kg

0.28

0.17

0.14

0.14

0.16

0.10

0.31

0.30

Colbat

mg/kg

0.06

0.18

0.14

0.09

Molybdenum
Myristic acid –
C14:0
Palmitic acid –
C16:0
Palmitoleic
acid – C16:1
Steric acid –
C18:0
Oleic acid –
C18:1
Linoleic acid –
C18:2
Linolenic acid
- C18:3

mg/kg

4.00

2.00

0.60

3.80

%

0.01

0.03

0.00

0.01

0.00

0.01

0.10

%

1.05

1.95

0.24

0.74

0.77

1.05

10.50

%

0.02

0.04

0.00

0.01

0.00

0.02

0.15

%

0.38

0.71

0.09

0.27

0.28

0.38

4.20

%

2.17

3.96

0.50

1.49

0.28

0.21

23.30

%

5.31

9.70

1.21

3.65

0.64

0.56

52.00

%

0.74

1.40

0.17

0.54

0.55

0.08

6.90

FATTY ACIDS
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3.56

5.1.3.

Nutrient value/least cost calculators

Several institutions and companies have developed nutrient value calculators for soybean
meal, e.g.
 https://www.soymeal.org/calculators/broiler-calculator/
 Evonik Amino data etc
Animal nutritionists can use these calculators in conjunction with least cost models to develop
feed formulations for all classes of poultry, pigs, and dairy cattle.
5.2.

Minimum specifications for soybean meal in South Africa

Table 5-2 represents current recommended quality measurements for soybean meal.
Currently there are no regulatory mechanisms that police these minimum standards.
Table 5-2: Recommended quality measurements for soybean meal. Source: Roosendaal, 2015
Quality Parameter
Ash
Acid insoluble ash (silica)
Protein solubility index (0,2% KOH)
Protein dispersibility index
Urease activity
Trypsin inhibitor activity of meal
Bulk density
Screen analysis
Colour
Taste
Contaminants

Minimum standards
Less than 7,5 %
Less than 1 %
75 – 85 %
15 – 40 %
0,00 – 0,05 pH unit rise
Less than 3 mg/g
57 – 64 g/100ml
95 % through a #10 mesh
40 – 50 % through a #20 mesh
6 % maximum through a #80 mesh
Uniform particle colours of light tan to light brown
Bland
Free from urea
Free from melamine
Free of ammonia
Free from heavy metals
Free from Salmonella
Free from mycotoxins and mould

There is, however, a drive to develop, as mentioned in section 4.14.3, a futures market for
soybean meal. To date (February 2021), Table 5-3 represent preliminary minimum standard
that have been proposed.
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Table 5-3: Proposed quality measurements and minimum standard for soybean meal. Source:
AFMA personal communication
Quality Parameter
Minimum protein
Maximum moisture content
Maximum ash content
Acid insoluble
Maximum fibre content
Fat basis content
Particle size
Maximum urease activity

Minimum standards
46 %
12 %
6.5 %
1.5 %
5%
2 % (maximum 2.5 %)
10 mm maximum with no lumps
0.15 %.

To measure the standards, approved analytical methods must be used. Table refers to AOCS
(American Oil Chemists' Society) approved methods, although equivalent validated ISO or
AOAC (AOAC International) methods may be used:
Table 5-4: Proposed wet chemistry methods to determine soybean meal quality parameters.
Source : AFMA personal communication
Parameter
Protein content (by combustion)
Moisture and volatile matter (in Oilseeds, Meal,
Cake and Pellets)
Oil content
Oil content (by Filter bag Technology)
Ash
Acid – insoluble ash
Crude Fibre
Crude Fibre (by Filter bag Technology)
Urease activity

AOCS method
Ba 4e-93
Ba 2a-38
Ba 3-38
Am5-04
Ba 5a-49
Ba 5b-68
Ba 6-84
Ba 6a-05
Ba9-58

The minimum specifications for feed products are regulated by ACT 36 of 1947. An extract of
the act referring to soybeans is presented in Appendix E. This act refers to soybean meal but
does not give indications as to the quality of the meal that has to be used in the formulation of
feeds other than that the pH rise using standard urease testing procedure should be between
0.10 and 0.3 pH units.
5.3.

Antinutritional Factors

Soybeans are an excellent source of protein, however, as already mention in section 2.4.3 they
contain some anti-nutritional factors (Table 5-5). Reduction of anti-nutritional factors can be
realised in various ways, by i) heat treatment, ii) solvent extraction and iii) enzymatic
degradation. Heat treatment only affects heat-sensitive molecules like trypsin inhibitor
activity, but not heat stable anti-nutritional factors like oligosaccharides, but there is a risk of
overheating which can reduce digestible amino acid content. Solvent extraction is also an
option but cannot eliminate some anti-nutritional factors e.g., phytic acid and
oligosaccharides. The analytical characteristics of nutrients and anti-nutritional factors of
common types of soybean products are given in Table 5-5.
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Table 5-5: Analytical characteristics of nutrients and anti-nutritional factors of common types
of soybean products (as feed basis). Source: van Eys (2015)
Product type

Unit

Humidity
Crude protein
Fat
Ash
Oligosaccharides
Stachyose
Raffinose
Verbascose
Trypsin inhibitors
Glycinin
ß-conglycinin
Lectins

%
%
%
%
%
%
%
%
mg/g
mg/g
mg/g
ppm

Saponins
Phytic acid bound

%
%

*
1

2

5.3.1.

Soybean
seeds,
raw
10–12
33–37
17–20
4,5–5,5
14
4–4,5
0,8–1
–
25–50
150–200
50–100
2100–
3500
0,5
0,38

SBM*

Alcohol
extracted
SPC
6–7
63–67
0,5–3,0
4,8–6,0
<3,5
1–3
<0,2
–
2–3
<0,1
<0,01
<1,0

SPI*

10–12
42–50
0,9–3,5
4,5–6,5
15
4,5–5
1–1,5
0,3–0,4
1,6–5,0
20–70
3–40
20–600

Enzyme
treated
SPC*
6–7
55–60
2,5
6,2–6,8
<1,0
<0,3
<0,2
–
1–2
<0,01
<0,01
<1,0

0,6
0,42–0,49

0
0,6

0
0,6

0
–

6–7
<85
0,1–1,5
2,0–3,5
<0,4
<0,2
<0,1
–
<1
<0,01
0,005
<1,0

Note. SBM=defatted soybean meal; SPC=soy protein concentrate; SPI=soy protein isolate
Adapted from: Hansen (2003), Peisker (2001), Fasina et al. (2004), Maenz et al. (1999), CVB
(1999), Ruiz (2011).
All values as fed basis

Heat labile anti-nutritional factors

Heat labile anti-nutritional factors present in soybeans, including protease inhibitors, lectins,
goitrogens and antivitamins, can cause growth inhibition, decreased feed efficiency,
goitrogenic responses, pancreatic hypertrophy, hypoglycaemia and liver damage in poultry,
depending on age, sex, health status and plane of nutrition.
5.3.1.1. Protease inhibitors (Trypsin inhibitors -TI)
Protease inhibitors are substances that have the ability to inhibit the activity of certain
digestive enzymes (Durigan, 1989) that degrade proteins. Raw soybeans contain large
amounts of trypsin and chymotrypsin inhibitors and they reduce the activities of both trypsin
and chymotrypsin.
Protease inhibitors are polypeptides of 181 and 71 amino acid residues, respectively, which
form well-characterized stable enzyme inhibitor complexes with pancreatic trypsin on a oneto-one molar ratio. The content of soybean trypsin inhibitors varies in different varieties of
soybean and germination processes (Bau et al., 1997). These are known as the Kunitz inhibitor
and the Bowman-Birk inhibitor which are active against trypsin, while the latter is also active
against chymotrypsin (Liener and Kakade, 1980; Liener, 1994). The Kunitz inhibitor has a
molecular mass of 20100 daltons, contains two disulfide bonds and inhibits trypsin strongly
(Kunitz, 1945). The Bowman-Birk inhibitor has a molecular mass of 8000 daltons, contains
seven disulphide bonds and strongly inhibits both trypsin and chymotrypsin (Bowman, 1944;
Birk and Gertheler, 1961), Due to their different molecular properties Kunitz inhibitor and
Bowman-Birk inhibitor have different antinutritive effects (Tan-Wilson and Wilson, 1986)
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Trypsin and chymotrypsin inhibitors are heat sensitive and their activities in raw soybeans can
be reduced to insignificant levels by adequate heat processing making them safe to include in
diets for non-ruminants (Pieterse, 2000). Raw soybeans normally have a trypsin inhibitor
activity (TIA) of between 25 and 50 mg/g (Table 5-5), therefore, it is necessary to process them
prior to feeding in order to denature the trypsin inhibitors in order that the residual trypsin
inhibitor activity is below the currently recommended threshold of 4 mg/g. This is the level
assumed to have the minimum adverse effects in birds although the basis for such a
recommendation is questionable according to Clarke and Wiseman (2007). Although protease
inhibitors can reduce the digestive efficiency when the raw beans are fed to animals, it is likely
that these anti-nutritive factors have a natural function within the bean by protecting it against
bird attacks or microbial invasion.
These protease inhibitors interfere with the digestion of proteins, resulting in decreased
animal growth. The inactivation of these enzymes in the gut of monogastric animals induces
the endocrine cells in the mucosa to release more cholecystokinin, which, in turn, stimulates
the pancreas to produce more digestive enzymes. In other words, the inhibition of proteolysis,
the presence of undigested protein in the intestinal tract, and a decreased release of amino
acids in raw soy diets induce a compensatory reaction in the pancreas and a general
stimulatory effect on other endogenous secretions (Rackis and Gumbmann, 1981).
The effect of hypertrophy of pancreas (Huisman and Tolman, 1992) followed by a stimulation
of its secretory activity can also result in an endogenous loss of the pancreatic enzymes,
trypsin and chymotrypsin which are rich in the sulphur-containing amino acids, and thus
accentuating the deficiency of methionine, being the first limiting amino acid in soybean (Johri,
2005). Furthermore, trypsin inhibitors have been correlated with the occurrence of "rapid
feed passage" syndrome in broilers (Ruiz and Belalcazar, 2005). The combined effect on the
animal is a reduction in nitrogen retention, growth, and feed conversion.
5.3.1.2. Lectins (Haemagglutinins)
Haemagglutinins are compounds which agglutinate red blood cells and are members of a
larger group of compounds named lectins. Lectins are carbohydrate-binding glyco-proteins
which are ubiquitous in nature (Vasconcelos and Oliveira, 2004). In experimental animals fed
diets containing plant lectins, the evident symptoms are loss of appetite, decreased body
weight and eventual death (Duranti and Gius, 1997; Lajalo and Genovese, 2002). Many plant
lectins have been found to be resistant to degradation by proteases, both in vitro (Carbonaro
et al, 2000) and in vivo (Vasconcelos and Oliveira, 2004). Lectins bind to the epithelial cells
which express carbohydrate moieties which are recognized. Once bound to the digestive tract,
the lectin can cause dramatic changes in the cellular morphology and metabolism of the
stomach and small intestines and activate a cascade which alters the intermediary
metabolism.
An additional effect of lectins is that it stimulates the proliferation of bacteria in the intestinal
lumen of monogastric animals (Shulze et al., 1995). The more specific reason for this is not
clear but it may be related to an increased nutrient availability and an increase in epithelial
cell turnover which, in turn, may increase the number of potential binding sites for bacteria
on epithelial cells (Vasconcelos and Oliveira, 2004). Lectins are relatively unstable in heat,
therefore heat processing is an effective means to inactivate them (Carlvalho and Sgabieri,
1997). The finding that plant lectins exert significant toxic or growth-inhibitory effects on
insects suggests that this plays a role in plant defence against insect attack (Peumans and
Van Damme, 1995).
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5.3.1.3. Goitrogens
Soybean meal may contain goitrogenic substances that have been shown to be responsible
for the goitrous calves born to cows receiving soybean meal as the major source of
supplementary protein (Hemken et al., 1971). Soybean meal contains 1 g/kg of genistein,
which has oestrogenic properties (McDonald et al., 2002).
Soybeans and its products have been considered goitrogenic in humans and animals (Doerge
et al., 2002) because the acidic methanolic extract of soybeans contains compounds that
inhibit thyroid peroxidase-(TPO) catalyzed reactions essential to thyroid hormone synthesis
(Divi et al., 1997). Pigs feeding goitrogens (0.075 % 1-methyl-2-mercaptoimidazole or 0.5 %
potassium thiocyanate) produced symptoms of hypothyroidism in a relative short period of
time, usually 3 to 4 weeks with pronounced growth depression, but when the goitrogens were
withdrawn from the diet, there was a marked increase in growth rate. The effects of
goitrogens are more common in humans, mainly infants (Shepard et al., 1960) than in pigs
because the soybeans used in feed for pigs are generally thermally processed. Goitrogens of
soybean can be removed by heat treatment (Liener, 1970; Zhenyu et al., 2000).
5.3.1.4. Phyto-estrogens / Isoflavones
Isoflavones are a class of phyto-estrogens — plant-derived compounds with estrogenic
activity. Soybeans contain isoflavones. These compounds have biochemical activity, including
estrogenic, anti-estrogenic and hypocholesterolemic effects. The total isoflavones content of
soybeans can range from 160.8 to 284.2 mg/100g (Hoeck et al. 2000).
The isoflavones in soybean and soy products are of three types, i.e., i) daidzein, ii) genistein
and ii) glycitein in three isomers and three forms. In total there are 12 isomers of isoflavones
in soybean. The concentrations of total daidzein, genistein and glicitein may range between
20.2-206 mg, 31.5-268 mg and 10.9-107 mg per 100 g raw seed respectively (Douglas, 1996;
Wang and Murphy, 1994).
Isoflavone compounds are structurally similar to mammalian oestrogens and therefore may
act as oestrogen agonists or antagonists. They have been shown to reduce reproductive
activity in animals fed diets containing large amounts of soybean meal (Schutt, 1976).
5.3.1.5. Anti-vitamin factors (Rachitogenic factor anti-vitamin B12 factor)
There exists a large category of natural substances that interfere with the utilization of certain
minerals and vitamins. For example, isolated soybean protein has been shown to interfere
with the availability of minerals such as zinc, manganese, copper and iron as well as vitamin
D (Liener, 1981). Other diverse but ill-defined factors appear to increase the requirements
for vitamins A, B12, D, and E (Liener, 1994).
Raw soybean contains an enzyme, lipoxygenase, which catalyses oxidation of carotene, the
precursor of vitamin A. It can be destroyed by heating soybeans for 15 min at atmospheric
pressure. Autoclaving of soybean protein or supplementation with vitamin D3 can eliminate
the rachitogenic activity (Johri, 2005). Fisher et al. (1969) reported anti-vitamin E activity of
isolated soy protein for poultry.
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5.3.1.6. Urease
Urease is an enzyme that converts urea to ammonia. Raw soybeans also have variable urease
activity, which is not likely to be of great nutritional significance other than as an indirect
assessment of the degree of adequacy of processing (Monary, 1996). The urease assay is
based on the release of ammonia from urea by the residual urease enzyme in soybeans. The
destruction of the urease enzyme through heating is correlated to the destruction of trypsin
inhibitors and lectins. This assay is useful for detecting the undercooking of soybean meal but
is of limited use for detecting overcooking (Araba and Dale, 1990; Parsons et al., 1991).
5.3.1.7. Soyin
The isolation and purification of a toxic protein “glicin” from defatted soybean flour was
described by Liener and Pallansch (1952). The toxic protein was later identified as “Soyin” and
Liener (1955) reported that the protein was an albumin-like fraction derived from raw
soybeans and was toxic when injected into guinea pigs. This preparation was also reported to
possess hemagglutinating properties and was later reported to possess urease activity.
Liener (1953) also observed poor performance of rats fed raw soybean and suggested that the
destruction of the heat-labile substance (Soyin) was necessary in ensuring optimum
performance.
5.3.2.

