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Statements
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The quantification of trypsin inhibitor activity for each batch of soybeans is of
practical importance for the optimal vse of these soybeans in animal diets. (this
thesis)

The residual trypsin inhibitor activity in processed soybeans is related to the trypsin
inhibitor level in the raw soybeans. (this thesis)

Optimal processing condition must be defined separately for soybeans of different
origins or different batches. (this thesis)

Proper steam-heating can improve the digestion of fat in Chinese soybeans. (this
thesis)

The digestive system of pigs of different breeds responds differently to soybean
antinutritional factors (ANFs). (this thesis)

Apparently, sensitivity to dietary antinutritional factors was not taken into account
in the selection of modern pig breeds for better performance.

Chinese native pig breeds can be important for studying the genetic bases of
"resistance” against feed ANFs.

Some insects will be very lucky if soybean ANFs are reduced by means of plant
breeding.

There are lots of soybeans in China.

Optimization of the processing and use of soybeans is of great importance for a
sustainable agriculture.

Time is the essential prerequisite for the existence of everything.

Statements belonging to the thesis: Processing soybeans of different origins: responses of
a Chinese and a Western pig breed to dietary inclusion.
by Guixin Qin, Wageningen, The Netherlands, 10 September, 1996.
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Chapter 1

General introduction

The soybean (Glycine max) is one of the oldest crops cultivated by mankind. The
cultivation of the soybean in China started as early as 2838 B.C. (McClelland and Cartter,
1937). Soybean cultivation was introduced into Europe in the 17th century and into U.S.
in 1804 (Scott and Aldrich, 1983). The large scale production and utilization of soybeans
in the Western world, however, only really started from the middle of this century onwards
(Leysen, 1991). Nowadays, the sovbean, as one of the most important plant protein sources,
and plays an important role in feed and food production all over the world. Tn 1993/94, the
total production of soybean in the world was 117.5 million tons, which was mainly
produced in the U.S., Brazil, Argentina, Paraguay and China. About 50% of the production
originated from the U.S. (Paschal, 1995).

Soybeans are used for feeding animals mainly in the form of soybean meal, which is
produced during the process of oil extraction. As soybeans are recognised for their high
nuiritive value (high oil and protein contents, and better amino acid composition), increased
amounts of full-fat soybeans (soybeans prior to oil extraction) are being used in the feed
compounding industry (Leysen, 1991; Monari, 1993). The nutritional potential of the full-fat
soybeans for non-ruminant and immature ruminant animals, however, is limited by some
antinutritional factors (ANFs). These ANFs interfere with the intake, digestion, absorption,
metabolism of nutrients, and health status of animals (Liener, 1980; Nitsan and Nir, 1986).
Therefore, inactivation of these ANFs is necessaty before the soybeans can be used
optimally as feed for these animals. In recent years, a lot of research has been conducted
on the development of technologies 1o inactivate these ANFs.

Literature relevant to processing technology for soybean (Monari, 1993) and legume seeds
in general (Melcion and Van der Poel, 1993) has been reviewed. Ahthough the ANFs in
legume seeds can be inactivated to various extents by chemical (Friedman et al., 1982,
Friedman and Gumbmann, 1986; Sessa and Gantous, 1987; Sessa et al., 1990) and
biological (Huo et al., 1993; Meijer and Spekking, 1993) means, the most commonly
accepted method at present is heat processing (Liener, 1993). This includes cooking
(boiling), roasting, expander processing, extrusion, steam heating, micro-wave treatment,
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etc. These heating technologies, if adequately controlled, can all be used to reduce the
contents or the activities of the proteinaceous ANFs in soybean (Melcion and Van der Poel,
1993). Extrusion and pressurized steaming are considered to be the most effective methods
for improving the digestibility of the protein of Phaseolus vulgaris beans for pigs (Liener,
1993). Houdijk et al. (1992) made a comparison on the processing cost between different
processing technologies. Tt was found that the cost per unit of processed product with
pressurized steaming (toasting} was much lower than that processed with extrusion. In terms
of economy, pressurized steaming, could therefore, be a better method than extrusion.

The effectiveness of heat processing on the improvement of the feeding value of soybeans
depends on the adequacy of the processing conditions, e.g. the combination of temperature
and duration (Melcion and Van der Poel, 1993). Under-processing cannot inactivate ANFs
to an accepted or safe level. On the other hand, over-processing may decrease the
availability of amino acids and protein for animals, and may increase the energy demand
for processing. It is, therefore, necessary (o optimize the process technology, in terms of
inactivation of antinutritional factors and in terms of the availability of amino acids. An
adequate or optimal processing procedure, however, may not be identical for different
origins of soybeans because the contents and the natures of ANFs in soybeans may vary
among different cultivars (Friedman et al., 1991a and b; Zhao et al., 1991; Fu and Lu,
1992; Mohamed and Rangappa, 1992) or different maturation stages {MacGrain ¢t al,,
1992). Thus, soybeans containing different levels of ANFs may need different processing
conditions (Friedman et al., 1991a).

The effects of feeding raw or processed soybeans not only depend on the nature of the
soybeans themselves, but also on the animals to which these beans are fed. It is well known
that different species of animals differ in their response to soybean ANFs (Huisman et al.,
1990; Nitsan and Nir, 1986). Antinutritional effects of raw soybeans hardly occur in mature
ruminants (Loosli et al., 1961; Perry and Macleod, 1968; Larson and Schultz, 1970) as the
ANFs are decomposed in the rumen by microbial enzymes (Baintner, 1981). Non-raminant
species of animals, however, respond to the soybean ANFs in different ways (Nitsan and
Nir, 1986). Pigs are considered to be sensitive to soybean ANFs (Combs et al., 1967; Yen
et al., 1974). The sensitivity, however, varies with the physiological states of the animals.
Herkelman and Cromwell (1990) reviewed the literature on full-fat soybeans fed to pigs.
Their review showed that the variation between the physiological stages of pigs in their
responses to being fed a raw soybean diet. The growth rate and feed conversion ratio of
weanling or young growing pigs fed the diet with raw soybeans as the protein source, were
reduced by about 50% and 40% compared with the animals fed a similar diet with soybean
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meal as the protein source. As age and weight increase, the growth depression is less
severe. For adult pregnant sows, no deleterious effect are found after feeding raw soybeans.
It is not clear whether there are differences between genotypes of pigs in their sensitivity
to soybean ANFs. Significant differences in the morphology of digestive organs (Zhao,
1989; Fevrier et al., 1988; Pond et al., 1981 and 1988; Yen et al., 1990) and digestibilities
of dietary nutrients (Fevrier et al., 1988; Qin et al., 1989; Kemp et al., 1991) have been
observed between some breeds or genotypes of pigs.

Based on these facts, it is hypothesized that the optimal processing procedure for soybeans
varies according to their origin. Soybeans of a specific origin should be processed
differently for feeding to different breeds or genotypes of pigs. If this hypothesis is true,
the relevant research may have great importance for an adequate utilization of full-fat
soybeans in pig production.

The objective of this research is to investigate the possible differences between different
origins of soybeans in their ANFs nature and in responses to processing, and the responses
of different breeds of pigs to dietary soybean ANFs, by using Argentine and Chinese
soybean as materials, and Landrace and Min pigs as target animals.

The literature on ANFs in soybeans and soybean products, and on the use of full-fat
soybeans in pig diets are reviewed in Chapter 2 with an emphasis on the variation in ANFs.

A literature review on the variation of digestive capacity among breeds or genotypes of pigs
is presented in Chapter 3.

A kinetic study and an ileal digestion trial are described in Chapter 4, in which the
processing effects of various steam heating conditions on a batch of Argentine soybeans are
presented.

In Chapters 5 and 6, the differences between Argentine and Chinese soybeans in response
to heat processing were studied in vitro and in vivo, respectively, in order to study the
interaction between soybean origin and processing condition.

In Chapter 7, the responses of Western and Chinese pig breeds (Landrace and Min) to
dietary soybean ANFs are compared in terms of dietary nutrient digestibilities, organ
morphology and histological examinations. The results of the literature reviews and the
experiments involved in the thesis are discussed in Chapter 8.
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Chapter 2

Soybean antinutritional factors: the variation of activities and
responses of pigs to full-fat soybeans.

G. Qin and P. Chen

Department of Animal Science, Jilin Agricultural University, Changchun 130118. P.R. of
China.

1. Introduction

Soybeans (Glycine max.) contain high levels of fat and protein. They have been used as a
food and feed ingredient for a long time. Like other legume seeds, soybeans contain many
antinutritional factors {ANFs) such as trypsin inhibitors, lectins, saponins, goitrogenic
factors, rachitogenic factors, allergenic factors and metal-chelating factors. These ANFs
influence the digestion of nutrients and the health of animals and human beings. Therefore,
the soybeans have to be processed prior to their direct use as human food or animal feed.
The most popularly used soybean preduct in animal feed is soybean meal which has
generally undergone a heat treatment during oil pressing or extraction. This heating
procedure inactivates the ANFs in raw materials to a considerable extent. Therefore,
soybean meal can be safely used in livestock diets.

In recognition of the high nutritive value of soybeans, the utilization of full-fat soybeans
in animal feed has increased rapidly in recent years (Monari, 1993). As a result, much
research has been conducted in order to understand the characteristics of soybean ANFs,
their variation patterns and the inactivation technology. The results of the research are of
great importance for the optimal utilization of soybeans and sovbean products in animal
production systems.

2. Antinutritional effects of ANFs in soybeans

2.1. Trypsin inhibitors

There are two important types of trypsin inhibitor in soybeans: the Kunitz and the Bowman-
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Birk. The Kunitz inhibitor is a peptide consisting of 181 amino acids and containing two
disulfide bridges. Its molecular weight is about 21000 daltons (Birk, 1989). It strongly
inhibits the activity of trypsin and weakly inhibits chymotrypsin. Heat and gastric juices
may inactivate il. The Bowman-Birk inhibitor is also a peptide which consists of 71 amino
acids, and contains 7 disulfide bridges. Its molecular weight is about 8000 daltons. This
inhibitor has 2 inhibitory sites which can independently bind trypsin and chymotrypsin. Tt
is quite resistant 1o gastric juices and some proteolytic enzymes, such as pepsin and pronase
(Birk, 198%; Huisman, 1990). It is also resistant to heat, alkali and acid (Monari, 1993). On
average, the contents of the Kunitz and Bowman-Birk inhibitor in raw soybeans are in the
order of 1.4 and 0.6%, respectively.

The main antinutritional function of protease inhibitors is that they bind to trypsin and
chymotrypsin to inhibit their activities and reduce digestive efficiency. Consequently, the
pancreas secretes more enzymes, which results in pancreatic hypertrophy. Additionally, a
loss of endogenous sulphur amino acids may result as these enzymes contain a high
proportion of sulphur amino acids.

22. Lectins (Haemagglutinins)

Lectins are proteinaceous compounds. Most of them are in the form of glycoproteins (Jaffe,
1980). Soybean lectins are tetrameric molecules consisting of equal amounts of two slightly
different subunits (Goldstein and Poretz, 1986). There are specific sites in each of the
subunits of lectins, which can bind with the membrane receptors of epithelial cells of
intestines, and interfere with the digestive and absorptive processes (Huisman, 1990).

2.3,  Saponins

Saponins are glycosides. The level of saponins in soybeans is about 0.5%. They are
associated with a bitter taste and have a haecmolytic effect on red blood cells. They cause
minor antinutritional effects.

2.4.  Goitrogenic factors

These factors are also glycosides which belong to the isoflavinic group. Some of these
compounds can cause enlargement of the thyroid gland and reduce the activity of thyroxine.

2.5, Rachitogenic factors

These factors can interfere with the calcium metabolism of bone tissue, and influence
calcification. Raw soybeans contain only about 0.10% of these compounds.
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2.6.  Allergenic factors

Allergenic factors are known to be somewhat more thermostable. They can cause an
allergenic response in humans. Whether they also have the same effect on animals remains
to be verified (Monari, 1993).

2,7.  Metal chelating factors

These are protein-phytic acid complexes. These substances have a strong affinity to some
metal ions such as manganese, zinc, copper and iron. These metal chelating factors in
soybean or soybean products may reduce the availability of some trace mineral elements.

Among the ANFs mentioned above, trypsin inhibitors and lectins are the most important
ones. Others are present in low levels in soybeans or soybean products, and have minor
influence on animal health and production.

3. Variation of soybean ANFs activity

The activity of the ANFs in soybeans or soybean products may vary according to the origin
of the raw materials, to the methods or conditions of processing, and to the animals species.
These items are discussed separately.

3.1.  Origins of soybeans

Soybeans of different genotypes, geographical regions or years, may differ in the type, level
or activity of the ANFs they contain. This has been well documented. For example, trypsin
inhibitor activity (TIA) in raw soybeans of different origins varied from the maximum of
above 30 mg/g to the minimum of less than 10 mg/g (Table 1). Even for the same variety,
the results were evidently different between literature. The TIA of the soybeans "Williams
82" reported by Herkelman et al. (1989), Fu et al. (1992) and Susmel et al. (1995)were
22.4, 20.4 and 24.55 mg/g, respectively. This may have been due not only to the error of
laboratory measurement, but also to the differences in the geographical region or the time
(year) that the soybeans were grown.

The genetic patterns of trypsin inhibitors (TI) in soybeans has been revealed two decades
ago. Hymowitz et al. (1972) demonstrated that there are about four alleles involved in
trypsin inhibitor inheritance. They are Ti?, Ti®, Ti® and ti. Ti?, Ti® and Ti¢ are dominant each
other. T is lowest in TIA. Gene ti is recessive and has no TIA. In 1970s, USDA
determined the genotype of trypsin inhibitor for 4600 cultivars, and found that only 2 of
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Table 1. TIA in raw soybeans of different origins,

Literature TIA Origin of soybeans'
units/g mg/g
Hove et al. (1979) 262 NI
Slump et al. (1979) 20.1 produced in Brazil
244 produced in USA
Valdebouze et al. (1980) 326 NI
Doelt et al. (1981) 18.7 NI
Cook et al. (1988) 5 ppm? Williams
0.5 ppm® improved Williams
Hanock et al. (1989) 24.1 Williams
13.3 Low Kunitz TI line
Herkelman et al. (1989) 224 Williams 32
11.6 Low TI Variety
Herkelman et al. (1990) 240 NI
Xian and Farrell, (1991) 281 NI
Fu et al. (1992) 227 Clark 63
20.0 1.81-4871
21.1 Amsoy 71
16.5 £.83-4387
203 Williams 82
17.6 L81-4590
15.6 P.I 196168
228 Joghm
258 Miller 67
17.4 Lu 4XL33-4387
17.4 Zhong 19XL83-4387
20.8 Lu 4X1.33
212 Zhong 19XL83
212 Ludou 4
216 Zhongdou 19
23.9 Yianhuang 3
263 Gaolihuang
255 Zhanbian |
25.1 Datuhuang
Herkelman et al. (1992) 209 Williams 82
9.9 Low TI Variety
Zollitsch et al. {1993) 26.3 Produced in Austria
Susmel et al, (1995) 16.03 L81-4590
24.55 Williams 82
18.28 L83-4387
23.02 Amsoy 71

' NI: not indicated
 Kunitz TI
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these cultivars had no TIA. In 1980s, Chinese workers also started studying the genetic
behavior of trypsin inhibitors in soybeans. Hu et al. (1984) determined the genotype of 82
Chinese cultivars and found that all of the 82 cultivars had the Ti" allele. Zhao et al, (1991)
made a determination for 2277 cultivars growing in the north-east of China. They found the
frequency of Ti®, Ti® and Ti* were 99.56%, 0.35% and 0.09%, respectively. The frequency
of the genotypes (allele) differed between provinces (Table 2).

Based on the results reported in relevant research, it was demonstrated that the TIA of
soybeans is controlled by gene, and different genotypes of soybeans may have different
TIA. The TIA may also have been influenced by the geographical region where the soybean
was grown because the geographical distribution of soybean genotypes followed certain

patterns.
Table 2. Ti genotype and distribution frequency of 2277 soybean cultivars from
North-east China (Zhao et al., 1991).
Ti" Ti i ti

Province No determined No. % No. % No. % No. %
Heilongtiang 719 712 990 6 083 1 014 0 0
Jilin 814 812 998 2 025 0O 0 0 0
Liaoning 714 743 999 0O 0 1 013 0 0
Total (average %) 2277 2267 996 8 035 2 009 0 0

Liu et al. (1993) reported the results of the determination on Ti allele of 14067 soybean
cultivars and 5049 wild varieties from 24 provinces of China. It was found that among the
cultivars, T had an evident dominance. Its frequency was 100% in 17 of the 24 provinces.
In Jiangshu and Anhui provinces, 4 double zone genotypes were observed. Among the wild
varieties, however, the genotype was more complicated than that among cultivars. The
frequencies of Ti® and Ti° appeared more frequently, and more double zone types were
found (Table 3). The regularity of the geographical distribution of the Ti genotype was also
observed. Ti" was more frequently distributed to the north of Changjiang river, especially
in the Huanghuaihai region. Ti° was only observed in wild varicties, and mainly grow in
the south-east spring-summer-autumn soybean growing area, especially in Fujian province
{Table 4). No ti gene was found among the Chinese soybean cultivars and wild varieties
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which were determined. The TIA level of soybeans can be reduced by means of plant
breeding. Since Singh et al. (1969) first found a low TIA soybean cultivar, attention has
been paid to the hereditary feature relevant to TIA. In 1986, Hymowitz successfully
developed a new low TIA soybean variety. The productivity of this variety was similar to
conventional variety (cultivar). Its TIA, however, was 50% of thc conventional one.

3.2.  Influence of processing

The trypsin inhibitors in soybeans can be effectively inactivated by various treatments. With
the increase of interest in vhe utfilization of full-fat soybeans in animal diets, several
processing technologies have been developed. These technologies can be grouped into 3
categories: physical technology (mainly heating), chemical technology and biological
technology.

3.2.1. Physical technology

This category of technology is referred to as heat processing and is categorized as follows
in this paper.

Cooking This involves soaking the soybeans in waler (with sall or alkali) and boiling for
some time. Then the beans are dried and fed in whole or ground form. This method is
primary and simple, but it is costly and not suitable for large scale production, Therefore,
it is not popularly used (Melcion and Van der Poel, 1993)

Steam heating The steam can be atmospheric pressure or high pressure. At atmospheric
pressure, the temperature cannot be above 100 °C. TIA can be reduced by 90% without
evident damage to lysine availability when beans are heated with steam for 30 minutes
(Janssen & Friedrich, 1985). High pressure stcam processing needs a special container,
Generally, the pressure is adjustable, and the temperature inside the container can reach
133-136 °C (Zmudzinski, 1989). The heating duration varics dependent on the temperature
and pressure of the steam inside the container. When the beans were steam-heated at 120
°C for 7.5 min., their TIA was reduced from 20.6 mg/g to 3.3 mg/g (Qin et al,, 1996).

Microwave ireatment This treatment is conducted in an electromagnetic field, The vibrating
of the water molecules present in soybeans turns the electromagnetic energy into heat, Thus,
the ANFs are inactivated. The effectiveness of micro-wave treatment is associated with the
moisture content of raw material and the duration of the treatment. The lower the moisture
level of the raw material, the higher the residual TIA in the products (Chen et al,, 1986).
Generally, treating for 15 min, may reduce TIA by 90%.
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Roasting treatment This method is used to treat raw materials by dry heating. Heat is
transferred to raw materials by metal surfaces or other carriers, such as sand, salt, ceramic
tiles or air, to denature ANFs. In this method, lectins can be completely destroved by
roasting for 10-60 sec. at 190 °C, and TIA can be reduced to a safe level by roasting for
90 sec, at 800 °C (Schmidt, 1987).

Table 5. The effect of processing on TIA inactivation by various treatment conditions,

References Treatment conditions Reduction
of TIA (%)

Mustakes et al., 1970 Extrusion, 135 °C, moisture 15% 12
Extrusion, 121 °C, moisture 20% 43
Extrusion, 135 °C, moisture 25% 62
Extrusion, 135 °C, moisture 20% 89
Extrusion, 148 °C, moisture 20% 98

Balloun, 1980 Raw soybeans 0
Steaming, 0.3 kg/m?, 5 min 73
Roasting, 127 °C, 10 min 43
Roasting, 175 °C, 5 min 43
Steamning, 0.3 kg/m?, 15 min 87
Steaming, 0.7 kg/m?, 10 min 94
Steaming, 1.05 kg/m?, 15 min 98
Roasting, 204 °C, 12 min 93
Roasting, 232 °C, & min 96

Lorenz et al., 1980 Extrusion, 121 °C 0
Extrusion, 132 °C 30
Extrusion, 138 °C 27
Extrusion, 143 °C 57
Extrusion, 149 °C 74

Extrusion cooking FExtrusion is carried out in a special machine: the extruder. In this
procedure, raw materials are forced through a die, and meanwhile, a high temperature is
formed through friction, which may inactivate ANFs,
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Thermal processing methods discussed above are commonly used in processing soybeans.
Any of these methods can effectively reduce the activity of ANFs (Table 5). However,
exirusion is generally considered as a better one because it not only heats but also shears
the raw material. The shearing efiects rupture the oil cells and make the oil more available
{Carew et al., 1962; Featherston and Rogler, 1966).

