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ABSTRACT OF THESIS

NUTRITIONAL EVALUATION OF EUROPEAN SOYBEAN MEAL PROCESSED
WITH NOVEL TECHNOLOGIES AS REGARDS THE ILEAL DIGESTIBILITY OF
AMINO ACIDS IN WEANED PIGLETS

PATRICK TAMATEY
MSc. Animal Nutrition and Feed Safety Engineering
Institute of Physiology and Nutrition

Thesis advisor: Ass. Professor VVeronika Halas
Head of Department
Department of Farm Animal Nutrition

In this study, we compared the nutritive value of novel soy products, flaking cooking
pressing, and extrusion pressing process of dehulled beans (FCP-DH and EP-DH,
respectively), and flaking cooking pressing and extrusion pressing process of whole beans
(FCP-WB and EP-WB, respectively) to a high-quality commercial soybean meal (CNTR) and
casein (Casein). For that purpose, performance trials, nitrogen (N)-retention, and post-mortem
digestibility, that is, Apparent lleal Digestibility (AID), and Standardized lleal Digestibility
(SID) trials were carried out. The trial products were formulated from soybean of European
origin, and the commercial soybean meal was from the USA. Casein was chosen as a reference
protein source. The study was conducted with a total of 70 Danbred weaned (5-week-old)
barrows, within 2 replicates. Piglets were randomly allocated to each of the 7 treatments (5
animals/treatment/replicate). The experiment consisted of a 28-day-long performance trial and
a 5-day-long retention trial.

During the performance trial, two groups (10 pigs/replicate) received the control diet,
and the others were assigned to diets containing soybean meal (SBM) from each novel
technology or casein. During retention studies, either of the groups that received commercial
SBM diets was fed N-free diet to determine endogenous amino acid losses. At the end of the
retention study, the ileal digestibility of amino acids was determined post-mortem. The
experimental data were analyzed with two-way ANOVA (SAS, 2004). It was observed that
except for FCP-DH, all the other European soya products were as good as the commercial
SBM. In general, except for FCP-DH, there was no difference in the impact of the feed
processing methods on the nutritive value of soya products. In conclusion, inadequate thermal
processing of FCP-DH could have negatively affected the nutrient digestibility of the feed. 1
recommend the need for further studies to explain the possible mechanisms of ensuring

adequate thermal processing of FCP-DH.
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1.0. INTRODUCTION

1.1. Background of the study

Currently in Europe, protein requirements are mainly covered by soybean meal, which is
widely used in diets for farm animals. Soya bean meal is formulated usually based on the two
most important components, which are protein and oil (JIDEANI, 2011). Soybeans contain
18.6% oil and 78.7% of soybean meal with the rest being surplus (DEI, 2011). It is highly
preferred because it contains a high CP content ranging between 44-48% and contains highly
digestible amino acids such as lysine, tryptophan, and isoleucine. The amino acid content is
well balanced except for methionine (DEI, 2011). The listed amino acids are the most limiting
amino acids in corn, wheat, sorghum, and barley (DEI, 2011). The methionine deficiency in
soybean however can easily be corrected in monogastric diets using synthetic sources of
methionine (YANG et al., 2020). Soybeans are considered a protein source, but they also
contain about 30 to 35% carbohydrates, making soybeans a major carbohydrate contributor to
livestock feed (KARR-LILIENTHAL et al., 2005).

Soybean meal and soybean products however contain relatively high amounts of minerals
such as potassium, magnesium, and sulfur, and pigs fed diets containing soybean products do
not need any of these minerals as supplements in their diets (EDEMA et al., 2005). Soybean
oil on the other hand comprises mainly unsaturated fatty acids and less than 15% of the fatty
acids in soybean oil are saturated fatty acids. Roughly 50% of the fatty acids in soybean oil are
linoleic acid (C18:2) and an additional 22% are accounted for as monounsaturated fatty acids.
Soybean oil does, however, also contain more than 6% linolenic acid (C18:3), which may have
anti-inflammatory properties in diets (NRC, 2012). Despite the positive effect of soybean on
livestock production, it cannot be fed unprocessed because it contains some levels of
antinutritional factors (ANFs). Their occurrence exerts a negative impact on the dietary quality
of the protein (DEI, 2011). The main ANFs are protease inhibitors (trypsin inhibitors) and
lectins (LIENER, 1994), which fortunately can be destroyed by heat treatment (AMER et al.,
2020). Dehulled soybean meal has been reported by (AMER et al., 2020) to be high in energy
(around 5%) and in lysine by 10 to 15%. The purpose of this study was to evaluate the nutritive
impact of processed European soybean using different novel technologies on the ileal amino

acid digestibility, growth performance, and nitrogen retention in weaned pigs.



1.2.  Aim of the study
The purpose of the piglet study was to determine the nutritive value as well as apparent and

standardized ileal digestibility of amino acids of European soybean meal processed with

different technologies.

1.3.  Specific objectives
1. Undertake performance trials.

2. Perform Nitrogen-retention trials.
3. Run post-mortem digestibility trials to determine the apparent and standardized ileal digest

amino acid content of different products.



2.0. LITERATURE REVIEW

This chapter presents an overview of previously published works on the topic under
study. The literature review of this study assessed the global production, nutritive value,
methods of processing as well as digestibility of amino acids of European soybean meal

processed with different technologies.

2.1. Global production of soybean

Soybeans have been cultivated as a commercial crop primarily in temperate regions for
so many years. At first, it was grown in northern Asia and more recent decades in North
America and the South of Latin America (KHOJELY et al., 2018). Global production of
soybeans has increased rapidly over the past five decades (TROSTLE, 2010). As of 2009/2010,
global production of soybean seeds stood at about 260 million tons. The main producers are
Brazil, the USA, China, and Argentina (BANASZKIEWICZ, 2011). These countries altogether
produced about 87% total quantity of soybean seeds. Except for China, these countries are the
main exporters of soybean seeds with the USA exporting about 44% of the soybean seeds,
Brazil exporting 33% and Argentina exporting about 11% (RAO and REDDY, 2010). A report
by BANASZKIEWICZ, (2011) also shows that about 90% of soybeans are used as feed for
livestock. Argentina exports about 37%, Brazil (about 29%), and the USA (about 8%) of the
total soybean as feed for livestock (WILCOX, 2004). Table 1 shows the main countries
involved in the global production of soybean seeds.

Table 1 Global production of soybean seeds

Country Production, million tons
United States of America 94.8
Brazil 68
Argentina 54.5
China 14.5
India 9.1
Paraguay 6.7
Other 13
Total 260.6

(RYNEK RZEPAKU, 2010)


https://www.intechopen.com/chapters/19972#B62

More than half of the soybeans produced by these countries are used for animal feed.
This is because global meat production has more than tripled over the last five decades
(RITCHIE et al., 2017). A large portion of soybeans are processed into oil and soybean meal,
and approximately 75% of the soybean meal that is processed is fed to monogastric (CHEN et
al., 2020). The United States, Brazil, and Argentina remain the largest soy producers. Together
they account for over 80% of the world’s soy production (MEADE et al., 2016). Apart from
these countries, China (14 million tons), India (13.8 million tons), Paraguay (11 million tons),
Canada (7 million tons), and Ukraine (4.5 million tons) are the next largest producers of soy
respectively (FRANKE et al., 2011). The European Union, however, produced about 3 million
tons in 2018, which is by far less than 1% of world soy production (FUCHS et al., 2019). The
United States and Brazil have achieved the strongest yield increases among the producers of
soybean (JUNIOR et al., 2019).

The European Union is the world’s largest importer of soybeans, and soybean products
(MCFARLANE and O'CONNOR, 2014). The 27 EU countries altogether in 2007 imported
24.8 million tons of soy meal, 15.5 million tons of soybeans, and almost 1 million tons of soy
oil (GE et al., 2021). Furthermore, in 2018, the European Union imported 15.54 million tons
of soybeans, 263,000 tons of soybean oil, and 18 million tons of soybean meal (WALLACE,
2020). Compound feed production in Europe has been unstable with a slight upward trend since
2009. This implies the relative use of soy as a feedstock declined around this period
(MUELLER et al., 2011). Nonetheless, between July 2019 to June 2020, there has been a rise
in soybean meal imports. This was estimated at 16.87 million metric tons (WILKINSON et al.,
2022). At the same time, raw soybean purchases were up by 1% at 14.17 million metric tons
(NORDIER, 2021). Demand for soybeans is expected to continue increasing in the coming
years due to a lot of factors. Meat and soy-based health consumption are on the increase, and
population figures are slated to increase (TESHALE et al., 2021). Considering the estimated
increase in global meat consumption, this is expected especially among the growing middle
class in developing economies, this means that there will be strong demand for soybeans as the
animal feed of choice (GASCO et al., 2021). Table 2 shows the number of soy imports from
soy-producing countries into the EU from September 2006 to August 2007



Table 2 EU-27 soy imports by country of origin in 2007

Country of origin Soybeans* Soy oil| Soy meal

1,000 tonnes | 1,000 tonnes | 1,000 tonnes
United States 3,373 6 159
Canada 780 6
Norway 71 147
Argentina 193 221 15185
Brazil 9820 619 9,251
Paraguay 994 1
Uruguay 87 2
Other countries 213 44 74
Total 15,460 961 24,827

* Soybeans: September 2006 - August 2007.