Heat stable anti-nutritional factors

5.3.2.1. Oligosaccharides and soluble non starch polysaccharides
Soybean carbohydrates make up approximately 35 % of soybean seed and 40 % of soybean
meal dry matter (DM). Approximately half of these carbohydrates are non-structural in nature
and include low molecular weight sugars, oligosaccharides, and small amounts of starch. The
other half are structural polysaccharides that consist of a large amount of pectic
polysaccharides (Karr-Lilienthal et al., 2005). The fibre component of the grain consists
primarily of non-starch polysaccharides (NSP) which in cereals form part of the cell wall
structure. In legumes, non-starch polysaccharides also play a role as an energy storage
material. The components of nondigestible carbohydrates of a feedstuff are non-starch
polysaccharides, consisting of water insoluble cellulose and water-soluble gums,
hemicelluloses, pectic substances and mucilages (Mekbungwan, 2007) (Figure 5.1).
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Non-Starch Polysaccharides

Cellulose

Insoluble in water , alkali or
diluted acids

Non-cellulose polymers

Arabinoxylans
Mixed-linked beat-glucans
Mannanas, galatans
Xyloglucan, friuctans

Partially soluble in water

Pectic polysaccharides

Polygalacturonic acids, wich
may be substituted with
arabinan, galactan and
arabinogalactan

Partially soluble in water

Figure 5.1: Classification of non-starch polysaccharides (NSP). (Source: Choct, et al., 2010)
The carbohydrate fraction of soybean meal is variable and is composed of approximately 10 %
free sugars and 20 to 30 % non-starch polysaccharides (Choct et al., 2010) (Figure 5.2). Both
the galacto-oligosaccharides and non-starch polysaccharides contain carbohydrates that are
poorly digested by poultry (Choct et al., 2010). The free sugar segment consists of 5 % sucrose,
and 5 % galacto-oligosaccharides (4 % stachyose and 1 % raffinose) on an as-is basis (Bach
Knudsen, 1997; Grieshop et al., 2003). While sucrose is highly digestible, raffinose and
stachyose have been reported to have ileal digestibility of less than 1 % in poultry (Coon et al.,
1990). These small molecular weight galacto-oligosaccharides cannot be digested and
absorbed due to monogastric animals lacking endogenous α-1,6 galactosidase activity
(Gitzelmann and Auricchio, 1965; Cristofaro et al., 1974). Furthermore, stachyose and
raffinose have been reported to act as anti-nutritional factors when fed to poultry.
Soybean carbohydrates (35
% of the meal)

10 % fee sugars
5 % sucrose
4 % stachyose
1 % raffinose

Non-starch polysaccharides
(NSP)
17 % pectin
8% cellulose

Non-starch polysaccharides
(NSP)
17 % pectin
8% cellulose

Pectins:
Rhamnogalacturonans
Arabinogalactan I
Xylogalacturonan

Pectins are partially soluble in
water, and may form viscous
solutions

Pectins can be precipitated
using ethanol, typically in 60 –
80 % ethanol

Figure 5.2: The types and amounts of various carbohydrates present in soybean meal.
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Choct et al. (2010) reported that non-digestible oligosaccharides can be fermented throughout
all sections of the gastrointestinal tract including the large intestine. As a result, they increase
microbial activity as indicated by increased volatile fat acid contents and can cause intestinal
disorders (Araba and Dale, 1990). The –galactoside family of oligosaccharides cause a
reduction in ME content with reduced fibre digestion and quicker digesta transit time. Birds
do not have an -1:6 galactosidase enzyme in the intestinal mucosa (Leeson & Summers,
2008). Enzyme addition of galactosidase could alleviate this problem (Leeson et al., 2005;
Zanella et al., 1999). Enzyme addition (xylanase, protease, and amylase) in poultry and pig
diets can limit non-starch polysaccharides anti-nutritional factors (Zanella et al., 1999,
Dourado et al., 2011).
Raffinose and stachyose can cause flatulence and diarrhoea that may increase the digesta
passage rate and decrease digestion and absorption of dietary nutrients. In poultry, these
oligosaccharides have been shown to decrease nitrogen-corrected true metabolizable
energy, fibre digestion, and transit time (Parsons et al., 2000; Coon et al., 1990; Rackis, 1975
and Reddy, 1984 cited by Zuo et al., 1996).
Non-starch polysaccharide content of soybean meal is approximately 61 and 103 g kg-1 (dry
matter basis) for soluble non-starch polysaccharides and insoluble non-starch
polysaccharides, respectively (Bach Knudsen, 1997). A comparison between conventional
soybean meal and low-oligosaccharide soybean meals have shown an average difference of 7
% in total NE, and up to 9.8 % when the comparison was done with the lowest-oligosaccharide
containing soybean meals, in roosters (Parsons et al., 2000). Non-starch polysaccharides
increase microbial activity (fermentations) and may cause intestinal disorder.
Choct et al. (1995) indicated that the addition of 40 g/kg non-starch polysaccharides to a
commercial broiler diet decreased the weight gain, feed efficiency and apparent ME by 28.6,
27.0 and 21.2 %, respectively. Researchers have reported poor performance in broilers fed
raffinose and stachyose, which was attributed to increased osmotic pressure in the lumen.
Increased osmotic pressure, decreased transit time and diluted digestive enzymes and
substrates in poultry (Irish and Balnave, 1993; Leske et al., 1993). The effect of insoluble fibre
on gut function stems from its ability to accumulate in the gizzard, which seems to regulate
digesta passage rate and nutrient digestion in the intestine.
Research has reported that removal of raffinose and stachyose from soybean meal can
increase the energy utilization of soybean meal by broilers (Coon et al., 1990; Leske and Coon,
1999; Parsons et al., 2000). Several strategies have been implemented to ameliorate the
adverse effects of raffinose and stachyose on nutrient utilization, which include:




ethanol extraction of soybean meal,
galactosidase supplementation, and
developing new varieties of low galacto-oligosaccharide soybean meal.

Soybean meals from novel genetic varieties of soybeans have been developed to contain either
a 75 % (low oligosaccharide soybean meal) or 90 % (ultra-low oligosaccharide soybean meal)
reduction in galacto-oligosaccharide concentrations. Research on the nutrient digestibility of
these soybean meal types is limited.
5.3.2.2. Phytates and mineral availability (Phytic acid)
Soybean meal has a relatively high phosphorus content. However, about 60-70 % of this
phosphorus is bound to phytic acid, which is nutritionally unavailable to monogastric animals
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and reduces the availability of phosphorus and other minerals (Wilcox et al., 2000). Most of
phosphorus is thus excreted in manure, which raises growing concern about the effects of
phosphorus upon the eutrophication of surface waters (Waldroup et al., 2008). Phytates also
link to zinc whose availability is then low in soybean meal (Blair, 2007).
Supplementation with inorganic phosphorus is required, and the addition of phytase may
alleviate the problem. Three terminologies, namely i) phytate, ii) phytin and iii) phytic acid, are
used in the literature to describe the substrate for phytase enzymes. The most commonly
used term, phytate, refers to the mixed salt of phytic acid (myo-inositol hexaphosphate; IP6).
The term, phytin, specifically refers to the deposited complex of IP6 with potassium,
magnesium and calcium as it occurs in plants, whereas phytic acid is the free form of IP6
(Selle & Ravindran, 2007).
Historically, phytates have been considered solely as antinutrients because they are known
as strong chelators of divalent minerals such as Ca2+, Mg2+, Zn2+ and Fe2+. Moreover, phytates
are also capable of binding with starch and proteins while preventing their assimilation
through the digestive system (Afinah et al., 2010). Approximately 60 % of the total phosphorus
in soybeans is in the phytate form (Kornegay, 2001). The phytase enzyme is now used in poultry
and pig feeds to improve the utilization of phosphorus and other nutrients complexed to
phytate low-phytate soybeans are under development (Waldroup et al., 2008) (See sections
4.13 and 5.1.1.5).
5.3.2.3. Antigen/allergens (glycinin and ß-conglycinin)
Raw soybeans may cause allergic reactions in animals, this effect being attributed to the
globulin fraction of soybean proteins. In raw soybean seeds globulins comprise about 85 %
(80-90 %) of total protein (Shinbasaki et al. 1980), these being the main storage proteins in
soybean. These antigenic proteins can stimulate the sensitive immune system of calves, pigs
and humans (Pedersen,1988), the most important being GLY1 (glycinin) and GLY1B (ß–
conglycinin) (Świderska-Kiełbik et al., 2005). A subunit of ß-conglycinin causes allergic
response in the gut epithelia of animals. Glycinin causes antibody formation only after
intravenous administration. The antigens create an allergic response in the gut and decrease
the digestive capacity of the protein. These proteins are not sensitive to temperature. The
denaturation of ß–conglycinin requires a temperature of about 75°C. The level of glycinin and
β-conglycinin can be measured using a specific competitive inhibition ELISA test with anti-soy
globulin (Heppell et al., 1987).
5.3.2.4. Saponins
Saponins are steroids or triterpenoid glycosides that are present in many feedstuffs (Francis
et al., 2002). Feedstuffs containing saponins have a bitter taste, they can form foam in aqueous
solutions and hemolyse red blood cells (Maclachlan, 1993). Saponins have long been known
to cause lysis of the erythrocytes when given in vitro. The haemolytic properties of saponins
are generally attributed to the interaction between the saponins and sterols of the erythrocyte
membrane. As a result, the membrane bursts, causing an increase in permeability and a loss
of haemoglobin (Sparg, 2004). The haemolytic activity of saponins, coupled with a cholesterol
inhibition effect, has been extensively used as a means of detecting and quantifying saponins
in plant material. Such saponin activity results from their affinity for membrane sterols
(Yoshiki et al., 1998). Baumann et al. (2000) reported that saponin-lysed erythrocytes do not
reseal and that saponin damage to the lipid-bilayer is irreversible.
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Although toxic to cold blooded species, if taken orally by warm-blooded species, saponins
have only a weak toxicity (Huisman and Tolman, 1992). Most listings of soybean antinutritional
factors in the past included saponins, although with little or no justification. Toxicity was
attributed to them simply by analogy with saponins from other sources that are toxic
(Anderson et al., 1995). Soybean saponins did not impair growth of chicks when added at five
times the concentration in a normal soybean supplemented diet (Ishaaya et al., 1969 as cited
in Francis et al., 2002). According to Yoshiki et al. (1998) no haemolytic activity in soybean
saponin was observed, while 80 % methanolic soybean extract had strong activity. As a result
of detailed studies, the haemolytic compounds in soybean are identified as linoleic acid and
lipoxin, which are secondary metabolites from lipoxygenase.
5.3.2.5. Tannins
Tannins are complex plant compounds that are often bitter or astringent, they are naturally
occurring plant polyphenols which combine with proteins and other polymers such as
cellulose, hemicellulose and pectin, to form stable complexes (Mangan, 1988). Egounlety et
al. (2003) observed that soybean hulls were much richer in tannins than the whole soybean.
Soaking soybean for 12–14 h reduced the tannin content by 54.6 %. No tannin was detected in
dehulled and cooked soybeans or in fermented soybean. In contrast to the position with
ruminant animals, where tannins in the diet may have considerable benefits and in plants
where tannins give partial protection against predators, in monogastrics, tannins in the feed
are generally undesirable, because they decrease both protein and energy digestibility and
reduce animal growth (Mangan, 1988).
5.3.2.6. Cyanogens
Legumes such as soybean have long been recognized to contain cyanogenic compounds
(Montgomery, 1980). Any level of cyanogens in soybeans is considered to be important
because of the high levels of inclusion of soybean meal in feeds for poultry and pigs. The
content of cyanide in soybean meal protein was reported at 0.07-0.3 μg of hydrogen cyanide/g
of sample in soy protein products and 1.24 μg/g in soybean hulls when browning was kept to
a minimum. These values are relatively small when compared with the cyanide content of
cassava which ranges from 1 to 3 mg/g (Honig et al., 1983). Cyanide is considered toxic even
in small amounts, hence where soybeans are a major constituent of a feed there may be
concerns with the cyanide content from a toxicological point of view.
5.3.3.

Adulterants, contaminants and other anti-nutritional factors

5.3.3.1. Salmonella
Salmonella is a major food‐borne pathogen, which globally is estimated to cause 93 million
enteric infections and 155,000 diarrheal deaths each year. Salmonella is most often detected
in meat and animal‐derived food products, which are the primary source of salmonella when
spread to humans following consumption of poultry, beef, pork, eggs, and milk. Vegetables
and other food products can also be a source if contaminated with faeces from salmonella‐
infected animals (Wierup, 2017).
In order to reduce the burden of human salmonellosis, efforts are directed at reducing the
prevalence of Salmonella in animal production such as in the animal feed. Salmonella is
mostly an orally acquired infection and the key route of transmission is Salmonella‐
contaminated feed (Wierup, 2017).
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Salmonella‐contaminated soybeans and soybean meal can spread to humans through the
food chain and because soybean meal is distributed worldwide, e.g., from South America to
Europe, salmonella infections can be widely transmitted between countries and continents.
To counteract such a risk, HACCP (Hazard Analysis & Critical Control Point) ‐based programs
and associated control measures have been put in place (Wierup, 2017).
In South Africa, regulatory control measures of nontyphoidal salmonella in food-producing
animals are targeted at Salmonella enterica subspecies enterica serotype enteritidis in
poultry under Section 31 of the Animal Diseases Act (Act 35 of 1984). These prescribed
measures are supplemented by a movement control protocol that is triggered by an outbreak
of Salmonella enteritidis infection in poultry or other birds. The microbiological monitoring of
food falls under statutory regulations issued in section 15(1) of the Foodstuffs, Cosmetics and
Disinfectants Act, 1972 (Act No. 54 of 1972). Furthermore, the Meat Safety Act (2000) requires
the application of risk-based preventive strategies and subsequent implementation of hygiene
management programs to reduce, eliminate, or prevent potential hazards such as salmonella
(Magwedere, et al., 2015).
5.3.3.2. Mycotoxins
Mycotoxins are toxic compounds that are naturally produced by certain types of moulds
(fungi). Moulds that can produce mycotoxins grow on numerous foodstuffs, including
soybeans. Aflatoxins are amongst the most poisonous mycotoxins and are produced by
certain moulds (Aspergillus flavus and Aspergillus parasiticus) which grow in soil and in
cereals and oilseeds. Large doses of aflatoxins can lead to acute poisoning (aflatoxicosis) and
can be life threatening, usually through damage to the liver. Ochratoxin A is produced by
several
species
of Aspergillus and Penicillium and
is
a
common
foodcontaminating mycotoxin. Contamination of food commodities with Ochratoxin A occurs
worldwide, this mycotoxin being produced during the storage of crops. It is known to cause a
number of toxic effects in animal species. Many other mycotoxins, including patulin,
trichothecenes such as deoxynivalenol (DON), nivalenol (NIV) and T-2 and HT-2 toxins, as well
as zearalenone (ZEN) and fumonisins may occur on a variety of different cereal crops. Poor
storage conditions (high moisture and temperatures >20°C encourage the growth of these
toxins.
According to the Foodstuffs, Cosmetics and Disinfectants Act (Act 54 of 1972) and regulations
published in Government Notice No. R. 1145, dated 8 October 2004, all foodstuffs, destined for
human consumption, may not contain more than 10 μg/kg of aflatoxin, of which aflatoxin B1
may not exceed 5 μg/kg.
Amendments to Government Notice No. R. 1145, dated 8 October 2004, published in
Government Notice No. 987 of 05 September 2016, specify that:
 Cereal grains (wheat, maize and barley) intended for further processing, may not
contain more than 2000 μg/kg of Deoxinyvalenol.
 Flour, meal, semolina and flakes derived from wheat, maize or barley, ready for
human consumption, may not contain more than 1000 μg/kg of Deoxinyvalenol.
 Raw maize grain, intended for further processing, may not contain more than 4000
μg/kg of Fumonisins (B1 + B2), the whole commodity.
 Maize flour and maize meal, ready for human consumption, may not contain more than
2000 μg/kg of Fumonisins (B1 + B2), the whole commodity.
Further processing means any other treatment or processing method that has been proven
to reduce levels of fungus produced toxins in foodstuffs intended for human consumption.
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According to the Fertilizers, Farm Feeds, Agricultural Remedies and Stock Remedies Act (Act
36 of 1947) as well as amendments published in Government Notices No. R. 70 of 12 February
2010 and R. 789 of 10 September 2010, the maximum allowable levels of mycotoxins in animal
feeds, are presented in Appendix F.
5.3.3.3. Melamine
As the protein content dictates the price of the soybean meal in the market, the higher the
content, the higher the price (Yang et al., 2016). This opens the door to multiple cases of fraud
and adulteration of soybean meal with illegal substances. The most popular and studied case
is probably the example of melamine (1,3,5-triazine-2,4,6-triamine), a molecule with a high
content of nitrogen and therefore ideal for boosting artificially the protein content of soybean
meal (Hilts and Pelletier, 2008; Dorne, et al., 2013). Since 2007, multiple cases of adulterated
soybean meal with melamine have been reported (Andersen et al., 2008; Adams, 2008) and
the European Commission was obliged to take measures to ban the import from China of food
and feed containing soybean and soybean products after high levels of melamine were found
in Chinese soybean meal. To ensure food and feed safety, many countries have set the
maximum permitted concentration for melamine in food and animal feed products at 2.5
mg/kg (except for powdered infant formula where the limit is fixed to 1 mg/kg) (Commission
Decision, 2008).
According to the Foodstuffs, Cosmetics and Disinfectants Act (Act 54 of 1972) foodstuffs are
contaminated if they:
 Contain more than 2.5 milligrams per kilogram melamine.
 All infant formulas, foodstuffs intended for children under 36 months of age and
foodstuffs for special dietary uses, which contain more than 1 milligram per kilogram
melamine.
5.3.3.4. GM soybean meal
The potential health issues of genetically modified soybean and other GM foods have been the
matter of considerable debate. While most studies have failed to show deleterious sideeffects of GM soybean use (EFSA GMO Panel, 2008), these varieties remain controversial and
are subject to legal authorisation in some countries. In the EU, for example, only 15 soybean
varieties are allowed to be used as feeds (GMO Register, 2016).
5.3.3.5. Bacterial contamination during transport
Storage of oilseed by-products is another critical focal point, as it is central to the production
of safe ingredients used in animal feed and human food. The facilities in which by-products
are stored should be clean (and regularly cleaned and maintained through a hygiene
programme) and the environment should be kept dry and well ventilated. Equipment used to
transport and move the by-products must also be kept clean and dry through a regular
cleaning programme. If the by-products are stored in bags, they need to be bagged at a
temperature higher than 5°C above the ambient temperature to prevent condensation inside
the bags. The bags should also preferably be porous, to allow for continued ventilation during
storage. Any excess moisture can cause mould and bacterial growth over time. This will
reduce the quality of the products by reducing its nutritional value (as microbes, such as
bacteria and moulds, consume nutrients in order to grow) and contaminating it with
potentially harmful bacteria, which may cause possible detrimental health problems in the
livestock and people consuming these products.
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During storage and transportation, the following actions can be considered:
 The floor of the warehouse where the by-products will be stored should be kept clean
and dry through a regular cleaning programme. The use of an antimicrobial product
is advised to disinfect the floor and any contact surfaces and ensure that bacterial
loads are kept as low as possible, especially if the by-products will be in direct contact
with the area/floor.
 If the by-products are stored in bags, the bags should be kept clean, dry and cool. The
bags should also allow for ventilation, with correct spacing and stacking, to prevent
the build-up of excess moisture/condensation and potential heat from microbial
growth.
 Any machinery being used to transport or move the by-products need to be physically
cleaned and disinfected with an antimicrobial as often as possible (at least weekly,
preferably daily after each shift).
 The trucks or other vehicles delivering the products should also be kept clean and be
disinfected between deliveries. Special attention should be given to the inside of the
vehicles into which the product is loaded, to ensure that disinfection takes place before
every new load is transported (Schieke, 2020.
5.3.3.6. Summary
Table 5-6 presents a summary of some of the most important anti-nutritional factors in
soybeans.
Table 5-6: Summary of anti-nutrient factors in soybeans. Sources: Liener (1977), Ensminger
and Olentine Jr (1978), Peisker (2001)
Anti-nutritional factor
Protease inhibitors

Mode of action

Combines with trypsin or
chymotrypsin to form an
inactive complex and lower
protein digestibility

Causes hypertrophy of the
pancreas

Counteracts feedback inhibition
of pancreatic enzyme secretion
by trypsin

Agglutinates red blood cells

Method of detoxification
 Heat treatment
 Germination
 Fermentation



Heat treatments

Anti-vitamin factors
(rachitogenic factor and
anti-vitamin B12 factor)






Cooking
Supplementation of
vitamins

Goitrogens





Metal-binding factors
(phytate)



These factors decrease
availability of certain minerals
(e.g., P, Cu, Fe, Mn,Zn)

Saponins



Bitter taste, hemolyze red blood
cells

Heat treatment in some
cases
Administration of iodide
Heat treatment
Addition of chelating
agents
Use of enzymes
Fermentation

Lectins
(Phytohaemagglutinins)
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These factors render certain
vitamins (e.g. vitamins A, B12,
D, and E) physiologically
inactive
Enlargement of the thyroid







Anti-nutritional factor
Estrogens

Mode of action

Cause an enlargement of the
reproductive tract

Method of detoxification


Cyanogens





Cooking

Oligosaccharides






Ethanol/water extraction



Ethanol/water extraction

Antigens
(glycinin and βconglycinin)

5.4.