In terms of economic aspects, pressurized steam treatment is more favorable than extrusion.
The latter costs 1.7-3.2 times as much as the former per unit product (Melcion and Van der
Poel, 1993).

3.2.2. Chemical technology

Evidence from some experiments indicated that some ANFs (such as trypsin inhibitors and
lectins) can be inactivated by chemical means (Friedman et al., 1982; Friedman and
Gumbmann, 1986; Sessa et al., 1987, 1990). In principle, the inactivation of ANFs using
this category of method is achieved by cleaving the disulfide bridges of their molecules,
subsequently change their molecular structure, thus inactivating the inhibitors.

Chemical agents that have been used for this include sodium sulphate (Friedman and
Gumbmann, 1986), copper sulphate (Sessa et al., 1990), ferrous sulphate and some thiols
(Friedman et al., 1982). Adequate temperature and time are also needed in chemical
treatment. Sessa and Gantous (1987) reported that suitable temperature and time for
inactivating Kunitz trypsin inhibitor is 65 °C and 30 min. when the soya trypsin inhibitors
were inactivated with sodium metabisulfite. In the experiment conducted by Sessa et al.
(1990), at the temperature of 27 °C and 65 °C, the Kunitz TIA decreascd by 40% and 90%,
respectively, when 10 mM ascorbic acid and 0.8 mM CuSOQ, were used as the inactivation
agents,

3.2.3. Biological technology

ANFs in raw soybeans can also be inactivated by biological means. Enzyme treatment and
germination treatment are examples in this category.

Enzyme ireatment Meijer and Spekking (1993) isolated a fungal strain at a pH of 3.0 and
37 °C, similar condition to those in stomach. The activity of the protease produced by the
strain to inactivate trypsin inhibitors was 20 mg/l/h. In their second isolation, they isolated
a strain of bacteria under condition of pH 7.0 and 37 °C. The protease produced by this
strain could inactivate Kunitz trypsin inhibitor as quickly as 200 mg/l/h.

Huo et al. (1993) examined the capacity of five proteases to inactivate irypsin inhibitors and
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lectins in soybeans. Their results showed that some enzymes were highly effective. They
could reduce TIA from 36.6 mg/g to 13.3 mg/g at the enzyme dosage of 1% (w/w) within
one hour. If the duration incubation was prolonged for another 11 hours, TTA was reduced
to 1.2 mg/g products. They found found that the activity of lectins could not be inactivated
by these enzymes as cfficiently as TIA were.

Germination treatment In biological systems, ANFs in legume seed can protect the seed
against the attacks of molds, bacteria, insects and birds. After the seeds have started to
germination, this protection is less necessary (Classen et al., 1993). Therefore, they are
decomposed by some endogenous enzymes. Thus, germination may be an alternative way
to reduce ANFs in soybeans. Some experiments have presented evidence for this.

Tan-Wilson et al. (1982) reported that the activity of Bowman-Birk trypsin inhibitor was
reduced to zero in seed cotyledon on the 13th day of germination, but Kunitz inhibitor was
not. Wilson et al. (1988) found that Kunitz trypsin inhibitor was attacked by at least 3
proteases (K,, K, and K,) during germination, The active peak of K, appeared on the fourth
day of germination, the peak of K, and K, occurred on the eighth and tenth to fourteenth
day, respectively. Lectin activity was reduced more quickly during germination. By the
fourth day, its activity was reduced by 90% (Chen et al.,, 1977).

4. Variation of animal response to ANFs
4.1.  Among species

There are considerable differences in the morphology of digestive organs and in the
physiology of digestion among animal species. The results of relevant research show that
different animal! species responses to ANFs vary greally. The differences between the
mature ruminant animal and the non-ruminant animal are the most obvious. Raw soybeans
have little or no antinutritional effect in mature ruminant animals (Loosli et al., 1961; Perry
et al, 1968; Larson et al., 1970), because ANFs are decomposed in the rumen by the
enzymes originating from microorganisms before they arrive in the small intestine
{Baintner, 1981). Thus, the majority of ANFs cannot interfere with digestion and absorption
in mature ruminants.

Non-ruminant animals generally respond sensitively to ANFs of soybeans or other legume
seeds, Feeding the diets containing certain level of these ingredients to these animals may
result in a decrease in feed intake, growth rate and digestibility of nutrients, and an increase
in pancreas size, secretion of digestive enzymes, weight of intestines and digesta in gut.
Differences in responses to feeding a diet containing the ANFs have also been observed
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between non-rurninant animals species. Nitsan and Nir (1986) compared rats, chickens,
gosling and calf. It was demonstrated that gosling was more sensitive to intaking raw
soybean than others. Xian and Farrell {1991} reported that the rabbit was not as sensitive
as rat and chicken to raw soybeans. Huisman et al. (1990a, 1990b) studied the differences
between rats, piglets and chickens in responses to dietary peas, and found that piglets were
more sensitive than rats and chickens regarding growth rate, feed conversion ratio and the
digestibility of nutrients, The pancreas weight of piglets did not change as much as that of
rats and chickens. Van der Poel et al. (1990) observed a similar result for common beans
among animal species to that of Huisman et al. (1990a, 1990b). Struthers and MacDonald
(1983) determined the inhibitory activity of soybean trypsin inhibitors to the trypsin
originating from rat, monkey, human, bovine, porcine and mink. Different inhibitory
activities were observed when soybean trypsin inhibitor was low in concentration.

Pancreatic enlargement resulting from feeding raw soybeans is associated with the trypsin

inhibitors contained in the beans (I.iener, 1979). When the trypsin in digesta becomes

bound to its inhibitor, the amount of free trypsin decreases, which makes the endocrine

cells in the small intestinal mucosa produce cholecystokinin-pancreomycin (CCK-PZ). This

hormone stimulates the acinar cells of the pancreas to produce more digestive enzymes,

Subsequently, the pancreas enlarges (Huisman, 1990). This feed-back mechanism may vary

among animal species. The observation of Liener and Kakade (1980) indicated that
pancreatic hypertrophy due to soybean trypsin inhibitors was associated with the relative

weight of the pancreas. For the species whose relative pancreatic weight exceeded 0.3% of
their body weight, the pancreas may be hypertrophic. For those species whose relative
weight of pancreas is below this value, their pancreas cannot be hypertrophic. Mice, rat,

chicken and gosling belong to the former; and pig, dog, calf and human belong to the latter.

Hypertrophy of the pancreas may be an adaptation mechanism because the animals which

become pancreatic hypertrophic (rat and chicken) can overcome the detrimental influences.

The growth rate (Liener et al., 1985) and digestive enzymes (Nitsan and Alumot, 1964) in

the gut of these animals were nearly the same as in normal animals. However, the guinea-

pig (Nasdai, 1980) and calf (Kakade et al.,, 1975) could not overcome the detrimental

effects. Their growth remained depressed until the feeding of raw soybeans stopped (Nitsan

et al., 1971).

According to the literature, piglet, calf and gosling are the most sensitive animals to
soybean ANFs; chicken, mice and rat are second; and rabbit and mature ruminant are not
sensitive,

4.2, Among physiclogical stages

It is well known that there are obvious differences in the responses to the ANFs in legume
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seed between immature and mature ruminant animals. Within a same species of non-
ruminant animals, differences may exist between the ages. The pig is one of such species.
Young pigs are extremely sensitive, while adult pigs have high toleration to raw soybeans.
There was no detrimental effect on performance when raw soybeans were used as the only
protein source in sows’ diet (Yen et al, 1991). Heat treatments influenced the nitrogen
digestibility of full-fat soybeans for weaner pigs but did not for grower or finisher pigs
(Marty and Chavez, 1993).

4.3. Among feeding patterns

The deleterious effects of soybean ANFs may be different between different feeding
patterns. Nitsan and Nir {(1986) compared ad libitum feeding and meal feeding of a raw
soybean diet in several species of animals (rats, chicks and geese). They found that the
detrimental influnence of a raw soybean diet was significantly less severe in the animals fed
ad libitum than in those meal-fed. The explanation for these results is that animals can
develop a defence mechanism against dietary toxins. When fed ad libitum, they may reduce
the size of the meal and increase the number of meals, to keep the total ANFs in the gut
within a tolerable level. For meal feeding however, the sensation of hunger interferes with
this defence mechanism. Animals may consume excessive amounts of toxins within a short
period, which may exceed the tolerable level, and cause a serious response or may be even
lethal (Nitsan and Nir, 1986).

Overall, the deleterious effects of soybean ANFs are influenced by many factors which
include the origin of soybeans, processing technologies, animal species and age of the
animal. These factors have to be considered, when soybeans or soybean products are going
to be used in animal diets.

5. Effects of feeding full fat soybeans in pigs

Relevant research on feeding pigs with full fat soybeans started in the 1960s. Literature
relating to the utilization of soybeans in pig diets has accumulated, and increasing amounts
of full fat soybeans are being used in pig production (Wiseman, 1987). The nutritional
value and feeding effect of full fat soybeans, however, varies greatly among the differently
processed products and among the different physiological stages of animals.

5.1.  Nutritional values of processed soybeans for pigs

Influenced by origin or processing technology, the nutritional data for full-fat soybeans for
pigs vary greatly among literature. Long and Ewan (1982) (quoted by Monari, 1993)
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reported that gross energy (GE), digestible energy (DE), metabolizable energy (ME) and
net energy (NE) of extruded soybeans were 21.87, 18.76, 18.26 and 13.36 MJ/kg dry

Table 6. Energy, digestible protein and amino acid levels (Waaijenberg, 1985)

Roasted
full fat soybeans

Roasted and flaked
full fat soybeans

DE (MlI/kg) 17.51 17.87

ME (MVkg) 16,40 16.76

Digestible protein (g/kg) 320 320

Digestible lysine (g/kg) 20,7 20.7

Digestible methionine (g/kg) 4.3 43

Digestible cystine (g/kg) 4.9 4.9

Table 7. Average contents of digestible protein and amino acids in full fat soybeans

(g/kg) (AEC, 1987)

Protein
Lysine
Methionine
Cystine
Threonine
Arginine
Glycine
Serine
Histidine
Isoleucine
Leucine
Phenylalanine
Tyrosine
Valine

Extruded soybeans

336.0
214
4.7
4.1
12.8
250
13.0
17.4
8.7
16.2
25.9
17.0
12.3
16.2

Roasted soybeans

302.0
18.9
42
39
11.8
22,5
12.0
15.9
8.2
13.8
22.5
14.8
119
13.8

29



matter. The NRC values (1988) for DE and ME of heat processed sovbeans were 16.88 and
15.16 MJ/kg, which were much lower than the corresponding data measured by Long and
Ewan (1982) (quoted by Monari, 1993), and the ratio of ME/DE was very different from
theirs. The DE and ME value of heat-treated soybeans reported by INRA (France) (1984)
were 17.57 and 16.51 MJ/kg. The corresponding data from AEC (1987) were 17.74 and
16.61, respectively. Some data of treated soybeans reported by Waaijenberg (1985) and
AEC (1987) are listed in Tables 6 and 7, respectively.

5.2.  Effects of feeding full-fat soybeans in piglets

Full-fat soybeans, with high levels of energy and protein, are an ideal ingredient for young
pigs in intensive pig production. Generally, the full-fat soybeans are considered to have the
following advantages: high protein content with a good amino acid balance; a large
proportion of oil, of which over half is the polyunsaturated essential fatty acids; an ability
to mix rapidly and uniformly with other dietary ingredients (Monari, 1993). These virtues,
however, can only be realized after adequate processing of the soybeans. Young pigs are
very sensitive to the processing effects of soybeans. In a literature review (Herkelman and
Cromwell, 1990), it was stated that, compared to soybean meal, feeding raw soybeans to
piglets or young grower pigs reduced their growth rate and feed efficiency by 50% and
40%, respectively. Variations in feeding effects were also observed between differently
processed soybeans (Aumaitre, 1985; Noland et al., 1976; Faber and Zimmermann, 1973;
Li et al., 1990; Hanock et al., 1988, 1990; Adams and Jensen, 1985). Adequately processed
full-fat soybeans can be used to replace milk powder, fish meal or soybean meal in piglets
diets without deleterious effect (Aumaitre, 1983; Jurgens and Helgren, 1982; Myer and
Froseth, 1983; Papadopoulos, 1986; Aumaitre, 1985). In Britain, USA and France, diets for
weaning piglets usnally contain up to approximately 30% of full-fat soybeans. These feeds
generally yield feed conversion ratio’s ranging from 1.0 to 1.5:1 during the period from 4
to 12 kg body weight (Haythornthwaite, 1984, quoted by Monari, 1993).

5.3. Effects of feeding full fat soybean in fattening pigs

Compared with piglets, the growing and fattening pigs have a greater resistance to ANFs
in soybeans, but are still sensitive to them. The daily gain and feed conversion efficiency
were 20% and 19% lower, respectively, for the fattening pigs fed a raw soybean diet than
for the animals fed a soybean meal diet (Herkelman and Cromwell, 1990), indicating that
the soyheans also need to be processed when fed to fattening pigs.

It has been demonstrated by a number of researchers, that replacing soybean meal with
adequately processed full-fat soybeans could improve the performance (daily gain and feed
conversion ratio) of growing and finishing pigs (Table 8). The inclusion proportion of
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Table 8. The performance of growing and finishing pigs fed processed full fat
soybean (SB) or soybean meal (SBM).*

Reference Pig body Soybean Daily gain (kg) Feed/gain
weight (kg) processing

technology SBM SB SBM SB
Jimenez et al., 1963 20-95 extrusion 0.74 0.75 341 316
Combs et al., 1969 53-82 steam 0.80 0.90 3.8 3.57
Noland et al., 1969 16-50 extrusion 0.67 0.71 2.64 2.43
Noland et al., 1970 28-91 IR irradiation .81 0.78 3.20 3.10
Noland et al., 1985 36-91 IR irradiation 0.84 0.93 3.58 3.16
Noland et al., 1986 17-51 extrusion 0.67 0.7t 2.64 243
Villegas et al., 1970 50-100 IR irradiation  0.93 0.98 3.58 3.39
Zimmermann, 1970 18-93 IR irradiation  0.69 0.72 3.56 325
Ruffin et al., 1971 29-95 roasting 0.67 0.70 3.7 3.35
Wahlstrom et al., 1971 30-93 roasting 0.84 0.85 3.36 3.15
Danielson, 1972 29-95 not specified 0.73 0.77 3.78 337
Hanke et al,, 1972 26-57 roast/extrusion 0.79  0.77 2.70 2.53
Hanke et al., 1972 57-95 roast/extrusion  0.79 0.83 3.39 3.29
Young, 1972 22-37 moisture heating 0.68 (.69 2.22 2.20
Olson et al., 1973 20-118  roasting 0.71 0.73 3.48 3.10
Carlisle et al., 1973 45-98 roast/extrusion (.79 0.78 3.26 2.99
Seerley et al., 1974 20-95 roasting 0.67 0.67 3.75 3.82
Seerley et al., 1974 26-95 French cooker (.74 0.69 3.13 3.20
McConell et al., 1975 21-102  roasting 0.74 0.77 3.57 345
Hitchcock et al., 1979 27-100  extrusion 0.79 0.82 3.33 323
Myer and Froseth,1983 22.91 extrusion (.68 0.71 3.01 328
Campbell et al., 1984 71-104  roasting 0.70 0.66 3.9 3.91
Crenshaw et al,, 1984 32-102  roasting 0.80 0.81 3141 3.31
Campbell et al., 1985 40-111  roasting 0.77 0.73 3.53 3.78
Jurgens, 1985 27-95 extrusion 0.61 0.67 341 308
Papadopoulos, 1986 20-55 extrusion 2,75 2.52
Wahlstrom et al., 1986 40-100  extrusion 0.75 0.79 3.44 3.25
Danicison, 1987 21-105  roasting 0.84 0.84 3.10 291
Walker et al., 1987 18-105  roasting 0.85 0.83 3.05 3.03
Danicison, 1988 22-100  roasting 0.91 0.89 3.02 2.85
Cromwell et al.,, 1990 29-99 roasting 0.89 0.89 316 3.10

* Data partially adapted from Herkelman and Cromwell, 1990.
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Table 9. Comparison of slanghtering parameters of pigs fed full fat soybean diets with
those of pigs fed soybean meal diets.*

Reference Killing out Backfat change Firmness of
percentage (%o} (%) carcass fat

Becker et al., 1961 +3.4 softer

Jimenez et al., 1963 +0.1 +1.3 softer

Wryson et al., 1964 +9.4 softer

Noland et al., 1970 +10.2

Villegas et al., 1970 +5.8 softer

Jensen et al., 1970 0.0 softer

Jensen et al., 1970 -1.8

Hanson et al., 1970 +4.2 softer

Zimmermann et al., 1970 +0.8 +4.6 softer

Wahlstrom et al., 1971  +2.0 +2.2 softer

Ruffin et al., 1971 +2.9

Bergkamp, 1972 +1.6 +4.5

Carlisle et al., 1973 -3.2 higher iodine number

Olson et al., 1973 +9.3

Villegas et al., 1973 +3.3 softer

Seerly et al,, 1974 +0.3 +4.2 highly unsaturated

McConnell et al., 1975 +3.7 softer

Noland et al., 1976 +0.9 +5.6 softer

Jurgens, 1985 +1.8

Wahlstrom et al., 1986 +4.7

Danicison, 1988 +4.9

Cromwell et al., 1990 2.1

* "+ and "-" means increase or decrease of the animal fed full fat soybean diet compared with those fed soybean
meal diet.

soybeans in whole diet is usually 10-15%. But it was also reported that inclusion of 27%
did not result in an adverse influence on the performance of growing-finishing pigs, with
the exception of producing soft carcass fat. The literature also shows that inclusion of full
fat soybeans in the diet for fattening pigs can not only improve the growth rate and feed
conversion ratio, but can also increase the killing-out percentage (Table 9). Fatty carcasses
and sofi fat caused by the high level of polyunsaturated fatty acids are the only problems
of using full-fat soybeans in fattening pig diets. Therefore, the proportion of the soybeans
in the diet should not be too high.
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5.4. Effects of feeding full-fat soybeans in sows

Addition of fat to the diets for sows in late gestation and early lactation can increase the
number and weight of weaned piglets (Moser and Lewis, 1981; Pettigrew, 1981; Nelsen and
Austin, 1984), which has led to increasing interest in the use of full-fat soybeans as a means
of adding oil to the diets of sows. Adult pigs might be able to tolerate the ANFs in raw
soybeans (Combs et al., 1967). Therefore, a number of researches on feeding raw soybeans
to sows were conducted. The results reported by Crenshaw and Danieson (1985),
Herkelman and Cromwell {(1990) and Yen et al. (1991) indicated that there was no adverse
effect on reproductive performance of sows when raw soybeans, as the only protein source,
were incorporated in the diet for pregnant sows. To some extent, the birth weight of piglets
increased when raw soybeans were fed to the sows during pregnancy, due to the increase
in oil intake (Herkelman and Cromwell, 1990).

Lactating sows respond differently to raw soybean diets compared with pregnant sows
(Table 10). During lactation, sows require large amounts of energy and protein for milk
production. Inclusion of raw soybeans in their diet may reduce feed intake because the raw
soybeans are unpalatable. The reduction in feed intake, subsequently, causes a decrease in
body weight and milk production of the sow, and the body weight and survival rate of the
piglets at weaning (Herkelman and Cromwell, 1990). Therefore, raw soybeans should not
be used in large proportions in the diet of lactating sows.

6. Summary

Based on the literature reviewed in the present paper, it can be concluded that the content
and the activity of ANFs present in soybeans or sovbean products vary greatly according
to the soybean origins (from different cultivars, varieties, geographical regions or produced
in different years).

The activities of ANFs in any specific batch of soybeans can change greatly after
processing with various processing technologies. Different species of animals respond
differently to the soybean ANFs. The age and physiological status of animals obviously
influence the deleterious effects caused by intake of soybean ANFs, which is more evident
in pigs. These phenomena indicate that an optimal utilization of full-fat soybeans in animal
feeding system is extremely complicated. When processing a specific batch of soybeans for
a specific animal herd, a specific processing technology or processing condition may be
needed.
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Chapter 3

Variation of digestive capacity between genetically different pig
populations: a review

G.X. Qin*?, M.W.A. Verstegen' and M.W. Bosch'

Dept. Animal Nutrition, Agricultural University Wageningen, Wageningen, The
Netherlands
? Dept. Animal Science, Jilin Agricultural University, Changchun China

1 Introduction

Production attained by pigs is more closely related to the consumption of digestible
nutrients rather than that of gross nutrients (Green, 1989). Formulating diets for pigs is,
therefore, generally based on the digestible nurients (e.g energy, protein and amino acids).
The contents of the digestible nutrients in a specific feed depend, however, not only on the
properties of the feed itself, but also on the properties of the animals that consume the feed.
Pigs of different ages, physiological status, health conditions or genetic background may
differ in feed-intake pattern (De Haer and De Vries, 1992 ), in nutrient digestion (Qin and
Cui, 1983; Xiu, 1984; Wenk and Morel, 19835; Fevrier et al., 1988; Varel et al., 1988; Qin
et al., 1989; Kemp et al., 1991) and in utilization of nutrients (Chadd et al., 1993; Friesen
etal.,, 1994). So, animals may receive different amounts of digestible nutrients, even though
they consume the same amount of the same feed. In practice, the amount of the digestible
nutrients that pigs obtain from their intake can vary considerably from the calculated diet
values (Bakker et al., 1994).