(OIL WORLD, 2008)

About two-thirds of soybeans used in the EU feed industry are imported, mostly from
the countries shown in Table 2 above (OIL WORLD, 2008). These countries are progressively
growing new genetically modified (GM) soybean varieties (VARACCA and SCKOKAI,
2020). Over the years, there have been difficulties with the import of soy products because of
the EU’s ‘zero tolerance policy’ on the presence of traces of unauthorized GM crops (WAGER
and MCHUGHEN, 2010). There have been instances where soybean and soybean meal
consignments have been disallowed at the port because of the low-level presence (LLP) of
unapproved GMOs (WAGER and MCHUGHEN, 2010). When soy imports into the EU are
curtailed at any point, the EU meat markets would be predominantly affected because of more
costly and limited feed substitutions. This could weaken the competitiveness of the EU
livestock sector and reduce the EU shares in domestic and world markets (WESTHOEK et al.,
2014).

2.2. The nutritional profile of soybean

Soybeans are rich in vitamins and minerals (ERBERSDOBLER et al., 2017). A large
portion of the phosphorus in soybeans is bound to phytic acid, and pigs cannot utilize most of
the phytic acid-bound phosphorus because they produce little intestinal phytase (HUMER et
al., 2015). Therefore, to make sure that there is enough digestible phosphorus in the diet, it is
often necessary to add supplemental phosphorus in the form of monocalcium phosphate or

dicalcium phosphate, which increases diet costs (HUMER et al., 2015). However, the
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macronutrient profile of soybeans differs in some important ways from other legumes. It is an
ingredient with a high feed value for livestock because it represents the main protein and
essential amino acids source for livestock (FLORET et al., 2021). Soybean protein is rich in
lysine, threonine, and tryptophan, and these are the most limiting amino acids in corn, wheat,
and barley (DEGOLA et al., 2019).

Despite the low levels of sulfur amino acids, soybean is the main source of lysine in
swine diets and could be complemented by barley or wheat in diet formulation (DEGOLA et
al., 2019). Nevertheless, soybeans contain a lot of antitrypsin, urease, and lectins which can be
minimized through thermal processing (REAL-GUERRA et al., 2013). It also contains glycinin
and 3-conglycinin, which can cause an immune response, damage the intestinal mucosa, and
cause diarrhea in young animals if soybean is not processed appropriately (REAL-GUERRA
et al., 2013). Soybeans contain two types of carbohydrates: structural and non-structural
carbohydrates. The structural carbohydrates include cellulose and hemicellulose, and the non-
structural carbohydrates include sugars and oligosaccharides (HUSSAIN et al., 2019). On the
feed market, soybean meal is usually standardized on 44 to 49% of the protein basis
(ENSMINGER et al., 1990).

The crude protein content of soybean is 40% and contains about 20% fat. It has a lysine
proportion of (6.2g/16gN) and a cysteine content of (2.99/16gN) (NRC, 1998). The water
content of soybean is estimated to be around 5.6 to 11.5%. Crude ash content ranges from 4.5
to 6.4%, NDF ranges between 10 to 14.9%, ADF content varies from 9 to 11.1%, and
carbohydrate between 31.7 to 31.85% basis (ENSMINGER et al., 1990; NRC,
1998; POULTRY FEEDING STANDARDS, 2005). The starch content of soybean is very
minute (4.6 to 7%). The lysine content is very impressive and so are the isoleucine, valine, and
threonine contents. Table 3 below gives an account of the various amino acids as a percentage

of crude protein.
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Table 3 The quality of protein in soybean meal expressed as the percentage of each
amino acid as a percentage of crude protein (CP)

Item % %CP
Crude protein 47.3 -
Amino acids

Isoleucine 2.14 4.5
Lysine 2.96 6.2
Methionine 0.66 1.4
Threonine 1.86 3.9
Tryptophan 0.66 1.4
Valine 2.13 4.7

(NRC, 2012)

2.3. Full-fat soybean and soybean meal

Full-fat soybean is whole soybeans before the oil is extracted. A variety of procedures
are applied to extract the oil from the soya (CAMPBELL et al., 2011). All the procedures have
a different effect on product quality depending on the degree of thermal energy applied
(CAMPBELL et al., 2011). Generally, soybeans are processed into defatted diets for feed
formulation, especially for monogastric (PEREIRA et al., 2020). Nevertheless, the number of
full-fat soybeans used has been increasing in the livestock industry due to the development of
new varieties with limited numbers or levels of ANFs (GU et al., 2010). Then again, properly
processed full-fat soybeans are a valuable feed ingredient for animal feeding because of their
high energy content. Soybeans contain 18.6% oil and 78.7% of soybean meals with the rest
being waste (FEFAC, 2007).

The oil can be removed mechanically, and by solvent procedures (GRAVELLE et al.,
2016). There are two main types of soybean meal (BANASZKIEWICZ, 2011). Depending on
whether the seed coat is removed or not, soybean can be classified into two categories: dehulled
soybean meal and soybean meal (RAGHUVANSHI and BISHT, 2010). They differ in their
nutrient composition but are quite high in protein content with a good amino acid balance
except for methionine, low in fiber, high in energy, and have little or no ANFs when properly
processed (DEI, 2011). Soybean meal has higher protein content as compared to other
vegetable protein sources (AJINOMOTO HEARTLAND LYSINE LLC REVISION 7, 2006).
Then again, it matches or surpasses them in both total and digestible amino acid content (Table

4).
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Table 4 True digestibility (%) of essential amino acids in common oilseed meal proteins

for poultry
Palm L
Sovbean Canola Cottonseed Peanut Sunftlower
’ kernel

Crude protein 43.0 36.2 39.6 13.2 45.2 32.8
Amino acid

Lysine 90.7 78.6 62.8 58.9 78.1 80.4
Methionine 90.6 88.6 71.9 83.7 85.6 91.2
Cystine 821 731 70.9 66.6 78.5 79.2
Threonine 841 77.6 67.2 69.2 83.8 83.7
Tryptophan 87.9 80.0 80.3 . 75.6 -
Arginine 911 90.6 85.3 88.6 89.6 93.1
Isoleucine 91.2 §9.0 72.8 81.0 89.3 88.9
Leucine 90.7 941 74.8 85.0 89.7 88.7
Valine 88.9 87.8 76.3 80.1 88.9 85.8
Histidine 88.5 88.5 64.1 80.3 85.4 86.1
Phenylalanine 91.6 91.6 84.0 85.3 92.3 90.8

(AJINOMOTO HEARTLAND LYSINE LLC REVISION 7, 2006).

2.4. Main soybean products for swine feeding.

Different methods are used in the processing of soybean to enhance their quality
(KAUSHIK et al., 2010). The procedures applied either decrease or remove the ANFs in the
soya and help to increase the dietary or nutrient content of the feed (MIRGHELENJ et al.,
2013). Quite a few steps are used in the making of these products, and they can either give a
positive or negative effect on protein quality (GATLIN et al., 2007). The single most important
factor in this procedure is the application of heat (WRIGHT, 1981). It affects the value of
soybean meals (WRIGHT, 1981). Appropriate processing conditions such as moisture content,
heating time, and temperature deactivate ANFs such as trypsin inhibitors and lectins, which
results in enhanced performance when fed to monogastric animals (ARABA, 1990). When
extreme temperatures are applied in the procedure, especially in the processing of oilseeds, it
has harmful effects on proteins and amino acids due to the formation of Maillard reaction
products (HURELL, 1990) or denaturation (PARSONS et al., 1992). Figure 1 is a diagram that

shows the processing of soybeans into various protein products.
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Extrusion

Figure 1 Processing of soybeans into soybean pIV’VOdUCtS

(USSEC, 2008)

2.5. Some technologies for soybean processing
2.5.1. Dehulling

The first step in processing soybeans is to properly prepare the soybean for dehulling.
Before oil extraction, a succession of treatments such as dehulling, cracking, flaking, etc.
allows the cell walls to be broken and this makes it ideal for maximum oil yield (DEMARCO
and GIBON, 2020). Before dehulling is done, magnets are used to remove metallic substances
and impurities that can affect the process. Finally, mechanical rollers are used to make thin
flakes and rupture the cells containing the soybean oil (SERNA-SALDIVAR, 2022). There are
three different types of dehulling: cold dehulling, warm dehulling, and hot dehulling
(DEMARCO and GIBON, 2020). The terms cold, warm, and hot refer to the temperature of
the seeds during dehulling (DEMARCO and GIBON, 2020). Moreover, bad-quality seeds
require a higher optimal dehulling temperature (CARRE et al., 2015). This means that a higher
temperature will be needed to get a rational level of dehulling and thus optimal protein content
in the meal (CARRE et al., 2015). Initially, cold dehulling used to be the most common type

and is suitable for all types of soybeans, however, soybeans need to be heated twice, and that
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is an expensive system with setup costs and expenditures relatively higher compared to the
other methods. Warm dehulling, on the other hand, is the most affordable system with a lower
setup cost and a single heating step (VAN DOOSSELAERE, 2013). Warm dehulling is an
effective means of thorough hull removal in the seed preparation process which ensures the
production of high protein, low fiber meal after solvent extraction (VAN DOOSSELAERE,
2013).