Cause toxicity through the
poisonous
hydrogen cyanide
Impair digestion (e.g. intestinal
cramps, diarrhoea, and
flatulence)
Cause the formation of
antibodies in the serum of
calves and piglets. Prevent
proliferation of beneficial
bacteria in the gastrointestinal
tract

Variations in nutritional composition based on geographic locations

In general soybean meal is considered a highly consistent product and one of the least variable
protein sources for animal nutrition (Smith, 1986). However, genetics, growing conditions,
storage conditions and processing cause variations in its composition and nutritional quality.
Because soybean meal is often included in large amounts in animal feeds small changes in
quality might translate into important changes in animal performance, therefore it is
necessary to monitor its quality very closely (van Eys et al., 2004). Thus, the main drivers
contributing to soybean meal quality variation can be ascribed to:
 geographic location of soybean production
 soybean variety
 processing method
Differences attributed to soybean variety have been described in Section 2.4.2 (Breeding for
better oil, protein and amino acid composition), 2.4.3 (Breeding against anti-nutritional
factors), 2.4.4 (Genetically modified (GM) soybeans) and 2.4.5 (High oleic soybean oil). Whilst
the differences attributed to the differences in processing method have been described in
detail in the previous chapter (See chapter 4.6).
5.4.1.

Influence of latitude

As already indicated in Section 2.4.1 the spatial distribution of plantings has an influence on
soybean quality parameters, because soybeans differ in their photoperiodic requirement.
Mateos (2013) indicated that soybeans grown close to the equator (latitude) contained higher
concentrations of the following nutrients:
 Crude protein
 Ether extract content with increases in linoleic acid and free fatty acids and peroxides
of the oil
 Raffinose
 Darkness of the soybean meal due to Maillard reactions and decrease in lysine
availability.
Decreases were found in:
 Sucrose and stachyose content
 Changes in the amino acid profile with decreases in lysine, thyronine and TSAA/g per
crude protein
 TIA, PDI and KOH
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5.4.2.

Influence of the origin of the beans

Westgate et al. (2000) and Karr-Lilienthal et al. (2004) found that factors such as bean
genotype, type of soil, environmental conditions during growing and harvesting seasons and
storage affect the proximate analyses of soybeans. Furthermore, the geographical area of
production of the soybeans also affects protein quality and nutrient content of the
corresponding soybean meal (Grieshop et al., 2003; Ravindran et al., 2014; García-Rebollar et
al., 2016; Lagos and Stein, 2017). Subsequently there has been an interest in analysing the
influence of the country of origin of the beans on the chemical composition, amino acid (AA)
profile and protein quality (García-Rebollar, 2016; Pfarr et al., 2018; Ibanez, 2020; Mateos,
2020).
The following sections draws on a meta-analytical approach taken by Ibáñez et al. (2020) to
quantify the relationship between different country of origin of the beans, i.e., Argentina (ARG),
Brazil (BRA), the United States (USA) and India (IND), and the chemical composition, protein
quality, and nutritive value of soybean meal. The data set used was obtained from 18 published
papers from 2002 to 2018, which included a total of 1 944 soybean meal samples. The data
were analysed using a mixed model with country of origin of the beans as a fixed eﬀect and
the study as a random eﬀect. Extracts of this paper are given below as the analysis covers
many studies and represents the major soybean producing countries.
5.4.2.1. Influence of the origin of the beans on the chemical composition
The proximate analyses and the nutritive value of the soybean meal across the country of
origin of the beans were within the range reported in the literature (Karr-Lilienthal et al.,
2005; Thakur and Hurburgh, 2007; Ravindran et al., 2014; Garcia-Rebollar et al., 2016; Lagos
and Stein, 2017; Camara et al., 2017) (See Table 5-11 and

166

Table 5-12). The origin of the beans had consistent and significant eﬀects on most of the
chemical variables of the corresponding soybean meal. The Brazilian soybean meal had more
crude protein (CP), neutral detergent fibre (NDF), raffinose and iron but less sucrose,
stachyose and K contents than the United States or Argentinian soybean meals (P<0,05).
whereas the Indian meals had the highest ash, raffinose and NDF contents. United States
meals had more sucrose and stachyose but less raffinose (Table 5-7).
Table 5-7: Chemical composition, (88 % dry matter) Meta-analysis. Source: Ibáñez et al., 2020

Crude protein
Lys (% CP)
Met + Cys (% CP)
Sucrose
Crude fiber
NDF
Phosphorus

ARG
45.5c
6.19b
2.82a,b
6.4
4.32c
9.57c
0.67a

Soybean meal origin
BRA
USA
47.0a
46.4b
6.12c
6.23a
2.75b
2.85a
5.2
7.0
5.03b
3.88d
10.8b
8.69d
0.62b
0.68a

IND
46.3a,b
6.12c
2.67c
4.2
6.55a
13.0a
0.57c

P-value
***
***
***
***
***
***
***

5.4.2.2. Influence of the origin of the beans on the amino acid profile
The amino acid profile of the soybean meal varied with the country of origin (i.e., geographical
area of production) of the beans, in agreement with most published reports (Goldflus et al.,
2006; Thakur and Hurburgh, 2007; Medic et al., 2014; Lagos and Stein, 2017). Per unit of
protein, lysine, methionine, threonine and cysteine concentrations were greater for the United
States and Argentinian meals than for the Brazilian and Indian meals (P<0,05). United States
meals have more indispensable amino acids per unit of protein than Brazilian and Indian
meals, with Argentinian meal being intermediate (Table 5-8).
Table 5-8: Amino acid profile (% of crude protein) of the soybean meals. Source Ibañez et al.,
2020
ARG

Lys
Met
Cys
Thr

n = 481
6.19
1.37
1.45
3.89

Soybean meal origin
BRA
USA

n = 531
6.12
1.33
1.42
3.84

n = 819
6.23
1.38
1.47
3.88

IND

n = 113
6.12
1.32
1.35
3.78

P-value

***
***
***
***

5.4.2.3. Influence of the origin of the beans on the energy content
The energy content of soybean meal depends primarily on the amount and digestibility of the
protein fraction (Thakur and Hurburgh, 2007; Serrano et al., 2012) but also on their sucrose
(Berrocoso et al., 2014; Ravindran et al., 2014), oligosaccharide (Coon et al., 1990) and fibre
(Dilger et al., 2004; Ravindran et al., 2014) contents.
The information provided suggests that the prediction equation of World’s Poultry Science
Association (WPSA, 1989) which is based on CP, ether extract (EE) and NFE contents,
exclusively, under-evaluate the real contribution of the United States meals to the energy
content of the diet, compared with the South American and Indian meals (
Table 5-9).
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Table 5-9: Calculated average nitrogen-corrected apparent metabolizable energy (AMEn) and
net energy (NE) of the soybean meal (SBM) estimated according to the
prediction equations (47% CP). Source: Ibañez et al., 2020
ARG

Crude protein, %
Sucrose, %
Available Metabolizable Energy, Kcal/kg
WPSA, 1989
CVB1, 2018a
CVB2, 2018b
1

Soybean meal origin
BRA
USA

IND

n = 481
45.5
6.4

n = 531
47.0
5.2

n = 819
46.4
7.0

n = 113
46.3
4.2

2.208
2.048
2.103

2.237
2.096
2.108

2.235
2.146
2.134

2.170
1.974
1.988

Roosters (proximal analyzes; CF and ash)
Broilers (digestibility and sugar content)

2

5.4.2.4. Influence of the origin of the beans on protein quality indicators
The protein dispersibility index (PDI), KOH solubility (KOH) and trypsin inhibitor activity (TIA)
were lower for the Brazilian and Argentinian meals than for the US and Indian meals (P<0,05),
as shown in Table 5-10. TIA was positively correlated with PDI (r = 0,712; P<0,001) and KOH (r
= 0,886; P<0,001). Also, a significant relation was observed between PDI and KOH (r = 0,614; P
= 0,001). Urease activity, however, was not correlated with any of the protein quality traits
studied. Within the range of crude protein values (418 to 500g/kg) studied, a decrease in crude
fibre increased (P<0,01) the crude protein content of the soybean meal.
The information provided suggests that the range of PDI, KOH and TIA values recommended
by the industry to evaluate the quality of the protein fraction of commercial meals of diﬀerent
origins should perhaps be re-evaluated. Despite its lower crude protein content, the energy
content for poultry and swine was similar or even higher in the soybean meal from the United
States than the soybean meal from Brazil, suggesting higher protein digestibility of the United
States meals.
Table 5-10: Meta-analysis of the protein quality indicators of the soybean meals. Source:
Ibañez et al., 2020
ARG

Soybean meal origin
BRA
USA

IND

(n = 417)
(n=381)
(n= 452)
(n= 84)
CP, %
45.5
47.0
46.4
46.3
UA, mg N/g
0.01
0.02
0.02
0.05
PDI, %
14.0
13.5
17.8
20.9
KOH sol., %
76.6
78.2
82.1
79.3
TIA, mg/g
2.47
2.76
3.18
2.96
1
Stachyose + raffinose. Raffinose highest for Brazilian and Indian meals

P-value

**
NS
***
***
***

5.4.2.5. Conclusions
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At similar crude protein contents, the nutritive value of soybean meal is greater for the
United States meals than for the South America or Indian meals.





United States meals have less crude protein and fibre and more sucrose, phosphorus,
and indispensable amino acid per unit of protein than Brazilian meals.
The differences observed in nutritive value of the soybean meal depend not only on the
processing conditions applied by the crushing plant but also on the origin of the
soybeans.
Nutritionists should use different matrices for the nutritional value of soybean meal of
different origins.

In conclusion, the composition of soybean seed and soybean meal varied depending on the
country of origin and where they were processed. When soybean meals subjectively deemed
to be of low, intermediate, and high qualities were evaluated, amino acid concentrations and
protein solubility in KOH tended to improve as subjective quality increased. Chemical and
biological assays of ingredient quality are useful in predicting the nutritive value of that
ingredient for the animal itself, but in vivo ileal digestibility assays must be the standard when
more accurate measurements of the bioavailability of amino acids in soybean meals are
required.
5.5.

Comparison of locally (South African) produced soybean meal to internationally
sourced soybean meal

In recent years there has been an interest in evaluating soybean meals sourced internationally
with those of locally produced meals from different processors. These trials focusssed on
monogastric nutrition. Most of the soybean meal that has been imported to South Africa for
the last 20 years has been produced by Molinos in Argentina. The soybean meal is regarded
as very high quality, delivering excellent animal performance and as such has been
historically regarded as being the “gold standard” in South Africa.
Four trials have been published that compare imported to locally produced soybean meal
(Table 5-11 and
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Table 5-12):
 Briedenhann (2016) presented results of an independent trial comparing four locally
produced meals to that of Argentinian imports.
 Gous (2018) compared the performance of three South African soybean meals to that
of imported meal originating from Molinos crushers in Argentinia.
 Barnard (2018) evaluated a similar imported soybean meal from Argentina to locally
produced meal that was produced during a day shift at a crusher, a night shift at a
crusher and under processed soybean meal.
 Cronje (2019) evaluated in vitro quality parameters and digestibility between locally
produced and imported soybean meal from Argentina destined for the South African
pig industry.
Gous (2018) found that the analysis of the four soybean meal samples indicated small
differences in proximate analysis, which could, however, be compensated for in formulations.
Furthermore, the processing parameters showed differences with trypsin inhibitor units (TIU)
ranging from 1,35 mg to 2,35 mg. The Evonik processing index indicated that differences were
between 15 for the least processed to twelve for the most processed soybean meal. However,
all soybean meal sources used in treatments were within acceptable parameters.
Barnard (2018) found that inter-laboratory as well as within a laboratory test results for
urease differed meaningfully. Thus in vivo studies are better than in vitro analysis. Also, there
was not much difference as to when the meal was processed (day or night shift).
Contrary to the previous authors, Cronje (2019) found that the nutrient analyses indicates that
the imported soybean meal is of better quality than the locally produced product. The results
for the imported soybean meal were very consistent, with minor variations. A high variation
was found for antinutritive factors measured in the soybean meal sourced from local
processing plants. The imported soybean meal had lower trypsin inhibitor activity, but since
the urease value for the imported soybean meal was below the recommended values this
could be an indication of over-processed soybean meal.
Crude protein (CP) values were higher and amino acid profiles had minor variations among
the imported soybean meal samples. However, one of the locally processed soybean meals
had similar quality parameters as the imported meal. Soybean meal had a crude protein value
of 53.11 % which compared well with the imported meal with a similar crude protein value of
53.51 % (all values based on an as is basis). The protein dispersibility index (PDI) values of the
imported soybean meal and locally processed meal did not differ from each other (P<0.05).
The potassium hydroxide percentage (KOH%) value for the imported soybean meal was 83.94
% and 84.20 % for the locally produces meal. Their urease values also did not differ from each
other (P<0.05). The trypsin inhibitor concentration in the imported soybean meal was the
lowest and the second lowest in best locally produced meal.
All these trials indicate that locally produced soybean meal is not inferior to imported meal
based on proximate analysis and quality tests.

5.6.

Local feedback on quality and historic improvement of meal

Over the past few years, significant work has been done by crushers to improve the crushing
process and its delivered product, especially to lower the trypsin inhibitors and deliver a 46.5
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% protein meal. The larger crushers seem to be generally comfortable that the process is
adhering to output specifications, but this is uncertain when it comes to smaller crushers that
struggle to process high moisture content soybeans. There has been a definite shift to using
local meal instead of imported meal from Argentina, and buyers seem to be overall satisfied
with the current local meal quality. Most feed mills report that protein content of local soybean
meal has increased over the past decade and is on par with international soybean meal.
Processing consistency is the most important factor for feed mills. It is even more important
than protein content as there is no proper mitigation for wrongly processed meal at feed mill
level, and monogastric animals cannot digest such feed. Some stakeholders state that the
imported meal from Argentina has better consistency, with set specifications, including
processing quality indicators that are already disclosed when ordering the meal, and a
Certificate of Analysis is received upon delivery. The Argentine meal is largely sourced from
one crusher who is believed to have better and newer processing technology. Each South
African crusher has a different process and preference, resulting in a wider product range.
Furthermore, the products of newer plants are reportedly more consistent and can ensure a
better-quality product with more accurate tests. Some believe that South African meal has
overtaken Argentine meal in terms of quality, and that South Africa produces some of the best
soybean meal quality in the world. However, there are still some negative reports, like
variation within a load, and local soybean meal being courser than imported meal that needs
to be reworked to improve the digestibility.
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Table 5-11: Proximate analysis of soybean meal imported versus local as used in trials
Argentina
Bried
Gous
enhan 2018
n 2016
Identif
ier
Protei
n (%)
Fat
(%)
Fibre
(%)
Moist
ure
(%)
Ash
(%)

*
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Barna
rd
2018

Cronj
e*
2019

De
Beer
2003

Local South African produced meal
Bried
Bried
Bried
Bried
Gous
enhan enhan enhan enhan 2018
n 2016 n 2016 n 2016 n 2016

Gous
2018

Gous
2018

Barna
rd
2018

Barna
rd
2018

Barna
rd
2018

Cronj
e*
2019

Cronj
e*
2019

Cronj
e*
2019

A

B

C

D

A

B

C

Day

Night

Under

A

B

C

46.1

45.12

46.20

53.51

34.96

47.10

47.6

47.30

46.80

44.86

45.49

46.13

45.65

46.54

47.58

53.06

53.11

52.08

0.72

0.91

2.06

1.84

19.57

2.50

1.50

1.35

1.85

2.03

1.09

1.47

2.00

1.89

1.69

2.31

2.47

2.47

3.2

4.10

4.85

4.47

6.11

3.20

2.90

3.65

2.85

4.40

3.50

3.80

4.75

4.63

4.54

3.89

4.23

4.75

11.93

11.07

7.87

9.42

10.53

8.42

10.00

10.18

11.72

10.21

8.40

7.85

7.30

6.88

6.03

5.64

6.24

6.68

6.95

6.40

5.48

5.89

6.04

5.39

5.67

5.51

Mean of test of four independent laboratories.

Table 5-12: Processing quality parameters of soybean meals used in the trials
Argentina
Bried
Gous
enhan 2018
n 2016
Identif
ier
TIU/m
g
KOH
PDI
Lysine
R
Evoni
kI
Ureas
e

*
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1.28

Barna
rd*
2018

Cronj
e 2019

De
Beer
2003

1.63
74.10
17.90
2.50

83.94
10.03

Local South African produced meal
Bried
Bried
Bried
Bried
Gous
enhan enhan enhan enhan 2018
n 2016 n 2016 n 2016 n 2016

Gous
2018

Gous
2018

Barna
rd
2018

Barna
rd
2018

Barna
rd
2018

Cronj
e 2019

Cronj
e 2019

Cronj
e 2019

A

B

C

D

A

B

C

Day

Night

Under

A

B

C

1.09

3.04

3.26

5.2

1.78

1.35

2.35

77.70
25.20
2.47

73.60
22.6
2.53

76.70
24.6
2.54

94.28
12.43

84.20
9.62

89.92
12.82

15.00

13.00

14.00

0.08

0.02

0.12

0.164

0.092

0.096

58.95

12.00
0.02

0.02

0.118

0.107

0.03

0.069

Mean of test of three independent laboratories.

0.164

0.196

0.208

0.510

0.375

1.905

Similar to crushers, there is consensus on the feed mill side, that if the correct process and
procedure is followed during crushing, the meal will conform to quality specifications.
Rejections have decreased over the years as crushers have started focusing more on the meal
as main product and have incorporated learnings on quality requirements in collaboration
with their off-takers. There is relatively good transparency, with numerous reports of feed
mills working with crushers to get the meal to comply with their required specifications. The
larger crushers stated that they have had very few rejected loads, and none of them were due
to low protein or incorrect processing.
Producers also report sourcing locally for the sake of sustainability and reducing its carbon
footprint. Some crushers procure local meal for inland and import meal on the coast, as
transport in South Africa is very expensive.
5.7.

Actions to improve under/over processed soybean meal

The diet of animals and humans contain a wide variety of additives. However, in poultry diets
these additives are primarily included to improve the efficiency of the bird’s growth and/or
laying capacity, prevent disease and improve feed utilisation. Any additives used in feed must
be approved for use and then used as directed with respect to inclusion levels and duration of
feeding. They are also specific for the type and age of birds being fed. These guidelines are
maintained by the Department of Agriculture in Act 36 of 1997.
5.7.1.