Digestive capacity of pigs (the ability of pigs to ingest feed and to digest and absorb
nutrients at certain rate) is an important characteristic associated with their performance.
Understanding the quantitative relationship between the nutrient requirement of an animal
and the nutrient supply from a feed more accurately is of great importance for optimizing
feed utilization and maximizing animals’ production. In recent decades, various
investigations have been conducted to study the influence of animal factors on the digestion
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of feeds. The influences of most animal factors, such as age and physiological status, have
already been shown. With regard to the influence of the pigs’ genetic background (breed
or genotype) on the digestive ability, no common conclusion can be obtained from the
literature (Xiu, 1986), since the results obtained in different studies have not been
consistent. Tt is therefore important to understand the general patterns in digestive capacity
of genetically different pigs.

2. The relevant resulés of previous literature
2.1. Morphology of gastro-intestinal tract

After ingestion, nutrients are processed, digested and absorbed during passage through the
gastro-intestinal tract. The structure and function of the gastro-intestinal tract may, therefore,
reflect the digestive ability of animals. In different studies, the weight, length and volume
of the gastro-intestinal tract of pigs with different genetic backgrounds have been measured
and compared. Hovorka (1957) observed that the intestine of pure domestic pigs was longer
than that of crossbreeds of wild X domestic pigs. Zhao et al. (1989) reported that Min pigs
(a native breed in Northeast China) have a larger stomach and a longer, as well as heavier,
small and large intestine than Landrace pigs. The number (77) of large-intestine haustrae
of Min pigs was nine more than that of Landrace pigs (68). Fan (1981) and Duan (1984)
described the morphological differences in the gastro-intestinal tract between Harbin White
and Min pigs. Their results showed that these two breeds are significantly different in the
length and surface area of their large and small intestines, in the weight of large intestines,
and in the height of their jejunum villus. Fevrier et al. (1988) found that the small intestine
and colon of Meishan pigs were heavier than that of Large White. The small intestine of
Large White was, however, longer. There were no significant differences in the weight of
the stomach between the two breeds. In the experiments conducted by Pond et al. (1981,
1988) and Yen et al. (1990), the weight and length of the gastro-intestinal tract of
genetically lean, obese or contemporary pigs fed on different dietary conditions were
measured . It was found that obese pigs had the shortest small intestine and the lowest
weight in all gastro-intestinal-tract segments. The volume and weight of the digesta in colon
were lower for the obese pigs than for the lean and contemporary pigs.

The dietary factors may, to a certain extent, influence the weight and/or volume of different
segments of the gastro-intestinal tract (Pond et al., 1988; Yen et al., 1990; Pekas, 1993).
However, no significant interaction between diet and genotype was found for any of the
morphological criteria of the gastro-intestinal tract.

Among the results (Table 1) in the literature quoted, the colon weight (or whole large
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intestine) was more frequently found to be significantly different between breeds or lines
than any other segment. It seems that the digestion in the colon probably plays an important
role in the variation of digestive ability between different breeds or genotypes of pigs.

2.2, Transit time of digesta in the gastro-intestinal tract

The transit rate of digesta in the gastro-intestinal tract determines the length of contact
between feed and enzymes. It also influences the development time of micro-organisms in
the gut, and regulates the time of contact between digestion products and absorptive
surfaces (Reral and Corring, 1991). Transit time of digesta is positively related to the
digestibility of dry matter, organic matter and nitrogen (Metz and Dekker, 1985). There is
evidence of the existence of differences in digesta transit rate between genetically different
populations of pigs. Hu (1987) reported that the residence time of digesta in the digestive
tract of Min sows was 20 and 3.13 hours longer than that of Landrace and Harbin White
sows, respectively. Varel et al. (1988) and Pond et al. (1988) found that the passage rate
of digesta in genetically obese pigs is faster than in genetically lean or contemporary pigs,
which is associated with the findings that obese pigs have shorter small intestines and lower
colon weights than the other two genotypes (Pond et al., 1988). Zhao et al., (1989) reported
that the time delay between dosing and first appearance of the marker in the faeces for Min
and Landrace pigs was 45.93 and 33.70 h, and the mean residence time of the marker was
53.37 and 45.87 h, respectively.

2.2,  Digestive enzymes

Ekstrom et al, (1975, 1976) reported that Chester White had a higher specific-lactase
activity than Hampshire pigs during the first 4 weeks of life. After 6 weeks of age,
however, there was a small difference between the two breeds. Duan (1984) observed that
there were significant differences in the liver and pancreas weights, and the height of
intestinal glands between Harbin White and Min pigs. Fevrier et al. (1988) reported that
there were differences in the specific activities of pancreatic and intestinal enzymes between
Meishan and Large White pigs, but that they were not statistically significant.

2.4. Digestibility of nutrients

During the last two decades, a number of studies have been published on the variation of
digestibility of nutrients between genetically different pigs. The data from some of the
literature, in which the digestibility of nutrients was compared between pigs with different
genetical background, are listed in Tables 2 and 3. It was found that there are some
inconsistencies among the results of the published works. Fevrier et al. (1988), Wenk and
Morel (1985), Xiw,(1984), Varel et al. (1988), Qin and Cui (1983), Qin et al. (1989), and
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Table 3. Comparison of digestibility between geneticaly different pigs: contemporary breeds. Dry
matter (DM), gross energy (GE), crude protein (CP), cellulose, hemicellulose (HC) and cell

walil
DM GE CP Cellulose HC Cell Wall
Varel et al. (1988)
High fibre diet’ :
Chese type pig 459 419 531 140 341 170
Lean type pig 534 517 395 295 438 294
Contemporary pig 508 477 583 231 392 244
Low fibre diet:
Obese type pig 845 847 764 640 65.1 62.3
Lean type pig 882 885 828 782 839 803
Contemporary pig 87.1 87.1 8.8 710 826 785
Pvalue <: 005 005 005 0.05 005  0.08
McConell et al. {1971}
High CP diet at 41 kg BW
Fat type pig 878 869 863
Lean type pig 87.7 86.8 874
Low CP diet at 41 kg BW:
Fat type pig 8§73 862 838
Lean type pig 870 8.0 809
High Cp diet at 70 kg BW:
Fat type pig 88.4 882 88.0
Lean type pig 837 881 879
Low CP diet at 70 kg BW:
Fat type pig 889 885 860
Lean type pig 879 872 829
High CP diet at 95 kg BW:
Fat type pig 890 88.3 879
Lean type pig 887 881 86.7
Low CP diet at 95 kg BW:
Fat type pig 88.7 88.0 834
Lean type pig 89.4 88.7 864
P value > 0.05 0.05 0.05
Qin et al. {1983)
Landrace pig 817 825 789
Kermmiroff pig 804 81.2 754
Landrace x Kermmiroff 82.1 83.1 79.5
P value >0.05 >005 <0.05
Wenk and Morel (1985)
Restricted feeding, 30 kg BW:
Thick backfat line 78.7
Thin backfat line 793
Restricted feeding, 70 kg BW:
Thick backfat line 81.1
Thin backfat line 814
Ad libitum feeding at 30 kg BW:
Thick backfat line 78.8
Thin backfat line 79.7
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Kemp et al. (1991} have reported that there are significant differences in nutrient
digestibility between different breeds or between different genotypes of pigs. However, the
differences were not significant in the experiments conducted by McConnell et al. (1971),
Zhang et al. (1990), Han et al. (1983), Chen et al. {1988), and You (1982). It should be
noted that, in studies in which no difference was found, the diets had a lower fibre content.
The extent of digestive differences between breeds may depend on the contrast of breeds,
dietary cornposition or the kind of nutrients compared. For instance, the variation in the
digestibility of crude fibre (or its ingredients, e.g. cellulose, hemicellulose, cell-walls) is
commonly larger than that in other nutrients,

Significant interactions between breed and diet type were also reported by Fevrier et al,
(1988) and Qin et al. (1989). In their experiments, larger differences in digestibility between
breeds were found when pigs were fed high-fibre diets. Age had no obvious effect on the
variation in digestibility between genotypes, although digestibility of nutrients generally
increased with age in a given period of life (Chen, 1988; Wenk and Morel, 1985;
McConnell et al., 1971).

3. General discussion

3.1, Variation in digestive ability

Objectively, differences in digestive ability exist between genetically different populations
of pigs according to the resulis on the measurements of nutrient digestibility, weight and
size of gastrointestinal tracts, transit rate of digesta in gut, and other aspects from the
relevant literature, although the differences reported in some siudies are not statistically
significant. However, this does not mean that there are significant differences between any
two different breeds or genotypes. The difference in digestive ability between two breeds
or genotypes may depend on the extent of their genetic differences and of their raising
environments, especially in terms of feeding condition. The larger the differences are in
their genetical background or in environmental conditions during their evolution, the more
obvious the differences may be in digestive ability between them. For example, the
difference in the digestibility of gross energy between the genetically lean and obese pigs
derived from the crossing of Yorkshire and Duroc pigs, which were selected over 18
generations for low and high backfat (Varel et al., 1988),was much larger than that between
positive-line and negative-line pigs selected over seven and eight generations for low and
high backfat (Wenk and Morel, 1985). This has also been demonstrated by comparisons of
Chinese breeds with American and European brecds (Zhao, 1989; Fevirer et al., 1988; Qin
et al., 1989; Kemp et al., 1991), and of the pure domestic pig with the crossbreed of
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domestic X wild pig (Hovorka, 1957). As a result of geographical isolation and the
differences in the raising and feeding conditions in which the animals were selected, large
genetic differences in digestive-capacity traits could have occurred between the different
types of pig breeds.

In terms of experimental data, if the genetic differences are not large enough to be
dominant over errors and variance derived from other factors, or if experimental etrors are
too large, the genetical variation will probably be concealed.

32. Relations between gut structure and digestive ability

The digestive ability of pigs depends on many factors, such as the structure of the
gastrointestinal tracts ( e.g. weight, length, volume ), digesta transit rate, digestive-enzyme
activities, and microflora in the gut. Among these factors, the gastro-intestinal-tract structure
and digesta transit rate are more closely related to the digestive ability than the other traits
according to the data (Tables 1, 2) of some relevant literature. The pigs with heavier, longer
and larger gastro-intestinal tracts (relative to their body weight) usually have longer
residence time of digesta and higher digestive ability (Fevrier et al., 1988; Pond et al., 1988,
Varel et al., 1988; Zhao et al., 1989). The residence time of digesta correlates positively
with the digestibility of nutrients (Warner, 1981; Metz and Dekker, 1985; Varel et al,
1988). One explanation for these findings is that the longer gastro-intestinal tract and longer
transit time may increase the time of contact between digesta and digestive enzymes, and
of contact between digestion products and absorptive surfaces. Another explanation is that
a longer residence time may be advantageous to the microbial degradation of fibre in the
gut (Warner, 1981; Van Soest, 1982), especially in the hindgut where main digestion of
fibre occurs (Cranwell, 1968; Keys et al., 1974; Den Hartog et al., 1987) and degraded
products are rapidly absorbed (Argenzio and Southworth, 1974). The breeds or genotypes
of pigs with an increased caecum and colon should therefore, have a higher ability to digest
fibre. This is in agreement with the results obtained by Fevrier et al., (1988), Pond et al.,
(1988) and Varel et al., (1988). It can be shown from their findings that the variation in
digestion in large inlestines between breeds or genotypes is greater than that in small
intestines, although there are some significant differences in the weight and/or length of the
small intestines between genetically different pigs reported in some literature.

Fibre is an important component of the organic matter of the diet. It affects the dietary
gross energy. The microbial degradation of fibre determines the digestion of the fibre, and
thus, also influences the digestibility of dry and organic matter, and gross energy. In
addition, the degradation of crude protein and other carbohydrates are also involved in
microbial fermentation.

The variation of pigs’ digestive ability is found to be most associated with their large-
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intestine structure (Fevrier et al., 1988; Pond et al., 1988; Varel et al., 1988; Zhao et al.,
1989). Mason and Just (1976) reported that the energy flow through the rectum was
significantly different between litters, but not for that through the ileum. Thus, digestive
ability might differ between genetically different pigs, mainly as a result of the differences
in their microbial digestion in the hind gut.

Between different genotypes, differences have also been found in digestive glands (liver,
pancreas and intestinal glands; Xiu, 1984) and in digestive enzymes (Ekstrom et al., 1975,
1976). This indicates the possible genetic differences in small intestinal digestion, moreover,
the variation in digestive glands may indicate the genetic differences in response to anti-
nutritional factors.

3.3. Interaction between animal and diet

The existence of an interaction between breeds (or genotypes) and diet characteristics (Han
et al., 1983; Fevrier et al., 1988; Qin et al., 1989) indicates that, when different breeds are
compared with each other, their relative digestive ability may change with the diet
condition. In one diet, a breed may show a higher digestive ability than other breeds, but
not in another diet, and may even be in the opposite order. This is probably one of the
explanations for the inconsistencies in the results found in the literature.

The interaction between animal genotypes and diet characteristics in utilization of feed
nutrients is of great importance for effectively using feed resources and accurately
formulating diets. A specific feedstuff may have a higher digestible value for a specific
breed or genotype than for others. Consequently, the nutritional value of feedstuffs can
differ between breeds or genotypes (Bakker et al., 1994).

The calculated digestible values of a diet may differ from the real value for a penetically
specific population of pigs. The value can be re-corrected in accordance with the digestive
characteristics of the pigs, the property of diet and the interaction between them, so that the
error, the difference between the calculated and the real digested value, can be minimized.

4, Conclusion

Genetic differences in digestive ability of pigs do exist between different breeds or lines.
However, this is not to say that there are significant differences in digestibility between any
two breeds or lines, or in any digestion aspect. The significant digestion differences are
more penerally found between the breeds with larger differences in their genetic
background, and the differences are more pronounced in their large-intestinal structure and
fibre digestibility. However, whether there arc breed or genotype differences in response
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to feed antinutritional factors remains to be studied.

These differences may be an important factor influencing the utilization of feed nutrients.
Genetically different pigs may favour a specific type of diets in terms of digestibility.
Therefore, the digestion specificities have to be considered when a diet is being formulated
for a genetically specific pig herd.

Summary

Literature relevant to digestive capacity variation between breeds or genotypes of pigs is
reviewed in this paper. The general pattern found in the literature is that significant
differences in digestion more commonly exist between breeds with large differences in their
genetic background, and the differences are most pronounced in their large-intestinal
structure and fibre digestibility. Based on the results of the literature review, it is concluded
that genetically different pigs favour a specific type of diet in terms of digestibility.

Zusammenfassung
Variationen in der Verdauungskapazitat von genetisch schweinepopulationen: eine Ubersicht

In der Literaturubersicht werden Unterschiede in der Verdauungskapazitat von
verschiedenen Rassen und Genotypen bei Schweinen aufgezeigt. Danach finden sich
signifikante Unterschiede zwischen Schweinerassen mil grosseren genetischen
Unterschieden und zwar verursacht durch Verschiedenheiten der Morphologie der
Dickdarms und damit der Rohfaserverdaulichkeil. Das sollte bei der Formulierung von
Diaten fur unterschiedliche Schweinerassen berucksichtigt werden.
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Chapter 4

Thermal processing of whole soybeans: studies on the inactivation of
antinutritional factors and effects on ileal digestibility in piglets

G. Qin'?, ER. ter Elst’, M.W. Bosch’ and A.F.B. van der Poel’

'Department of Animal Science, Jilin Agricultural University, Changchun 130118, P.R. of
China.

*Department of Animal Nutrition, Wageningen Agricultural University, Marijkeweg 40,
6709 PG Wageningen, The Netherlands

Abstract

Two experiments were conducted to investigate the effects of steam processing on the
nutritional improvement of full-fat soybeans.

In a kinetic study, soybeans were toasted at 102°C, 120°C and 134°C for various
durations (19 temperature-time combinations, [T,t]). The raw and processed soybeans were
measured for their functional lectins, trypsin inhibitor activity (TIA), urease activity (UA)
and protein dispersibility index (PDI). The raw soybeans contained 7,638 pg g functional
lectins, 23.44 mg g’ TIA, 2.22 UA (apH) and 85.7% PDI, respectively. These criteria all
decreased as the heating time increased. Of all criteria measured, the level of functional
lectins was found to be most effectively inactivated by high temperature.

In the second experiment, 35 piglets of approximately 30 kg liveweight were used. The
animals were fitted with a post-valvular T-caeccum (PVTC) cannulaec and divided into 7
groups, which were fed a control diet and 6 experimental diets. The diets consisted of 80%
control diet and 20% processed soybeans which were treated under the following
conditions; 102°C/10 min, 10220 min, 102°C/40 min, 120°C/2 min, 120°C/7.5 min and
134°C/1.5 min. The apparent ileal digestibilities of the soybeans processed at the above
described [T/t] conditions were 37.0, 49.1, 61.3, 48.2, 57.0 and 56.8% for dry matter (DM);
51.1, 68.3, 81.2, 70.3, 82.0 and 82.2% for nitrogen (N); 82.2, 84.1, 89.2, 89.6, 93.0 and
91.8% for ether extract, respectively. The apparent digestibilities of DM and N increased
as the level of antinutritional factors decreased. It appears that a certain amount of energy
is required to achieve the inactivation of antinutritional factors, either by treatment at a high
temperature for a short time (e.g. 134°C/1.5 min) or for a longer time at a lower
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temperature (e.g. 102°C/40 min). It was noticed that the residual TIA content of the
processed soybeans was correlated to the variation in digestibility among the animals, which
indicates that there are considerable differences between individual animals in their
responses to the soyabean antinutritional factors,

Key words:  Piglets, soybeans, antinutritional factors, thermal processing, ileal digestibility

1. Introduction

Soybeans (Glycine spp.), cither raw or inadequately processed, are known to negatively
influence feeding value when consumed by humans or nenruminant animals, due to the
presence of various antinutritional factors, which have a negative effect on digestion and
utilization of nutrients by animals (Liener, 1980). The activity of trypsin inhibitors, the most
deleterious soybean antinutritional factor, is relatively higher in soybeans than in other
legume seeds (Leterme et al., 1988). Therefore, it is necessary to process raw soybeans
properly before feeding to animals.

The effects of processing a given product, may vary considerably with different processing
procedures or conditions. An ideal thermal treatment procedure should sufficiently inactivate
antinutritional factors while simultancously maintaining the bio-availability of essential
amino acids in the product {(van Bameveld, 1993). The optimization of an efficient thermal
processing depends on the combination of temperature, time (duration), moisture content
and particle size (Melcion and van der Poel, 1993). However, the optimal processing
conditions may vary also with the different origin or cultivar of soybean being processed.

In this study, in vitro and in vivo evaluation for full fat soybeans treated under various
combinations of temperature and time, were conducted to examine the effect of processing
conditions on the inactivation of antinutritional factors and protein dispersibility index
(PDI).

PDI measures dispersibility of proteins in water and is generally used as a quality parameter
of protein denaturation upon thermal processing of soybeans. In addition, the effect on the
apparent ileal digestibility of nutrients from treated soybeans was examined in piglets.

2. Materials and methods
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2.1 Soybeans and processing

Soybeans (Glycire max L., cull grade), grown in Argentina, were purchased from a
commercial supplier. The crude protein, crude fat, crude fibre, ash and nitrogen free extract,
were 384, 207, 43, 51 and 315 g kg', respectively on dry matter basis. For experiment 1,
whole soybeans (without prior crushing) were processed at the """ ™*"Leed Processing
Centre with a laboratory-scale pressurized steam toaster which has been described in detail
previously (van der Poel et al., 1990). Several temperature-time combinations were used
{see Table 3), and were conducted in randomized order. Since with high temperature the
inactivation rate for antinutritional factors is increasing, not all antinutritional factors were
analysed at all processing times because the accuracy of analysis is less in detecting very
low levels. After steam processing, single samples of processed soybeans were immediately
air-dried in a forced-draught oven at 35°C for 24 h, then milled to pass a 1 mm screen and
stored at 4°C prior to laboratory analyses.

The stcam processing of soybeans for experiment 2 was carried out following the same
procedure as for experiment 1.