2.5.2. Solvent extraction method

Lately, large-scale solvent extraction facilities have been used in place of mechanical
oil extraction equipment for processing soybeans (FORE et al., 2011). The solvent process, in
which oil is leaked from flakes using hexane, a petroleum product, can easily remove at least
99 percent of the available oil from soybeans (ALI and SINGH, 2010). The protein meal by-
product gives large quantities of cheap animal feed and is the base for numerous food and
industrial uses. Current technologies for soybean processing come with fewer chemicals and
solvent use, less energy consumption, reduced environmental impact, safer process, milder
operating conditions, and optimized nutritional properties for the refined oil (ALI and SINGH,
2010). The technology used for the extraction methods is closely associated with the type of
oil plant, however, in all cases, the main objective is to ensure that we beat down expenditure
as we maximize oil yield (JOOYANDEH, 2011).

2.5.3. Flaking

The main goal of flaking is to expose as much of as possible the oil to the solvent in the
solvent extractor. When flaking is done properly, it improves solvent extraction efficiency
(PERRIER etal., 2017). During flaking, dehulled soybean is mechanically squeezed into flaked
shapes which are about 0.3 to 0.4mm in thickness and 10 to 15mm in diameter (DEMARCO
and GIBON, 2020). This procedure opens the cell walls of the seeds and enables the oil to be
extracted more readily and efficiently (PERRIER et al., 2017). Flaking machines are used for
this procedure, and the machines are designed to convert the dehulled oilseeds into thin flakes
for subsequent oil extraction (KAUR et al., 2022).

2.5.4. Extrusion
It involves grinding, crushing, and mechanical processing at high temperatures usually
between 130 — 140 °C under high pressure (TAMBE et al., 2021). Soy processed using this
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technology usually has low levels of anti-nutritional factors, and a high nutrient profile (BORA,
2014). During extrusion, the anti-nutritional factors such as trypsin inhibitors and lectins are
removed. Extrusion plays a vital role in monogastric diets by making soybean diets tastier and
easier to digest. It also reduces the content of anti-nutritional substances. Compared to
conventional soybean, it makes the diet more nutritious, especially in terms of the most
valuable nutrients (NIKMARAM et al.,2017).

2.5.5. Cooking

Unprocessed soybeans harbor several anti-growth factors, given this the beans must be
cooked before they are used in all pig diets except diets for gestating sows (LAPEGNA, 2016).
Soyabean can be cooked with either a roaster (116°C to 121°C for 2.5 to 3.5 minutes) or an
extruder (exit temperature of 138°C to 148°C) and this removes a lot of the anti-growth factors
and produces an acceptable supplemental protein source for all pigs (COLLETTI et al., 2020).
To reduce the time required for cooking soybeans, sodium metabisulfite can be added. This
helps to reduce the time required for cooking and effectively removes anti-growth factors
(AVILES-GAXIOLA et al., 2018). Current research shows extrusion processing produces
soybean products of higher nutritional value for weanling pigs as compared to roasting
(MILANI etal., 2022). Among the anti-growth factors in soybeans is a compound called Kunitz
trypsin inhibitor (HAN et al., 2021). However, new strains of soybeans have been developed
that do not contain Kunitz inhibitors so these varieties should require less cooking (AVILES-
GAXIOLA et al., 2018).

Nonetheless, recent research indicates these new strains must be cooked to the same
extent as regular soybeans if they are fed to weanling or growing pigs (5 to 9 kg) (AVILES-
GAXIOLA et al., 2018). Less cooking time can be applied to soybean fed to finishing pigs for
similar efficiency (AVILES-GAXIOLA etal., 2018). Cooked soybeans should be checked very
often for anti-growth factor activity (KIM et al., 2021). Notwithstanding, cooked, full-fat
soybeans contain less protein and lysine than soybean meals, but more fat and energy (Table
5) (REESE, 1990). Because of their high-fat content, full-fat soybeans offer a convenient
method of adding fat to pig diets. Diets in which full-fat soybeans provide the sole source of
supplemental protein contain 3 to 5% added fat (27 to 45 kg of added fat per ton of feed)
(REESE, 1990).
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Table 5 Average nutrient composition of soybean meal and cooked full-fat soybeans

Full-fat
Item 44% Soybean meal Soybean
Protein, % 44 36.7
Lysine, % 2.9 2.25
Lysine digestibility, % 86 71
Fat, % 11 18.8
Metabolizable energy 1,461 1,644

(REESE, 1990)

2.6. ANFs in soybean

Soybean is rich in dietary protein; however, it contains some ANFs which
include phytates, tannins, trypsin inhibitors, and oligosaccharides (ADEYEMO et al., 2013).
They are naturally occurring compounds in feedstuffs that impair the use of nutrients available
in soybeans (EMIRE, 2013). The ANFs in soybeans have a negative impact on the nutritional
quality of animals (Table 6). ANFs such as trypsin inhibitors and lectins fortunately are
effortlessly destroyed by heat (TSEHAYNEH, 2022). ANFs such as goitrogens, tannins,
phytoestrogens, oligosaccharides, phytate, and saponins are produced by heat-stable factors
and therefore their effects are of less significance (LIENER, 1994). Heat-stable ANFs except
for oligosaccharides and the antigenic factors are minimal in soybeans and not quite likely to
cause problems under practical feeding conditions (DEI, 2011). Soybean quality is improved

when oligosaccharides and antigens are eliminated during the manufacture of soybean protein.

Table 6 The anti-nutritional factors present in various soybean products

Anti-nutritional Soybean Alpha soy Soy protein
factors Raw soy meal 530 concentrates
Trypsin inhibitor(mg/g) 50 8 1.5 2

Lectin (%) 3.5 <0.1 <0.1 <0.1
Glycinin (mg/g) 209 50 26 <0.1
B-conglycinin (mg/g) 76 14 6 <0.1
Stachyose (%) 4-5 3.9 1.4
Raffinose (%) 1-2 14 0.2

According to a report by CHOCT et al. (2010), the complete removal of ANFs from
soybeans will improve feed intake and usage and would produce better growth performance in

animals. Nonetheless, it is not always true. This is because a new study with 3,600 piglets at
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the Skjoldborg test station (KRISTENSEN, 2016) reported that feeding special-treated soy
protein (Alpha Soy 530) to weaned pigs improved average daily gain (ADG) by 8.7% in

comparison with soy protein concentrate at day 28 (P < 0.05, Figure 2).

S 4648
3 1 I I
Day 14 Day 28

Figure 2 Daily weight gain of weaned piglets fed special-treated soy protein (Alpha Soy
530, blue) vs. soy protein concentrate (green)

Different superscript means the significant difference between treatments (P<0.05)
(KRISTENSEN, 2016)

This positive effect of special-treated soy protein on ADG also resulted in a higher
average body weight of 0.55 kg per pig compared to soy protein concentrate at day 28 (P<0.05).
The trend carried on to the later growing period. As the special-treated soy protein has a higher
ANF level compared with soy protein concentrate, these results indicate that it is not necessary
to remove ANFs from soy completely but to reduce them to a safe level (KRISTENSEN, 2016).
For instance, trypsin inhibitor levels below 3 TIU/mg in diets will not have a negative impact
on young animals’ growth performance (KRISTENSEN, 2016). Then again, the severe
processing of soy may reduce the ANF but will also change the soy grain matrix and especially
the protein part which turns out to not benefit the animals. According to ROJAS and STEIN
(2014), fermented soy protein has a lower metabolizable energy value compared to soybean
meal due to the fermentation process by microbes that consumed starch, sugar, and

oligosaccharides.