Amino acids

5.7.1.1. Protein value
The nutritional value of a protein mainly depends on its amino acid composition. Knowing the
amino acid profile is insufficient to judge the quality of a feed material as proteins can be
associated with other components such as carbohydrates and they can also be altered by heat
treatment. The digestibility and the metabolic utilisation of dietary proteins vary greatly
according to the feed materials and their technological treatments. An estimate of protein
digestibility can be determined using the method published by Terpstra and de Hart (1974),
which consists in chemically separating urinary nitrogen from undigested protein nitrogen,
both of which are eliminated at the cloaca. Uric acid is solubilised, and then undigested
proteins are precipitated using lead acetate. The protein content is measured by the Kjeldahl
method. A correction factor (total N = 1.18 x precipitated N) is applied to consider the fact that
not all faecal nitrogen is precipitated, and that some urinary nitrogen is precipitated. The
estimation of the quantity of undigested dietary protein enables the calculation of protein
digestibility. This rough estimate of protein value has now been replaced by measurements of
availability and digestibility of individual amino acids (See sections 4.8 and 4.9).
5.7.1.2. Amino acid availability
Amino acid availability is defined as the proportion of an amino acid that is truly usable by the
animal. It is mostly used for essential amino acids and is estimated using chemical and
biological methods. The biological methods have a large range of applications and are able to
generate data for all sources of proteins and their constituent amino acids.
Growth tests measure the ability of a protein to replace an essential amino acid, particularly
lysine, in the diet of a growing chicken. A regression equation between growth rate and the
quantity of lysine ingested is established, using lysine-deficient experimental diets
supplemented with increasing proportions of synthetic HCl-lysine (supposed to be 100 %
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available). At the same time, other groups of chickens receive diets formulated with
increasing quantities of the test feed material, which should be the only source of lysine. The
growth rates of these animals are then compared to those of animals receiving the synthetic
lysine. This method allows the measurement of the availability of a single amino acid at once
and was principally developed for lysine. It does not take into consideration the possible
interactions with the other constituents of the feedstuff being tested; particularly antinutritional factors (Also see Appendix D).
5.7.1.3. Amino acid digestibility

In vivo digestibility methods that enable the characterisation of all the dietary amino acids are

now the most common methods for estimating the protein value of feed materials for poultry.
They consist in the determination of the proportion of each amino acid that is not eliminated
in the excreta. These methods correspond to a digestive balance test where the quantities of
each amino acid ingested and excreted are measured, either at faecal or ileal level. As
microbial activity is concentrated in the hindgut and as the main sites of absorption of amino
acids are the jejunum and ileum, the analysis of ileal contents rather than excreta is a more
reliable method for assessing protein and amino acid digestibility (Bryden et al., 2009). In the
1990s, INRA used trials to measure the true amino acid digestibility using intact adult
cockerels (Zuprizal et al. 1990). As the birds were force-fed with the amount of diet required
to cover protein requirements, the proportion of endogenous losses in the excreta was very
low. The endogenous losses were estimated using fasted animals. The previous version of
these tables (Sauvant et al., 2002) presented these values as well as those obtained using the
same system and similar methods.
Since the 2000s, it has been acknowledged that digestibility determined at the terminal ileum
is a better measure of amino acid absorption by the poultry (Ravindran et al., 2017). There are
two main methods, using 21-day old chicks:
 The standardized ileal chick assay, in which the birds are fed ad libitum. This is the
most widespread method.
 The precision-fed ileal chick assay, in which the birds are fasted for a couple of hours
up to two days, and then receive a certain amount of feed (often one single feedstuff)
through the crop.
In both cases, the digesta from the ileum is collected after killing the birds. Protocols for
measurements of apparent and standardised ileal digestibility have been developed and are
now common. The concepts of apparent and standardised digestibility are identical to those
used for swine.
In the mid-2010s, the Centraal Veevoeder Bureau (CVB, The Netherlands) carried out a
comprehensive data collection of ileal digestibility values. In the case of apparent digestibility
values, the CVB obtained from researchers the experimental data necessary for the
calculation of standardized ileal digestibility values. The basal endogenous protein losses
used for standardization are those determined by Blok and Makkink, (2017). Tables of
apparent standardised ileal digestibility values for poultry were published by the CVB in 2017
(Blok and Dekker, 2017).
Protein nutrition has a great economic importance since protein is an expensive item in
almost all feed rations. Soybeans are an excellent source of protein and vegetable oil for
human and animal nutrition due to its balanced amino acid profile. However, in maizesoybean based feeds, the limiting order of amino acids are 1) Methionine, 2) Tyrosine, 3)
Lysine, 4) Valine, 5) Arginine and 6) Tryptophan (Fernandez et al., 1994).
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The use of industrially produced amino acids in animal feed is not new. However, the
development of the market for amino acids over the past 40 years can be attributed to the
cost-effective production and isolation of amino acid products. This resulted in a decrease of
one percentage point of protein on average over the past 10 years without compromising
performance. Lower prices of industrially produced amino acids have allowed them to
become competitive with plant protein meals such as soybean meal. Further development of
synthetic amino acid production could pose a more pronounced threat to soybean meal as
they can replace not only lysine, but other essential and non-essential amino acids supplied
by soybean meal. Because of the scientifically controlled production process used to
manufacture synthetic amino acids, there are no spatial differences for which to account.
Presently, amino acids are produced by three different methods:
 Extraction from protein hydrolysates,
 chemical synthesis, and
 microbial processes involving enzymatic synthesis and fermentation.
Each of these biotechnological processes have their economic and ecological advantages.
Amino acid requirements for broiler chickens are complex because, while amino acids are
the ‘building-blocks’ of protein, they are also involved in a multiplicity of functional roles that
are not directly related to skeletal protein deposition and growth (Wu, 2013; 2014).
Furthermore, there are several ‘protein- or amino acid-sparing’ mechanisms in broiler
chickens when given reduced-crude protein diets both at the digestive and at the postabsorptive level (Swennen et al., 2007). Moreover, it seems improbable that the post-enteral
availability of an industrially-produced (non-bound) amino acid would precisely equal that of
its protein-bound counterpart. This is because their digestive dynamics are fundamentally
different; non-bound amino acids do not undergo digestion and are directly available for
absorption in the upper small intestine and appear in the portal circulation more rapidly than
protein-bound amino acids (Wu, 2009).
Douglas et al., (2000) demonstrated a significant improvement in feed efficiency by
supplementing Methionine and Lysine in broilers diets. Studies have shown that excess
heating by extrusion cooking or autoclaving of soybean during oil extraction can decrease
lysine availability, hence requiring supplementation of this and other amino acids in soybean
meal-based diets (Parsons et al., 1992). It has also been further established that
supplementation of raw soybean meal with methionine is an effective way of eliminating the
potential nutritional deficiencies in both the raw and heated soybean meals.
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Table 5-13 shows that the digestibility of four amino acids was greatly increased as the result
of autoclaving raw soybeans at 121 °C and 15 psi, for 0 to 18 minutes (Anderson-Haferman et
al., 1992. There is an improvement in the digestibility of all of the amino acids with increasing
heat treatment. It is important to understand that the improvement in amino acid digestibility
that occurs as a result of the initial heat treatment of both soybeans and raw soybean meal
occurs for all of the amino acids, not just some of the amino acids. This improvement in
digestibility is the result of the destruction of anti- nutritional factors by the heat treatment.
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Table 5-13: Effect of under processing on Amino Acid digestibility of raw soybeans (%). Source:
Anderson-Haferman et al. (1992).
Autoclave time (min)
0
9
18

Lys
73
78
87

Met
65
70
86

Cys
67
70
83

Thr
64
68
82

When too much heat is applied to soybeans or soybean meal there is a reduction in the
concentration of some of the amino acids as well as a decrease in the digestible of some of
the amino acids
Table 5-14 shows the effect of overheating (overprocessing) on a commercial soybean meal.
A commercial soybean meal was placed in an autoclave for up to 40 minutes (The result was
a significant reduction in the analytical concentration of lysine and cystine as well as a
reduction in the digestibility of lysine and cystine. There was little or no effect on methionine
and threonine. Most of the other amino acids are also not affected by excessive heat treatment
or over processing.
Table 5-14: Effect of overprocessing on amino acid concentrations and digestibility of
commercial soybean meal. Source: Parsons et al., 1992
Autoclave time (min)
0
20
40
0
20
40
0
20
40

Lys
Met
Digestibility coefficient (%)
91
86
78
86
69
83
Analytical concentration (%)
3.27
0.71
2.95
0.71
2.76
0.71
Available concentration (%)
2.98
0.61
2.30
0.61
1.90
0.59

Cys

Thr

82
69
62

84
86

0.70
0.66
0.63

1.89
1.92
1.87

0.57
0.46
0.39
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1.65
1.50

5.7.1.4. Methionine
Methionine is the first limiting amino acid for broilers offered maize-soybean meal diets and
methionine was the first non-bound amino acid to be made commercially available. Nonbound methionine is produced by chemosynthesis and may be included in poultry diets as a
powder (d,l-methionine or l-methionine) or as a liquid [d,l-2-hydroxy-4-(methyl)] butanoic
acid]. Methionine is one of the few amino acids that contain Sulphur, and Sulphur is a major
constituent of feathers. An adequate level of methionine is thus required in the diet and a
deficiency results in reduced growth and feather development. If poultry diets are deficient
in any single amino acid, it will most likely be methionine.
5.7.1.5. Lysine
Non-bound lysine was commercially introduced in the 1970s. Lysine is an essential amino acid
closely associated with body protein deposition potential. Breast meat is relatively high in
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lysine (Lys) (7%) compared with other amino acids. Lysine is considered the second limiting
amino acid for broilers fed diets based on maize-soybean meal. For these reasons’ lysine was
chosen as the reference amino acid for the "ideal protein" concept, which bases dietary amino
acid concentrations on fixed ratios to lysine (Baker and Han, 1994). In such diets, changing the
lysine concentration will change the requirements for all other essential amino acids. This
explains the importance of obtaining accurate and precise estimates of broiler lysine
requirements. Lysine is used as the reference amino acid for the ideal amino acid profile
because more information is known about its concentration in feedstuffs.
5.7.1.6. Threonine
Threonine is very important for the synthesis and maintenance of proteins in the body and i)
plays a significant role as an essential component of mucin in gut health (Kidd and Kerr 1996;
Lien et al., 1997) and ii) is involved in an important metabolic process such as the uric acid
formation (Rezaeipour et al., 2012). After absorption of threonine, it is used for gut protein
synthesis and protects the gut from anti-nutritional factors and pathogens (Lee et al., 2007).
Threonine thus has a major role in intestinal development and well-functioning (Stoll 2006).
5.7.1.7. Formulating feed for optimum amino acid availability
Most nutritionists formulate an ideal amino acid profile to optimize broiler performance.
Protein complementation combines protein sources to ensure all the amino acid needs are
met. The limiting amino acids — lysine, threonine, methionine and tryptophan — are required
in all formulations. If a diet has inadequate amounts of any of these essential amino acids,
protein synthesis cannot proceed beyond the rate at which that amino acid is available.
Therefore, digestible and metabolizable amino acid calculations must be a consideration with
different protein sources.
For example, methionine is the first limiting amino acid in soybean meal, but tryptophan is the
first limiting in maize meal. By creating a blend of these two meals together, nutritionists
work to ensure both needs will be met by the other protein source. This means that if soybean
meal does not provide an adequate amount of methionine, maize meal will supplement the
rest of the needs to move on to the next amino acid. Often these requirements are expressed
as ratio to Lysine and are estimated by dose-response studies, integrated into meta-analyses
to consider the variability linked to age, breed and statistical model.
Presently, moderate dietary crude protein reductions of approximately 30 g/kg are feasible,
using non-bound amino acids, however more radical reduction may inhibit broiler
performance. In theory, an ‘ideal’ amino acid profile would prevent this, but this is not always
the case in practice. The dependence of the chicken-meat industry on soybean meal will be
halved if crude protein reductions in the order of 50 g/kg could be attained using non-bound
amino acids without compromising the growth performance of broiler chickens (Selle et al.,
2020).
Whereas non-bound amino acids may enable nutritionists to comply better with constraints
in linear programming and contributing to a reduced nitrogen excretion, results of Nonis and
Gous (2006) indicate that synthetic amino acids should not be used in broiler breeder hen
feeds. It is likely that these amino acids are rapidly absorbed and metabolised before the intact
protein has been digested and absorbed, resulting in an unbalanced mixture of amino acids
and a consequent reduction in rate of laying.
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Table 5-15 indicates that soybean meal produced in different countries may also differ in
proximate analyses but also in its amino acid content. These potential differences in amino
acid composition must be considered by animal nutritionists when formulating feed using
imported soybean meal.
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Table 5-15: Global Soybean meal analysis. Source: U.S. Soybean Export Council, n.d.1
Dehulled
Number

Non-dehulled

USA

Argentina

Brazil

Argentina

Brazil

India

China

1247

3

17

72

459

80

29

PROXIMATE ANALYSES
Moisture

12

12

12

12

12

12

12

47.8

47.2

48.8

44.7

46.7

46.6

44.2

Crude Fibre

3.1

3.1

3.3

6.1

5.9

6.2

ND2

Crude Fibre

1.5

2.3

1.8

1.7

1.6

1.1

ND

Ash

6.4

6.6

6.2

ND

ND

7.7

ND

Crude Protein

QUALITY INDICATORS
KOH
Urease

86

75

80

78

81

80

ND

0.02

0

0.03

0.02

ND

0.03

ND

AMINO ACIDS
Lysine

2.99

2.86

2.91

2.73

2.83

2.8

2.68

Methionine

0.68

0.64

0.63

0.59

0.6

0.61

0.59

Cystine

0.73

0.73

0.67

0.63

0.7

0.64

0.65

M+C

1.41

1.38

1.3

1.22

1.3

1.25

1.24

Threonine

1.85

1.79

1.86

1.76

1.79

1.8

1.71

Tryptophan

0.65

0.63

0.68

0.61

0.61

0.62

0.57

Arginine

3.43

3.44

3.47

3.28

3.47

3.36

3.38

2.1

2.11

2.08

2

2.14

2.07

1.99

Leucine

3.57

3.64

3.64

3.44

3.57

3.54

3.35

Valine

2.26

2.3

2.21

2.12

2.22

2.18

2.09

Histidine

1.22

1.25

1.3

1.23

1.24

1.26

1.17

Phenylalanine

2.33

2.41

2.41

2.28

2.42

2.35

2.21

Tyrosine

0.4

1.62

1.57

1.47

1.72

0.65

ND

Glycine

1.99

1.92

1.97

1.91

2

1.95

1.89

Serine

2.32

2.13

2.33

2.25

2.36

2.33

2.2

Proline

2.34

2.3

2.36

2.26

2.34

2.3

2.21

Alanine

2.02

2.01

2.05

1.94

2.03

1.99

1.87

Aspartic Acid

5.42

5.2

5.46

5.14

5.36

5.35

5.09

Glutamic Acid

8.58

8.52

8.67

8.01

8.2

8.29

7.81

Isoleucine

1

Compiled values are average values (weighted by number of assays) as reported by Degussa
AG (1997-2001), United Soybean Board (1998-2000), Novus International (1998- 2003), and
American Soybean Association (assayed at University of Missouri 1999-2003).
ND = not determined.

2

5.7.1.8. Summary
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A deficiency of any one of the essential amino acids will result in lowered performance,
The extent of the response in weight gain, feed intake and return on investment differs
for each amino acid,
The digestible amino acid content of each ingredient and not the total amino acid
content is required when formulating feeds for broilers and pigs.

5.7.2.

Enzymes

The use of exogenous microbial enzymes is a mature concept in the animal feed industry and
is used on a routine basis to improve the nutritive value of feed ingredients (Pettersson and
Pontoppidan, 2013) (Also see section 4.7.1). The enzymes that can be added can be categorised
into three groups:
 Protein degrading enzymes
 Carbohydrate degrading enzymes
 Phytic acid degrading enzymes
The feed enzymes can be marketed as single enzyme inclusions or as mixtures or cocktails
of carbohydrate-degrading enzymes or even in combination with protein and/or phytate
degrading enzymes. These carbohydrate-degrading enzymes cocktails are generally
marketed with an energy replacement value, and sometimes with amino acid replace values
if cell-wall degradation and release of bound protein is targeted with the enzyme cocktail.
The addition of suitable multi-enzyme preparation improves poultry performance in the
following ways (Table 5-16):
 Increasing the effectiveness of host (endogenous) enzymes: Breaking down the gel
form characteristic of soluble fibres allows the birds digestive enzyme to function
more efficiently. This improves starch, protein, fat, amino acids and energy
digestibility.
 Alteration in feed passage rate: The enzymes reduce the water holding capacity of the
gut contents thus increasing the dry matter content stimulating feed intake.
 Effect on excreta characteristics: Addition of enzymes also reduces the dry matter
outside the body thus has marked impact on excreta volume and composition. Due to
protein digestibility lowering of excreta output is observed.
 Effect on litter problems: Reduced viscosity improves nutrient digestion, lower water
intake and help to reduce litter problems.
 Release of nutrients: Enzymatic depolymerization renders the NSP free releasing
nutrients in the gut and it available to the animal. Starch masked by cell structure is
released leading to increase in metabolisable energy. Proteins are also released by
action of proteases. This release leads to maximum absorption of minerals and results
in improvement in nutrient utilization.
 Availability of phosphorus: Cereals and oilseeds contain 1-2 % of phytate, and 60-90 %
of total phosphorus present in the seeds in this phytate phosphorus. Phytase
hydrolyses phytic acid to myoinositol and phosphoric acid in step wise manner forming
myoinositol phosphatic intermediates (IP5, IP4, IP3, IP2, IP1).
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Table 5-16: Summary of some enzyme functions and benefits. Source: Glamac, 2018
Enzyme
Phytase

Substrate
Phytate

Functions
Release phosphorous
stored in phytate

Protease

Protein

Improve protein
digestibility

Pectinase

non-starch
polysaccharides

Break down indigestible
pectin. Reduce digestive
viscosity

Xylanase

non-starch
polysaccharides

Break down fibre

Celluase

non-starch
polysaccharides

Break down fibre

BetaGlucanase

non-starch
polysaccharides

Break down fibre

AlphaAmylase

Starch

Improve starch digestibility

Lipase

Fat

Improve fat absorption

Total benefits











Improve
feed
conversion ratio
Improve litter quality
Greater uniformity
Reduce feed costs
Use cheaper feeds
Reduce
crude
protein use and
costs
Reduce
Phosphorous
excretion
Reduce the mortality
Improve
overall
performance of birds

Enzymes are proteins that facilitate specific chemical reactions. After completion of the
reaction, the enzyme disassociates and becomes available to assist in further reactions.
Although animals and their associated gut microflora produce numerous enzymes they are
not necessarily able to produce sufficient quantities of specific enzymes or produce them at
the right locations to facilitate absorption of all components in normal feedstuffs or to reduce
anti-nutritional factors in feed that limit digestion.
Some cereal grains have soluble long chains of sugar units (referred to as soluble non-starch
polysaccharides – NSP) that can entrap large amounts of water during digestion and form
very viscous (thick gel-like) gut contents (Also see section 5.3.2.1). Enzymes that are
harvested from microbial fermentation and added to feeds can break these bonds between
sugar units of non-starch polysaccharides and significantly reduce the gut content viscosity.
Lower viscosity results in improved digestion as there is more interaction of the digestive
enzymes with feeds and therefore more complete digestion; improved absorption as there is
better contact between the digested feed nutrients and the absorptive surface of the gut; and
improved health as the moisture and nutrient levels in the manure are reduced which reduces
the nutrients available for harmful gut microflora to proliferate and challenge the birds (e.g.
necrotic enteritis, a chronic intestinal disease caused by Clostridium perfringens, resulting in
reduced performance, mortality and the main reason we currently use in-feed
antimicrobials).
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Commercial enzymes are also produced that significantly reduce the negative effects of
phytates (Also see section 5.3.2.2). Phytates are plant storage sources of phosphorus that also
bind other minerals, amino acids (proteins) and energy and reduce their availability to the bird.
Ongoing research will develop enzymes that are more effective in maintaining function under
a wider range of processing and digestive conditions. New enzymes may include those capable
of reducing toxins produced during feed spoilage (mould growth in grains) and facilitating
digestion of carbohydrates currently not available to simple-stomached animals (poultry,
pigs, humans) such as cellulose, lignin and chitin. New feed additives are rapidly adopted by
the poultry industry and have facilitated the development of significant new technology to
advance the use and availability of in-feed enzymes.
Enzyme editions allowed are listed in Act 46.
5.7.3.