2.2 Heal digestion trial

Six soybean samples from different treatments were evaluated in an ileal digestion trial with
pigs (experiment 2),

The apparent ileal digestibility of dry matter (DM), nitrogen (N) and crude fat (CFAT) was
measured in castrated crossbred male piglets which had been fitted with a post-valvular T-
caccum (PVTC) cannula at a liveweight of about 10 kg Cannula design and surgical
procedure were as described by Van Leeuwen et al. (1988). After being cannulated, the
piglets were housed individually in appropriate cages (900 x 800 x 600 mm) at an ambient
temperature of 22°C. The trial started when the piglets had recovered from surgery and had
an average weight of 30 kg. Six experimental diets and one control diet were used in the
trial. Each diet was fed to five animals.

The formulation of the control diet is shown in Table 1. The six experimental diets
consisted of 80% of the control diet and 20% soybeans. The soybeans were treated under
the following conditions: 102°C/10 min, 102°C/20 min, 102°C/40 min, 120°C/2 min,
120°C/7.5 min and 134°C/1.5 min. Chromium oxide {Cr,0;) was added as an indigestible
marker to each diet (10 g kg') to determine the recovery of ileal digesta. All diets were
pelleted without steam addition (pellet diameter: 3 mm}). The composition of the control and
experimental diets are given in Table 2,
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Feed was administered with water at the ratio of 1:1, Water was supplied ad libitum from
a nipple. The cannulated animals were fed equal amounts of feed at 2.6 times the
maintenance requirement of ME (420 KJ ME kg™” body weight), twice daily, at 8.00 and
[6.00 h during the adaptation and the digesta collection period. For the first two days of
the adaptation period, all animals were fed the control diet. For the experimental groups,
the control diets were gradually replaced by 25, 50, 75 and 100% of their experimental diets
during the following four days. Thereafter, the animals were adapted to their experimental
diets for seven days.

Table 1 Formulation of the control diet (g kg”) for the ileal digestion trial with
piglets
Maize starch 573 CaCoO, 19
Wheat middlings 50 CaHPO,.2H,0 286
Casein 131 NaCl 30
Herring meal 50 Dl-methionine 11
Cellulose 21 L-threonine 06
Sunflower oil 10 L-tryptophan 02
Dextrose 60 NaHCO, 122
Cane molasses 40 KHCO, 64
Vitamin premix® 10 Marker Cr,0, 10

*Vitamin, trace mineral premix (mg kg' unless otherwise mentioned) supplied by 1 kg of diet, including: MgO,
2000; CuS0,.51,0, 150; ZnS0,H,0, 150; MgO, 150; Fe§0,.7H,0,200; CoSO,.7H,0, 0.5; Na,Se0,.5H,0, 0.3;
Na,Mo0,.2H,0, 3; H,B0,, 3; KI, 5. Vit. A, 9,000 1U; Vit. D, 1,800 IU, Vit. E, 30; Na;MoO,.2H,0, 5; thiamin
HCl, 8; riboflavin, 8; Ca-d-panthotenate, 15, pyridoxine HCL, 4; choline chloride, 2000; folic acid, 2;
cyanocobalamin, 0.02; biotin, 0.3; L-ascorbic acid, 50; inositol, 100; p-aminobenzoic acid, 2.5; ethoxyquin, 125.
The remainder was made up of maize starch,

Ileal digesta were collected with plastic pouches for 12 h a day, for 5 days following the
adaptation period. In order to avoid decomposition of the components, 1 ml of Merthiolaat
(bacteriostatic; 30 mg ml"') was added to the collected digesta. After collection, all ileal
digesta were weighed individually, and stored at -20°C pending analysis.

The apparent ileal digestibilities of DM, N and CFAT of the control and experimental diets,
were calculated using Chromiutn as a marker. The ileal digestibilities of these nutrients in
processed soybeans were calculated according to the mean of control diet digestibilities and
the individual observations of nutrient digestibilities in the experimental diets as described
by van der Poel et al. (1992).

The data obtained were analyzed for variance and linear correlation procedures (SAS,
1988).
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Table 2  Proximate analyses (g kg' DM) of the control and experimental diets®
(Experiment 2) and levels of TIA (mg g"), urease (& pH), lectins (ug g'") and
protein dispersibility index (%) of processed soybeans®

Control  Experimental diets

Temperature (°C)/

Duration (min) 102/10 102/20 102/40 1202  120/7.5 140115
Diets
Dry matter 894 899 894 891 899 894 890
Crude protein 189 239 238 236 241 239 239
Crude fat 25 58 64 65 58 62 60
Crude fibre 20 28 27 29 27 29 26
N-free extract 3596 312 504 500 512 502 502
Ash 64 62 62 62 62 62 62
Soybean
TIA 23.4 3.8 2.9 19 6.0 2.4 2.4
UA 22 1.9 0.2 0.0 0.1 0.0 0.0
Lectins 7638 1005 105 11-16 <{.5 <0.5 <(.5
PDI 85.7 395 27.0 204 28.1 12.4 104

* After pelleting; means {n=2).
® Control column refers to unprocessed beans.

2.3 Laboratory analytical methods

All chemical and physical analyses were carried out in duplicate in air-dried samples. The
effect of heating on protein quality was estimated by determining the protein dispersibility
index (PDI; AOCS, 1979). Trypsin inhibitory activity (TIA; mg g product) was measured
in re-milled samples (0.08 mm sieve) according to the method described by van Qort et al.
{1989). Urease activity (UA, difference between sample pH and blanco pH referred to as
pH) was determined according to AOCS Official Method Ba 9-58 (AOAC, 1979).
Functional lectins in samples were analyzed with an immunc-assay (FLIA-BBM) using pig
brush border membrane (BBM) as substrate as reported by Hendriks et al. (1987).

Fresh samples of digesta were analysed in duplicate for moisture and nitrogen (Kjeldahl N)
according to standard methods (Weende analysis). Diet samples and freeze-dried digesta
samples were ground and analysed for dry matter (DM; drying at 103°C during 4 h), crude
fat (CFAT; petroleum ether (40-60} extract; 6 hours extraction), and chromium (Cr). Cr was
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measured by atomic absorption spectroscopy (Perkin Elmer 300).
3. Results
3.1 Kinetic study

With the prolongation of heating time at different temperatures, TIA, UA, lectins and PDI
were all decreased following a logarithmic pattern. All parameters measured, however,
decreased to a different extent (Tables 3 and 4). At the temperature of 102 °C, TIA sharply
decreased with the prolongation of heating lime up to 7.5 min, after which the reduction
became more gradual. At 120°C and 134°C, TIA was reduced to very low levels within 1.5
min. The residual TIA were approximately equal to the values for beans heated for 20-40
min at 102°C.

Table 3  Effect of steam temperature and time on trypsin inhibitor activity (TIA; mg g),
lectins (pg g, urease activity (UA; a2 pH) and protein dispersibility index
(PDI; %) in steam processed soybeans

TIA Lectins UA PDI

Temp.°C 102 120 134 102 120 134 102 120 134 102 12014

Time, min

0 23.44 2344 23.44 7638 T638 T638 222 222 2722 857 B5.7%%7
1.5 - 6.76 244 - - - - 011 002 - 33314
2 - 598 1.83 - <0.5 - - 011 002 - 28.11p
2.5 16.25 6.09 - - - - 212 006 - 574 249-

4 - - - - - - - 0.06 - - 19.3-

5 10,19 276 - - - - 18 003 - 452 15.9-
7.5 620 223 - - <0.5 - 159 000 - 41.0 12.4-
10 576 170 - 1005 - - 124 003 - 395 105-
20 289 - - 105 - - 017 - - 27.0 -
40 1.89 - - 14 - - 004 - - 204 -
30 0680 - - - - - 004 - - 11.6 -

-, not determined.

Although the UA and PDI showed similar inactivation patterns as TIA, UA was more
sensitive to high temperature than TIA. For the heat treatment 120°C/2.5 min, the TIA
residual value only decreased to 37.5% of the activity of that in 102°C/2.5 min. The UA
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residual, however, decreased to 2.8% of the corresponding value, At 102 and 120°C, PDI
decreased with the prolongation of heating time at a lower rate than TIA and UA, which
indicated that, with regard to the length of heating time, PDI was not as sensitive as TTA
and UA.

Table 4  Regression models for the change of trypsin inhibitor activity (TIA), urease
activity (UA) and protein dispersibility index (PDI) with heating duration at
102°C and 120°C for steam processed whole soybeans

102°C 120°C
Model R Model R
TIA=16.91-4.15 In X 0.93 TIA=8.08-2.89 In X 0.98
UA=283-071 In X 0.95 UA=0.12-0.05 In X 0.90
PDI=67.53-12.9 In X 0.99 PDI=36.62-12.0 In X 0.99

Variables in the models: TIA (mg g"), UA (2 pH), PDI (%).
X: heating duration in minutes.
Ln: natural logarithm ~ *log

Table 5 Correlation coefficients between trypsin inhibitor activity (TIA; mg g™), urease
activity (UA; apH), lectins (ug g') and protein dispersibility index (PDI; %) in
steam processed whole sovbeans

Correlation P
TIA vs UA 0.8439 <0,01
TIA vs lecting 0.9841 <0.01
TIA vs PDI 0.9590 <0.01
UA wvs lectins 0.9179 <0,05
UA vs PDI 0.8950 <0.01
PDI vs lectins 0.9534 <0.01

Compared with other criteria, lectins were much more sensitive to high temperatures. At
102°C heated for 20 min, only 1.4% of the original functional lectin level (FLIA-BBM)
remained in the product. When the temperature was raised to 120°C however, a heating
time of only 1.5 min decreased the lectin level to almost zero, For the latter treatment, TIA
and UA retained considerable activities in the products.
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All the above mentioned criteria had a similar tendency in response to the treatment. For
whole processed soybeans, there were very high correlations between each of these criteria,
as shown in Table 5.

Table 6 Apparent ileal digestibility coefficients™” (%) of dry matter, nitrogen and
crude fat of the piglet diets and of soybeans, steamn processed under different
temperature-time conditions

Dry matter Nitrogen Crude fat

Mean SD Mean SD Mean SD
Control diet 86.9° 0.9 85.3* 1.4 84.3® 2.0
Experimental diets
102°C/10 min 76.9° 31 72.3¢ 4.4 83.3% 6.3
102°C/20 min 78.9% 1.1 78.3% 1.1 84.5% 2.6
102°C/40 min 815" 1.3 83,2+ 2.7 88.1% 2.6
120°C/2 min 79.5% 23 79.3% 3.0 88.1* 3.2
120°C/7.5 min 81.2° 0.8 83.5%® 0.2 90.4° 0.8
134°C/1.5 min 81.2° 1.2 82.8% 1.0 89.5* 0.5
Soybeans
102°C/10 min 37.0° 15.7 51.1° 12.3 g2.2° 9.5
102°C/20 min 49.1* 53 68.3% 29 g4.1° 4.0
102°C/40 min 61.3¢ 6.3 81.2* 7.4 89.2° 3.7
120°C/2 min 48.2% 119 70.3* 83 89.6° 49
120°C/7.5 min 57.0% 44 82.0* 0.6 93.0° 12
134°C/1.5 min 56.8% 6.2 80.2° 2.9 91.8* 0.7

' Means and standard deviation;
? Data with different superscripts in a column per subtitle are significantly different
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3.2 lleal digestion trial

The ileal digestibility data from all the diets and soybeans are shown in Table 6. They
indicate that the digestibilities of some nutrients of soybeans and the diets containing the
soybeans were largely influenced by the treatments. There were differences between
individual piglets in their response to antinutritional factors in soybeans (or treatments). The
differences between data for soybean DM, N and CFAT digestibility were 24.3, 30.9 and
10.8 percentage units, respectively.

{P<0.05);Soybeans treated under the conditions of 102°C/40 min, 120°C/7.5 min and
134°C/1.5 min displayed similar results for DM, N and CFAT ileal digestibility. Their DM
and N digestibilities were significantly higher than those treated at 102°C/10 min (P<0.05).

The digestibility responses to treatments were different between the nutrients. For N, the
magnitude for improvement upon heat processing proved to be larger than for CFAT or
DM. The digestibility of N in the properly treated {134°C/1.5 min) soybeans was 30.9
percentage units higher than that in the under-processed (102°C/10 min) soybeans (P<(.01).
In contrast with N, there was no significant difference in CFAT digestibility of soybeans
between treatments (P>0.05) although it showed some responses to treatment to a certain
extent.

The correlation analysis showed that the means of nutrient digestibility were inversely
correlated to their standard deviations. The correlation coefficients for DM, N and CFAT
were -0.84 (P<0.05), -0.74 (P<0.01) and -0.63 (P<0.20) of the soybean data, respectively.
It was alse found that there were high positive correlations between the digestibilities of
nutrients (DM, N and CFAT) in soybeans. The correlation coefficients of DM to N, DM
to CFAT, and N to CFAT were 0.98 (P<0.01}, 0.86 (P<0.05) and 0.88 (P<0.03),
respectively.

4. Discussion
4.1 Kinetic study

TIA and UA of the raw Argentina soybeans used in the present experiment had similar
activities to soybeans of American origin (Slump and Dukel, 1979; Herkelman et al., 1990,
1992), and of Brazilian origin (Slump and Dukel, 1979) and of Austria origin (Zollitsch et
al., 1993). However, the TIA was lower than that of the soybeans measured by Xian and
Farrell (1983) although the UA was similar.

63




The rate of TIA decrease caused by heat processing, was different for different range of
heating time. For instance, heated under 102°C, TIA decreased rapidly within 7.5 min, after
which the inactivation rate was more gradual. This had also been found in previous studies
using soybeans (Collins and Beaty, 1980, Liener and Thomlinson, 1981} or dry beans
(Phaseolus vulgaris 1) (van der Poel et al., 1990). The extent of inactivation of TIA was
not in complete agreement with some previous results observed in other procedures with
similar treatment temperature and duration. The residual TIA in the soybeans roasted at
120°C for 5 min (Zollitsch et al., 1993) or autoclaved at 121°C for 10 min (Herkelman et
al., 1990) was 7.2% and 47.5% of those in the raw soybeans, respectively. In the present
experiment, the residual TIA of the soybeans treated for 120°C/5 min and 120°C/10 min
was 11.8% and 7.3% of those of the raw soybeans, respectively. The treatment effects not
only depend on temperature and heating duration, but also on many other factors. For
example, the origin of the raw soybeans may be one of the factors which led to the
differences between the results of present and previous experiments. According to the
results of Chang et al. (1984) and Monari (1993), the TIA of adequately processed soybeans
should not exceed 4 mg g' product. Referring to this standard, the soybeans treated at
102°C for 20 min 120°C for 5-7.5 min and 134°C for 1.5 min were expected to be the
adequately treated ones. However, for PDI, the treatment conditions of 120°C/7.5 min and
134°C/1.5 min were too severe, the PDI (12.4% and 10.4% respectively) being somewhat
below the acceptable value range (15-28%) as recommended by Monari (1993),

The residual value of TIA (1.83 mg g") in the soybeans treated at high temperature, short
time (134°C/2 min) was similar (1.89 mg g} to that treated at low temperature, long time
(102°C/40 min). However, the PDI (10.5 %) of the former treatment was only half of that
(20.4 %) of the latter treatment. These data indicated that although HTST treatment and
LTLT treatment had a similar effect in inactivation of TIA, the former denatured the
proteins much more severely than did the latter.

Lectins were found to be highly sensitive to temperature. At 120°C and 134°C heated for
1.5 min they were almost completely inactivated. Therefore, it can be assumed that HTST
treatment is more effective for the raw materials in which lectings are the main
antinutritional factors.

4.2 lleal digestibility

The significant differences in N and DM ileal digestibilities between differently treated
soybeans, showed the effectiveness of heat treatment on the improvement of the nutritional
value of soybeans. This is well supported by previous studies (Rudolph et al,, 1983;
Herkelman et al., 1989a,b; 1992; Healy et al., 1990; Vandergrift et al., 1983). In the present
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experiment, the digestibilities of the measured nutrients in the soybeans treated at 102°C/10
min was evidently lower, indicating that they were underprocessed. The soybeans treated
at 102°C/40 min, 120°C/7.5 min and 134°C/1.5 min seem processed more adequately with
regarding to their ileal digestibilities of nutrients than those treated at other conditions.

Similar results for ileal digestibility were observed in the soybeans treated at LTLT,
intermediate temperature, intermediate time, and HTST. This similarity indicates that the
inactivation of protease inhibitors in the soybeans may need a fixed amount of energy. An
adequate processing of soybeans based on N-ileal digestibility can then be achieved by
adjusting heating temperature and/or heating time.

The N ileal digestibility is more sensitive to processing, compared to DM and CFAT. This
suggests that the protease inhibitors are the main antinutritional factors influencing nitrogen
digestion in soybeans, and heat processing effects mainly resulted from the inactivation of
protease inhibitors. The respons of N digestibility to the processing was paralleled by DM
digestibility, and was an indirect result of the inactivation of the antinutritional factors, in
that a large part of the digestible DM consisted of digestible protein.

The improvement of oil digestion for soybeans is mosily associated with the physical
damage to cell structure: the more severe the rupture of the cells, the greater the
improvement in utilisation of the oil (Carew et al., 1961, 1962; Featherston and Rogler,
1966; Adams and Jensen, 1985). The toasting technology used in this experiment, with less
or no mechanical damage to the cells, may be somewhat less effective in improving fat
digestibility. Perhaps, this is the main explanation for the relatively small responses of ileal
CFAT digestibility to the toasting treatments in the present experiment,

The high correlations between data of TIA, UA, lectins, PDI and digestibilities of nutrients
(N, DM and CFAT), indicate that the processing effects of soybeans can be estimated to
a considerable extent by the analytical criteria (see Table 7). The digestibilities of N and
DM were more closely correlated to TIA, UA and lectins than to the digestibility of CFAT.
It seems that the improvement of ileal N and DM digestibilities can be estimated more
accurately by these criteria than for CFAT, The digestibility of CFAT was more correlated
to PDI than to other analytical criteria, which indicates that protein denaturation may be,
to certain extent, associated with the mechanical damage of soybean cell structure. Among
the analytical criteria, PDI had the highest negative correlation coefficients to either N or
DM or CFAT digestibility, indicating that PDI may be an important indicator for adequate
processing of soybeans, with regarding to the improvement of nutrient digestibility. Visser
and Tolman (1993), reported that the protein digestibility coefficient for calves could be
largely explained by laboratory analytical variables. They found that TIA, lectins and
aggregated proteins, but not PDI, were the most important variables to explain the variation
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in protein digestibility. Perhaps, the highly negative correlation between PDI and protein
digestibility can only occur under conditions in which the products are under- or adequately
processed, since the nutrient digestibility may decrease with the reduction of PDI in over-
heated conditions (De Wet, 1982).

Table 7 Coefficients of comrelation between analytical data and ileal digestibility
coefficients (ID) of nutrients from steam processed whole soybeans

TIA PDI UA FLIA
ID-Nitrogen -0.7804 -0.9314 -0.9242 -0.8978
1D-Dry matter -0.8457 -0.8765 -0.8720 -0.8403
ID-Crude fat -0.4859 -0.8386 -0.7798 -0.7636

The variation of nutrient digestibility coefficients between individual piglets was found to
be associated with the means of digestibility coefficients and the inactivation of
antinutritional factors, The lower the ANFs (TIA/UA), the higher the nutrient digestibility,
and the smaller the variation in digestibility. The standard deviation of DM, N and CFAT
digestibility of the soybeans with the higher TIA and UA (treated at 102°C/10 min) were
approximately as large as 4, 20 and 9 times of that with lower TIA and UA (treated at
120°C/7.5 min). The correlation coefficients between the means and standard deviations of
digestibility for each of the nutrients measured in this experiment are shown in Table 7.
Vandergrift et al. (1983) reported that variation in amino acid and N digestibililies were one
to two fold greater among pigs fed raw soyflakes than pigs fed heated soyflakes. They
suggested that differences exist between pigs in their ability to tolerate the high level of
trypsin inhibitors or other antinutritional factors present in soya products. Goihl (1990} and
Qin et al. (1994) stated that some pigs utilize raw soybeans more efficiently than others.
Based on observations in the present experiment and previous reports, it can be stated that
there is a considerable variation between individual animals in their respons to
antinwtritional factors of soybeans.

In conclusion, steam toasting can effectively inactivate TIA and lectins in soybeans, with
a concomitant reduction of the UA and PDI. At temperatures of 102°C and 120°C, TIA,
UA, lectins and PDI decreased with the prolongation of heating time in a logarithmic
pattern. These analytical parameters were highly correlated with each other.