2.6.1. Trypsin inhibitors

Trypsin inhibitor is one of the most dominant ANFs in soybeans (VOLLMANN et al.,
2003). It impedes the action of enzymes such as trypsin, chymotrypsin, etc. that break down
protein in the digestive system (GILANI et al., 2005). However, when soy products are refined

and enzyme-treated, it results in a drop in trypsin inhibitor activities. Table 7 shows that among
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refined soy protein products, fermented and enzyme-treated soy proteins have the lowest
trypsin inhibitor activity, but this is mainly due to the extra heat treatment procedures and not
the fermentation or enzyme treatment entirely. Regardless of the benefits of heat treatment, it
is considered a two-edged sword that necessitates handling with dire attention. Extreme heat
treatment can remove trypsin inhibitors completely but may destroy soy protein and

consequently reduce protein utilization in animals (WILLIS, 2003).

Table 7 Refining soybean and meal products reduce the ANF level

Refined soy proteins such as
Common Soybean Fermented, hydrothermal,
and Soybean meal | enzyme-treated soy proteins and
Anti-nutritional factors products soy protein concentrates
Trypsin inhibitor, mg/g 1.8-50 0.320-3.02
Trypsin inhibitor, TIU/mg 2.7-112 0.850-3.10
Lectins, mg/g 0.1-7.3 <0.001-0.02
Glycinin, mg/g 17-180 0.090-36
B-conglycinin, mg/g 1.8-22.0 0.001-25
Oligosaccharides, % 10-15 <1-3

Source: https://www.feednavigator.com/News/Promotional-Features/Anti-nutritional-factors-
in-soy-proteins

2.7. lleal digestibility of soybean and endogenous essential amino acid losses in pigs

Several experiments have been performed to assess the ileal digestibility of protein and
amino acids in a wide range of feedstuffs (NOEL et al., 2021). Given this, it is largely agreed
that amino acid digestibility should be measured at the ileal level. It has been reported that
there is a large variation in the digestibility of amino acids, not only between different types of
feedstuffs but also between different samples of the same feedstuff (MOSENTHIN et al.,
2000). The ileal method is a preferred procedure because amino acids are solely absorbed in
the small intestine but the microbial fermentation in the large intestine causes a reduction in
the number of amino acids recovered from the feces and affects digestibility. The ileal
digestibility can be assessed in cannulated pigs at the end of the small intestine by collecting
samples of ileal digesta (DEGLAIRE et al., 2009). The ileal digestibility is expressed as
apparent (AID), standardized (SID), or true (TID) ileal digestibility, depending on if or how
endogenous amino acid losses are considered in the measure of digestibility (KONG and
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ADEOLA, 2014). Endogenous amino acid losses are amino acids from proteins that are
produced for metabolic functions by the pig and have not been absorbed in the small intestine
and are lost (DAVILA et al., 2013). There are two types of endogenous amino acid losses,
these are basal and specific losses (KONG and ADEOLA, 2014). Basal losses are amino acids
that are unavoidably lost, whereas specific losses signify amino acid losses above the basal
losses that are affected by the diet composition (RAVINDRAN, 2021).

Endogenous amino acid losses undervalue the ileal digestibility of amino acids because
the endogenous amino acids in ileal digesta are accounted for as non-digested amino acids from
the diet. The commonly used method to formulate diets and estimate the digestibility of amino
acids is SID (KONG and ADEOLA, 2014). The values for SID of ingredients are more likely
to be additive in diets and some of the weaknesses of AID and TID are overcome whereas the
AID does not consider any of the endogenous amino acid losses, there is inadequate
information about TID, and the ingredient-specific effects on endogenous amino acid losses
(STEIN et al., 2007). Soybean meal has been reported to be the most essential plant-based
protein source in livestock nutrition (DALSGAARD, et al., 2012). Nonetheless, it has some
anti-nutritional effects, and this adversely affects their nutrient digestibility and absorption
(WOYENGO and NYACHOTI, 2013). Soybean has a high concentration of non-starch
polysaccharides (NSP) and oligosaccharides (CHOCT et al., 2010).

NSP is divided into insoluble and soluble NSP (CHOCT et al., 2010). Monogastric
animals do not have enzymes to break down these NSPs (CHOCT, 2006). Hence exogenous
enzymes and feed processing methods such as heat treatment, dehulling, and manipulating feed
particle size are some of the techniques employed to optimize the digestibility of nutrients
available in soybeans (MEJICANOS et al., 2016). The enzymes are used to eliminate
antinutritional factors and to digest NSPs to increase nutrient digestibility (WOYENGO and
NYACHQOTI, 2011). It has also been reported that SBM with lower hulls would have better
digestibility and there would be an inter-relationship between enzyme and SBM source in
promoting ileal digestibility of nutrients and amino acids (UPADHAYA et al., 2016).
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3.0. MATERIALS AND METHODS

3.1. Description of the research products

The soybean meal products were of European origin and produced with four different
processes: flaking cooking pressing (FCP) vs. extrusion pressing (EP) and dehulled vs. whole
bean (DH vs. WB, respectively).

3.2. Animals and housing
The trial was conducted with a total of 70 DanBred weaned barrows (being 5 weeks

old) at the beginning of the trial, within 2 replicates. Pigs were randomly allocated to each of
7 treatments (5 animals/treatment/replicate), having the same mean initial body weight in each
group (11.5 +/- 1.40 kg). The experiment consisted of a 28-day-long performance trial and a
5-day-long retention trial. During the performance trial, two groups (10 pigs/replicate) received
the diet containing commercial soybean meal, and the others were assigned to diets containing
soybean meal (SBM) from each novel technology or casein. During retention studies, groups
that received commercial SBM diets were fed N-free diet to determine endogenous amino acid
loss. At the end of the retention study, the ileal digestibility of amino acids was determined
post-mortem. Post-mortem studies instead of ileal cannulated piglets were used because
pancreatic and jejunal digesta were collected too and analyzed for total protease activity.
During the whole trial, the piglets were placed in metabolic cages (1.2 m x 1.2 m). The room
temperature was set and controlled in accordance with the needs of weaned piglets.

3.3. Feeds and feeding of animals

The nutritive value of the novel soy products was compared to a high-quality commercial
soybean meal (CNTR) from the USA, and casein (Casein). The trial products were from the
same European soya, processed by different technologies as follows: flaking cooking pressing
and extrusion pressing process of dehulled beans (FCP-DH and EP-DH, respectively), and
flaking cooking pressing and extrusion pressing process of whole beans (FCP-WB and EP-
WB, respectively). The trypsin inhibitor activity of different soybean meals was 2.9, 7.6, 2.9,
3.6, and 2.6 TIU/mg in commercial SBM, FCP-DH, EP-DH, FCP-WB, and EP-WB,
respectively. The trypsin inhibitor activity was determined by IFIP. Soybean meals and casein
were used as the sole protein source in each experimental feed. Casein was chosen as a
reference protein source expecting a complete digestion of the amino acids in terms of

standardized ileal digestibility. The diets were formulated as iso-nitrogenous (180 g CP per kg
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feed) and iso-caloric on a NE basis (10.9 MJ/kg). Since methionine is the limiting amino acid
in soybean meal, the feeds were formulated with methionine supplementation to ensure a
realistic feed evaluation in the performance and N-retention studies. All the experimental feeds
contained 5.0 g/kg of TiO. as a marker. The composition and nutrient content of the feeds is
presented in Table 8 and Table 9 respectively.

Table 8 Chemical analysis of raw soybeans and of the four soybean products produced
through different processing (Extrusion pressing vs Flaking-pressing-cooking) and
hulling methods (Dehulls vs Whole bean)

Proximate analysis (%) Raw Extrusion-pressing Flaking-cooking-
soybeans pressing

Dehulled Whole  Dehulled Whole

bean bean
Dry matter (DM) 86.6 93.85 94.2 92.3 91.3
Crude fat 17.8 4.8 4.6 5.9 7.8
Crude protein (CP) 38.36 52.3 50.1 50.5 46.6
Crude fibre 4.8 2.9 5.53 3.19 5.06
Trypsin inhibitors (T1U/mg) 25 3.5 2.6 7.6 3.6
Soluble NSP 1 (% DM) - 3.8 3.9 2.2 4.4
Insoluble NSP 1 (% DM) - 12.6 17.2 15.3 16.9
Total NSP ! (% DM) - 16.4 21.1 175 21.3

1 (NSP) non starch polysaccharide

Table 9 Composition and analyzed nutrients content of the experimental feeds (g/kg)