Probiotics

Probiotics are defined as live mono or mixed culture of microorganisms which are nonpathogenic, resistant to gastric and bile acids, and when ingested can beneficially affect the
host animal by improving the characteristics of intestinal microbiota. Probiotics can be
ingested by poultry and they can create physiological changes in the intestinal tissue
structure; this causes immunological variations in the gastrointestinal tract. These
immunological changes enhance the animal's resistance to pathogenic bacteria. Probiotics
are able to produce short organic fatty acids and metabolites with antimicrobial activity. The
release of volatile fatty acids which are absorbed in the large intestine can contribute to the
animal's energy supply. Furthermore, the metabolites can activate receptor sites to stimulate
the immune system (Madsen et al., 2001; Sherman et al., 2009). Rolfe (1991) summarized four
major factors that induce the development of a microflora, which prefers beneficial microorganisms. These bacteria allow for the expression of several mechanisms that decrease the
number of pathogens from inhabiting the intestinal tract. These factors include the following:
 antagonistic action towards pathogenic bacteria by secretion of products which inhibit
their development, such as bacteriocins, organic acids and hydrogen peroxide;
 competitive exclusion which represents competition for locations to adhere to the
intestinal mucous membranes and in this way pathogenic micro-organisms are
prevented from inhabiting the digestive tract;
 secretion of antimicrobial metabolites and
 competition for nutritious substances.
5.7.4.

Prebiotics

Prebiotics are defined as indigestible food ingredients which stimulate the growth or activity
of a selected number of bacteria in the gastrointestinal tract of host animals. For example
prebiotics have selective activation to grow intestinal microbes such as Bifidobacteria and
Lactobacillus spp. When prebiotics enter the gut, they serve as a substrate for the endogenous
beneficial bacteria and thus promote competitive exclusion of pathogenic microbes and
selective colonization by beneficial microbes. Known prebiotics such as mannanoligosaccharide, fructo-oligosaccharide and galacto-oligosaccharide have extensively been
tested in poultry (Abd El-Hack et al., 2017; Gibson and Roberfroid, 1995). Prebiotics proposed
mechanism of actions include:
 lowering gastrointestinal tract pH through lactic acid production;
 inhibiting the colonization of pathogens and
 producing systemic effect on stimulation of immune responses.
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5.8.

Effect of soybean processing on feed intake (FI), average daily gain (ADG) and feed
conversion ratio (FCR)

5.8.1.

Dehulling

Dehulling of soybeans prior to making conventional soybean meal had positive effects on
laying hens who produced significantly bigger eggs with stronger eggshells when they were
fed dehulled soybean meal (Park et al., 2002). Broilers fed dehulled soybean meal also linearly
increased their body weight gain with the provision of soybean meal in their diet and their gain
per feed ratio was higher (Park et al., 2002).
It was also found that dehulling soybeans prior to extrusion-pressing or prior to flakingcooking-pressing had no effect on starter broilers (1-14 days) and growing broilers (14-28
days) for feed intake, average daily gain or the feed : gain ratio (Royer et al., 2020). Dehulling
had a significant advantage only on carcass yield, possibly resulting from adaptive growth of
gizzard and proventriculus (Royer et al., 2020).
5.8.2.

Heat treatment

The importance of properly processing soybeans on the quality of soybean meal have been
addressed in Section 4.8. Whilst heat liable anti-nutritional factors were discussed in section
5.3.1. The heat treatment also has some effects on protein solubility of soybean meal, which
is important for its nutritive value (See section 5.1.1.4). An array of tests (See section 4.9.1)
have been developed to test the quality of soybean meal.
To recap in short: heat procedures like extrusion, cooking, toasting, roasting, autoclaving and
microwaving have been reported to be efficient in reducing trypsin inhibitor activity (TIA) and
phytic acid (PA) in soybeans (Ari et al., 2012).,
Broiler chicken, feed heat-processed soybean meal had a higher final body weight, a higher
average daily gain, and a lower feed: gain ratio compared with broiler fed raw soybean meal.
It has been demonstrated that autoclaving raw hexane-extracted soybeans or soybean meal
increased the growth of broilers fed on this raw material by 140 to 150 % (Dozier and Hess,
2011).
On the contrary, overheating has deleterious effect on soybean meal nutritive value and it has
been recommended not to overheat soybean meal. Nevertheless, the method, and the
combination of time and temperature need to be optimized since under-heating results in
poor destruction of anti-nutritional factors while over-heating causes unavailability of some
amino acids. It has been suggested that the digestibility and availability of essential amino
acids are increased when autoclaving occurs at 121 °C further than 20 min, causing higher
growth performance of broiler chickens thanks to higher destruction of anti-nutritional
factors by the heat treatment, while the excessive hot processing when soybean meal was
autoclaved at 121°C for 40 min decreased digestibility and availability of lysine and cystine
(Parsons et al., 1991) and resulted in lower growth performance of broiler chickens
(Anderson-Hafermann et al., 1992, Tousi-Mojarrad et al., 2014). Another study suggested that
over-heating occurred beyond 10 minutes of autoclaving: subsequently soybean meal nutritive
value was impaired (Araba et al., 1990).
The reference soybean meal used in poultry feeding in the world is the solvent-extracted
soybean meal. However, there also has been in increased interest in the use of full fat soybean
meal for both commercial but also organic poultry.
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Extrusion can be done at different temperatures and it was shown that at the lowest
temperatures (121 and 135 °C) the resulting soybean meal could be considered under
processed, with high urease activity and low amino acid digestibility in roosters. It was then
suggested to extrude soybeans at temperatures higher than 135 °C and no over processing
was noted at 160 °C (Karr-Lilienthal et al., 2006).
Amino acid true digestibility of -expeller soybean meal was lower than those of solventextracted soybean meal referred to in the National Research Council (1994). However, it was
found that broilers fed on such \expeller soybean meal had no difference in growth
performance over a 49-day period, but chicken had lower breast meat yield (24.95 vs. 26.30
%) (Powell et al., 2011). A further experiment reported that crude protein ileal digestibility and
amino acids ileal digestibility of expeller soybean meal was higher than those of solvent
extracted soybean meal. Daily weight gains and feed intakes were increased, and feed
conversion ratio was improved by the use of expeller soybean meal which was thus considered
valuable for poultry feeding (Jahanian and Rasouli, 2016).
De Coca-Sinova et al., (2008) evaluated the coefficient of apparent ileal digestibility (%) of dry
matter, Nitrogen, energy, and amino acids of the diet based on soybean meal of different
producers in South America in broilers of 21 d of Age. They observed that digestibility
coefficients were higher for soybean meals that contained lower levels of trypsin inhibitor
activity (1,8 mg/g), when compared with soybean meal with higher levels of trypsin inhibitor
activity (4,8 mg/g).
5.8.3.

Finding predictions between quality monitoring indications and poultry production
indicators

There have been several studies that aimed at determining the relationship between the
quality indicators, such as urase, KOH, and PDI which represent the trypsin inhibitor activity
on either feed intake, average daily gain and feed conversion ratio which are mainly influenced
by the crude protein availability and the amino acid composition.
Already in 1981 McNaughton et al. found that both over and under-processing had a negative
effect on broiler performance (Table 5-17).
Table 5-17: Effect of additional cooking of commercial soybean meal1 high in trypsin inhibitor
on broiler performance at 21 days2. Source: McNaughton et al., 1981
Cooking time

0
5
10
15
20
25
1

2
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Urease index
(Δ pH)

Trypsin inhibitor,
Mean body
Feed gain
trypsin
weight gain
inhibited/protein
(μg/mg)
.19
12.12
605b c
1.61b
.11
7.84
625a b
1.53a
.02
1.77
643a
1.51a
0
0
626a b
1.54a
0
0
596c
1.59b
0
0
56 5 d
1.68c
Soybean meal processed commercially was purchased on the open-market and autoclaved for 0
to 25 min with 5 min intervals in open flat pans with 2.54 cm of material in each pan. Immediately
after autoclaving, the soybean meal was tumbled to release the heat quickly.
Means within each column and without a common superscript are significantly different (P<.05).

Over the years there have been many efforts both locally (Palic and Coetzee, 2009; Palic et al.,
2011; Barnard, 2018; Gous, 2018) and internationally (Heger 2016, Serrano, 2015 Batal 2000,
Pacheco et al., 2014) to find correlations and regressions between soybean meal quality tests
and bird performance. For illustration Figure 5.3 indicates the relationship between the urase
activity index and body weight gain for full fat soybean meal (Palić , et al., 2008), whist figure
indicates the relationship between trypsin inhibitor activity (KOH) and both feed conversion
ratio and total weight gain per chick (35 days) Heger et al., 2016. Figure 5.5 and Figure 5.6 is
an indication of the regression between protein dispersibility index (PDI) and both average
daily gain and the feed conversion ratio (Modika, 2011).

Figure 5.3: Relation between the urease activity (expressed as ΔpH) determined by two
laboratories and the body weight gain (BWG) of chickens in in vivo trial. Source:
Palic, et al., 2008
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Figure 5.4: Weight gain and feed conversion ratio of chickens (1-35 days of age) in relation to
trypsin inhibitor activity (KOH). Source: Heger et al., 2016
The points in Figure 5.4 are treatments of means. Equations:
 Weight gain: y1 = 1920.0; y2 = 3441.8 – 78.49x, R2 = 0.78
 Feed conversion ratio: y1 = 21.89; y2 = 0.148 +0.071x; R2 = 0.78

Figure 5.5: Relationship between protein dispersibility index (PDI) values and average daily
weight gain (AWG). Source: Modika
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Figure 5.6: Relationship between protein dispersibility index (PDI) values and feed conversion
ratio (FCR). Source: Modika
In an effort to link the quality values to average daily gain an own table was created (Table
5-18). In this process it was found that the relationships as depicted above for single trials is
much more complex due to differences in:
 Feed formulations
 Sex
 Coarseness of the meal
 Meal type (full-fat vs solvent extracted)
Figure 5.7, Figure 5.8 and Figure 5.9 depict the relationship average daily gain (g) and the feed
conversion ratio between urease activity, KOH and PDI respectively based on the data of table.
The link between ADG and urease index and KOH is low (R2 < 0.05), whilst it was higher for the
feed conversion ratio (R2 = 0.1752 and 0.1679 for the urease index and KOH respectively it still
not is significant). Although not high the best correlation between the two performance
indices was obtained with the protein dispersibility index.
There, however, seems to be an effort by in-house research in different vertical integrated
companies to capture such relationships for the meal processed as the translation of even a
small increase in quality of meal used, on cost of broiler production (See section 5.11), has a
distinctive influence on the bottom line through better feed conversion ratios.
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Table 5-18: The link between quality parameters literature review
Author

Country of origin

protein

KOH

PDI

Urease

Feed
conversion
ratio (FCR)
1.680

Number of
days

0.01

Average
daily gain
(ADG)
65.70

Serrano, 2015

USA

48.1

84

16.6

Serrano, 2015
Serrano, 2015

USA
Brazil

46.2
47.6

79.6
68.1

13
8.9

0.01
0

66.60
64.30

1.670
1.720

42
42

Serrano, 2015
Gous, 2018

Argentina
Argentinia

46.3
45.12

77.4
74.1

14.4
17.9

0
0.02

64.40
41.71

1.680
1.320

42
28

Gous, 2018
Barnard, 2018

Argentinia
Argentinia

45.12
46.2

74.1

17.9

0.02
0.118

52.25
62.31

1.370
2.232

28
35

Gous, 2018
Gous, 2018

South Africa
South Africa

44.86
45.49

77.7
73.6

25.2
22.6

0.08
0.02

60.71
61.32

1.300
1.280

28
28

Gous, 2018
Gous, 2018

South Africa
South Africa

46.13
44.86

76.7
77.7

24.6
25.2

0.12
0.08

60.57
52.54

1.290
1.280

28
28

Gous, 2018
Gous, 2018

South Africa
South Africa

45.49
46.13

73.6
76.7

22.6
24.6

0.02
0.12

53.14
52.25

1.370
1.330

28
28

Barnard, 2018
Barnard, 2018

South Africa
South Africa

45.65
46.54

0.51
0.375

61.97
61.80

2.248
2.175

35
35

Barnard ,2018
Modika, 2011

South Africa
South Africa

47.58

1.905
2.12

61.34
87.80

2.203
2.081

35
14

Modika ,2011

South Africa

89.21

1.94

96.00

1.893

14

Modika 2011
Modika 2011

South Africa
South Africa

86.87
76.51

23.47
10.3

0.16
0.15

108.00
138.30

1.768
1.382

14
14

Modika, 2011
Modika, 2011

South Africa
South Africa

73.87
67.14

8.92
8.49

0.13
0.13

132.00
123.00

1.466
1.529

14
14

Modika, 2011
Modika, 2011

South Africa
South Africa

67.99
61.01

7.06
5.96

0.13
0.13

97.20
79.80

1.679
1.891

14
14

Heger, 2016

Germany

94.2

72.2

37.11

2.130

35
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99.45

42.35

42

Author

Country of origin

Heger, 2016
Heger, 2016

protein

KOH

PDI

Germany
Germany

99
93.3

Heger, 2016
Heger, 2016

Germany
Germany

Heger, 2016
Heger, 2016

Germany
Germany

Heger, 2016
Heger, 2016

Germany
Germany

Heger, 2016
Batal et al., 2000

Germany

Feed
conversion
ratio (FCR)
1.870
1.700

Number of
days

50.7
34.6

Average
daily gain
(ADG)
44.51
52.63

91.9
90

27.1
22

55.43
52.09

1.730
1.740

35
35

89.5
88.7

24.6
14.7

58.86
55.49

1.660
1.710

35
35

60.03
59.60

1.590
1.580

35
35

1.680
0.578

35
8-17

35
35

23

80.2
97

2.4

54.69
19.78

Batal et al., 2000

23

93

63

2.2

20.00

0.557

8-17 days

Batal et al., 2000
Batal et al., 2000

23
23

93
94

63
47

2.1
1.8

21.00
22.67

0.599
0.671

8-17 days
8-17 days

Batal et al., 2000
Batal et al., 2000

23
23

81
81

30
32

0.2
0.3

23.00
22.78

0.685
0.678

8-17 days
8-17 days

Batal et al., 2000
Batal et al., 2000

23
20

78
89

24
71

0.1
2.03

23.33
22.56

0.682
0.483

8-17 days
8-17 days

Batal et al., 2000
Batal et al. , 2000

20
20

79
76

45
23

1.65
0.02

27.78
27.89

0.535
0.531

8-17 days
8-17 days

Batal et al. 2000
Batal et al., 2000

20
20

67
90

14
84

0.02
1.76

28.78
24.33

0.280
0.472

8-17 days
8-17 days

Batal et al., 2000
Batal et al. ,2000

20
20

85
84

72
69

0.86
0.48

28.56
28.78

0.496
0.505

8-17 days
8-17 days

Batal et al., 2000
Batal et al., 2000

20
20

72
79

55
40

0.14
0.02

30.56
30.78

0.512
0.521

8-17 days
8-17 days

59
63

8.6
10.4

0.05
0.09

37.00
38.36

1.210
1.160

14 days
14 days

Pacheco et al., 2014
Pacheco et al., 2014
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12.5
76

Urease

Author

Country of origin

protein

KOH

PDI

Urease

Feed
conversion
ratio (FCR)
1.150
1.150

Number of
days

0.15
0.2

Average
daily gain
(ADG)
39.36
38.79

Pacheco et al., 2014
Pacheco et al., 2014

69
74

12.6
14.4

Pacheco et al., 2014
Pacheco et al., 2014

81
85

17.1
18.4

0.27
0.28

37.93
37.21

1.150
1.180

14 days
14 days

Pacheco et al., 2014
Pacheco et al. , 2014

59
63

8.6
10.4

0.05
0.09

38.21
37.07

1.180
1.170

14 days
14 days

Pacheco et al., 2014
Pacheco et al., 2014

69
74

12.6
14.4

0.15
0.2

38.14
37.86

1.160
1.150

14 days
14 days

Pacheco et al., 2014
Pacheco et al., 2014

81
85

17.1
18.4

0.27
0.28

36.86
36.50

1.170
1.180

14 days
14 days

14 days
14 days

Abara and Dale, 1988

17.5

86

0.03

25.00

1.790

18 days

Abara and Dale, 1988
Abara and Dale, 1988

17.5
17.5

76.3
74

0.02
0

24.72
23.56

1.870
1.830

18 days
18 days

Abara and Dale, 1988
Abara and Dale, 1988

17.5
17.5

65.4
48.1

0
0

21.83
17.56

1.890
2.040

18 days
18 days

Abara and Dale, 1988
Abara and Dale, 1988

17.5

40.8
78.3

0
0.02

12.17
21.381

2.550
2.200

18 days
21 days

Abara and Dale, 1988
Abara and Dale, 1988

77.2
71.7

0.01
0

22.333
21.762

2.010
2.300

22 days
23 days

Abara and Dale, 1988
Abara and Dale, 1988

68.8
61.8

0
0

21.619
21.095

2.110
2.160

24 days
25 days

Abara and Dale, 1988
Abara and Dale, 1988

61.5
82.3

0
0

20.714
20.143

2.130
2.260

26 days
27 days

Abara and Dale, 1988
Abara and Dale, 1988

72.6
66.9

0
0

21.524
21.143

2.120
2.240

28 days
29 days

Abara and Dale, 1988
Abara and Dale, 1988

60.5
46.1

0
0

19.286
12.095

2.360
2.600

30 days
31 days
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FCR: y = 0.5553x2 - 1.4672x + 1.6605
R² = 0.1752
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Figure 5.7: Relationship between urease activity and average daily gain (g) and the feed
conversion ratio
ADG: y160
= -0.0225x2 + 3.6356x - 99.867
R² = 0.048

FCR: y = 0.0007x2 - 0.12x + 6.3861
R² = 0.1679

3.0

2.5

120
2.0

100
80

1.5

60

1.0

40

Feed conversion ratio (FCR)

Average daily gain (g/day)

140

0.5

20
0

0.0
0

20

40

60

80

100

120

KOH
Average daily gain (ADG)

feed conversion ratio (FCR)

Poly. (Average daily gain (ADG))

Poly. (feed conversion ratio (FCR))

Figure 5.8: Relationship between Trypsin inhibitor index (KOH) and average daily gain (g) and
the feed conversion ratio
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FCR: y = 8E-06x2 - 0.0113x + 1.5137
R² = 0.2111
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Figure 5.9: Relationship between protein dispersibility index (%) and average daily gain (g) and
the feed conversion ratio
5.9.