DM and N digestibility of the soybeans can be significantly improved by steam toasting.
The soybeans treated at 102°C/40 min, 120°C/7.5 min and 134°C/1.5 min showed similar
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and satisfactory results in terms of their nutrient digestibility. There were considerable
differences between individual animals in respons to antinutritional factors in soya. The
animal factors which lead to such differences are still unknown. In addition, the utilization
of nitrogen and amnino acids remain to be studied.
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Chapter 5

Effect of temperature and time during steam treatment on the protein
quality of full-fat soybeans from different origins
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2 Department of Animal Nutrition, Wageningen Agricultural University, P.Q. Box. 338, 6700 AH
Wageningen, The Netherlands

Abstract

Soybeans (Glycin max.) of Argentine and Chinese origin were steam-toasted at 102°C, 118°C and
136°C for various times with a laboratory-scale steam toaster. All the samples of raw and
processed soybeans of the two origins were analyzed for dry matter (DM), crude protein (CP),
trypsin inhibitor activity (TIA), protein dispersibility index (PDI} and fluorodinitrobenzene
(FDNB) reactive lysine. Chinese raw soybeans showed higher levels of CP, TIA and PDI, and
lower level of FDNB reactive lysine than Argentine raw soybeans (366 vs 357 g/kg, 20.6 vs 15.2
mg/g, 87.6 vs 85.6% and 17.4 vs 19.4 g/kg, respectively). The TIA and PDI of the two soybean
origins decreased following a logarithmic pattern with the prolongation of heating time when
beans were steam-heated at various temperatures. The reduction rate of TIA and PDI, however,
was different between the two origins of soybeans. Chinese soybeans seemned to require a longer
time or higher temperature to reduce their TIA to a safe level in comparison with the Argentine
soybeans. In the case of beans heated at 136°C, the difference in PDI between Chinese and
Argentine soybeans diminished.

It is concluded that the two soybeans origins need different processing conditions in terms
of improving their protein properties.

1. Introduction

71



Raw soybeans have to be processed when they are to be used as an ingredient in diets for
monogastric and immature ruminant animals, due to the presence of certain antinutritional factors
{ANFs) (Monari, 1993). The contents of trypsin inhibitors (11} (Sangle et al., 1993) and/or the
chemical composition (Zarkadas et al., 1994) of soybeans are influenced by genotype
(Herkelman et al.,1990 and 1992; 1995; Qin and Chen, 1995), geographical region of their
growth (Fu and Lu, 1992; Zhao et al., 1991) and their maturity (McGrain et al., 1992), It was
found that the soybeans of different origins respond differently to a given processing technology
or to treatment conditions (Friedman et al., 1991). A proper processing procedure needs to
inactivate ANFs to an acceptable level without reducing the availability of nutrients (Voragen
et al., 1995; Van der Poel et al., 1995). The responses to a treatment, however, may vary among
the origins of soybeans with regard to both the inactivation of ANFs and the change in the
availability of nutrients. Thus, each batch of soybeans requires its own optimum treatment
procedure in terms of an improvement in nutritional value.

In the present experiment, trypsin inhibitor activity (T1A), fluorodinitrobenzene reactive lysine
(FDNB) and protein dispersibility index (PDI) were determined for raw and steam toasted
Argentine and Chinese soybeans, to evaluate the effects of different steam-heating temperatures
and durations on the protein quality of the two soybean origins.

2. Materials and Methods
2.1.  Soybean origins

Commercial soybeans (Glycin max.) of Argentine and Chinese origin were purchased from
Schouten Industries (Giessen, The Netherlands) and Food & Oil Import & Export Company
(Jilin Province, China) respectively. The dry matter contents of the Argentine and Chinese
soybeans were 896 g/kg and 924 g/kg, and their crude protein contents were 357 g/kg and 366

g/kg, respectively.

2.2, Treatment of the soybeans

Soybeans of both origins were steam-toasted at different combinations of temperature and
duration (Table 1). The beans were not crushed before the thermal processing.

A laboratory-scale steam toaster as described by Van der Poel et al. (1990) was used for the
processing of whole soybeans in this experiment. After heating the empty toaster to the designed
temperature, batches of 2 kg soybeans were fed through the inlet sluice. A feed rate was chosen
to provide a single layer of beans on the belt conveyor. The speed of the belt conveyor was
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adjusted for each batch to give the required residence time. Temperature tolerances were within
0.3°C. Immediately after steam processing, the soybeans were put into screen bottom trays and
spread in one layer for cooling down for half an hour. Afier cooling, they were air-dried in a
thermo-controlled dryving chamber (36 h. at 40 °C). The dried soybeans were then milled to pass
through a 1 mm screen (for proximate and PDI analysis) or through a 0.5 mm screen (for TIA
and FDNB reactive lysine analysis}, and stored in a cool room (4 °C) until anatysis,

2.3,  Analytical methods

Dry matter (DM) content of the samples was measured by standard method (103°C for 4h).
Nitrogen was determined by the Kjeldahl method (ISO, 1979), and the crude protein content (CP)
was calculated by N*6.25. The protein quality of raw and processed soybeans was estimated by
analyzing the (rypsin inhibitor activity (TIA), protein dispersibility index (PDI) and
fluorodinitrobenzene (FDNB) reactive lysine. TIA was determined according to the modified
procedure of Kakade et al. (1974) as described by Van Oort et al. (1989). PDI was determined
with the standard procedure issued by AQCS (1964). The FDNB reactive lysine was measured
according to the method reported by Carpenter (1960) as modified by Booth et al. (1971). All
parameters were analyzed in duplicate.

24. Data processing

Curve fitting were conducied in a logarithmic model for the data of TIA and PDI at various
treatment conditions with Slide Write Version 6.0. The model was:

Y=a,+a,*In(X)
where Y is TIA {mg/g) or PDI (%) and X is heating duration (min.). A linear correlation analysis
was carried out between relevant parameters with the software of SAS (1989),
3. Results

The results of TIA, PDI, FDNB reactive lysine, CP and DM of the samples of the soybeans
treated at various conditions are presented in Table 1.
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Table 1. Effects of stearn toasting on trypsin inhibitor activity (TIA), protein dispersibility
(PDI) and fluorodinitrobenzene reactive lysine (FDNB) of Argentine and Chinese
commercial soybeans

TIA(mg/g)  PDI(%) FDNB(g’kg) DM(g/kg)
Treatment (*C/min.}
Argentine soybeans:
1aw 152 85.6 19.3 895.7
100/5.0 73 55.4 i8.4 947.7
100/10.0 4.8 48.3 16.4 948.5
100/20.0 2.5 37.5 18.6 947.0
100/40.0 1.6 250 18.9 946.2
118/2.5 3.7 23.9 18.3 942.8
118/5.0 2.0 15.8 189 934.8
118/10.0 1.2 12.0 17.8 934.0
118/20.0 0.4 9.8 18.0 931.9
136/1.5 1.0 9.7 17.5 938.8
136/2.5 0.8 9.5 18.0 936.7
136/5.0 0.3 9.5 16.7 930.6
136/10.0 0.0 10.4 16.2 920.0
Chinese soybeans:
raw 20.6 876 17.4 923.5
100/5.0 13.1 64.8 186 949.8
[00/10.0 74 523 18.8 947.3
100/20.0 4.3 42.5 17.6 946.3
100/40.0 24 299 17.8 943.6
118/2.5 8.9 47.1 18.4 945.7
118/5.0 4.4 29.5 17.7 947.4
118/10.0 2.2 17.2 15.5 940.9
118/20.0 0.7 9.9 183 930.8
136/1.5 2.6 13.0 17.9 929.8
136/2.5 1.9 11.3 17.7 937.9
136/5.0 0.5 9.4 16.9 920.7
136/10.0 0.0 9.7 16.2 918.8

74



The results indicated that TIA, PDI, FDNB reactive Lysine and CP in raw soybeans differed
between the two origins. The level of TIA, PDI and CP of Chinese raw soybeans were 5.4 mg/g,
1.9 % unit and 9 g/kg higher than that of Argentine raw soybeans, respectively. The FDNB
reactive lysine in Argentine raw soybeans was 2 g/kg higher than in Chinese raw soybeans,

When heated at various temperatures, the TIA and PD] in both Argentine and Chinese soybeans
evidently decreased with an increase in heating duration. These parameters, however, showed
different patterns for the two origins of soybeans. The restdual TIA in the Chinese soybeans
appeared to be higher compared to TIA in Argentine soybeans, especially for samples heated for
short time at various temperatures. The differences in the relative reduction of TIA between the
soybean origins, however, diminished with the prolongation of heating (see Figures 1 and 2).

The differences between the soybean origins in response to steam-heating were more pronounced

for the PDI valuc than for any other parameters. With regard to PDI, the Chinese soybeans were
found to be less sensitive to the higher temperatuse, though not to duration of heating than the
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Figure 1. TIA variation of Argentine (Ar) and Chinese (Ch) soybeans heated at different

temperatures (A: Ar 100°C; 4:Ch 100°C; O: Ar 118°C; @: Ch 118°C; O0: Ar
136°C; m: Ch 136°C)
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Argentine soybeans. For example, the PDI values of Chinese soybeans heated at 118°C for 2.5,
5.0 and 10 min., and at 136°C for 1.5 min., were 1.97, 1.87, 1.43 and 1.34 times as high as the
corresponding valuves of Argentine soybeans. When the soybeans were heated at the same
temperature for a longer time(e.g. 118 °C for 20 min. and 136°C 10 min.), the difference in the
PDI value between the two soybean origins disappeared (see Figures 1 and 2). As the PDI was
reduced to the level of about 10%, it remained unchanged, even though more severe heating
treatment was subjected.

The curve fitting equations for TIA and PDI are given in Table 2. The TIA as well as the PDI
variations of the two origins of soybeans after different treatments were well described by the
curve fitting equations (Table 2).

The variation of the FDNB reactive lysine was not quite regular at the heating temperatures of
100°C and 118°C for both soybean origins. However, it was observed that reactive lysine of these
two origins of soybeans decreased with the prolongation of heating time when soybeans were
heated at 136°C.

A correlation analysis, based on the pooled data of the two soybean origins, showed that there
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was a highly significant correlation between TIA and PDI ( R=0.9421, p<0.01). FDNB active
lysine was also correlated to TIA and PDI ( R=0.3301, p<0.10; R=0.3707, p<0.10, respectively),
but the correlations were not as high as that between TIA and PDI.

The parameters and determination coefficients of the curve fitting equations for the data of TIA
and PDI of the soybeans ircated at 100°C, 118°C and 136°C are presented in Table 2.

Table 2, The values of a, and a, in fitting equation® for TIA and PD] and the determination
coefficients (R?) of the equations.

a iy R?
TIA:
100°C: Argentine soybeans 11.47 -2.80 0.9816
Chinese soybeans 20.25 -5.08 0.9714
118°C: Argentine soybeans 4.85 -1.54 0.9794
Chinese soybeans 11.61 -3.87 0.9685
136°C: Argentine soybeans 1.25 -0.55 0.9936
Chinese soybeans 3.13 -1.44 0.9835
PDI:
100°C; Argentine soybeans 80.55 -14.73 0.9926
Chinese soybeans 91.09 -16.51 0.9989
118°C: Argentine soybeans 28.43 -6.69 0.9592
Chinese soybeans 60.83 -17.86 0.9830
136°C: Argentine soybeans 9.36 0.33 0.6794
Chinese soybeans 13.21 -1.82 0.8999

* (Y= a5+2,*In(x))
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4, Discussion

The TIA levels in the two soybean origins as determined in the present experiment were within
the normal range compared with the literature reviewed by Qin and Chen (1995). The TIA level
of the raw Argentine soybeans, however, was only 65% of that of the Argentine soybeans
measured in a previous investigation (Qin et al., 1996). Differences also existed between the
soybeans treated under similar conditions in present and previous experiments. The PDI values
of raw soybeans and the soybeans treated at 118°C and 136°C were similar to that in similarly
treated soybeans before (Qin et al., 1996), though the sovbeans treated at 100°C were not. These
inconsistencies between present and previous data of Argentine soybeans may have been caused
by the origin difference between batches,

The TIA values, for both Argentine and Chinese soybeans, decreased in nonlinear patterns with
the prolongation of heating irrespective of the heating temperature, This supported earlier
observations in soybean heat processing reported by Collins and Beaty (1980), Liener and
Thomlinson (1981), Qin et al. (1996) and Monari (1993),

The results of the TIA determination in the present study indicated that there were substantial
differences between Argentine and Chinese soybeans in responses to steam toasting. Heated at
a low temperature and/or during a short time, the Argentine soybeans were more sensitive in their
reduction of TIA, but, with the increase of heating temperature and/or heating duration, this
sensitivity was decreased. At the most severe heating condition (at 136°C during 10 min.), the
TIA level in soybeans of both origins decreased below the detection limit. The differences in TIA
between the two soybean origins varied with the treatment conditions. The more severc the
heating treatment was employed, the smaller the difference was between them.

For adequate processing, the heating conditions should not be too severe. Chang et al. (1984) and
Monari (1993) suggested that the accepted TIA level of an adequately processed soya product
should be below 4 mg/g product. Based on this standard, proper heating durations could be
calculated with the fitted equations for different heating temperatures (Table 3). Apparently,
heating time is 10 and 5 min. longer for Chinese soybeans than for Argentine soybeans to
inactivate Tl to the safe level at temperatures of 100°C and ! 18°C, respectively. The soybeans
containing a lower level of TIA needed less severe heating. Friedman et al. (1991) also found that
low trypsin inhibitor soybeans needed a shorter time than conventional soybeans to reduce their
TIA to a safe level when heated at similar temperatures.

The PDI for any origin of the soybeans decreased non-linearly with the prolongation of heating
and the increase of heating temperature. After reduced to the level of about 10%, the PDI kept
unchangeable. At the most severe heating condition, the PDI even increased a little. This
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phenomenon was also observed in previous study (Qin et al., 1996). A possible explanation is
the hydrolysis of protein being initiated at only the highest temperature (Van der Poel et al.,
1990).

Table 3. Adequate duration at different heat temperatures as calculated with the fitted
equations based on a residual TIA level of 4 mg/g products.

Temperature soybean adequate TIA PDI
origin heat duration(min.) (mg/g) (%0)

100 °C Argentine 15 4 40
Chinese 25 4 38

118°C Argentine 2 4 23
Chinese 7 4 26

136 °C Argentine 0.01 4 8
Chinese 0.5 4 14

For a well-processed soybean product, the PDI has to be kept to a certain level. Monari (1993)
suggested that the acceptable PDI level is in the range from 15 to 28. According to this standard,
when the two soybean origing heated at 100°C and 118°C for an adequate duration to reduce TIA
to the safe level (4 mg/g) for each of them separately, their PDI values calculated with the fitted
equations were still kept high enough to be acceptable (see Table 3). However, when heated at
136°C to inactivate TIA to the safe level, the PDI value may be decreased to a much lower level
than acceptable. It seems that the high temperature (136°C) denatures protein more severely than
it inactivates TIA, which is in accordance with the statement of Labuza (1973). He converted the
data of Hackler et al. (1965) into approximate kinetic parameters, and found that doubling the
rate of trypsin inhibitor destruction by increasing process temperature would increase the
destruction of many nutrients four- to five-fold.

The high correlation between TIA and PDI as found in the present study indicates that
the inactivation of TIA, to a certain cxtent, is accompanied by the denaturation of proteins in the
soybeans. (hin et al. (1996) also observed a high correlation between TIA and PDI soybeans
steam toasted at various conditions. But, Tromp et al. (1995) reported, for the roasted whole
soybeans, the soluble protein level was not directly correlated to the trypsin inhibitor content. It
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seems that the treatment effect on the correlation is different between steam heating and roasting.

The reactive lysine content, as measured by FDNB, was not clearly influenced by steam toasting
when the soybeans were heated at 100 °C and 118°C. At 136 C, however, the FDNB active lysine
content reduced as the heating time was prolonged, and the changes in the FDNB reactive lysine
were not paralleled with those in TIA and PDI. The correlation analysis results showed that
FDNB active lysine was not significantly correlated to TIA and PDI (P>0.05). These results
indicate that it is possible to optimize the processing procedure so that the antinutritional factors
can be inactivated while simultaneously maintaining the availability of essential amino acids.

In conclusion, the TIA in the soybeans could be reduced to an acceptable level by different
heating conditions (combinations of heating time and temperature). Both TIA and PDI decreased
non-linearly with increase of heating temperature and duration. These parameters, however,
changed in different patterns for different origins of soybeans. It seems that Argentine soybeans
need less severe processing conditions than Chinese soybeans as evaluated with TIA and PDI.
Safe levels of TIA, however, need to be validated by animal trials.
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Chapter 6

Effects of steam toasting on the digestibility and nitrogen utilization
of Argentine and Chinese soybeans in piglets.
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China.
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Netherlands

Abstract

Argentine and Chinese soybeans were steam-heated at 100 °C for 40 min., 118 °C for 5
min. or 136 °C for 1.5 min., The effect of heating on the protein quality of the soybeans
was evaluated by both in vitro and in vive experiments. In the in vitro evaluation, trypsin
inhibitor activity (TIA), protein dispersibility index (PDI) and fluorodinitrobenzene (FDNB)
reactive lysine were analyzed. Digestion and nitrogen (N) balance trials wete conducted
with 32 castrated male piglets (Dutch Landrace X Dutch Yorkshire), The resuits showed
that the highest residual TIA for both Argentine and Chinese soybeans was observed in the
beans heated at 118 °C for 5 min. The soybeans heated at 100 °C for 40 min. had the
highest PDI. The lowest PDI was found in the soybeans heated at 136 °C for 1.5 min. The
Chinese soybeans had a higher TIA than the Argentine soybeans heated under
corresponding conditions. The FDNB reactive lysine changed irregulariy. The net protein
utilization (NPU) of the soybeans heated at 118 °C/5 min. was significantly (P<0.05) lower
than those heated under other conditions. The N digestibility of the saoybeans heated at 118
°C/5 min. was also lower than others, but the difference was not significant. A significant
(P<0.05) interaction between soybean origin and heating condition was observed in fat
digestibility of soybeans. The fat digestibility of Chinese soybeans was improved more by
heating at high temperature/short time (136 “C/1.5 min.). It was concluded that Argentine
and Chinese soybeans differ in their response to steam heating. Heating at 118 °C for 5
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min. was not as effective as heating at 100 °C for 40 min. and at 136 °C for 1.5 min. in
terms of an improvement in the nutritional value of the soybeans,

1. Introduction

Heat processing, by denaturating the proteinaceous antinutritional factors (ANFs) and
changing the structure of proteins, can effectively improve the digestibility and availability
of nutrients from soybeans (Glycine max)(Noland et al,, 1976; Vandergrift et al,, 1983; Li
et al., 1993; Qin et al., 1996a). The effects of heat processing, however, vary greatly among
different processing technologies and processing conditions (Melcion and Van der Poel,
1993). The responses to heating treatments are also different between soybeans of different
origins (different genotypes, growing in different geographical regions or produced in
different years or of different maturaty) (Friedman et al., 1991a and b; Qin et al., 1996b),
because there may be differences in their activity and content of ANFs and/or chemical
composition (Friedman et al., 1991a; Mohamed and Rangappa, 1992; Sangle et al., 1993;
Yu and Kiang, 1993; Liu et al., 1994; Zhao et al., 1995). An optimal processing procedure
for a batch of soybeans, therefore, may not be the optimum for another batch of soybeans.
In the present study, piglets were used in a digestion and nitrogen-balance trial to evaluate
the nutritional improvement of Argentine and Chinese soybeans that were steam-toasted
under different conditions.

2. Materials and Methods
2.1.  Soybeans processing and diet formulation

Argentine (A) and Chinese (C) soybeans were purchased from different commercial
suppliers. Both origins of soybeans were steam-toasted at 100°C/40min. (1), 118°C/5min.
(2) or 136°C/1.5min. (3) at the W*"™"Feed Processing Centre with a laboratory-scale
pressurized steam toaster. The structure of the toaster and toasting procedure of the
soybeans were as described by Van der Poel et al. (1990c). The processed soybeans were
cooled down to room temperature immediately after toasting, and air-dried in a forced-
draught oven at 35°C for 48 h. Then, the soybeans were milled to pass a 3 mm screen, and
used for the experiment. Samples of the soybeans treated under various conditions were
taken and milled to pass a I mm screen for proximate and PDI analysis, or a (.5 mm screen
for TIA and fluorodinitrobenzene (FDNB) reactive lysine analysis.
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In order to minimize the experimental error caused by the difference in dietary protein level
between the control diet and the experimental diets, two control diets were formulated for
this experiment. The control-1 diet was lower in protein level, and the control-2 diet had
a similar protein level to the experimental diets, which consisted of 80% control-1 and 20%
variously heat-treated soybeans of different origins. In the experimental diets, the soybean
treatments are further referred to according to their origin and treatment condition as Al,
A2, A3, CI, C2 and C3, respectively. The ingredient and nutrient composition of all diets
are presented in Tables 1 and 2.