CNTR  FCP-DH EP-DH FCP-WB  EP-WB Casein

Corn starch 482.7 542.6 555.2 508.9 533.7 624.1
Sugar 50.0 50.0 50.0 50.0 50.0 50.0
Soybean meal* 378.0 355.0 343.0 386.6 358.0 0
Casein 0 0 0 0 0 214.3
Arbocel 0 0 0 0 0 50.0
Sunflower oil 45.0 9.0 8.0 12.0 15.0 15.0
MCP 15.5 15.1 15.5 14.2 15.0 19.5
Limestone 8.5 8.0 8.0 8.0 8.0 8.0
NaCl 4.3 4.3 4.3 4.3 4.3 4.3
DL-Methionine 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin and

mineral premix

1.0% 10.0 10.0 10.0 10.0 10.0 10.0
Ti-dioxide 5.0 5.0 5.0 5.0 5.0 5.0
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Total 1000 1000 1000 1000 1000 1000

NE? 10.9 10.9 10.9 10.9 10.9 10.9
Dry matter 912 916 918 916 919 927

Crude protein 176 174 166 183.5 173 1715
Ether extract 50 36.5 26 44 32.5 14.5
Crude fibre 15.5 12.0 9.0 21.5 18.5 29.5
Crude ash 54.5 50.5 495 52.5 51.5 47.0
Lys? 1.04 1.03 0.96 1.09 1.00 1.20
Met? 0.29 0.29 0.30 0.27 0.30 0.53
Thr? 0.70 0.67 0.63 0.71 0.67 0.67
Trp? 0.20 0.20 0.20 0.20 0.20 0.20
Arg? 1.22 1.39 1.22 1.42 1.31 0.94
lle? 0.76 0.74 0.71 0.77 0.73 0.73
Val? 0.82 0.80 0.77 0.84 0.80 0.99
Ca 7.3 6.6 6.3 66.7 6.7 7.4

P 5.8 5.4 5.4 5.6 55 6.1

! soybean meal in CNTR, FCP-DH, EP-DH, FCP-WB, and EP-WB was good quality commercial soybean meal,
flaking-pressing-cooking processed dehulled, extrusion-pressing processed dehulled, flaking-pressing-cooking
processes whole bean, extrusion-pressing processes whole soybean meal, respectively? calculated values.

During the performance study, the animals received a coarse meal diet and water ad
libitum. In the retention study, the feed intake was restricted to 90% of ad libitum. To determine
the endogenous N and amino acid losses one group of pigs received N-free diet 5 days before
(during retention studies). These pigs were fed with a control (commercial) SBM diet during
the performance trial. The composition of the N-free diet is shown in Table 10 below.

Table 10 Composition of N-free diet fed 5 days before slaughter

N-free diet

Corn starch 805.9
Sugar 50.0
Arbocel 50.0
Sunflower oil 42.0
MCP 25.5
Limestone 7.3

NaCl 4.3

Vitamin and mineral premix 1.0% 10.0
Ti-dioxide 5.0

Total 1000
NE 10.9
Crude protein 5.1

Ether extract 49.0
Crude fiber 32.0
Crude ash 425
Ca 74.3
P 5.7
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3.4. Experimental methods and data recording

The experiment consisted of a 28-day pre-feeding and a 5-day collection period (Figure
3). Each animal received the same diet during the trial except for one group assigned to N-free
treatment in the last 5 days. The daily feed intake was calculated based on the difference in
feed volume offered and not consumed. The daily feed intake was determined with gram
precision. The animals were weighed with 0.05 kg precision at the beginning of the trial and at
weekly intervals. The general health of the animals and diarrhoea scores were monitored and

recorded daily.

Body weighing,
Body weighing, postmortem

Start of experiment Body weighing digesta sampling

Retention study - 5 days .

Performance trial - 4 weeks ' Feed intake: 90% ad libitum
- Feed intake ad libitum i- Fecal and urine collection

N

CNTR (control soybean meal) N-free diet

CNTR (control soybean meal)

FCP-DH (flaking pressing cooking dehulled soya)

EP-DH (extrusion pressing dehulled soya)

FCP-WB (flaking pressing cooking whole bean)

EP-WB (extrusion pressing whole bean)

Casein

Figure 3 Experimental design and timeline

During retention studies, feces produced was collected quantitatively two times daily
(following the morning and afternoon feeding), weighed with gram precision, and stored at —
18°C until further processing. At the end of the trial, the feces were homogenized and carefully
dried (65°C), ground, and prepared for laboratory analysis. Urine was collected continuously
into a sealed container connected to the metabolic crate, and its volume was measured
following the morning feeding. After homogenizing the urine collected daily, 15 % was filtered

through a N-free filter and stored at —18°C until further processing. At the end of the collection
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period, the urine samples were carefully melted, again homogenized, filtered, and prepared for
laboratory analysis. During collection, urine was preserved with 50 % conc. sulfuric acid. The
live weight of the animals was recorded at the start and the end of the collection period. Post-
mortem ileal digestibility of protein and the amino acid was determined after the retention
study. The euthanasia was executed with anesthesia by blotting via vena cava jugularis. Pigs
were injected with 2.5 mg Zoletil (Virbac), 3 mg CP-Xylazin (2%, CP-Pharma Handelsges),
and 6 mg Stresnil (Janssen-Cilag) per kg body weight intramuscularly 30 minutes before
slaughtering. In the course of bleeding the bodies were held at a desk letting their head hang.
The abdomen was dissected, and the intestine and pancreas were removed. The jejunal gut
content from the mid of 10-20 cm and the ileal gut content from 10-15 cm anterior to the ileo-
caeco-colonic junction was flushed out with distilled water. lleal digesta samples were used for
the determination of ileal digestibility while jejunal digesta and pancreas were examined for

total protease enzymes’ activity.

3.5. Laboratory analysis

Ileal digesta and fecal samples were dried at 65 °C for further laboratory analysis. The
nutrient contents of the diets such as dry matter, crude protein, crude fat, crude fiber, crude ash,
Ca, and P, as well as amino acids and Ti-dioxide, furthermore dry matter, and crude protein,
amino acid, and Ti-dioxide contents of the digesta samples were determined by the AOAC
(1989) recommendations. Dietary NSP was determined according to the description of Bach
KNUDSEN (1997), and the trypsin inhibitor activity was determined according to KAKADE
et al. (1974). Dry matter and crude protein content of feces and urine were also determined.
The total proteolytic activity was determined at the Institute of Animal Science, Prague (Czech
Republic). Pancreas and jejunal digesta samples were stored under CO at -80 °C until analysis.
The dry matter of samples was determined by heating at 105 °C for 24 h. Pancreas and digesta
samples were diluted with phosphate buffer (pH 7.5) according to MAROUNEK et al. (1995).
Azocasein solution was prepared in a concentration of 4 mg/ml in 0.1 M potassium phosphate
buffer pH7.5.

For each sample, the following were prepared: four plastic 10 ml polypropylene tubes
containing azocasein solution [1], azocasein solution and 25% trichloracetic acid [2], 0.1 M
potassium phosphate buffer pH 7.5 [3] and 0.1 M potassium phosphate buffer pH 7.5 + 1 ml
25% trichloracetic acid [4]. All materials and reagents (azocasein, KoHPOs, KH2POg,
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trichloracetic acid, and (NaOH) were purchased from Sigma Aldrich and Lach-Ner (Czech
Republic). At t = 0, samples were added to all tubes. After 1 h incubation at 39 °C, 25%
trichloracetic acid was added to [1] and [3]. Tubes were transferred to ice water and then
centrifuged at 4000 g. The supernatant was removed into another tube with 0.5 M NaOH.
Absorbance was measured at 440 nm and the result of absorbance was calculated from four
values: Ai-Ax-Ast+Ay. Calibration was made by 0.2 mg/ml solution of azocasein. Proteolytic
activity was expressed as mg azocasein hydrolysed/h per dry matter of digesta or pancreas
sample (HOFFMANN et al., 2010).