Strategies to mitigate lower quality meal

The crushing industry is a competitive space, and crushers continuously investigate and adjust
to solve and mitigate issues. If the produced meal’s protein content is below the specification,
crushers can blend it with higher protein meal, but only up to a point if the protein content is
not too low. This is supposedly done by Argentina to form a constant protein level and
consistent meal. Other local crushers stated that blending leads to inconsistent feed, and that
the protein content should rather be manipulated with the oil, fibre, and moisture content of
the beans. By removing more moisture and fibre in the beans, the protein level is increased.
Feed mills adjust their formulation according to the protein content to ensure they meet their
specifications. This can however only be done up to a certain minimum protein level, after
which some feed mills reject the load. Some feed mills increase the protein level with other
protein sources like sunflower or canola oilcake, full-fat soybean meal, or amino acids. This
is however very expensive.
Crushers consistently measure the urease levels during the crushing process, that if the
soybean meal is over- or under- processed, they can adjust the processing time. If the urease
test is too high, soybean meal is under-processed and crushers need increase the cooking
time, similarly if the urease levels are too low, the meal has been over-processed, and the
cooking time is decreased. If the meal is outside of the specifications, the meal has to be
discarded and counts as a loss, as no animals can eat it. This happens for example if there is
power outage. If the meal is only slightly under-processed, crushers can sometimes
reprocess it bit by bit, and slightly overprocessed meal can sometimes be sold for other
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animal feed (like ruminants) at a discount. But most crushers do not like to do that, as they
aim to produce a consistent and reliable product.
A discount of between R200 and R400 per ton for local vs. import parity soybean meal price
has been reported. However, this discount is almost never due to quality problems, but rather
driven by local demand and supply dynamics. In the soybean harvesting season (May to July),
there is limited demand for the total South African inland meal supply, resulting in crushers
selling their product at a discount to maximise factory throughput. On the other hand, during
off-season (typically November to February) crushers often operate at 70-80% capacity
utilisation and often are having to compete with imported meal.
Most feed mills will reject the load if it is insufficiently processed. Some will downgrade the
digestibility and apply for a discount and add probiotics. This is more common if there is a
shortage of soybean meal in the country. Lower quality soybean meal means the protein
content is less or there are problems with processing quality, which results in lower
digestibility and lower nutrient value. Over- or under-processed meal is often only realised
once the chickens have eaten the feed. Some feed mills can calculate the effect and negotiate
with crushers.
There is however also a perception that soybean meal is often blamed without evidence. It is
also believed that over-processing barely happens with the extrusion and full-fat crushing
process, and other feed mills indicated that the chance of getting over processed soybean
meal is very slim. Many feed mills are worried that the meal that they reject is sent to another
feed mill with insufficient measuring equipment.
Table 5-19 summarises the potential mitigations that are used by some crushers and feed
mills for low protein, incorrect processing levels and meal size. Important to note that the
mitigations are merely views of some stakeholders, and that other stakeholders may be
against the possible mitigations.
Table 5-19 Potential mitigations for soymeal
Parameter
Protein

Over processed

Under processed

Meal size
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Crusher mitigation
 Dehull beans
 Blend meal
 Manipulated with the oil, fibre
and moisture content of the
beans
 Sometimes sell for discount
 Decrease cooking time
 De-hull (limited for cold
dehulling)
 Blend (only small volumes)
 Sometimes sell for discount





Increase cooking time
De-hull (limited for cold
dehulling)
Blend (only small volumes)
Re-process bit by bit

Feed mill mitigation
 Adjust formulation
 Add other protein source
 Add amino acids
 Apply for discount


Downgrade digestibility and
apply for discount and add
probiotics
 Only see effect later,
calculate effect and talk to
supplier
 Downgrade digestibility and
apply for discount and add
probiotics


Mill again

5.10.

Feed mill profitability

Figure 5.10 illustrates the profitability of a feed mill that produces an average broiler feed.
The price and costs are however subject to different feed mills’ strategies of feed type and
production. The main inputs for broiler feed are maize and soymeal. The specific contribution
levels vary per feed mill and feed type. These are also the major costs that feed mills incur.
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As soybeans are the main protein source, the gross margin is dependent on the price of
soybean and full-fat soybean meal, because a certain threshold of protein needs to be
achieved. As the prices of the inputs vary, feed mills can vary the input contribution
percentages. There are however limits to the extent they can adjust the formulation.
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Other raw material cost

Total costs of milling

Feed Price

Figure 5.10: Profitability of a feed mill that produces an average broiler feed
5.11.

The impact of soybean meal quality on broiler production

The quality of soybean meal is an important factor influencing broiler production, due to its
impact on the digestibility of proteins and, therefore, feed efficiency, which in turn affects total
cost of production and profitability. The digestibility of proteins and other nutrients in the feed
can induce variability in feed efficiency and carcass weights, even when feed formulations and
the amount fed remain constant. Various industry stakeholders have performed trials to
quantify the impact of using soybean meals differing in quality on broiler performance. By
optimising quality indicators like Urease, PDI and KOH within the currently accepted ‘in-spec’
ranges, slaughter weights (as a result of increased feed efficiency) increased by between 15
and 50 g when keeping all other factors constant (rearing period, quantity fed, nutritional
composition of the feed). The following analysis endeavours to illustrate the impact of this
feed efficiency-driven improved final bird weight on the following indicators:
o Cost of feed per kg of chicken produce
o Profitability
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A broad spectrum of broiler placement density, feed density, housing and management
practices are found within the industry. Farmers also have different objectives depending on
chosen business strategies. These objectives can range from producing fewer, larger birds or
producing higher volumes of smaller birds, often depending on contract incentive structures.
For the sake of this analysis, two categories were used, namely, high-density or low-density
broiler farms, both typically classified as intensive broiler production systems. High-density
farmers were defined as higher bird volume producers with a higher placement density,
higher density feed, and more likely to have environmentally controlled housing. This type of
farmer provides the bulk of local broiler production in South Africa. On average, high-density
farmers realise a higher average daily gain and shorter time to slaughter, and produce a
smaller bird. Feed conversion ratio's (FCR's) are closely monitored in this kind of operation.
On the other hand, low-density farms were defined as those with a lower placement density,
aiming to deliver smaller volumes of larger birds. This production system results in an inferior
FCR and lower ADG than obtained by high-density producers (Table 5-20). Theoretically, a
lower placement density can positively affect ADG, but in practice, the accompanying
management practices (i.e. open housing) result in lower ADG’s in this system.
Key performance measures for broiler production are reported in Table 5-20. Interviews were
conducted with six industry collaborators to identify average industry parameters for highdensity and low-density farmers.
Table 5-20: Broiler key measures

Slaughter weight (kg)
Days to slaughter
ADG (g/day)
FCR

High-density production

Low-density production

1.78
32
55.7
1.45

1.90
36
52.7
1.61

The following assumptions were made for the analysis:
1. All production costs remain constant (for each weight gain scenario).
2. Feed costs contribute 70 % of total production costs (Davids & Meyer, 2017).
3. The price for feed in 2020 was R 5 260 per tonne based on the SAPA price index for
broilers.
4. The cost of feed is an average derived cost over all feeding stages (i.e. starter, finisher
etc).
5. The average amount of feed consumed to produce a chicken is derived from the
average industry FCR and the average industry slaughter weight (as detailed in Table
5-20).
The increase in profit per kilogram of chicken meat produced for high-placement density
farmers was impacted slightly more than low-placement density farmers (Figure 5.11, Table
5-21). For high density farmers, a 15 g increase in final bird weight resulted in a 2.96 %
(R0.10/kg) increase in profits. For a final weight increase of 50 g, this increased to a 9.70 %
(R0.32/kg) gain in profit. For low density farmers, a 15 g final bird weight increase resulted in
a 3.81 % (R0.10/kg) profit increase, and a 50 g increase resulted in a 12.5 % (R0.33/kg) profit
increase. Therefore, although a slightly higher percentage increase was realised in highdensity farming than low-density farming, there is no significant difference in R/kg impact for
profits for the two categories' (both increasing R0.30/kg for a 50 g gain in bird weight).
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In this scenario, high density farmers have a higher absolute profit per kg chicken sold than
low density farmers. This is due to lower production costs given less feed is consumed during
the shorter production period. A higher wholesale broiler price might tip the scale, in which
case production volume (total number of birds produced in a year) will be an even bigger driver
in overall business unit profitability. Production volume was, however, outside the scope of
this analysis. Higher production volumes in the case of high-density farming units can
potentially tip the scale on overall business profitability despite a lower profit per kg or profit
per bird impact.
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Figure 5.11: Impact of final broiler weight on Figure 5.12: Returns per broiler sold for high
farmer returns
and low-density producers
The impact of 10 g of additional bird weight at the same age on the implied FCR is considered
critical for clients, as stated in interviews with industry stakeholders. A 15 g increase in bird
weight for high-density farmers implied a 0.69 % improvement in FCR, from 1.45 to 1.41. With
an average industry FCR of 1.45, a 4-point decrease in FCR, down to 1.41, can be achieved with
a 50 g increase in final broiler weight.
Lastly,
Figure 5.13 displays the difference between low-density and high-density farmers. Production
costs and FCR's for high-density farmers decreased more than those for low-density farmers.
For example, a 50 g increase in final bird weight implied a 2.82 % (R0.25/kg bird weight)
decrease in production cost for high density and 2.64 % (R0.22/kg) for low density producers.
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The link between final broiler weight, feed cost per kg
produced and FCR's
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Figure 5.13: The impact of final broiler weight on feed cost and FCR's for all producers
The limitations of this analysis include that production volumes were not considered. Although
high density farming practices resulted in lower profits per broiler produced, in practice, costs
are absorbed by a larger production rate and make up for the smaller profits per kg or per
bird. Furthermore, the categories considered in this analysis were derived from industry
discussions, but in reality, many different farming systems and business models are practiced
and the impact of different interactions (management practices, environment etc.) will also
impact profitability.
In conclusion, given the cost of feed, the price per kg of chicken sold, and days-to-slaughter
remaining the same, the improvement in broiler profitability (profit per kg bird produced) was
between 1.57 % and 5.47 % from the industry average, depending on the weight increase
(Table 5-21). Therefore, in broiler production, an additional 10 g in final bird weight has a
significant impact on profitability.
Table 5-21: Improvement of broiler measures as a result of bird weight increase at the same

age

Increase in final broiler weight
(g)

15

Increase in return (%)
FCR value
FCR improvement (%)
Feed cost per kg reduction (%)
Low-density Farmer
Increase in return (%)
FCR value
FCR improvement (%)
Feed cost per kg decrease (%)

2.96
1.44
0.69
0.87
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3.81
1.6
0.63
0.89

20

25

30

High-density Farmer
3.91
4.85
5.92
1.43
1.43
1.43
1.40
1.40
1.40
1.12
1.37
1.63
5.02
1.59
1.26
1.12

6.24
1.59
1.26
1.35

7.46
1.59
1.26
1.69

35

40

45

50

6.86
1.42
2.11
2.01

7.81
1.42
2.11
2.26

8.76
1.41
2.84
2.52

9.7
1.41
2.84
2.78

8.68
1.58
1.90
1.92

10.05
1.58
1.90
2.15

11.26
1.57
2.55
2.38

12.48
1.57
2.55
2.73

5.12.
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Summary
Nutritionists formulating feeds for poultry require an in-depth knowledge of the
quality characteristics of raw materials when determining their nutritional value
before incorporating these into compound feeds.
The purpose of poultry feed formulation is to design appropriate feeds for i) each
growth stage of the bird and ii) its intended purpose i.e. broiler growth, egg production
or parent stock.
Feeds should be formulated using high quality raw materials with nutrient levels
chosen to maximise profitability for the enterprise, the objective function being, for
example, to maximise margin/m2/annum.
It is thus important that the soybean meal used, this being one of the main ingredients
incorporated into poultry feeds, should be not over- or under-processed.
ACT 36 of 1947 gives guidelines as to minimum standards for different types of animal
feed. This legislation advises on the minimum protein content of a feed type. It does
not specify the source of the protein. The only reference to soybeans in the ACT is that
the pH rise for heat-processed and full fat soybeans, using the standard urease test,
should be between 0.10 and 0.30 pH units. This is above the maximum proposed by
AFMA for soybean meal, of between 0.00 – 0.05.
The urease test identifies under-processed meal, whilst KOH and PDI are both tests
which, in conjunction, can test for over-processing. Over-processing decreases the
quality of the protein due to denaturation of amino acids.
Adequate processing will eliminate heat labile anti-nutritional factors, the two most
important of these being protease/trypsin inhibitors and lectins.
To assess the nutritional quality of soybean meal for poultry feed, in vivo
measurements are better than in vitro (wet chemistry or NIR) measurements.
Chemical and biological assays of ingredient quality are useful in predicting the
nutritive value soybean meal for the animal itself, but in vivo ileal digestibility assays
must be the standard for more accurately determining the bioavailability of amino
acids in soybean meals.
Soybean meal contains a high level of protein in comparison to other plant protein
sources.
Soybean meal has an excellent profile of essential amino acids and these amino acids
are highly digestible. Soybean meal has the highest lysine digestibility of any of the
commonly available protein sources. It also ranks high in methionine, cystine and
threonine digestibility. In addition, the variation in digestibility is lower for soybean
meal than for other oilseed meals.
Soybean meal has an excellent lysine to protein ratio.
Soybean meal is a palatable source of supplemental protein. It does not adversely
impact the palatability of feeds for poultry or any other type of livestock.
Soybean meal can serve as the sole source of supplemental protein for all types of
poultry and swine at any stage of growth or production. In most poultry and swine
feeds, soybean meal provides about 80 % of the required dietary amino acids.
Generally, soybean meal is a competitively priced source of protein.
Various institutions and organisations have published figures on the chemical
composition of different types of soybean meal and soybean products. These
standards may be used by animal nutritionists when formulating feeds.
Animal nutritionists should take note of adulterants, contaminants and anti-nutritional
factors when procuring soybean meal.
Shortcomings in raw materials used in feed formulation such as soybean meal can be
corrected using additives. The most common is the addition of synthetic amino acids,
enzymes, pro- and pre-biotics. The cost must however also be considered.







201

There is an increasing interest in studying the relationship between the three main
quality indicators of soybean meal, namely urease, KOH, and PDI, and bird
performance. Trypsin inhibitor activity influences feed intake, average daily gain and
FCR, these being the performance indicators influenced by crude protein content and
amino acid digestibility. A small gain in performance has been shown to have a large
financial impact.
The composition of soybean seed and soybean meal varies depending on the country
of origin and where the beans were processed. Thus, latitude, cultivar and processing
all play an important role in determining soybean quality. It would be wise to use
different matrix values for soybean meal of different origins.
Trials indicate that soybean meal produced in South Africa is not inferior to imported
meal, based on proximate analysis and quality tests.