Table 1. Diet composition and nutrient contents
Ingredients (g/kg) Control-1 Control-2 Experimental
diets
Maize starch 749.7 695.1 599.7
HP soybeans* - - 200.0
Dextrose 60.0 60.0 48.0
Caseine 55.0 110.0 44.0
Soybean oil 10.0 10.0 8.0
Cellulose 21.0 21.0 16.8
Cane molasses 40.0 40.0 32.0
CaC0, 1.9 1.9 1.5
CaHPO, 28.6 28.6 22.9
NaCl 3.0 3.0 2.4
KHCQ, 6.4 6.4 5.1
NaHCO, 12.2 12.2 9.8
Dl-methionine 1.8 1.2 1.4
L-threonine 0.5 0.6 0.4
Premix 10.0 10.0 8.0

* Argentine soybeans or Chinese soybeans steam heated at 100°C for 40 min., 118°C for 5 min. and 136°C for 1.5
min., respectively.
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22 Animals and Management

Thirty-two castrated male piglets (Dutch Landrace x Dutch Yorkshire), with an initial
average body weight of 27.9 kg (+ 3.2 kg), were housed individually in size-adjustable
metabolism cages (the cages can be adjusted to fit the size of animals). The animals were
randomly arranged to consume one of the eight different diets (4 animals for each of the
diets). The mash diets were administered with water at a ratio of 1:2. No extra water was
supplied to the piglets during the experimental period. The piglets were fed twice a day at
(8:00 h and 16:00 h during the adaptation (7 days) and collection period (5 days). The daily
feed allowance of each animal was calculated as 2.7 times the maintenance requirement of
ME (420 KJ ME kg™ body weight) based on their individual body weight.

The whole experiment was conducted for 12 days which included a 7 days’ adaptation
period and a 5 days’ collection period. The faeces were collected twice a day after feeding
as described by Van Kleef et al. (1994). The fresh faeces collected every day were put in
a freezer (-20°C). Urine was collected in plastic buckets, in which 20 ml sulphuric acid
{(concentration: 25%) had been added. The collected urine was stored in the refrigerator (4
°C). Afier the collection period, the faeces and urine of each individual animal were each
pooled, and sampled for analysis.

2.3.  Laboratory Analysis

All samples of soybeans, diets, faces and urine were analysed in duplicate. The protein
dispersibility index (PDI), trypsin inhibitory activity (TIA) and fluorodinitrobenzene
(FDNB) reactive lvsine content of the soybean samples were determined according to the
procedures of the American Oil Chemists’ Society (AOCS, 1979), Van Qort et al. (1989)
and Booth (1971), respectively. The dry matter (DM), nitrogen (N}, crude fat (EE}), crude
fibre (CF) and ash content of diet and faecal samples were determined using standard
methods.

2.4  Calculation of nutrient digestibility coefficients and protein (N*6.25) utilization

Nutrient digestibilities and protein utilization of the different diets were calculated from the
corresponding contents in the diets, faeces and urine. The N digestibility and protein
utilization of soybeans were calculated as follows:

The casein-digestible N content (Nd, g/kg casein) and casein-deposited N content (Nr, g/kg
casein), were calculated from N intake, faecal N and urine N of the animals fed the control-
2 diet {average value of 4 animals). Then, the N digestibility and the net protein utilization
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(NPU) of soybeans were calculated, respectively, using the following formulae:
D (%) = [(Ni-'Nf‘a*b*Nd)f(Ni_a*b*Nc)]*100
NPU (%) = [(Ni-Nf-Nu-a*b*Nr)/(Ni-a*b*Nc}]*100

where: D: apparent N digestibility of soybeans(%); NPU: net protein ufilization (%) of
soybeans; Nd: digestible N content of casein (g/kg); Nr: deposited N content of casein
(g/kg); Ni: the total N intake (g) of the piglet fed on a diet containing the soybeans; Nf: the
total faecal N (g) of the same piglet; Nu: the total urine N (g} of the same piglet; Ne: N
content of casein (g/kg); a: total feed intake (kg); b: ratio of casein in the control-1 diet.
The digestibility of other nutrients within the soybeans were calculated using the difference
method,

2.5 Statistical analysis

An analysis of variance was conducted using model 1. and model 2. for the diet and
soybeans, respectively.

Model 1:
Yij:p'+aa+eij
Y;: individual observation; p: expected means; a: effect of diet i; ¢;: error.

Model 2:

Yy=pta;tbab;tey,
Y, individual observation; u: expected means; a;: effect of soybean origin i; b;: effect of
heating treatment ; ab;; effect of interaction between soybean origin i and heating treatment
J; €y error.

3. Results

For both the Argentine and Chinese soybeans, the highest PDI was observed in the
soybeans heated at 100 °C for 40 min., and the lowest PDI in the soybeans heated at 136
°C for 1.5 min. The PDI of Chinese soybeans, however, was higher than that of Argentine
soybeans heated under the same conditions (Table 3). The change of TIA levels was not
paralleled by the PDL The highest level of TIA for both Argentine and Chinese soybeans
was observed in the beans treated at 118 °C for 5 min. Chinese soybeans had a higher TIA
than Argentine soybeans treated under corresponding conditions. The FDNB reactive lysine
changed irregularly.
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Table 3. Trypsin inhibitor activity (TIA), protein dispersibility index (PDI} and FDNB
reactive lysine of Argentine and Chinese soybeans heated at different
conditions.

Soybeans TIA (mg/g) PDI (%) FDNB-reactive lysine (z/kg)

Argentine soybeans

100 °C/40 min. 1.3 252 17.5
118 °C/5 min. 31 18.8 20.6
136 °C/1.5 min. 1.0 9.8 17.7

Chinese Soybeans

100 %C/40 min. 2.4 28.2 18.0

118 °C/5 min. 3.6 24.8 18.0

136 °C/1.5 min. 1.6 10.0 16.9
Table 4. Nutrient digestibilities of the control and experimental diets (%)
Diet Dry matter Nitrogen Fat

Argentine soybeans

100 °C/40 min. 92.4% 83.1* 56.7¢

118 °C/5 min. 90.2¢ 78.7° 51,9

136 °C/1.5 min. 91.7+ 81.9° 56.8°
Chinese soybeans

100 °C/40 min. 90.7+ 79.0° 47.5°

118 °C/5 min, 91.5% 78.9° 50.44

136 °C/1.5 min. 91.3% 79.6° 56.7°
Control-1 93.5® 79.1° 62.7°
Control-2 95.0° 93.5* 75.2°

224 Nata in the same column with different superscript differ significantly {(P<0.05).
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Digestibilities of DM, N and fat of the diets and soybeans are given in Tables 4 and 5,
respectively. Compared with the diets containing various soybeans, the two control diets,
especially controi-2 diet, had higher DM, N and fat digestibilities. The fat digestibility of
soybeans was found to be significantly different between origins and between heat
treatments. Argentine soybeans had a higher digestibility of fat (P<0.05), and the high
temperature/short time treatment (136 °C/1.5 min.) resulted in significant improvement in
fat digestibility. A significant interaction between soybean origin and heating condition was
also observed for fat digestibility. Fat digestibility of Chinese soybeans heated at 100 °C
for 40 min. and 118 °C for 5 min. was lower than those of other soybeans. The N
digestibility of Argentine soybeans was also higher than Chinese soybeans, but the
difference was not significant. Although the differences in N digestibilities between heating
conditions were not significant, the N digestibility of the soybeans heated at 118 °C for 5
min. was considerably lower than those treated under other conditions.

The N-balance results (Table 6) showed that the animals consuming soybean diets generally
excreted more faecal and urine N than animals consuming the control diets. The protein
biological value (BV) of the control-2 diet was significantly higher than soybean diets with
the exception of C3 diet; the net protein utilization (NPU) of control-2 diet was
significantly higher than all other diets. There were no significant differences between
soybean diets in N intake, faecal N and urine N excretion, protein BV and NPU by the
cross-bred piglets. In the calculated NPU of soybeans, there was a significant difference
between treatment conditions. The NPU of the soybeans heated at 118 °C for 5 min. was
significantly lower than the others. The protein BV of soybeans paralleled their NPU, but
did not differ significantly. No significant differences in protein BV and NPU of soybeans
were found between the two origins of soybeans.

4. Discussion

The protein quality of Argentine and Chinese soybeans processed under the conditions used
in the present experiment, was similar in terms of NPU, a fundamental criterion for
evaluating protein nutritional value. With respect to N digestibility and protein BV,
however, certain differences between the two origins of soybeans were observed. Argentine
soybeans had a 3.7 percentage units higher N digestibility and a 2.6 percentage units lower
protein BV than Chinese soybeans. The lower digestibility of N for Chinese soybeans was
probably associated with their relatively higher levels of TIA; their higher protein BV may
have resulted either from the relatively lower intake of digestible protein of the animals fed
the Chinese soybean diets, or from the better quality of the digested protein. The higher
residual level of TIA in Chinese soybeans as compared with the Argentine soybeans treated
under corresponding conditions resulted from the higher level of TIA in the raw Chinese
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soybeans (Qin et al., 1996b). This agrees with the result of Friedman et al. (1991b). They
also found that the higher the TIA level in the raw soybeans, the higher the residual TIA
in the soybeans processed under certain conditions.

There were large differences in N digestibility and NPU between the two control diets
(Table 6). The differences resulted mainly from a different N intake between the animals
consuming the two control diets, because the protein source was the same for the two diets.
This suggests that the ingredient digestibility may have a great error when protein quality
of a single feed ingredient containing a high level of protein, such as soybeans, is evaluated
by the difference method. Usually there is a considerable difference in protein content
between control and experimental diets. This disadvantage of the difference method was
overcome to a certain extent by using two control diets in this experiment.

The results show that processing not only influences the digestibility of protein, but also
influences protein BV and NPU of the soybeans. The animals fed the diets containing
soybeans heated at 100 ®C/5 min. intaked less digestible protein and excreted more urine
N than the animals consuming the diets containing the soybeans ireated at other conditions.
This resulted in a considerably lower protein BV and NPU. Although the analysed TIA of
the soybeans heated at 100 °C/5 min, was not over the threshold value of 4 mg/g (for the
samples with 40% protein) recommended by the European Federation of Feed
Manufacturers (Monari, 1993), the lower N digestibility, protein BV and NPU value imply
that processing soybeans under these conditions was not adequate, and the threshold value
of 4 mg/g for the residual TIA is questionable for the soybeans studied in the present
experiment. This threshold level may need to be adjusted for soybean origin.

If the NPU is used as the criterion, the best processing condition for Argentine soybeans
was 100 °C/40 min. (low temperature/long time). For the Chinese soybeans, however, it was
136 °C/1.5 min. (high temperature/short time), These observations show the different
heating condition requirements between the two origins of soybeans.

The NPU and the N digestibility of the soybeans, were mote closely correlated to their TTA
(R=-0.8189 and -0.8118, respectively; P<0.05), than to FDNB reactive lysine (R=-0.6179
and -0.3710, respectively; P>0.05) and PDI (R=-0.2431 and -0.0866, respectively; P>0.05).
TIA was a more accurate parameter for evaluating the improvement of protein quality of
soybeans processed within the processing range of the preSent experiment.

The two origins of the soybeans responded differently to steam-heating with respect to their
(at digestibility. The low temperature/long time (100 °C/40 min.) and high temperature/short
time (136 °C/1.5 min.) treatments were similarly effective in the improvement of fat
digestibility for Argentine soybeans (55.2 vs 54.5%). For the Chinese soybeans, however,
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high temperature/short time treatment was much more effective than low temperature/long
time treatment (55.2 vs 43.8%). It is possible that the natures or levels of some factors
involved in the digestion of fat differed between the two soybean origins,

In a previous study (Qin et al., 1996a), ileal fat digestibility of processed soybeans varied
between 82-93%, which was much higher than the faecal fat digestibility (43-56%) obtained
in the present study. The large difference between the ileal and the faecal digestibility may
have been related to fat production from the fermentation of microorganism in the hind gut.
The apparent faccal fat digestibitity of the soybeans determined with the difference method
in this experiment may be far lower than the true digestibility.

In conclusion, Argentine and Chinese soybeans responded differently to steam-heating in
terms of the residual TIA, nutrient digestibility and protein biological value at the
conditions used in the present experiment. Argentine soybeans had lower residual TIA and
higher N digestibility than the correspondingly treated Chinese soybeans. With respect to
fat digestibility and NPU, the most adequate processing condition for Chinese soybeans was
high temperature/short time, and for Argentine soybeans, low temperature/long time. For
both Argentine and Chinese soybeans, heating at 118 °C for 5 min, was not effective in
improving the nutritional value of the beans satisfactorily.

References

American Oil Chemists’ Society, 1979. Protein Dispersibility Index (PDI}. AOCS Official
Method Ba 10-65, revised 1978. corrected 1979,

Booth, V.H., 1971. Problems in the determination of FDNB-available lysine. J. Sci. Food
Agric. 22, 658-666.

Friedman, M., Brandon, D.L., Bates, A.H. and Hymowitz, T., 1991la. Comparison of a
commercial soybean cultivar [Williams 82 ] and an isoline [181-4590) lacking the
kunitz trypsin inhibitor : composition, nutritional value, and effects of heating.
Journal of Agriculturla and Feod Chemistry. 39¢2): 327-335.

Friedman, M., Brandon, D.L., Bates, A.H., Hymowitz, T. and Friedman, M., 1991b. Effect
of heat on the nutritional quality and safety of soybean cultivars. Adv. Exp. Med.
Biol. 289: 339-361.

Huisman, J., Van der Poel, A.F.B., Mouwen, JM.V.M. and Van Weerden, E.J., 1990. Effect
of variable protein contents in diets containing Phaseolus wulgaris beans on
performance, organ weights and blood variables in piglets, rats and chickens. Br. J.
Nutr, 64: 755-764.

94



Li, D.F., Nelssen, JL., Allee, G.L., Stoner, G.R. and Yang, 8., 1993, Effect of extrusion
on the ileal digestibility of amino acds in full fat soybean for pig. Chinese J. Anim.
Sci. 29(2): 6-8.

Lin, X.Y., Lin, G.Q., Zhong, P., Hu, C.P., Zhao, S.W. and Gao, 1.Y., 1994, Frequency and
geographical distribution of alleles for trypsin inhibitor in seed protein of soybean
germplasms in China. Qil Crops of China, 16(4): 32-35.

Melcion, J.P. and Van der Poel, AF.B., 1993, Process technology and antinutritional
factors: principles, adequacy and process optimization, In: A.F.B. van der Poel, J.
Huisman and H.S. Saini (Editors), Recent Advances of Research in Antinutritional
Factors in Legume Seeds, Proc. 2nd Int. Workshop on Antinutriional Factors {ANFs)
in Legume Seeds. Wageningen, 1-3 December 1993, pp. 419-434.

Mohamed, A.l. and Rangappa, M., 1992, Screening soybean {(grain and vegetable)
genotypes for mutrients and anti-nutritional factors, Plant Food Hum. Nutr. 42(1): §7-
96.

Monari. 8., 1993. Fullfat Soya Handbook, 2nd edn, American Sovbean Association,
Brussels, pp. 6-9.

Noland, P.R., Campbell, D.R., Gage, R.K,, Jr., Sharp, R.N. and Johnson, Z.B., 1976.
Evaluation of processed soybeans and grains in diets for young pigs. J. Anim. Sci.
43(4): 763-769.

Qin, G.X., Ter Elst, E.R., Bosch, M.W., Van der Poel, A.F.B., 1996a. Thermal processing
of whole soya beans: Studies on the inactivation of antinutritional factors and effects
on ileal digestibility in piglets. Anim. Feed Sci. Technol. 57: 313-324.

Qin, G.X,, Van der Poel, AF.B. and Verstegen, M., 1996b, Effects of temperature and time
during steam treatment on the protein quality of full-fat soybeans of different
origins. J. Sci. Food Agric. Submitted for publication.

Sangle, M., Devi, R. and Pawar, D., 1993. Proximate composition and anti-nutritional
factors of soybean. J, Maharashtra Agric. Univ, 18(3): 391-393,

Vandergrift, W.L., Knabe, D.A., Tanksley, T.D., Jr. and Anderson, S.A., 1983. Digestibility
of nutrient in raw and heated soyflakes for pigs. J. Anim. Sci. 57(5): 1215-1224.

Van der Poel, A F.B., Mollee, P.W., Huisman, J. and Liener, LE., 1990a. Variations among
species of animals in response to the feeding of heat-processed beans (Phaseolus
vulgaris L.). 1. Bean processing and ecffects on growth, digestibility and organ
weights in piglets. Livest. Prod. Sci. 25: 121-135,

Van der Poel, A.F.B., Mollee, P.W., Huisman, J. and Liener, 1.E., 1990b. Variations among
species of animals in response to the feeding of heat-processed beans (Phaseolus
vulgaris L.). 2. Growth and organ weights of chickens and rats and digestibility for
rats. Livest. Prod. Sci. 25: 137-150,

95




Van der Poel, A.F.B., Blonk, I., Van Zuilichem, D.J.,, and Van Qort, M.G., 1990¢. Thermal
inactivation of lectins and trypsin inhibitor activity during steam processing of dry
beans (Phaseolus vulgaris L.) and effects on protein quality. J. Sci. Food Agric. 53:
215-228.

Van kleef, D.J., Deuring, K. and Van Leeuwen, P., 1994. A new wethod for faeces
collection in the pig. Labor. Anim. 28 (1): 78-79.

Van Qort, M.G., Hamer, R.J. and Slager, E.A.,1989. The trypsin inhibitor assay:
Improvement of existing method. In: J. Huisman, A.F.B. van der Poel and LE.
Liener (Editors), Recent Advances of Research in Antinutritional Factors in Legume
Seeds. PUDOC, Wageningen, pp. 110-113.

Yu, H.G. and Kiang, Y.T., 1993. Genetic variation in South Korean natural populations of
wild soybean (Glycine soja). Euphytica. 68(3): 213-221.

Zhao, S.W., Gu, Q.M. and Wang, H., 1995. The zymogram pattern of the new type of
SBTi-A2 of seed protein and the crossing with other allelles. Soyb. Gen. News!., 22:
83-84.

96



Chapter 7

The effect of soybean origin and processing on nutrient digestibility
and organ morphology in different breeds of pigs
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! Department of Animal Science, Jilin Agricultural University, Changchun, 130118, P.R.
China.

? Department of Animal Nutrition, Wageningen Institute of Animal Sciences (WIAS),
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Netherlands.

Abstract

Twenty Landrace and twenty Min piglets, with an average initial body weight of 22.4 kg,
were randomly divided into 5 groups with 4 animals per group, within each of the breeds.
The piglcts were housed in individual concrete pens. Each group of piglets was fed one of
five diets. The diets contained either 20% raw Argentine soybeans, 20% processed
Argentine soybeans (118°C for 7.5 min.), 20% raw Chinese soybeans, 20% processed
Chinese soybeans (118°C for 7.5 min.) or no soybean products {control diet). The feed was
provided three times daily as a wet mash with a feed:water ratio of 1:1. The experiment
was conducted for 17 days, including a 3 day adaptation period and a 14 day treatment
period. Faecal samples were collected on days 6, 7 and 8 of the treatment period.
Digestibilities of dietary nutrients were determined with AlIA {acid insoluble ash) as a
marker, On the day following the termination of the treatment period, three piglets were
killed from each of the groups. Tissue samples of small and large iniestine were taken
immediately after the opening of abdomen for light and electron microscopy examination.
Then, the weight or size of relevant organs was measured. The results show that the
digestibilities of dry matter (DM), crude protein (CP) and fat were higher in Min than in
Landrace piglets (P<0.05). The diets containing processed soybeans had a significantly
higher CP digestibility than the control diet and the diets containing raw soybeans {P<0.05).
Significant differences (P<0.05) in DM, ash and fat digestibilities were also found between
diets. Landrace piglets had heavier and longer smail intestines, heavier kidneys and a lighter
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spleen than Min piglets (P<0.05). The pancreas of the animals fed the diets containing
processed soybeans was heavier than that of the animals fed the control diet (P<0.05) and
diets with raw soybeans. However, the differences between raw and processed soybean diets
were not significant. A significant interaction {(P<0.03) between diet and pig breed was
observed in weight of the small intestine. The Landrace piglets increased the weight in their
small intestine when they were fed the diets containing soybeans. In the light micrographs
and electron scanning micrographs, it was found that the villi of the small intestinal
epithelium of animals {(especially Landrace piglets) fed the diets containing raw Chinese
soybeans were seriously damaged. The transmission electron micrograph showed that a lot
of vesicles were located between the small intestinal microvilli of these piglets. The
histological examination also indicated that the proportion of goblet cells in the villi and
crypts of the piglets consuming the control diet was significantly lower (P<0.01 and P<
0.02, respectively) than those of the animals consuming the diets containing raw or
processed soybeans. It was concluded that steam-heating can effectively improve the
feeding value of the full-fat soybeans. Raw Chinese soybeans may have more deleterious
effects on nutrient digestibilities and animal health than raw Argentine soybeans. Landrace
piglets were more sensitive than Min piglets to raw soybean diets.