3.6. Calculation

In the retention studies, absolute and relative N-retention (g/d as well as % of intake
and digested N basis) were determined.
The basal ileal endogenous amino acid flow was calculated as follows:
IAAendo = AAudigesta X (Mdiet / Mdigesta)
The apparent and standardized ileal digestibility of each amino acid was determined as follows:
AID (%) = (1 — AAudigesta/ Maigesta * Mdiet/ AAdier) * 100
SID (%) = AID + (basal IAAendo / AAdiet) * 10

3.7. Statistical analysis

The experimental data were analyzed with two-way ANOVA (SAS, 2004), considering
the treatment and the replication as the main effects. In case of significant treatment effect, the
differences among the treatments were checked by the Tukey test (SAS, 2004).
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4.0. RESULTS AND DISCUSSION

4.1. Performance and Nitrogen retention trials

From Table 11, it can be observed that there were differences in the initial body weights.
However, none of the soy products performed better than the control soybean meal (CNTR) in

terms of the performance trial. FCP-DH recorded the lowest mean values among all the

treatments.
Table 11 Effect of different processed soybean meals on the growth performance of
weaned pigs
CNTR FCP-DH EP-DH FCP-WB EP-WB P-value

RMSE Trt R

Body weight (kg)
initial 11.62 11.59 11.55 11.50 11.45 1.53 ns ns
weekl  15.05°  13.04° 1412 13.99®  14.05® 155 ns ns

week2  19.31°  14.92®  18.65°% 17.91° 18.35%  2.13  0.0005 ns
week3  24.97°  17.98°  24.45° 22.922 23.67° 249 <0.0001 ns
week4  29.01°  20.63°  28.79° 27.522 28.47% 270 <0.0001 ns

Average daily gain (g/d)

week1 4902 206°¢ 366" 355° 372° 8850 <0.0001 ns
week2 6092 303° 6472 5612 6142  150.00 <0.0001 0.006
week3 8092 438" 8292 7162 7612  118.60 <0.0001 0.07
week4 57732 379° 6202 6572 6862 105 <0.0001 0.06
Total 6212 323° 6162 5722 6082  62.60 <0.0001 0.02

Average daily feed intake (g/d)

week1 7042 597°¢ 670 655 2 637 445 <0.0001 ns
week2 10082 772° 9492 905 9552 1128 <0.0001 ns
week3  1183% 920° 1181%  1078%  1133% 108.3 <0.0001 ns
week4d 121432 885" 1175%  1161%  1192@ 117.3 <0.0001 ns
Total 10272 794° 9942 9502 9792 787 <0.0001 ns

Feed conversion ratio (kg feed/kg gain)

weekl ~ 1.49%  299P  1.86° 1.862 1.97% 0711 0.0009 ns
week?2 1.762 2.93° 1.52% 1.782 1.66% 0599 <0.0001 0.007
week3 1.48° 2.42° 1.44°2 1.522 1.51% 0429 <0.0001 0.01
week4 215 2.52° 1.932 1.792 1.77% 0.393 0.0005 0.08
Total 1.662 2.56° 1.622 1.662 1.61% 0.241 <0.0001 ns

! soybean meal in CNTR, FCP-DH, EP-DH, FCP-WB, and EP-WB was good quality commercial soybean meal,
flaking-pressing-cooking processed dehulled, extrusion-pressing processed dehulled, flaking-pressing-cooking
processes whole bean, extrusion-pressing processes whole soybean meal, respectively.
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The effect of various processed soybean meals on the growth performance of weaned
piglets is shown in Table 11 above. Processing soybean enhances the digestibility and
absorption of nutrients, and this positively impacts growth performance parameters
(SAMTIYA etal., 2020). Nonetheless, in this experiment, none of the processed soybean meals
performed better in growth performance than the conventional soybean meal. Even though the
processed soy products did not show any improvement in the growth trial, the mean values for
EP-DH in terms of ADG were seen to be higher in weeks 2, 3, and 4, and also for FCP-WB
and EP-WB in week 4. The findings of the current study agree with the findings of a study
conducted by SHARMA et al. (2008). They reported that feeding a diet with extruded pea seeds
improved the growth performance of pigs. Meanwhile, NOLAND et al. (1976) found no
significant differences in the performance of pigs fed either soybean meal, cooked soybean, or
extruded soybean as the primary protein source. NOLAND et al. (1976) further reported a
significant improvement in the gains of swine when flaked, dehulled soybeans cooked for
either 12 or 24 min were fed compared to diets containing flakes cooked for 8 or 36 mins or
soybean meal. Moreover, in the current study, FCP-DH recorded the lowest gains for all the
growth performance parameters. This could be attributed to the inadequate cooking duration
with the processing of FCP-DH.

Several reports including (SAMTIYA et al., 2020; ZHU et al., 2017; MIN et al., 2004)
showed that feeding processed soya protein to weaned piglets increased growth performance,
including average daily feed intake and body weight gain. Nonetheless, in a different study by
STEIN et al. (2008), they reported that the thermal overprocessing of grains, such as soybeans
and corn, may reduce the nutritive value of cooked products. PETTIGREW et al. (1991), also
reported that the deficiency in nutrients can lead to reduced feed intake, delayed weight gain,
and in some cases weight loss. There is also an absolute requirement for certain essential
nutrients because the body cannot manufacture these nutrients on its own and therefore depends
on external sources for their supply (BLAIR, 2017). It can be deduced that FCP-DH lost some
nutrients as a result of thermal overprocessing. A deficiency in nutrients can lead to reduced

feed intake, digestibility, and absorption.
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Table 12 below shows the effects of different processed soybean meals on the N-retention of
weaned pigs. All processed soy products did not show any improvement in the N-retention
parameters. However, except for Fecal N excretion (g/d), N-retention in % of intake, and N-
retention in % of digested N, FCP-DH recorded the lowest mean values for all N-retention
parameters. EP-DH was lowest in Fecal N excretion (g/d).

Table 12 Effect of different processed soybean meals on N-retention of weaned pigs

CNTR FCP- EP- FCP- EP- P-value
DH DH WB WB

RMSE Trt R
N intake (g/d) 32.8% 252 3082 330% 319% 234 <0.0001 ns
Faecal N excretion
(g/d) 3.27% 3562 231°¢ 297% 271 0668 0.0014 ns
Urinary N excretion
(g/d) 6.60% 3.90° 6.43% 6.22% 6.46% 1.111 <0.0001 ns
Total N excretion
(g/d) 9.87%  7.47° 874%® 919% 9.16% 1296 0.0029  0.07
N-retention (g/d) 23.0% 177 22.1® 23.8% 228% 2,08 <0.0001 0.006
Fecal digestibility
of N (%) 90.08 859P 9253 91.0%® 915% 215 <0.0001 0.034
N-retention in % of
intake 69.8 70.3 715 72.1 71.3 3.79 ns 0.003
N-retention in % of
digested N 77.5 81.9 77.3 79.2 78.0 3.98 0.08 0.032

'soybean meal in CNTR, FCP-DH, EP-DH, FCP-WB, and EP-WB was good quality commercial soybean meal,
flaking-pressing-cooking processed dehulled, extrusion-pressing processed dehulled, flaking-pressing-cooking
processes whole bean, extrusion-pressing processes whole soybean meal, respectively.

The effect of different processed soybean meals on the N-retention of weaned pigs is
shown in Table 12 above. The findings in this experiment show that all processed soybean
meals did not show any improvement in the N-retention parameters. Although there was no
improvement in nitrogen retention among the treatments, FCP-DH recorded the lowest mean
values for all parameters except for Fecal N excretion (g/d), N-retention in % of intake, and N-
retention in % of digested. EP-DH on the other hand recorded the lowest mean value for Fecal
N excretion (g/d). Studies by LIENER and KAKADE (1980) showed that extrusion pressing
of soybean produces soybean flour, which is free from trypsin inhibitors, and is usually
accompanied by an improvement in the nutritional value of the protein. Extruded soy protein
also contains amino acids that are more digestible and have higher nitrogen retention than

amino acids in most other plant proteins. This could result in the excretion of less nitrogen in
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pig manure (DEGOLA et al., 2019). VANDERGRIFT et al. (1983) in a different study,
reported that the cooking of soy flakes significantly improved the digestibility of nitrogen in
pigs. In their study, an increase in the duration of cooking significantly (P < 0.05) increased
the digestibility and retention of nitrogen in swine. Perhaps the duration of the cooking for
FCP-DH in the current study was inadequate. A different study by GRALA et al. (1998)
indicated that increased endogenous losses and dietary N losses were associated with a higher
dietary trypsin inhibitor activity in pigs. The trypsin inhibitor activity of different soybean
meals in the current study was 2.9, 7.6, 2.9, 3.6, and 2.6 TIU/mg in commercial SBM, FCP-
DH, EP-DH, FCP-WB, and EP-WB, respectively. From the chemical analysis, it was observed
that trypsin inhibitor content (TIU/mg) for FCP-DH was the highest among all treatments.
Trypsin inhibitor is present in various foods such as soybeans, grains, cereals, and other
legumes.

Most livestock species, predominantly monogastric, experience reduced growth when
fed on rations with high levels of unprocessed soybean (NAHASHON and KILONZO-
NTHENGE, 2011). This is because unprocessed soybean contains higher levels of trypsin
inhibitors. When unprocessed soybean is fed to monogastric, protein digestibility may be
reduced, and dietary protein is expelled in the feces. It also results in reduced nitrogen and
sulfur absorption. One disadvantage of the inactivation of digestive enzymes by trypsin
inhibitors in the intestine is the stimulation of trypsin and chymotrypsin secretion from the
pancreas, which can increase the requirements for  thesulfur amino
acids methionine and cystine (MOKOENA, 2010). In turn, this leads to increased endogenous
loss of both nitrogen and sulfur. Finally, the inhibitors can increase the release
of cholecystokinin into the bloodstream, which further increases pancreatic secretion. Different
methods however have been developed to inactivate trypsin inhibitors, and of these, thermal
treatments are the most commonly used. However, they may cause loss of nutrients, affect
functional properties, and require high amounts of energy. Given the above, the higher trypsin
inhibitor level observed in FCP-DH could be attributed to inadequate thermal processing. This
could have negatively affected the digestibility and N retention in weaned piglets.
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From Table 13, except for Asp, Glu, Pro, Gly, and Trp, the AID of all amino acids was
significantly improved by the feeding of EP-DH, FCP-WB, EP-WB, and Casein. Among all
treatments, mean values for various amino acids in EP-DH and casein were the highest, except
for Gly, Cys, and Arg in Casein. FCP-DH was found to contain the lowest AID of all amino

acids among treatments.