6. Results and recommendations
Over the past 10 years, soybean production in South Africa has become well established as
part of summer crop rotation with significant investment in industry processing capacity that
has led to a near-self-sufficiency status for soybean meal in this country. The South African
soybean meal supply has systematically replaced imported Argentinean product over the past
10 years, but as the local industry has matured quality aspects of soybeans and especially
soybean meal have become increasingly important for ensuring a competitive and sustainable
import replacement in the soybean processing and feed industry.
South African soybeans have lower protein and oil content compared to other countries of
origin (including Argentina, Brazil and the US). This is expected due to South Africa’s
geographical location in terms of latitude, and its day length and heat unit exposure, leading
to lower potential oil and protein content than in countries growing soybeans at more
northerly latitudes.
From literature, it was found that increased drought stress, later plantings and increased
planting density leads to higher soybean protein content and lower soybean oil content. This
represents the majority consensus: however, some contradictory literature was found,
especially with regard to the effect of planting density and plant arrangement. Higher
temperatures (up to 26°C) increase oil and protein content. It was found that early plantings
improved seed yield and composition, but not necessarily seed protein content, with optimal
planting dates being early- to mid-October depending on the growth class of the cultivar.
In normal years, Mpumalanga performs the best in terms of soybean production profitability
due to higher input costs and higher yield potential. However, the potential for expansion of
soybean production in Western production regions is supported by the lower input cost
structures and relatively high yields in that area, resulting in high potential projected gross
margins.
Most South African feed mills prefer solvent extracted soybean meal and add their oil
separately as an energy source, as they can then control the energy and protein levels and
their associated costs. Full-fat soya is traditionally not as popular because it is often more
expensive, and feed mills struggle to find reliable, sufficient, good quality suppliers.
Nevertheless, there are feed mills that include full-fat soya and expeller meal in their feed
formulation and have come to prefer it to regular soybean meal, due to its energy contribution.
Various trials comparing South African soybean meal quality to that of imported Argentinean
product concluded that locally produced soybean meal is not inferior to imported meal based
on proximate analysis and quality tests. Over the past few years, significant work has been
done by crushers to improve the crushing process and its delivered product, especially to
lower the trypsin inhibitors and deliver a 46.5 % protein meal.
The quality and consistency of soybean products from newer processing plants in South Africa
are reportedly as good as those from international competitors. Some believe that South
African meal has overtaken Argentinian meal in terms of quality, and that South Africa
produces some of the best soymeal quality in the world. However, there are still some
negative reports, like variation within a load, and local soybean meal being more course than
imported meal that then needs to be reworked to improve the digestibility.
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Similar to crushers, there is consensus on the feed mill side, that if the correct process and
procedure is followed during crushing, the meal will conform to quality specifications.
Rejections have decreased over the years as crushers have started focusing more on the meal
as main product and have incorporated their experience with quality requirements in
collaboration with their off-takers.
While in vivo monogastric animal growth performance testing is seen as the most relevant
test to assess soybean meal quality, it is not feasible for in-routine operations. The most
widely used in vitro tests to evaluate soybean meal quality include Urease activity, Protein
Dispersibility Index (PDI), KOH protein solubility and Trypsin inhibitor activity (TIA). Some
salient features of these tests are summarised in the table below:

Urease
activity
KOH

PDI

TIA

Minimum standards Features
according to Industry
0.00 – 0.05 pH unit  Although the urease test is routinely performed
rise
and often used in contract specifications, the
results do not correlate well with animal
performance.
75 – 85 %
 Protein solubility in 0.2 % KOH has been shown to
be a good indicator of in vivo protein quality for
overprocessed soybean meal
 Samples with high KOH values are most
digestible as long as urease activity is below the
upper recommended limit.
15 – 40 %
 PDI is useful to further distinguish the quality of
soybean meal that is otherwise considered to be
of good quality based on the urease and KOH
measurements.
 A PDI between 45 and 50 % and urease of 0.3 pH
unit change or below indicates that the soybean
meal is of extremely high quality, adequately heat
processed but not over-toasted.
Less than 3 mg/g
 The measurement of the trypsin inhibitor activity
(TIA) is not commonly used due to the complexity
of the analysis as well as the time required.
 Activity levels of between 30 and 40 mg/g of
soybean meal indicates raw meal whilst levels
lower than 5 mg/g are acceptable for young
animals.

No single test is sufficient for assessing both under- and over-processing of soybean meal
and a combination of these tests is typically used. Crushers apply a combination of tests at
varying frequencies and stages of processing.
The feed industry requires a minimum of 46 % protein in solvent soybean meal (with 12 %
moisture content) to ensure that the feeds produced by the Industry conform to the Fertilizers,
Farm Feeds, Agricultural Remedies and Stock Remedies Act (No. 36 of 1947). Furthermore,
the industry has formulated a minimum requirement specification including processing
quality parameters but no regulatory mechanisms (apart from contracting specifications) that
police these minimum standards exist.
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Although the required minimum protein content of soybean meal products is largely achieved
by crushers, in an ideal world crushers’ sourcing strategy would aspire to quality-based
sourcing in order to increase efficiencies and profitability of crushing operations. However,
South Africa’s soybean industry is not yet fully mature and occasionally experiences soybean
shortages. This renders a quality-driven sourcing strategy from a crushing perspective
impractical in the current market environment.
Only two soybean classifications based on physical attributes exist in South Africa. Therefore,
no sufficient quality-based grading system is in place to take the graded soybeans further in
the value chain. No reference to a quality-based incentive system (e.g. price premiums for
higher oil and/or protein content) has been found with reference to the soybean industry,
locally or internationally.
The study has found multiple reports of self-regulation regarding soybean product quality
specifications as well as close collaboration between large off-takers and suppliers towards
improving the quality and consistency of soybean products. The feed and poultry industry are
actively investigating the linkages (correlations) and impact of further optimising the
minimum required quality parameter specifications (Urease, KOH, PDI etc., as agreed in
industry best practices). Preliminary findings were reported where increased feed efficiency
(driven by improved digestibility of the soybean meal components) led to increased broiler
weight of between 15 – 50 g (keeping all other factors like days to slaughter and amount of
feed consumed equal). Through a simulation exercise, this study quantified the impact on
profits (R/kg chicken) of increased feed efficiency between 1.57 and 5.47 %.
Further investigation of the strength and significance of linkages between quality
measurements and improved feed efficiency need to be undertaken and investigated.
Furthermore, the cost of practical implementation of refining in-spec quality characteristics
beyond current ranges needs to be considered in measuring the impact on broiler production
efficiency and profitability.
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8. Appendix
8.1.

Appendix A

8.1.1.

Maturity group

Maturity grouping (MG) is an index used to differentiate between cultivars on the grounds of
the photoperiodic requirement. Cultivars can be genetically grouped according to their
response to day length, or uninterrupted period of darkness, in a 24-hour cycle. Early
maturing cultivars require relatively short periods of darkness for flower initiation, while
relatively late cultivars require longer periods of darkness prior to changing from the
vegetative to the reproductive phase. To utilise the growth season optimally, cultivars with a
relatively long night length requirement would be better adapted to lower latitudes (closer to
the equator) where small differences in day length between summer and winter occur. At
higher latitudes, i.e. further away from the equator, the same night length is achieved
substantially later in summer and, under these conditions cultivars with a short night length
requirement are recommended. According to this critical requirement, cultivars in the
Americas are grouped from MG 00 adapted to Canada to MG XII adapted to tropical Brazil. The
further south a cultivar is planted, the later flowering will occur and thus the greater the risk
that insufficient summer days are available to produce a successful crop. In South Africa,
cultivars usually fall in the MG IV-VII groups.
A large variety of soybean genotypes is available, and several factors must be considered
when making cultivar choices. The MG classification, as discussed previously, can be used as
a guide for cultivar choice regarding latitude and height above sea level. According to the
American classification, MG III will be adapted to the Cape while MG XII for the equator. When
choosing cultivars for a particular locality and planting dale, the classification is simplified by
using benchmark cultivars with variation in growth season adaptation. Cultivars well adapted
to a particular locality will be those whose growth season best utilizes the environment
resulting in high yields. Height above sea level has a moderating influence (temperature
effect) and an increase in height necessitates a MG choice applicable to higher latitudes
(relatively shorter growth season).
In South Africa, the choice is normally between MG IV and MG VII and these can conveniently
be referred to as short, medium and long growth season cultivars. The ARC-Grain Crops
Institute coordinates the National Soybean Cultivar Evaluation Program and annually
publishes these results. In these publications new cultivars are fully characterised and
adaptation trends are indicated. By studying these results together with promotional material
from the seed companies, an objective choice can be made for any specific forming situation.
Genetically, soybean cultivars can be classified as having a determinate, indeterminate and
semi-determinate growth habit. Those cultivars with an indeterminate growth habit develop
flower and form pods simultaneously. Cultivars, with a determinate growth habit, terminate
growth with the onset of flowering and the growth tip ends in a pod-bearing raceme. In
situations where drought stress is possible in early summer, indeterminate growth habit
cultivars are better adopted, while under irrigation and in conditions of high fertility where the
risk of lodging is high, cultivars with a determinate growth habit are recommended. Soybeans
with an indeterminate growth habit, flower over a longer period and are thus less susceptible
to stress conditions during flowering.
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8.1.2.

Growth habit

Growth habit distinguishes between determinate and indeterminate genotypes. Cultivars with
a determinate growth habit are preferably planted under irrigation, while indeterminate
cultivars (that do not stop vertical growth during flowering) are preferred under dry land
conditions.
Pod shattering can be an economically important problem in soybean production. Later
maturing cultivars tend to have a better avoidance to shattering as the risk of extended periods
of rain during the cooler growth conditions during the latter part of the growth season is lower.
Cultivars with a short growth season thus have the highest risk regarding shattering.
Genetic variation for shattering does exist and where possible this is documented in the ARCGCI National Cultivar Trial Report.
Cultivars with a relatively short growth season flower earlier and do not achieve the same pod
and plant height when compared to cultivars with a relatively long growth season. At higher
latitudes or elevations above sea level, improved management practices are required in order
to ensure acceptable pod heights being attained thereby facilitating the harvest process. Podand plant height have an impact on the ability to harvest the crop and are characteristics that
should be considered during cultivar selection. A relationship exists between pod- and plant
height and relative length of the growing season. Cultivars with a shorter growing season tend
to have lower plant- and pod heights compared to longer growing season cultivars under
similar growing conditions. Both characteristics are also influenced by production practices.
Narrower inter- and intra-row spacing will increase pod height significantly.
Certain cultivars have a greater propensity for side branch development and are thus better
suited to situations where a similar row width as that pertaining to maize is used.
Resistance against seed shattering can play an important role during unfavourable harvesting
conditions. Information obtained during the National Soybean Cultivar Trials indicates that
cultivars with a relatively short growing period tend to shatter more than cultivars with a
longer growing period.
Table 1

Maturity group classification for growers
Maturity Group
4-4.9
5-5.9
6-6.9
7+

Classification for growers
Short (S)
Medium (M)
Medium-long (ML)
Long (L)

In South Africa maturity groups 4 to 7 are usually planted. Short-season cultivars (MG 4)
require a relatively longer period of daylight to initiate flowering, whereas long-season
cultivars (MG 7) require relatively shorter days before they will switch from vegetative to
reproductive growth.
The conventional way of categorizing cultivars is using the international Maturity Group (MG)
scale. In South Africa, the applicable Maturity Groups are MG 4 through to MG 8 and this
method can accurately be used to describe the cultivar per se. The problem with this
description in South Africa is that cultivar adaption patterns broach the Maturity Groups. To
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give an example, if you wished to choose the best MG 5 variety, you would inevitably land up
selecting a variety that has a relative maturity group of MG 5.8 or MG 5.9 which is very nearly
a MG 6. Having set out to choose a cultivar from the earlier side of the spectrum, you will be
drawn by adaptation patterns into choosing a variety that is more in the medium growth class.
Pannar has very cleverly stepped around this issue by consolidating the MG 4.5 to MG 5.4
groups into a growth class called Early, the MG 5.5-MG 6.4s into Medium and MG 6.5 to MG
7.4s into Late. The difference in maturity between a MG 5.9 and MG 6.0 remains unchanged,
but the break between the Growth Classes set up by Pannar places the crossover from one
growth class to another in the correct place in the MG scale. It simplifies the characterization
of cultivars and makes cultivar choice easier.
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8.2.

Appendix B

8.2.1.

Grading
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AGRICULTURAL PRODUCT STANDARDS ACT, 1990
(ACT No. 119 OF 1990)
REGULATIONS RELATING TO THE GRADING, PACKING AND MARKING OF SOYA BEANS
INTENDED FOR SALE IN THE REPUBLIC OF SOUTH AFRICA
The Minister of Agriculture, Forestry and Fisheries has under section 15 of the Agricultural
Product Standards Act, 1990 (Act No. 119 of 1990) -(a) made the regulations in the Schedule;
(b) determined that the said regulations shall come into operation on date of publication;
and
(c) read together with section 3(2) of the said Act, repealed the Regulations published by
Government Notice No. R478 of 20 June 2014.
SCHEDULE
Definitions
1.

In these regulations any word or expression to which a meaning has been assigned in
the Act, shall have that meaning and, unless the context otherwise indicates --

“animal filth" means dead rodents, dead birds and dung;
"bag" means bag manufactured from --

(a) jute or phormium or a mixture of jute and phormium; or
(b) polypropylene that complies with SABS specification CKS632 1246: 2012;
"bulk container" means any vehicle or container in which bulk soya beans is transported or
stored;

"consignment" means --
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(a) a quantity of soya beans of the same class, which belongs to the same owner, delivered
at any one time under cover of the same consignment note, delivery note or receipt
note, or delivered by the same vehicle or bulk container, or loaded from the same bin
of a grain elevator or from a ship's hold; or
(b) in the case where a quantity referred to in paragraph (a), is subdivided into different
grades, each such quantity of each of the different grades.
"container" means a bag or a bulk container;
"defective soya beans" means soya beans and pieces of beans which --

(a) have been damaged by frost, heat or weather conditions;
(b) have been visibly damaged by insects;
(c) are contaminated by moulds or infected by plant diseases;
(d) have a distinctly immature form or which are covered with a whitish membrane or
where the testa have a green discolouration; and
(e) when the testa is removed, display discolouration, excluding green discolouration:
Provided that soya beans which were damaged by insects in the green pod stage and of which
the discolouration as a result of the damaged is not larger half of the surface of the soya
beans, shall not be deemed as defective soya beans;
"foreign matter" means all matter that --

(a) pass through the 1,8 mm slotted screen during the sieving process (including soya
beans and pieces of soya beans);
(b) that do not pass through the 1,8 mm slotted screen other than soya beans, glass, coal,
dung, sclerotia or metal (including loose seed coats of soya bean as well as pods and
parts of pods);
"frost damaged" soya beans with green to green brown seed-lobes with a waxy appearance;
"heat damaged" soya beans with light to dark brown seed-lobes in a cross section;
"insect" in relation to soya beans, means any live insect which is injurious to stored soya
beans, irrespective of the stage of development of the insect;
"mould infected soya beans " means soya beans that is shrivelled and deformed in
appearance with a colour that varies from medium to dark brown, whereby the parts of
infected beans covered in mould;
"other grains" grains or pieces of grains of wheat, barley, oats, triticate, maize, rye and
sorghum;
"pods" all whole or damaged soya bean pods;
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"poisonous seeds" mean seeds or part of seeds of plant species that in terms of the
foodstuffs, cosmetics and disinfectants Act No. 54 of 1972, may present a hazard to human or
animal health when consumed, including seeds of Argemone mexicana L, Convolvulus spp.,
Crotalaria spp., Datura spp., Ipomoea spp., Lolium temulentum, Ricinus communis or
Xanthium spp.;
“sclerotia” Sclerotinia sclerotiorum is a fungus that produces hard masses of fungi tissue,
known as sclerotia. The sclerotia vary in size and form and consist of dark exterior, a white
interior and rough surface texture;
"soiled soya beans" means whole soya beans which do not pass through the 4,75 mm screen
and which are discoloured by soil or any other substances: Provided that if the discolouration
is caused by plant material such as soya beans shall not be regarded as soiled soya beans;
"soya beans" means the threshed seed or pieces of seeds of the plant Glycine max and
where the word "soya beans" is used in conjunction with the word "consignment", it includes
matter other than soya beans that is included in a consignment;
"the Act" means the Agricultural Product Standards Act No. 119 of 1990;
"the 1,8 mm slotted screen" means a sieve --

(a) with a flat bottom of metal sheet of 1,0 mm thickness with apertures 12,7 mm long and
1,8 mm wide with rounded ends. The spacing between the slots in the same row must
be 2,43 mm wide and the spacing between the rows of slots must be 2,0 mm wide. The
slots must be alternately oriented with a slot always opposite the solid inter segment
of the next row of slots;
(b) of which the upper surface of the sieve is smooth;
(c) with a round frame of suitable material with an inner diameter of between 300 mm
and 310 mm maximum and at least 50 mm high; and
(d) that fits onto a tray with a solid bottom and must be at least 20 mm above the bottom
of the tray.
"the 4,75 mm round-hole screen" means a sieve --

(a) with a flat metal sheet of 1,0 mm thickness perforated with round holes of 4,75 mm in
diameter that are arranged with the centres of holes at the points of intersection of an
equilateral triangular grid with a pitch of 8 mm;
(b) of which the upper surface of the sieve is smooth;
(c) the frame of which is at least 40 mm high;
(d) with the inner width of at least 200 mm and the inner length of at least 300 mm. or, in
the case of a circular sieve, the inner diameter of at least 278 mm; and
(e) that fits into a tray with a solid bottom; and not less than 20 mm above the bottom of
the tray.
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"wet pods" all whole or damaged soya bean pods with a moisture content higher than the
permissible moisture content.
Restriction on sale of soya beans

2.

(1)

No person shall sell soya beans in the Republic of South Africa --

(a) unless the soya beans are sold according to the classes set out in regulation 3;
(b) unless the soya beans comply with the standards for the class concerned set out in
regulation 4;
(c) unless the soya beans, where applicable, comply with the grades of soya beans and
the standards for grades set out in regulation 5 and 6 respectively;
(d) d) unless the soya beans are packed in accordance with the packing requirements set
out in regulation 7;
(e) unless the container or sale documents, as the case may be, are marked in accordance
with the marking requirements set out in regulation 8; and
(f) if such soya beans contain a substance that renders it unfit for human or animal
consumption or for processing into or thereof as food or feed.
(2)
The Executive Officer may grant written exemption, entirely or partially to any person
on such conditions as he or she may deem necessary, from the provision of subregulation (1):
Provided that such exemption is done in terms of section 3(1) (c) of the Act.
PART I

QUALITY STANDARDS
Classes of soya beans

3.

There are two classes of soya beans, namely Class SB and Class Other soya beans.

Standards for classes of soya beans
4.
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(1)

A consignment of soya beans shall -(a)

be free from a musty, sour, khaki bush or other undesirable smell or
odour;

(b)

be free from any substance that renders it unsuitable for human or
animal consumption or for processing into or utilisation as food or feed;

(c)

contain not more poisonous seeds than permitted in terms of the
Foodstuffs, Cosmetics and Disinfectants Act No. 54 of 1972;

(d)

be free from glass, metal, coal or dung;

(2)

(e)

with the exception of Class Other soya beans, be free from insects;

(f)

be free from animal filth;

(g)

with the exception of Class Other soya beans, have a moisture content of
not more than 13 percent; and

(h)

shall not exceed the maximum percentage of permissible deviation as
determined in the Table in the Annexure for the grade.

A consignment of soya beans is classified as Class SB if it --

(3)

(a)

consists of any seeds of soya beans; and

(b)

complies with the standards for the grade of Class SB soya beans as set
out in regulation 5.

A consignment of soya beans is classified as Class Other soya beans if it does
not comply with the standards for Class SB.

Grades for soya beans
5.

(1)

Soya beans of Class SB shall be graded as Grade SB1.

(2)

No grades are determined for Class Other soya beans.

Standards for grades of soya beans
6.