1. Introduction

Full-fat soybeans contain a high level of energy and protein. They are an ideal protein
source in diets for farm animals. However, the nuiritional value of soybeans is not
consistent because of the variation in their contents of antinutritional factors (ANFs)
(Herkelman et al., 1992). The effects of feeding soybeans on animals depend not only on
the propertics (compesition or ANF levels) of the soybeans themselves, but also on the
animals consuming them. Different species of animals respond differently to the ANFs in
soybeans (Noland et al., 1976; Nitsan and Nir, 1986; Xian and Farrell, 1991) and also to
ANFs in other legume seeds (Van der Poel et al., 1990a and b). Pigs are considered more
sensitive to ANFs than chickens and rats (Huisman et al., 1990a and b).

The response of pigs to feeding raw or under-processed soybeans varies with their
physiological state such as age, pregnancy etc., as reported by Herkelman and Cromwell
(1990), Marty and Chavez (1993), Monari (1993) and Qin and Chen (1995). It is not clear
whether there are also differences between different breeds or lines of pigs in their ability
to tolerate soybean ANFs. Considerable variation in the morphology of the digestive organs
and in the digestibility of some dietary nutrients has been observed among different breeds
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or genotypes of pigs (Qin et al., 1995). If a significant difference in response to soybean
ANTFs exists between breeds or genotypes of pigs, then the optimal procedure for processing
full-fat soybeans could be different for genetically different populations of pigs. This could
be of great importance in using full-fat soybeans for pig production.

In the present study, different breeds of pigs were fed diets containing raw or well-heated
(Qin et al., 1996) soybeans of Argentine or Chinese origin. Our aim was to investigate the
possible differences between the soybean origins in their antinutritive properties, and also
the possible differences between pig breeds in their responses to soybean ANFs. Criteria
of research were the digestibilities of nutrients as well as the weight of some organs, length
of small and large intestines, and the histological examination of the small and large
intestinal tissue.

2. Materials and Methods

2.1 Soybean processing

Commercial soybeans (Glyein max.) from Argentine and Chinese origins were purchased
from Schouten Industries (Giessen, The Netherlands) and Food & Oil Import & Export
Company (Jilin province, China), respectively. Both the Argentine and Chinese soybeans
were used in the experiment as either raw or steam-toasted at 118°C for 7.5 min. with a
laboratory-scale steam toaster as described by Van der Poel et al. (1990a). The processing
was carried out at the W™ Feed Processing Centre, Wageningen, The Netherlands. The
procedure was the same as described by Qin et al. {1996). The processed soybeans were
air-dried and sent to Changchun, P.R. China, for use in the experimental diets.

2.2 Diet formulation

Five diets, including one control and four treatment diets, were formulated according to the
nutritional requirements of swine (NRC, 1988). The control diet did not contain soybeans
or soybean products. The four treatment diets contained 20% of either raw or processed
soybeans of Argentine or Chinese origin. The composition and nuirient contents of the diets
are shown in Tables 1 and 2.
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2.3 Animals and Management

Twenty Landrace and twenty Min (a native pig breed in the north-east of China) piglets,
with an average initial body weight of 22.9 kg for Landrace and 22.0 kg for Min piglets,
were randomly divided into 5 groups with 4 animals per group, within each of the breeds.
The animals were housed in individual concrete pens for a period of 17 days. This period
consisted of a 3 day adaptation period and a 14 day treatment peried. Each group of piglets
were fed one of the 5 diets. The feed was provided 3 times daily at 08:00, 11:30 and 16:00
h as wet mash with a feed:water ratio of 1:1. Water was available ad libitum in the troughs.
During the adaptation period, the feed allowance was adjusted to the appetite of each piglet
and this level of intake was then maintained during the experimental period. The pens were
cleaned twice a day to ensure that only the diet and water were ingested by the animals.

2.4. Collection of faeces, organ and tissue samples

Faeces were collected from 06:00 to 18:00 h on day 6, 7 and 8 of the treatment period.
After collection, the facces were immediately stored in a plastic bag in the freezer (-20 °C).
After the collection period, the faeces of each individual animal were pooled and sampled
for analyses.

On the day following the termination of the treatment period, three piglets were randomly
taken from ecach of the groups. After the animals were weighed, they were killed by
bleeding. The organs were removed quickly from the abdomen. The small and large
intestines, pancreas, liver, spleen, stomach and kidney were weighed after sampling the
tissue of the small and large intestine, The length of the small and large intestines were also
measured.

Samples of smail intestinal tissue were taken at 2 meters below the pyloric sphincter. For
the large intestine, the tissue was sampled at the apex of the spiral coil of the colon. After
being washed in saline, the samples were fixed in formalin for light microscopy, and in
2.5% glutaraldehyde solution for electronic microscopy.

2.5, Chemical analyses

The trypsin inhibitor activity of all soybean samples was determined according to the
modified procedure of Kakade et al. (1974) as described by Van Oort et al. (1989). Acid
insoluble ash (AIA) content of the diets and the faecal samples was determined according
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to the 4N-HC] insoluble method as described by Yang (1983). Nitrogen (N} was determined
by the Kjeldahl method, and the crude protein (CP) content was calculated as N*6.25. Dry
matter (DM), crude fibre (CF), ash (AS) and crude fat (EE) were determined, and N-free
extract (NFE)} was calculated according to conventional procedures (Yang, 1983).

2.6. Histological examination

For the light microscopy examination, the tissue samples of the intestines were cut into
serial sections of 6 um thickness. Successive sections were chosen and stained according
to conventional H.E.(haematoxylin and eosin) and PAS (periodic acid-schiff) reaction
procedures (Humason, 1967), respectively. General pathological examination and depth of
colon enteradon (DCE) were conducted on the sections stained with the H.E method. The
proportions of goblet cells in the epithelium (number of goblet cells/total number of cells
counted) of villus (PGV) and of crypts (PGC) were measured on the sections stained with
the PAS method.

Scanning electron microscopy and fransmission electron microscopy were conducted with
a HITACHI S570 and a HITACHI JEEM1-200, respectively, following the procedures as
described by Li and Wen (1990),

2.7.  Calculations and statistical analysis

The faecal digestibilities of dietary nutrients were calculated using the content of AIA (as
an indigestible marker) and the corresponding nutrients in the diets and faecal samples by
the following formula:

T (%) = 100-(b*c)/(a*d)*100
where T: digestibility of a nutrient (%6); a: the content of the nutrient in the diet (%); b: the
content of the nutrient in the faccal sample (%); c: AIA content of the diet (%); d: AIA

content of the faecal sample (%).

An analysis of variance was conducted for nutrient digestibilities, organ measurements and
histological examination data using the following model:

Ysjk=l-l+ai+bj+(a*b)aj+eijk
where Yy, individual observation; p: the expected mean; a;: the effect of diet i; by the

103



effect of breed j; (a*b);: the interaction between a; and b;; e the error term.
Linear correlation analysis was conducted between the relevant parameters. The software
of SAS (1989) was used in the statistical analysis.

3. Results and Discussion

3.1, Digestibility of dietary nutrients

For all groups of animals, except the Min piglets fed the control diet, the daily feed intake
was nearly the same (about 1065 g/day.animal) (Table 3). The diet nutrient digestibilities
are presentied in Tables 4 and 5. In Table 4, the digestibilities were compared between the
control diet and the soybean-containing diet (pooled data of all soybean—containing diets).
The digestibilities for dry matter (DM), fat (ether extract, EE), crude fibre (CF) and ash for
the soybean-containing diet were significantly (P<0.05) higher than those for control diet.
Crude protein (CP) digestibility of the soybean-containing diet was also higher than the
control diet, but not significantly so (P<0.10). The lower nutrient digestibilities of the
control diet were probably caused by the inclusion of corn distillers’ dried grains. Distillers’
grains have a considerably lower digestibility. This is probably related to the distillation at
high temperatures and the high concentration of ethyl alcohel. Its CP and gross energy
digestibilities in pigs are only 60-70% (Qin, 1988; Sibrits, 1981). The ash digestibility of
the control diet was extremely low, which can partially be explained by the relatively higher
level of dietary acid insoluble ash (as shown in Table 2).

DM, EE and CF digestibilities for Min piglets were significantly (P<0.05) higher than for
Landrace piglets. A significant interaction in CF digestibility was observed between pig
breed and diet. The digestibility of CF of the landrace piglets fed the control diet was
significantly (P<0.05) lower than that of the other treatments, This indicates that the source
of dietary fibre may influence difference in CF digestibility between pig breeds. The higher
digestibility values, especially the higher CF digestibility, of the Min pigs compared with
the Landrace pigs observed in the present study agree with the results reported by Han et
al. (1983).

In Table 5, nutrient digestibilities were compared between diets containing different
soybeans. The results show that steam-heating significantly (P<0.05) improved the
digestibilities of dietary DM, CP, EE and ash. The improvement of the digestibilities of
these nutrients may be related to the inactivation of soybean ANFs, becausc the

104



€01

(S0 0>d) Apueogiuls tapp 1dussiadng JUaa[IpP M UWINOD SWES 91 UT SUEIN ge

W0T°0>d,, ST SI9Ip US2MIQ 20UISLIP 201 JO aoUesIuSs AT !,
'§UBAQAOS Pa1Eay PUB mel ‘asauiy) pue aunuadsy WUIENd S|P S WOL BIEP PAL0od |

L8 O FT ol LY Nix3 LTl T8 (3=u) 1o1p [onuI0)
6'b8 &St £79 Z1Z 6LL o' 18 (zg=w) Jo1p Bhog
1151p Jo sueay

HAN 42 a4 usy +dD W
selnu Liegarp Jo Aqqnsafip o) uo supaqAos JeJ-[J0y JO UOISN[OUT JO 10OIJH b Q[9EL
TL01 9901 7901 7901 £66 WA
L901 #901 $901 1901 901 sorIpuR]
Passa00Id mey passanorg ATy [onuey) pasiq 814

SweaqAos IsIUIYD

sueaqdos aunuagry

(rewurue-Azp/8) ayeur paay Ajre( "€ 9198l




501

($0°0>d) Apueomudis Japnp jdaosiadns WWaJaIp Yiism %20[q SMWeS pUB ULIN{0I WIES Sy} UL SUBD |,

61'91 CL el 6L €L9 06'€ we ASIN 100d
1'z8 [88:14 699 LT W86L 78 s3id U
8'L8 SEr o’LS 96l 9L o' 6L sgid sovIpue

{gr=u) spearq Sid Jo suedy
L'88 (A 44 P £0T 598 €8 1291p ueaqAos passasoad asaumy)
808 6ty 6’05 08l 6'0L ol’LL P UB3qA0S MEI 5D
698 03t 609 t'9C 068 A 101p ueagfos passosoxd sunusdry
188 oLy 8779 00T V€L w6 6L 191p UBIQA0S MBI SUHUIEIY
:(g=1) sjaIp Jo SuBS|
688 09 8L ¥0C 1'98 1'v8 121p ueaqAos passasoxd asaulyDy
L'L8 LSh 9'¢s 881 ¢TL 8L 191p UB2QA0S MBI ISIUTYD
L'v8 {2 689 8T r8 1'v8 191p ueaqhos passasord sunusdry
L83 S 99 LAY FoL <18 191p UBaqA0s Mmul SUNUIITY
sEd Uiy
$'88 6Tk 0L zot 678 £78 WIp weaqLos passeoord asauty)
0'98 't £8P il £'69 L9L 10Ip uBaqLos mel 95U
1’68 L1y €L 5 4 218 £'Z8 191p ueaqhos passasoxd sunuLdry
VL8 iy 39 L9l 0L ¥'8L 191p UBagAOS mel JUUIBIY
:531d souwrpue
H{p=u “e1p/pasiq id) dnoad jusunean Jo suespy
44N 40 a4 usy d0 Wa

(AAN) 19enxs 220 uadonu pue (ID) QL Spnsd
“(39) 181 “yse () wmod spruad () 1oneu A1p Lreralp Jo AupqusaSip oy uo psalq 3id pue Fuissasord wiuo weaqAos Jo 10939 6 JqQRL




digestibilities of DM and CP were highly and negatively correlated to the dietary TIA
{Table 8). This was in agreement with the resuits reported by Nitsan and Nir (1986}, Qin
et al. (1996), Vandergrift et al. (1983} and Visser and Tolman (1993).

Soybean origin had no significant (P<0.05) effect on the digestibilities of nutrients.
However, there was a significant (P<0.05) interaction in EE digestibility between soybean
origin and heat-processing (Table 5). The EE digestibility of the diet containing raw
Chinese soybeans was 23.5 percentage units higher than the diet containing processed
Chinese soybeans. For Argentine soybeans, however, the heating did not improve the
digestibility of EE. It is possible that the properties and/or levels of ANFs relevant to EE
digestion are different between Argentine and Chinese soybeans.

32, Organ measurements

Data for organ measurements were compared between pig breeds, between diets and
between treatment groups (Table 6). The small intestine of Landrace pigs was significantly
(P<0.05) longer and heavier than that of Min pigs. For the large intestines, there were no
significant differences in the length and weight between the two breeds. The diet did not
have a statistically significant influence on the measurements of the intestines, but the small
intestinal weight varied considerably between diets (P<{0.25). The animals which consumed
the Chinese raw soybean diet, for example, had a clearly heavier small intestine than those
which consumed the other diets. A significant (P<0.05) interaction was observed between
pig breed and diet for small intestine weight. The small intestine of the Landrace pigs fed
the diets containing various soybeans were, in general, heavier than those of the Min pigs
consuming the same diets. For the animals fed the control diet, however, the results were
contradictory. No significant interactions between pig breed and diet were found for length
and weight of large intestine nor for length of the small intestine.

Similar results to those of the present study have been reported previously in the literature.
Enlargement of the small intestine of chicks, geese or rats was caused by feeding raw
soybeans (Nitsan and Nir, 1986), purified soybean lectin (Grant et al., 1987 and 1988) or
kidney bean (Phaseolus vulgaris) lectin (De Oliviera et al., 1988), Huisman et al. (1990a)
reported that the weight of the small intestine of piglets was increased by feeding raw
kidney beans (Phaseolus vulgaris) compared to feeding heated beans. According to Grant
et al. (1988), the enlargement or increased weight of the small intestine is mainly due to
the cellular proliferation caused by ingesting lectin. In the present study, the heaviest small
intestine was found in the animals fed the diet containing raw Chinese soybeans, indicating
that raw Chinese soybeans may contain a higher level of lectins. Moreover, Landrace piglets
were more sensitive to feeding diets containing both raw and processed soybeans. This can
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be seen in the increased small intestine weight of the Landrace piglets consuming various
soybeans.

Chinese native pig breeds normally have heavier intestines, especially the large intestine,
compared with Landrace (Zhao, 1989) and Large White pigs (Fevrier et al., 1988). The
results of the present study, however, do not agree with these previous observations. This
was possibly due to the higher sensitivity of the Landrace piglet to the ANFs of soybeans,
because the smatl intestines of Landrace piglets were heavier than those of the Min piglets
when fed the diets containing soybeans, but the opposite was observed when the control
diet was fed. The high and negative correlation coefficients of small intestine weight and/or
length to crude protein and crude fat digestibilities (Table 8), indicates that animals with
heavier small intestines did not digest or absorb dietary nutrients as well as those with
lighter small intestines. This suggests that the heavier small intestine of Landrace piglets
may have resulted from a pathological effect caused by soybean ANFs,

The relative weight of the intestines may be associated with the age and body weight of
animals (Duan, 1984). The large intestine may develop later in life. The great genetic
potential for large intestinal development of Min pigs had not been realized when these
animals were killed at a body weight of less than 30 kg in the present experiment. This is
another explanation for the difference in intestinal weights found in the present study
compared with previous reports (Zhao, 1989),

The pancreas weight of piglets was significantly (P<0.05) influenced by diet. The animals
fed the processed soybean-diets had a heavier (P<0.05) pancreas than those fed the control
and raw soybean-diets. Feeding raw soybeans, under-processed soybean products, or other
legume seeds such as Vicia faba, Pisum sativam and Phaseolus vulgaris beans causes
enlargement of the pancreas in rats, chicks, mice and geese due to the presence of trypsin
inhibitors in these ingredients (Liener et al., 1985; Nitsan and Nir, 1986; Huisman et al.,
1990a and b). For pigs, as well as for some other animals whose relative pancreatic weight
is normally below 0.3% of the body weight, ingesting soybean trypsin inhibitors may not
cause pancreatic hypertrophy (Yen et al., 1974). When the effect of feeding raw compared
with heat-processed Phaseolus vulgaris beans, it was found that the relative pancreatic
weight of the piglets fed the diets containing raw beans was lower (Huisman et al., 1990a;
Van der Poel et al., 1990a), or the same as that of the piglets fed the diets containing
processed beans (Huisman et al., 1990b). The heavier pancreas of the animals consurning
the diets containing treated soybeans in the present study, agreed with that reported in the
above mentioned literature. Pancreatic hypertrophy may be a adaptive mechanism to
overcome the depressive effects of trypsin inhibitors. The animals which can develop
pancreatic hypertrophy may adapt more easily to dietary protease inhibitors than those who
cannot develop this mechanism (Nitsan and Nir, 1986). An inability to develop pancreatic
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hypertrophy may be one of the explanations for the higher sensitivity of piglets to legume
ANFs compared with rats and chicks. In the present study, the high and positive
correlations between pancreas weight and protein (P<0.01) or crude fat (P<(.01)
digestibilities, and high and negative correlation between pancreas weight and dietary TIA
{P<0.01) were observed (Table 8). This indicates that the decreased nutrient digestibilities
of the diets containing raw soybeans resulted from both the inhibition of digestive enzymes
and from the lack of compensative enzyme production by the pancreas.

Landrace piglets had significantly (P<0.05) heavier kidney and lighter spleen than Min
piglets. The weights of liver and stomach were not significantly different between the pig
breeds (Table 6). However, diet treatment had a significant (P<0.05) influence on stomach
and kidney weights, though not on liver and spleen weights. The stomachs of the animals
fed the diets containing raw soybeans were heavier than those of the animals fed the diets
containing processed soybeans. The correlation coefficient showed that stomach weight was
negatively correlated to the digestibility of CP (P<0.05). This means that the increased
stomach weight was associated with soybean ANFs. It remains to be studied whether the
increased stomach weight was due to a increased secretion caused by ANFs or by other
means of the actions of the ANFs,

The processing and origin of soybeans did not evidently influence the kidney weight.
However, higher correlations between kidney weight and small intestinal length (P<0.01)
or weight (P<0.01) were observed. This indicates that the enlargement of the small intestine
may be accompanied by an enlargement of the kidneys. It is possible that the animals with
heavier and/or longer small intestine may be different from other animals in the
composition (such as nitrogen) or amount of their urine, which subsequently influence their
kidney weight.

3.3, Histological observations

The status of the small intestinal epithelial mucosa of the piglets varied among the treatment
groups from normal, in the animals fed the control diet, to seriously damaged in the animals
fed the diet containing raw Chinese soybeans. In the light micrographs (Figure 1) and
electron scanning micrographs (Figure 2), it can be seen that the upper part of the villi of
the piglets fed the diet containing raw Chinese soybeans were seriously damaged. The cells
at the top of the villi are sloughed off in these animals, The sloughing off was more serious
in Landrace piglets than in Min piglets (see Figures 1 and 2). The damage of the villi was
possibly due to lectins in the soybeans. [t was reported that soybean lectins bind mainly to
the mature cells on the upper part of the viili and may lead to extensive damage of the cells
{Pusztai, 1988). In the transmission electron micrographs of small intestine epithelial cells
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of the animals fed the diet containing raw Chinese soybeans, many vesicles were observed
between the microvilli. No vesicles were found in that of the animals fed the control diet
(Figure 3). It has been reported that higher numbers of microvillus vesicles are formed in
the explants of the pig small intestine mucosa cultured in the presence of air classified
common bean (Phaseoius vulgaris L.) fraction (Van der Poel et al., 1990), or cultured in
the presence of purified Phaseolus vulgaris lectin than in that of control animals (Kik et al.,
1991). Similar vesicles were also observed in the epithelial cells of rats (King et al., 1982)

Table 7. Proportions (%) of goblet cells in villi (PGV) and crypts (PGC) of small
intestine and depth of colon enteraden (DCE)

PGV(%) PGC(%)  DCE(um)

Means of treatmment groups (pig breed/diet, n=3):

Landrace/ArR 8.23 23.47 403.78
Landrace/ArP 10.20 25.07 433.16
Landrace/ChR 8.53 23.83 429.73
Landrace/ChP 10.05 28.03 452.41
Landrace/Control 7.13 21.77 389.52
Min/ArR 11.37 24.10 353.78
Min/ArP 9.25 23.80 372.34
Min/ChR 10.03 21.47 328.18
Min/ChP 8.07 25.13 343.81
Min/Control 6.33 14.67 384.71

Means of Diets (n=6):

AR 9.80 23.78 378.78
ArP 9.82 24.56 402.75
ChR 9.28 22.65 378.95
ChP 3.86 26.58 398.11
Control 6.73 18.22 387.11

Means of pig breeds (n=15):

Landrace 8.74 2443 421.72*
Min 8.99 21.69 356.56°
Root SME 2.13 5.04 36.01

Means in the same column and same block with different superscript differ significantty (P<0.05).
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Figure 1. Light microphotograph ( X 32 ) of small intestinal epithelial mucosa of piglet. A:
Landrace piglet fed on control diet, B: Min piglet fed on control diet; C: Landrace piglet
fed on raw Chinese soybean diet; D: Min piglet fed on raw Chinese soybean diet.
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Figure 2. Scanning electron microphotograph of small intestinal epitheiial mucosa of piglet
A: Landrace piglet fed on control diet; B: Min piglet fed on control diet; C: Landrace piglet
fed on raw Chinese soybean diet; D: Min piglet fed on raw Chinese soybean diet.
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Figure 3. Transmission electron microphotograph ( X 12000 ) of small intestinal epithelial
cell of piglet. A: Landrace piglet fed on control diet: B: Min piglet fed on control diet; C:
Landrace piglet fed on raw Chinese soybean diet; D: Min piglet fed on raw Chinese
soybean diet.
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and Caco-2 cells of humans {Hendriks et al., 1991) after exposure to lectin. The presence
of these vesicles probably reflects an increased turnover of the microvillus membrane
according to Hendriks et al. (1991). The mechanism involved in the development of the
vesicles is not clear.