Table 13 Apparent ileal digestibility (AID) of the control soybean meal, European
soybean meal processed by different technologies, and casein determined in weaned

1gS.
CNTR FCP- EP-DH FCP- P IgP-WB Casein P-value
DH WB

n=10 n=8 n=10 n=10 n=8 n=6 RMSE Trt R Trtx R
Asp 0.777* 0.667° 0.835% 0.850% 0.815% 0.807% 0.0543 <0.0001 ns 0.025
Thr 0.696% 0.647¢ 0.796% 0.811% 0.750°° 0.830% 0.0538 <0.0001 ns <0.0001
Ser 0.773° 0.671¢ 0.855% 0.857% 0.811%° 0.830% 0.0528 <0.0001 ns 0.002
Glu 0.827% 0.676° 0.895% 0.884% 0.845* 0.873% 0.0652 <0.0001 ns ns
Pro 0.790% 0.462° 0.826% 0.817% 0.782% 0.900% 0.1125 <0.0001 ns 0.025
Gly 0.663%® 0555 0.775% 0.783% 0.658® 0.625° 0.0945 <0.0001 ns 0.093
Ala 0.648° 0.629° 0.818% 0.818% 0.757% 0.788% 0.0564 <0.0001 ns <0.0001
Cys 0.569° 0.558° 0.736% 0.758% 0.652% 0.115° 0.0680 <0.0001 0.0005 0.0003
Val 0.703¢ 0.6289 0.848% 0.830% 0.805° 0.895* 0.0452 <0.0001 ns <0.0001
Met 0.765° 0.790° 0.920® 0.906% 0.901* 0.953% 0.0356 <0.0001 0.0004 <0.0001
e 0.694°> 0.612°¢ 0.850% 0.828% 0.796% 0.862% 0.0524 <0.0001 ns <0.0001
Leu 0.744° 0.6369 0.874% 0.853% 0.827° 0.901% 0.0431 <0.0001 ns <0.0001
Tyr 0.762% 0.658¢ 0.889% 0.838°° 0.842° 0.954% 0.0713 <0.0001 0.015 0.007
Phe 0.766° 0.6599 0.881%° 0.859° 0.843° 0.927% 0.0405 <0.0001 ns <0.0001
His 0.786° 0.662°¢ 0.842% 0.829% 0.793° 0.867% 0.0435 <0.0001 0.0099  0.0008
Lys 0.761¢ 0.725¢ 0.886* 0.878% 0.843° 0.903% 0.0376 <0.0001 ns <0.0001
Arg 0.865¢ 0.7719 0.932% 0.921%® 0.907*° 0.871° 0.0349 <0.0001 0.058  0.0005
Trp 0.903% 0.821% 0.916% 0.864% 0.8742 . 0.0851 ns 0.0015 ns
Aminoacids  0.763° 0.648° 0.861* 0.854% 0.807®® 0.868* 0.0514 <0.0001 ns 0.0002

Apparent ileal digestibility (AID) of amino acids was higher in piglets fed EP-DH and casein
than in piglets fed control and other processed soybean diets (P <0.05, Table 13). Except for
Asp, Glu, Pro, Gly, and Trp, the AID of all amino acids was significantly improved by the
feeding of casein and soy products but for FCP-DH. Apart from Trp, all of the amino acids that
did not show improvement in AID by processed soybean diets are non-essential amino acids.
There was no difference in tryptophan levels across treatments. Tryptophan is an essential
amino acid that serves several important purposes. Numerous studies have revealed that

tryptophan is not only available in proteins but is also available in non-protein forms in food
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such as milk and cereals (COMAI et al., 2007). Except for Trp, FCP-DH was found to contain
the lowest AID of amino acids among treatments. The finding in the current study is in contrast
to what was reported by CABRAL et al. (1995), in that study, dehulling did not affect the
protein quality and digestibility of cooked soybeans.

Moreover, in a study by STEIN et al. (2008), the thermal overprocessing of grains, such
as soybeans and corn, may reduce the nutritive value of cooked products. Nonetheless, a
deficiency in nutrients can lead to reduced nutrient intake, digestibility, and absorption. This
could result in FCP-DH recording the lowest mean AID values of amino acids. In the current
study, Gly, Arg, and Cys levels in casein were seen to be low. Casein is an example of a lacteal
protein and lacteal proteins generally have low glycine content (REIS DE SOUZA et al., 2013).
Furthermore, endogenous protein is rich in arginine and cysteine, and lacteal proteins again
have low levels of these amino acids (COWIESON and RAVINDRAN, 2007). A combination
of these factors could explain the low AID of Gly, Arg, and Cys in casein. The lack of variation
in the AIDs of remaining amino acid content in casein could be due to the high levels of these
amino acids in the protein. JORGENSEN and GABERT (2001) fed growing pigs a casein-
based diet (13%, 16%, 19%, and 22% CP). They only reported differences between the AID of
amino acids only for pigs fed 13% and 16% CP. There were however no differences in AID
between groups fed 16%, 19%, or 22% CP. In effect, casein is a complete protein source, and
it provides all the essential amino acids needed by growing animals HOFFMAN and FALVO,
(2004)
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There were significant differences in the SID of amino acids among treatments (p < 0.05, Table
14). Except for Glu, Pro, Cys, and Trp, the SID of all amino acids was significantly improved
by the feeding of EP-DH, FCP-WB, EP-WB, and Casein. The SID of Gly was improved
significantly only by Casein. CNTR and FCP-DH recorded the least SID of amino acids, and
Casein recorded the highest SID, followed by EP-DH and FCP-WB respectively.

Table 14 Standardized ileal digestibility (SID) of the control soybean meal, European
soybean meal processed by different technologies, and casein determined in weaned

pigs.
CNTR FCP- EP-DH FCP- EP-WB Casein P-value
DH WB

n=10 n=8 n=10 n=10 n=8 n=6 RMSE Trt R Trtx R
Asp 0.861° 0.752¢ 0.927% 0.925% 0.909% 0.981*% 0.0543  <0.0001 ns 0.014
Thr 0.862° 0.8209 0.985% 0.967%* 0.930° 1.019% 0.0538  <0.0001 ns <0.0001
Ser 0.904° 0.805°¢ 1.000% 0.977% 0.954% 0.970% 0.0528  <0.0001 ns 0.0015
Glu 0.889% 0.740° 0.959% 0.939% 0.914® 0.927% 0.0652  <0.0001 ns ns
Pro 1.022%  0.694° 1.081% 1.030® 0.930% 1.021* 0.1125  <0.0001 ns 0.025
Gly 0.993° 0.894¢ 1.138° 1.095° 1.037° 1.405% 0.1650 <0.0001 ns ns
Ala 0.789¢ 0.777¢ 0.972% 0951% 0.911° 1.040% 0.0564  <0.0001 ns <0.0001
Cys 0.913% 0.829° 1.004% 1.026% 0.902% 1.097%  0.1292 0.02 0.0005 0.06
Val 0.818¢ 0.747¢ 0.970%® 0.939% 0.932° 1.0072 0.0452  <0.0001 ns <0.0001
Met 0.843° 0.867° 0.992% 0.988% 0.980% 0.993% 0.0356  <0.0001 ns <0.0001
lle 0.820° 0.742° 0.984%° 0.949%® 0.932° 1.013* 0.0524  <0.0001 ns <0.0001
Leu 0.842¢ 0.7369 0.977% 0.944% 0.937% 1.002% 0.0431  <0.0001 0.08 <0.0001
Tyr 0.828° 0.731¢ 0.969% 0.903* 0.932% 1.016%* 0.0713  <0.0001 0.07 0.002
Phe 0.844¢ 0.738¢ 0.962% 0.930°® 0.934° 1.033* 0.0405  <0.0001 ns <0.0001
His 0.913¢ 0.791¢ 0.982% 0.947%¢ 0.935° 1.022% 0.0435 <0.0001  0.047 0.0006
Lys 0.849° 0.814® 0.980% 0.959% 09422 09882 0.0376  <0.0001 ns <0.0001
Arg 0.934¢ 0.832¢ 1.001%® 0.979° 0.975° 1.0472 0.0349  <0.0001 ns 0.0001
Trp 0.998% 0.916% 1.002% 0.959% 0.9772 . 0.0851 ns 0.0017 ns
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The standardized ileal digestibility (SID) of the control soybean, various processed
soybean, and casein determined in weaned pigs is shown in Table 14 above. In this study, the
SID of some essential amino acids such as Arg, His, Lys, Phe, Tyr, Leu, lle, Met, and Val was
higher for piglets fed EP-DH and Casein diet compared to that of the piglets fed FCP-DH diet.
From this result, we can speculate that the difference in results for SID of amino acids may be
due to the differences in the hydrothermal treatment during processing. Dehulled grains cook
faster, have a slightly different flavor, and have a higher nutritional value than their whole-seed
counterparts (THAKUR et al., 2019). However, for FCP-DH, the amino acid content could
likely have been reduced as reported by TOOMER et al. (2023), that excessive heat treatment
may reduce the amino acid content in addition to lower amino acid digestibility and availability
in soybean. Then again, enzymes such as myrosinase and lipase in soybean are rendered
inactive by excessive cooking (WILLIAMS, 2018). Myrosinase for instance is responsible for
the hydrolysis of anti-nutritional factors such as glucosinolates which results in the production