A consignment of soya beans shall be graded as--

Grade SB1 soya beans if the nature of the deviation, specified in column 1 of Table 1 of the
Annexure, in that consignment does not exceed the percentage specified in column 2 of the
said table opposite the deviation concerned.
PART II

PACKING AND MARKING REQUIREMENTS
Packing requirements
7.
Soya beans of different classes and grades shall be packed in different containers or
stored separately.
Marking requirements
8.
Each container or the accompanying sales documents of a consignment of soya beans
shall be marked or endorsed with the class and grade of the soya beans.
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PART III

SAMPLING
Obtaining sample
9.

(1)

(2)

A representative sample of a consignment of soya beans shall -(a)

in the case of soya beans delivered in bags and subject to regulation 10,
be obtained by sampling at least ten per cent of the bags, chosen from
that consignment at random, with a bag probe: Provided that at least 25
bags in a consignment shall be sampled and where a consignment
consists of less than 25 bags, all the bags in that consignment shall be
sampled; and

(b)

in the case of soya beans delivered in bulk and subject to regulation 10,
be obtained by sampling that consignment throughout the whole depth of
the layer, in at least six different places, chosen at random in that bulk
quantity, with a bulk sampling apparatus.

The collective sample obtained in subregulation (1) (a) or (b) shall -(a)

have a total mass of at least 10 kg; and

(b)

be thoroughly mixed by means of dividing before further examination.

(3)
If it is suspected that the sample referred to in subregulation (1)(a) is not
representative of that consignment, an additional five per cent of the remaining bags, chosen
from that consignment at random, shall be emptied into a suitable bulk container and
sampled in the manner contemplated in subregulation (1)(b).
(4)
If it is suspected that sample referred to in subregulation (1)(b) is not
representative of that consignment, an additional representative sample shall be obtained by
using an alternative sampling patter, apparatus or method.
(5)
A sample taken in terms of these regulations shall be deemed to be
representative of the consignment from which it was taken.
Sampling if contents differ
10.
(1)
If, after an examination of the soya beans taken from different bags in a
consignment in terms of regulation 9(1), it appears that the contents of those bags differ
substantially --
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(a)

all the bags in the consignment concerned shall be sampled in order to
do such separation;

(b)

the bags concerned shall be placed separately; and

(c)

each group of bags with similar contents in that consignment shall for
the purpose of these regulations be deemed to be a separate
consignment.

(2)
If, after the discharge of a consignment of soya beans in bulk has commenced,
it is suspected that the consignment could be of a grade other than that determined by means
of that initial sampling, the discharge shall immediately be stopped and the part of the
consignment remaining in the bulk container, as well as the soya beans that are already in
the collecting tray, shall be sampled anew with a bulk sampling apparatus or by catching at
least 20 samples at regular intervals throughout the whole off-loading period with a suitable
container from the stream of grain that is flowing in bulk.
Working sample
11.
A working sample shall be obtained by dividing the representative sample of the
consignment according to the ICC (International Association of Cereal Chemistry) 101/1
method.
PART IV

INSPECTION METHODS
Determination of undesirable odours, harmful substances, poisonous seeds, glass, metal,
coal, dung, insects and animal filth
12.
A consignment or a sample of a consignment of soya beans shall be sensorially
assessed or chemically analysed in order to determine -(a)

whether it has musty, sour, khaki bush or other undesirable odour;

(b)

whether it contains soya beans in which or on which a substance is found, that
renders it unfit for human or animal consumption or for processing into or for
utilisation as food or feed;

(c)

whether it contains poisonous seeds;

(d)

whether it contains glass, metal, coal or dung;

(e)

whether it contains any insects; and

(f)

whether it contains animal filth.

Determination of moisture content
13.
The moisture content of a consignment of soya beans may be determined according to
any suitable method: Provided that the result thus obtained is in accordance with the
maximum permitted for a class 1 moisture meter as detailed in ISO 7700/2 based on result of
the 72 hour, 103°C oven dried method [the latest revision of the AACCI ("American Association
of Cereal Chemists International) Method 44 - 15A].
Determination of percentage of wet pods
14.
The percentage of wet pods in a consignment of soya beans shall be determined as
follows:
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(a)

Obtain a working sample of at least 10 kg of soya beans from a representative
sample of the consignment.

(b)

Remove all wet pods by hands from the working sample and determine the
mass thereof.

(c)

Express the mass thus determined as a percentage of the mass of the working
sample concerned.

(d)

Such percentage represents the percentage of wet pods in the consignment
concerned.

Determination of percentage of other grain, sunflower seed, stones, sclerotia and foreign
matter
15.
The percentage of other grain, sunflower seed, stones, sclerotia and foreign matter in
a consignment of soya beans shall be determined as follows:
(a)

Obtain working samples of at least 200 g from a representative sample of the
consignment.

(b)

Place the 1,8 mm slotted screen in the pan and the 4,75 mm round-hole screen
on top of the 1,8 mm slotted screen. Place the sample on the 4,75 mm roundhole screen and sieve the sample by moving the sieve 30 strokes to and fro,
alternately away from and towards the operator of the sieve, in the same
direction as the long axes of the slots of the 1,8 mm screen, which rests on a
table or other suitable smooth surface, 250 mm to 460 mm away and towards
the operator with each stroke. The prescribed 30 strokes must be completed
within 30 to 35 seconds: Provided that the screening process may also be
performed in some or other container or an automatic sieving apparatus.

(c)

Remove the foreign matter from both sieves by hand and add it to the foreign
matter below the 1,8 mm screen in the pan and determine the mass of the
foreign matter. Remove all other grain, sunflower seed, stones and sclerotia
by hand from the working samples and determine the mass of the other grain,
sunflower seed, stones and sclerotia separately.
Express the respective masses thus determined as a percentage of the total
mass of the working sample concerned.

(d)
(e)

Such percentages represent the percentages of other grain, sunflower seed,
stones, sclerotia and that of foreign matter in the consignment concerned.

Determination of the percentage defective soya beans
16.

The percentage of defective soya beans shall be determined as follows:
(a)
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Obtain a working sample of at least 100 g soya beans that remain on top of the
4,75 mm round-hole screen after sieving action, which is free of other grain,
sunflower, stones, sclerotia and foreign matter, from the representative
sample of the consignment.

(b)

Sieve the working sample with the 4,75 mm round-hole screen by moving the
screen 20 strokes to and fro, alternately away from and towards the operator
of the sieve for 20 seconds.

(c)

Remove all defective soya beans from the other soya beans on the 4,75 mm
round-hole screen by hand.

(d)

Determine the mass of the defective soya beans on the 4,75 mm round-hole
screen and express it as a percentage of the mass of the working samples
concerned.

(e)

Such percentage represents the percentage of defective soya beans in the
consignment.

Determination of the soya beans and pieces of beans which pass through the 4,75 mm roundhole screen
17.
The percentage of soya beans and pieces of soya beans which pass through the 4,75
mm roundhole screen shall be determined as follows:
(a)

Determine the mass of the soya beans and pieces of soya beans that pass
through the 4,75 mm round-hole screen and remain on top of the 1,8 mm
slotted screen from which the other grain, sunflower seed, stones, sclerotia
and foreign matter have been removed and express as percentage of the mass
of the working sample.

(b)

Such percentage represents the percentage soya beans and pieces of soya
beans in the consignment which passes through the 4,75 mm round-hole
screen and not through a 1,8 mm slotted screen.

Determination of percentage of soiled beans
18.
The percentage of soiled soya beans in a consignment of soya beans shall be
determined as follows:
(a)

Remove all soiled soya beans from the working sample obtained in regulation
17(a) by hand and determine the mass thereof.

(b)

Express the mass thus determined, as a percentage of the mass of the working
sample obtained in regulation 17(a).

(c)

Such percentage represents the percentage of soiled soya beans in the
consignment concerned.
PART V

MASS DETERMINATION
19.
The mass of soya beans shall be determined by deducting the actual percentage
sclerotia, screenings and foreign material found during the inspection process from the total
mass of the consignment: Provided that the weighing instruments used for the determination
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of mass shall comply with the requirements of SANS 1649:2001 published in terms of the
Legal Metrology Act No. 09 of 2014 for the specific class of instrument.
PART VI

OFFENCES AND PENALTIES
20.
Any person who fails to comply with any provision of these regulations shall be guilty
of an offence and upon conviction be liable to a fine or imprisonment in accordance with
section 11 of the Act.
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ANNEXURE

TABLE
STANDARDS FOR GRADES OF SOYBEANS
Nature of deviation

Maximum percentage permissible deviation
(m/m)

1

Grade/Graad SB1
2

(a) Wet pods

0,2%

(b) Foreign matter, including stones, other
grain and sunflower seeds: Provided that 5%
such deviations are individually within the
limits specified in itmes (c), (d) and (e)
(c) Other grain

0,5%

(d) Sunflower seed

0,1%

(e) Stones

1%

(f) Sclerotia

4%
(g) Soya beans and parts of soya beans above 10%
the 1,8 mm slotted screen which pass
through the 4,75 mm round-hole screen
(h) Defective soya beans on the 4,75 mm
round-hole screen
10%
(i) Soiled soya beans

10%

(j) Deviation in (b) and (f) collectively:
Provided that such deviations are 7%
individually within the limits of said items
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Appendix C

8.3.1.

Fungi-based fermentation

Several species of Aspergillus genus have been used to ferment soybean meal like A. oryzae
(Feng et al., 2007a, b; Liu et al., 2007), A. usamii (Hirabayashi et al., 1998), A. awamori (Kishida
et al., 2000), A. niger (Mathivanan et al., 2006) to name a few. Beneficial effects of fungi-based
fermentation on soybeans and soybean meal are well documented (Ilyas et al., 1995; Hong et
al., 2004; Liu et al., 2007). Reduction of trypsin inhibitors and large size protein content in
fermented soybean meal has several beneficial effects when fed to non-ruminants such as
poultry and swine. Fermentation with Aspergilli almost completely eliminates phytate,
resulting in a protein source for feed with highly available phosphorus (Ilyas et al., 1995) as
well as zinc (Hirabayashi et al., 1998). Fermentation with fungi also successfully reduces the
amount of stachyose and raffinose in soybean meal which contains approximately 52 g/kg
stachyose and 11 g/kg raffinose (Cervantes-Pahm and Stein, 2010). Soybean meal also has
approximately 78 g/kg sucrose whereas fermented soybean meal contains none (CervantesPahm and Stein, 2010).
The breakdown of carbohydrates can be attributed to the α-galactosidase produced by
Aspergilli used in fermentation. Apart from degrading the anti-nutritional factors, fungal
fermentation increases the nutritional value of feed by increasing the crude fat, crude ash, dry
matter and crude protein contents (Hong et al., 2004; Feng, et al., 2007a, b). The increases in
protein and fat contents may partially be attributed to the decrease in carbohydrate content
during fermentation. Fermentation also significantly increases small size peptides (<15 kD)
in fermented soybean meal (Hirabayashi et al., 1998) as long-chained proteins are broken
down.
Though fermented soybean meal has approximately 10 % more crude protein than soybean
meal, essential amino acid profile remains unchanged after fungal fermentation (Zamora and
Veum, 1979; Hong et al., 2004). According to Hong et al., (2004), fermentation of soybean meal
with A. oryzae did not affect the essential amino acid concentration but increased the
concentrations of glycine, glutamine, and aspartic acid. This finding is in partial agreement
with the results of Frias et al., (2008), in which the contents of most of essential amino acids
improved. In addition, Hong et al., (2004) showed that A. oryzae also presented a preference
for specific amino acids rather than all. These findings are in harmony with the suggestion
that increases in the concentration of certain amino acids as well as the changes in amino
acid profile of fermented soybean meal could be attributed to microbial metabolism that takes
place during soybean meal fermentation (Frias et al., 2008).
8.3.2.

Bacteria-based fermentation

Traditionally, Bacillus spp. have been used to produce fermented soy based foods (Hanet al.,
2001). For example, the Japanese fermented soybean natto is made by adding the bacteria B.
subtilis to soybeans. Similar to fungal fermentation, bacterial strains also degrade various
anti-nutritional factors of soybean meal including trypsin inhibitors. Lactobacillus plantarum
is another bacterial strain which has frequently been used to ferment soybean meal (Amadou
et al., 2010a, b; Amadou et al., 2011). Fermentation with lactic acid bacteria like L. plantarum
results in protein hydrolysis and increased liberation of free amino acids, thus the resulting
fermented soybean meal has significantly higher total free amino acid content as compared
to soybean meal. However, histidine, threonine, methionine and phenylalanine contents do
not change whereas leucine, isoleucine, aspartic acid and proline increase after fermentation
(Amadou et al., 2010b).
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Much like fungal fermentation, bacterial fermentation also decreases the protein size, which
can be attributed to the enzymes of L. plantarum and to the fermentation process itself (Hong
et al., 2004). In vitro trypsin digestibility also increases after fermentation, thereby improving
nutritional and functional properties compared to the soybean meal (Frias et al., 2008;
Amadou et al., 2010a). Fermentation with bacterial strains results in a higher antioxidant
activity. The increased concentrations of certain amino acids such as Histidine, Serine, Valine
and Lysine after fermentation are thought to have a relation with the increased antioxidant
property (Amadou et al., 2011). Concentrations of phenolic compounds also increase in
soybean meal after fermentation, thereby increasing both antioxidant and metal chelating
activity (Moktan et al., 2008).
8.3.3.
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8.4.

Appendix D

Amino Acid
Mean
Soybean meal (n = 1916)
Met
0.64
TSAA
1.35
Lys
2.82
Thr
1.82
Leu
3.54
Val
2.23
Soybean hulls (n = 20)
Met
0.12 0.12
TSAA
0.31
Lys
0.67
Thr
0.39
Trp
0.13
Arg
0.52
Ile
0.40
Leu
0.68
Val
0.50
Source:
acids.html
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Equation

R2

%Met = %CP x 0.0171 – 0.163
%TSAA = %CP x 0.0321 – 0.164
% Lys = %CP x 0.0508 + 0.432
%Thr = %CP x 0.0368 + 0.090
Leu = %CP x 0.0603 + 0.699
%Val = %CP x 0.0405 + 0.321

0.61
0.65
0.67
0.77
0.77
0.63

0.85
% TSAA = %CP x 0.0201 + 0.093
%Lys = %CP x 0.0483 + 0.142
%Thr = %CP x 0.0268 + 0.093
%Trp = %CP x 0.115 + 0.002
%Arg = %CP x 0.653 – 0.198
%Ile = %CP x 0.0363 – 0.002
%Leu = %CP x 0.0680 – 0.071
% Val = %CP x 0.0304 + 0.168

0.77
0.81
0.83
0.79
0.94
0.93
0.96
0.78

https://poultry.caes.uga.edu/extension/poultry-nutrition/soybeans/amino-

8.5.

Appendix E

Extracts from ACT36 of 1947
Oilseed Products
Note: 1 The maximum moisture for dehydrated products must not exceed 120g/kg.
Note: 2 The label shall include guarantees for minimum crude protein, maximum moisture,
maximum crude fibre, minimum and maximum crude fibre for products high in
fibre.
22.21
22.21.1

Oilseed Products - Soybean Products
Ground soya-beans is obtained by grinding whole soya-beans without cooking or
removing any of the oil.
22.21.2 Ground soya-bean hay is the ground soya-bean plant including the leaves and
beans. It must be reasonably free of other crop plants and weeds.
22.21.3 Soya-bean hulls consist primarily of the outer covering of the soya-bean.
22.21.4 Soya phosphate or soya lecithin is the mixed phosphatide product obtained from
soya-bean oil by a degumming process. It contains lecithin, cephalin, and inositol
phosphatides, together with glycerides of soybean oil and traces of tocopherols,
glucosides, and pigments. It must be designated and sold according to conventional
descriptive grades with respect to consistency and bleaching.
22.21.5 Heat-processed soya-beans (Roasted, expanded, micronised, toasted, flaked) is the
product resulting from heating whole soya-beans without removing any of the
component parts. It may be ground, pelleted, flaked, or powdered. The pH rise using
standard urease testing procedure should be between 0.10 and 0.3 pH units.
22.21.6 Ground extruded whole soya-beans (full-fat soya) is the meal product resulting
from extrusion by friction heat and/or steam, whole soya-beans without removing
or adding any of the component parts. The pH rise using standard urease testing
procedure should be between 0.1 and 0.3 pH units.
22.21.7 Soya-bean meal, dehulled, solvent extract is obtained by grinding the flakes
remaining after removal of most of the oil from dehulled soya-beans by a solvent
extraction process.
22.21.8 Soya-bean meal, mechanical extract is the product obtained by grinding the cake
or chips which remain after removal of most of the oil from soya-beans by a
mechanical extraction process.
22.21.9 Soya-bean meal, solvent extract is the product obtained by grinding the flakes
which remain after removal of most of the oil from soya-beans by a sol vent
extraction process.
22.21.10 Soya protein isolate is the major proteinaceous fraction of soya-beans prepared
from dehulled soya-beans by removing the majority of non-protein components and
must contain not less than 900 g/kg protein on a moisture-free basis.
22.21.11 Textured soya protein product is made from defatted soya flour mixed with water
and/or steam, extruded and then dried.
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8.6.

Appendix F

Substance,
Products

Farm Feeds

MAXIMUM CONTENT IN
mg/kg (ppm) relative to a
farm feed with a moisture
content of 120 g/kg

MAXIMUM CONTENT IN
µg/kg (ppb) relative to a
farm feed with a
moisture content of 120
g/kg
50

Feed ingredients with the exception of:

0.05

groundnut, copra, palm-kernel cotton seed, maize
and products derived from the processing thereof

0.02

20

Complete farm feeds for cattle, sheep and goats
with the exception of:

0.05

50

dairy cattle

0.005

5

calves and lambs

0.01

10

complete feeds for pigs and poultry (except young
animals)
other complete farm feeds (including pets)

0.02

20

0.01

10

maize products intended for feedlot

0.3

300

supplement/concentrates for cattle, sheep and
goats (except for dairy animals, calves and lambs)

0.05

50

Pigs

1

1 000

cattle
Deoxynivalenol calves up tp 4 months
(DON)
dairy cattle

5

5 000

2

2 000

3

3 000

poultry

4

4 000

pets

1

1 000

Aflatoxin B1

Feeding stuffs on a full ration basis for:

Fumonisin B1

Horses and pets

5

5 000

Pigs

10

10 000

Beef and poultry

50

50 000

Fish

10

10 000

Feeding stuffs on full ration basis for:
Ochratoxin A

Pigs

0.05

50

poultry

0.2

200

sows and pigs

5

5 000

piglets

3

3 000

0.5

500

Feeding stuffs on full ration basis for:
Zearalenone

calves and dairy cattle
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