of isothiocyanates, nitriles, thiocyanates, or oxazolidinethiones.

Except for Glu, Pro, Cys, and Trp, the SID of all amino acids was higher in the feed
with a protein source of EP-DH, FCP-WB, EP-WB, and casein. Apart from Trp, all the
aforementioned amino acids are non-essential amino acids. Non-essential amino acids are the
ones that the body synthesizes on its own and are also known as endogenous amino acids. The
SID for these amino acids could not be improved by the feeding of EP-DH, FCP-WB, EP-WB,
and casein because SID is obtained by correcting apparent ileal digestibility for basal
endogenous amino acid flow as described by STEIN et al. (2007). Among the essential amino
acids, the highest SID was observed for Trp in all treatments, whereas the lowest SID was
observed for His. As reported by COMAI et al. (2007), tryptophan is an essential amino acid
that serves several important purposes. Numerous studies have revealed that tryptophan is not
only available in proteins but is also available in non-protein forms in food such as milk and
cereals. According to (CEMIN et al., 2018), His may be the sixth limiting amino acid in
practical swine nursery diets. When a diet deficient in His is ingested, His may be released
from hemoglobin and carnosine, a dipeptide that is in abundance in muscles (ROBBINS et al.,
1977; CLEMENS et al., 1984). These His releases could result in muscle protein accretion,
even though the diet does not contain sufficient His. This may explain why He recorded the

lowest mean SID among the treatments.
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For all the amino acids, EP-DH had the greatest concentration of total amino acids compared
to all other soy products (Table 15). EP-DH also recorded the highest mean values for AID and
SID of all essential amino acids; however, SID values were higher than AID values. Except for
Ser and Cys, EP-DH again was seen to contain the highest amount of nonessential amino acid
contents for the AID and SID. However, in terms of total amino acid content, FCP-WB was
the lowest for all of the amino acids, and FCP-DH was the worst in terms of AID and SID of
all amino acids. Glu level was observed to be highest across the treatments, whiles Cys, Meth,
and Trp levels were observed to be the lowest.

Table 15 Total amino acid content, the AID, and SID of the amino acid content of
European soybean meals processed by novel technologies used in the present trial.

Total AA content AID AA content SID AA content

FCP- EP- FCP- EP-  FCP- EP- FCP- EP- FCP- EP- FCP- EP-
DH DH WB WB DH DH WB WB, DH DH WB WB

Aspi 574 595 530 570 ;383 479 486 467 432 532 533 517
Thri{ 196 203 181 194 127 156 158 147 161 194 190 181
Ser i 254 262 233 251 170 217 217 206 205 255 249 241
Glui 901 934 831 895 609 807 793 763 6.67 866 845 8.19
Pro: 247 256 228 246 { 085 204 201 172 141 267 255 230
Gly: 211 219 194 209 {117 163 164 140 189 241 231 212
Ala; 221 229 204 220139 181 180 169 172 216 211 202
Cys; 0.73 076 067 073 041 054 055 048 061 0.73 0.76 0.68
Val | 244 253 225 242 {153 207 202 197 182 238 229 226
Met; 0.70 0.73 065 0.70 { 0.55 0.64 063 063 061 0.70 0.69 0.69
lle | 232 241 214 231 {142 197 191 185 172 230 220 216
Leu: 3.71 385 342 369 {236 324 315 308 273 3.65 351 347
Tyri 168 174 155 167 { 110 149 139 142 123 164 151 155
Phei 254 263 234 252 167 224 217 215187 245 236 235
Hisi 134 139 124 133 089 113 111 107 106 132 127 124
Lysi 3.08 320 284 306 223 273 270 261 251 3.03 296 290
Arg: 3.74 388 345 371 ;288 349 344 341 311 375 366 3.65
Trp: 066 068 061 065 054 060 057 058 060 0.67 0.63 0.64

Table 15 above shows the total amino acid content, the apparent and standardized ileal
digestible amino acid content of European soybean meals processed by novel technologies used
in the present trial. According to STEIN et al. (2013), the proteins in soy products are highly
digestible. Diets are most correctly formulated based on values for SID of amino acids because
values for SID of amino acids are additive in mixed diets (STEIN et al., 2007). In this study, it
was observed that EP-DH recorded the highest mean values for both the AID and the SID of
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amino acids. The contention with AID is that it shows an increase in the endogenous amino
acids flow out of the small intestine, and this represents a loss to the weaned piglets. This means
that the feedstuff or product has a lower digestibility. In the current study, although EP-DH
recorded the highest mean values for both AID and SID, the SID values were observed to be
higher, because of this EP-DH can be considered a good quality protein source for weaned
piglets. Soybean protein is rich in lysine, threonine, and tryptophan, as these are the most
limiting amino acids in corn, wheat, sorghum, and barley (LEWIS and PEO, 1986).
Nonetheless in the current study, it is easily seen that the Lys levels are higher than the Thr and
Trp levels. This current result agrees with what was reported by STEIN et al. (2013).
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5.0. CONCLUSION

In this experiment, the performance trials of the European soya products were as good
as the reference high-quality SBM except for FCP-DH. In general, except for FCP-DH, there
was no difference in the impact of the feed processing methods on the nutritive value of soya
products. The nitrogen retention, AID, and SID of all amino acids were also similar in almost
all protein sources except for FCP-DH. This may mean that the processing of FCP-DH had
some effect on the nutrient content and could have negatively affected the nutrient digestibility
of the feed. According to literature, it could be a result of inadequate thermal processing.
However, the SID amino acid content of EP-DH was observed to be the highest, because of
this EP-DH can be considered a good quality protein source for weaned piglets.

| recommend the need for further studies to explain the possible mechanisms of
ensuring adequate thermal processing of FCP-DH.
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6.0. SUMMARY

In this study, we compared the nutritive value of novel soy products, flaking cooking
pressing, and extrusion pressing process of dehulled beans (FCP-DH and EP-DH,
respectively), and flaking cooking pressing and extrusion pressing process of whole beans
(FCP-WB and EP-WB, respectively) to a high-quality commercial soybean meal (CNTR) and
casein (Casein). For that purpose, performance trials, nitrogen (N)-retention, and post-mortem
digestibility, that is, Apparent lleal Digestibility (AID), and Standardized lleal Digestibility
(SID) trials were carried out. The trial products were formulated from soybean of European
origin, and the commercial soybean meal was from the USA. Casein was chosen as a reference
protein source. The study was conducted with a total of 70 Danbred weaned (5-week-old)
barrows, within 2 replicates. Piglets were randomly allocated to each of the 7 treatments (5
animals/treatment/replicate). The experiment consisted of a 28-day-long performance trial and
a 5-day-long retention trial.

During the performance trial, two groups (10 pigs/replicate) received the control diet,
and the others were assigned to diets containing soybean meal (SBM) from each novel
technology or casein. During retention studies, either of the groups that received commercial
SBM diets was fed N-free diet to determine endogenous amino acid losses. At the end of the
retention study, the ileal digestibility of amino acids was determined post-mortem. The
experimental data were analyzed with two-way ANOVA (SAS, 2004). It was observed that
except for FCP-DH, all the other European soya products were as good as the commercial
SBM. In general, except for FCP-DH, there was no difference in the impact of the feed
processing methods on the nutritive value of soya products. In conclusion, inadequate thermal
processing of FCP-DH could have negatively affected the nutrient digestibility of the feed. |
recommend the need for further studies to explain the possible mechanisms of ensuring

adequate thermal processing of FCP-DH.
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