Table 8. Correlation coeflicients between relevant parameters
Correlation coefficient probability(P<)

D-DM vs TIA -0.991 0.01
D-CP vs TIA -0.981 0.01
D-CP vs SIL -0.593 0.01
D-CP vs PANW (.495 0.01
D-CP vs STOMW -0.372 0.05
D-CP Vs SIW -0.332 0.10
D-CF vs PGC -0.493 0.01
D-CF vs LIL 0.498 0.01
D-EE vs SIL -0.576 0.01
D-EE vs PANW 0.415 0.01
D-EE vs SIW -0.480 0.1
D-ash vs PGC -0.569 .01
TIA vs PANW -0.952 0.01
SIL vs PANW -0.360 0.05
SIL vs SPLW -0.567 0.01
SIL vs KIDW 0.506 0.01
SIL vs DCE 0.485 0.01
LIL vs PGV -0.397 0.05
LIL vs PGC -0.417 0.05
SIW vs SPLW -0.588 0.01
SIW vs KIDW 0.759 0.01
SIW vs DCE 0.545 0.01

*: TIA: trypsin inhibitor activity; SIL: small intestinal length; PANW: pancreas weight; STOMW: stomach weight;
PGC: proportion of goblet cell in crypts of small intestine; LIL: large intestinal length; SIW: smalt intestinal
weight; SPLW: spleen weight; KIDW: kidney weight; DCE: depth of colon enteraden; PGV: proportion of goblet
cell in villi of small intestine; D-DM, D-CP, D-CF, D-EE and D-ash are the digestibility coefficient of dietary DM,
CP, CF, EE and ash.
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The proportion of goblet cells in the villi (PGV) and crypts (PGC) did not differ
significantly between pig breeds, but the PGC of Min piglets tended to be higher than that
of Landrace piglets (P<0.16). The PGV and PGC of the piglets on the control diet was
clearly lower than those of the animals on both the diets with raw and with processed
soybeans (P<0.12 and P<0.10, respectively). Interaction between pig breed and diet was not
significant for PGV and PGC (Table 7). The increased PGV and PGC in the piglets fed the
soybean diets may have been associated with the production of more mucus on the
intestinal mucosal surface (Kik et al., 1988), which is a possible response of the animals
to soybean diets. The negative correlation coefficients of PGV and PGC with large
intestinal length, and of PGC with digestibilities of crude fibre and ash (Table 8), suggest
that increased PGC and PGV, by secreting more mucous, probably shortened the residence
time of the digesta inside the digestive tract, especially in the hind-gut since the digestion
of fibre and absorbtion of minerals occurs mainly in the large intestine. The increased
secretion of mucous and the rapid passage of digesta may be part of the mechanism of
diarthoea caused by feeding soya products to piglets, The similarity in PGV and PGC
between the animals consuming raw and processed soybean diets indicates that the
increased number of goblet cells in the intestinal epithelium may have resulted from some
heat-stable factors in soybeans.

Landrace piglets had significantly (P<0.05) deeper colon enteraden (DCE) than Min piglets.
There were no evident differences between diets in the DCE, The data of various treatment
groups showed that when animals were fed the control diet there was almost no difference
between pig breeds in DCE, although Landrace piglets fed any soybean diet showed deeper
colon enteraden than Min piglets. The interaction between pig breed and diet for DCE
{P<0.13) showed that Landrace piglets were more sensitive 0 soybean diets in DCE than
Min piglets. It was also found that the animals with longer and/or heavier small intestines
had deeper colon enteraden. The correlation coefficients between DCE and length or weight
of small intestines are shown in Table 8.

4, Conclusion

The results of the present study show that the digestibilities of dietary dry matter, crude
protein, crude fat, crude fibre, ash and N-free extract are generally higher in Min piglets
than in Landrace piglets at a body weight of about 30 kg. Landrace piglets have a longer
and heavier small intestine, heavier kidneys, deeper colon enteraden and a smaller spleen
than Min piglets, when fed the same diet containing full-fat soybeans. The significant
differences in nutrient digestibilitics and in organ measurements between animals fed
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different diets show that steam-heating can effectively improve the feeding value of the full-
fat soybeans. Furthermore, raw Chinese soybeans may have more deleterious effects on
nutrient digestibilities and animal health than raw Argentine soybeans. The interaction
between the pig breed and dietary composition on organ measurements and histological
exaninations demonstrates that Landrace piglets are more sensitive than Min piglets to raw
soybean diets. The proper processing of full-fat soybeans is more important in the feeding
for Landrace pigs than for Min pigs.

The digestibilities of dietary dry matter and crude protein, and pancreas weight were highly
and negatively correlated to the dietary TIA level. Ingesting a raw soybean diet may cause
a decrease in pancreas weight and an increase in the length and weight of the small
intestine, Based on the correlation analysis, crude protein and fat digestibility reduction is
accompanied by a decrease in pancreas weight and an increase in length and weight of the
small intestine.
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Chapter 8

General discussion

1. Introduction

Soybeans contain high levels of energy and protein. They arc considered to be a highly
valuable feedstuff. Full-fat soybeans have been used on a large scale in feed compounding
industry throughout the world (Leysen, 1991; Monari, 1993). However, antinutritional
factors (ANFs) in soybeans as well as in other legume seeds limit their feeding value for
animals. Therefore, a lot of research on soybean processing has been carried out with the
objective of eliminating ANFs. In resent years, increased amounts of full-fat soybeans are
also being used in animal feed in China. However, information concerning the
antinutritional pature of ANFs in Chinese soybeans, and optimal processing procedure
specifically for Chinese soybeans are still needed.

The results of previous literature show that the ANFs in soybeans can be inactivated to
various extents by means of physical, chemical or biclogical treatments (Chapter 2).
Pressurized steam heating was found to be one of the most effective (Liener, 1993) and
economical (Houdijk et al., 1992) methods. Consequently, steam heating was chosen for the
studies described in this thesis.

Previous research has demonstrated that the activities of ANFs (trypsin inhibitor activities,
TIA) vary greatly among different cultivars (or varicties) of soybeans (Chapter 2). The
residual TIA in processed soybeans is associated with the TIA level in the raw beans
(Friedman et al., 1991). Consequently, a similar processing procedure may cause different
results for different origins of soybeans. On the other hand, the chemical composition of
soybeans may also influence the processing results. For example, Maillard reactions can
occur at certain heat processing conditions, in which lysine and reducing sugars combine
together and form non-utilizable products (Erbersdobler, 1977). Thus, the quality and
quantity of carbohydrates of the soybeans may affect the protein quality of the processed
soybeans. Therefore, a specific soybean origin may also need a specific processing
condition.

The antinutritive effect of ANFs is not a feature of ANFs themselves. In fact, it is the result
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of the "interaction" between the feed and the animals consuming the feed. The deleterious
effects of soybean ANFs may vary greatly either among products processed differently and
among different soybean origins {(Chapter 2), or among animal species (Nitsan and Nir,
1986), among animal physiological states (Herkelman and Cromwell, 1990; Marty and
Chavez, 1993) and even among individuals (Goihl, 1990; Qin et al., 1996). Therefore, the
antinutritive effects of soybean ANFs need to be evalvated by an approach which takes into
account both animal factors and soybean origin.

In the research described in this thesis, the processing effects of different processing
conditions were compared between soybean origins and between pig breeds, with the aim
of providing knowledge and evidence for the optimal processing of specific soybeans for
specific pig breed.

2. Variation of TIA among soybean origins

Trypsin inhibitors (TT), the most antinutritive factors of soybeans (Rackis et al., 1986), are
proteins. The presence and characteristics of these proteins in the soybeans seeds depend
on specific genes. The variation of the genotype among soybean cultivars results in the
variation of TIA between the soybean origins. The genetic patterns of soybean TI has
already been clarified (Chapter 2), which provides an opportmity for eliminating TI by a
plant breeding approach. In USA, a new low TI soybean variety has been successfully
developed. The TIA of this variety was only 50% of that of conventional variety. Therefore,
plant breeding seems to be an effective way of eliminating soybean ANFs. However, the
reduction of ANFs may affect the natural defence abilities of soybeans because these factors
play important roles in the defence mechanism of legumes against insect and microbial
predation (Licner, 1989).

According to Liu et al. (1994), the distribution of soybean TI genotype follows certain
geographical patterns. This indicates that TIA of soybeans may be related to the
geographical region in which the soybeans are produced. It was also reported that TI
concentration varies with the maturation phases of soybeans (McGrain et al., 1992).
Consequently, the variation of climate between production years may influence the
maturation of soybeans, and subsequently, influence their TIA level. Summarizing the
findings of previous work (Chapter 2) it can be said that the ANFs of soybeans may vary
with cultivars, geographical growing regtons or producing vears. For example, the TIA
(234 mg/g) of the Argentine soybeans (purchased in 1992) used in the experiment of
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Chapter 4 are different from those (15.2 mg/g) described in the Chapters 5, 6 and 7
(purchased in 1994) . In the following text, the Argentine soybeans are referred to as those
purchased in 1994. The Chinese soybeans used in all experiments described in this thesis
were from the same batch.

In the experiment described in Chapter 5, a large difference was observed between
Argentine and Chinese soybeans with regarding to their TIA. The TIA (20.6 mg/g) of
Chinese soybeans used in the present studies belongs to a middle level compared with the
results of various soybeans reported in literature (Chapter 2), but, it is higher than that (15.2
mg/g) of the Argenline soybeans. This difference was probably due to one or some of the
factors alrcady mentioned.

3. Responses of different soybean origins to heat processing

Steam toasting can effectively improve the nutritive value of full-fat soybeans as evaluated
with laboratory analysis and animal trials as described in this thesis (Chapter 4, 5, 6 and
7). When soybeans were heated at a given temperature, the TIA and protein dispersibility
index (PDI) of the processed beans generally decreased in a logarithmic pattern with
prolongation of heating time. However, There were some differences in the patterns
between the soybean of different origins studied in the present research (Chapter 5). With
respect to the inactivation of TI, the TIA of Argentine soybeans decreased more rapidly
with heating time than the Chinese soybeans. Therefore, Chinese soybeans, with a high TIA
in the raw beans, probably need more severe processing conditions than the Argentine
soybeans to reduce TIA to a safe level. This was in agreement with the results reported by
Friedman et al. (1991). They concluded that more energy was needed to inactivate TI for
the soybean cultivar having high levels of TI than that having low level of TI. PDI, as an
indicator of protein denaturation (Van der Poel et al., 1990) also decreased more rapidly for
Argentine soybeans than for Chinese soybeans under different treatment condition. This
indicates that the proteins of Argentine soybeans may be more easily denatured by steam
heating than those of Chinese soybeans.

Different treatment conditions may be needed to inactivate different ANFs. For instance,
lecting are more sensitive to increasing temperature than TI (Chapter 4). Lectins could be
inactivated within a short time when heated above 120 °C {Chapter 4). It is possible that
soybeans with a high levels of lectins may need a high temperature/short time treatment.
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The differences between soybean origins were further demonstrated in the animal trials
(Chapter 6 and 7). The digestibilities of dry matter (DM), crude protein (CP) and fat of the
diets containing raw Chinese soybeans were lower than those of the diets containing
Argentine soybeans (Chapter 7). The results of Chapter 6 showed that the Chinese soybeans
heated at 100 °C/40 min., 118 °C/5 min. and 136 °C/1.5 min. had a lower CP digestibility
than the Argentine soybeans heated under corresponding conditions. In terms of the protein
biological value (PBV, retained-nitrogen/absorbed-nitrogen) and net protein utilization
(NPU, retained-nitrogen/ingested-nitrogen), the best result for Argentine soybeans were
obtained by low temperature/long time (100 °C/40 min.) processing; for the Chinese
soybeans, the best effect was found in the beans processed at high temperature/short time
(136 °C/1.5 min.) condition. The higher PBV and NPU of the Chinese soybeans processed
at 136 °C for 1.5 min. was probably related to the less denatured protein because the PDI
of the Chinese soybeans treated at this condition was higher than that for the Argentine
soybeans treated under the same conditions (13.0 vs 9.7%) (Chapter 5).

According to the results of Chapter 6 and 7, heat processing can not only improve the
digestibility and the utilization of protein, but also improve the digestibility of fat. The
improvement of fat digestibility, however, was different between Argentine and Chinese
soybeans. Significant interactions between soybean origin and processing condition in fat
digestibility have been described in the relevant chapters. In Chapter 7, the fat digestibility
of the diets with raw Chinese soybeans was much lower than that of the diets with raw
Argentine soybeans (50.9 vs 62.8%). After being processed, however, the fat digestibility
for the Chinesc soybean diet was much higher than for the Argentine soybean diet (74.4
vs 60.9%). In Chapter 6, the fat digestibility of soybeans determined by deference method
showed that the optimal processing condition for improvement of the fat digestion differed
between the soybeans of different origins. The highest digestibility of fat for Argentine
soybeans was found in those heated at 100 °C/40 min.; for Chinese soybeans was those
heated at 136 °C/1.5 min.. The interaction between soybean origin and processing condition
in fat digestion indicates that some ANFs in the soybeans may be directly and/or indirectly
involved in the digestion of fat. The levels and/or natures of these ANFs and other factors
may differ between the two origins of the soybeans studied in this project. The relationship
between fat digestion and soybean ANFs needs to be studied further.

With respect to the CP and fat digestibilities, and the NPU value, 100 °C/40} min. (low
temperature/long time) processing was optimal for the Argentine soybeans; while 136 °C/1.5
min. (high temperature/short time) was the best treatment condition for the Chinese
soybeans.
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Soybean ANFs not only influence digestibility and utilization of nutrients, but also cause
some pathological change in relevant organs of the animals. The results of the experiment
described in Chapter 7 showed that the animals fed the diet with raw Chinese soybeans had
a heavier small intestine and a lighter pancreas than those fed the diet with raw Argentine
sovbeans as measured by g per kg live body weight. The light and electron microscopy
examinations showed that feeding the raw Chinese soybean diet caused more pathological
change to intestinal mucosa than feeding the raw Argentine soybean diet. After the
soybeans of both the origins were steamn-heated at 118 °C/7.5 min., however, the differences
in the weights of pancreas and small intestine disappeared between the two soybean origins.
This implies that the quality of the Chinese soybeans was improved relatively more by the
processing at this condition compared with the Argentine soybeans. Compared with raw
soybean diets, the processed soybean diets decreased the small intestine weight by 9.0 and
0.8%, respectively, for Chinese and Argentine origin.

In Chapters 4, 6 and 7, Correlations have been derived between in vivo (animal tnial} and
in vivo (laboratory analysis) measurements. Some of the laboratory in vifro measurements,
such as TIA, were highly correlated to the data obtained in animal trials, This indicates that
the laboratory analytic data can be considered as effective tools for evaluating the quality
of heat processed soybean products,

4. Responses of different pig breeds to soybean ANFs

The literature review (Chapter 3) concluded that there are considerable variations in
digestion capacity among the breeds or genotypes of pigs. Fevrier et al. (1988) and Han et
al. (1983) reported that Chinese native pig breeds (Meishan and Min pig), have a higher
tolerance to dietary fibre level than Western pig breeds (Large White and Landrace pigs).
In the experiment described in Chapter 7, it was also shown that there are differences
between Landrace and Min (a native pig breed in north-east of China) pig breeds, in their
dictary nutrient digestibilities and the length and weight of the small intestine. The
digestibilities of dietary DM, CP and fat in Min pigs were higher than that in Landrace
pigs. The small intestine of Landrace pigs, however, was longer and heavier than that of
Min pigs. The heavier small intestine of Landrace pigs probably resulted from the higher
sensitivity of Landrace pigs to soybean ANFs because there was a significant interaction
between pig breed and diet in small intestine weight; the Landrace pigs fed diets containing
soybeans had heavier small intestine than others. Lectins are considered to be the main
component of the soybean ANFs which may be responsible for the enlargement of the small
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intestine (Grant et al., 1988). Probably, selection in pigs for increasing performance may
have reduced their adaptability to ANFs, It may also mean that pigs should be selected for
the characteristic of being less sensitive to feed ANFs.

The light and electron microscopy observations also showed that the pathological effects
of soybean ANFs on the gut wall may differ between pig breeds. The ANFs are more
deleterious to Landrace pigs than to Min pigs. The villi of the small intestinal mucosa of
Landrace pigs were more seriously damaged by feeding the diet containing raw Chinese
soybeans than those of Min pigs. It seems that processing is more important for Landrace
pigs than for Min pigs when full-fat soybeans are to be used in the diet for young pigs.

5. Conclusion

According to the literature studies and the experimental results present in this thesis, the
following conclusions can be drawn;

The TIA levels in soybeans vary greatly between soybeans of different origins. There were
obvious differences in the levels of TIA and PDI between the raw Chinese and raw
Argentine soybeans studied in the present experiments, Generally, TIA and PDI decreased
with longer duration of heating at a given temperature in the soybeans of both origins.
Soybeans from different origins, however, responded differently to heat processing. The
residual levels of TIA and PDI in the Chinese soybeans were higher than that of Argentine
soybeans when both type of soybeans were heated under the same conditions (except under
the too severe heating conditions). Based on the improvement on N and fat digestibilitics
and NPU, the best processing condition for Argentine soybeans was low temperature/long
time, and for the Chinese soybeans high temperature/short time. Processing influenced fat
digestion more obviously for the Chinese soybeans than for the Argentine soybeans.

Digestive capacity is different between these breeds of pig. There were clear differences
between the Landrace and Min pigs in response to soybean ANFs. With respect to intestinal
enlargement and histological examinations, feeding raw soybean diets caused more severe
pathological change to Landrace pigs than to Min pigs. Soybean heat processing is thus
more important when they are to be used in the diets for Landrace pigs than for Min pigs.

6. Future research
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In the present studies, described in this thesis, only two soybean origins and two pig breeds
were compared using a limited number of parameters. The questions relevant to the
differences between soybean origins and between pig breeds in relation to the ANFs have
not been fully answered yet. The following aspects of research need to be conducted in the
future:

1. To draw full profiles for ANFs of different origins of soybeans.
2. To definite the relations between ANFs profile and the response to heat processing.

3 To definite the variations in response to soybean ANFs among breeds, among
physiological status of pigs.

4, To explain the differences between different pigs (breeds, genotypes or ages cie.)
reponse to ANFs, both physiologically and biochemically.

3. To create guides for optimal utilization of different soybeans and different pig herds.
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Summary

Soybeans (Glycine max) have high nutritional value for domestic animals, due to their
protein and energy contents. The feeding effects of full-fat soybeans for non-ruminant and
immature ruminant anirnals, however, are limited by the presence of some antinutritional
factors (ANFs). Therefore, processing is needed to inactivate these ANFs before the
soybeans arc used to feed animals. The nature and levels of ANFs may be quite variable
between soybeans of different origin, and this can influence the effects of soybean
processing. Thus, a similar processing procedure may result in different effects for different
soybean origins.

It has been reported that there are differences in the digestive capacity between pig breeds.
But, it was not clear whether the responses to soybean ANFs also differ between pig breeds

or genotypes.

If soybeans of different origins respond differently to processing, and different pig breeds
have different tolerances to dietary ANFs, it is of great importance to establish optimal
processing procedures for a specific soybean origin and for a specific pig herd. The
objectives of the present studies were to investigate the potential differences between
soybean origins in response to heat processing, and the differences between pig breeds in
response to dietary soybean treatments.

In Chapter 2, the literature on ANFs of different soybean and soybean products, and on the
use of full-fat soybeans in pig diets is reviewed. It is shown that the ANFs (particularly
trypsin inhibitor activity, TTIA) vary greatly among different soybean origins and soybean
products. Literature also shows that there exists a large variation among the physiological
stages of pigs in tolerating dietary soybean ANFs. The ability to tolerate soybean ANFs
increases with the age of animals. Pregnant sows can tolerate higher dietary levels of raw
soybeans than lactating sows.

The weight and/or the size of digestive organs, and dietary nuirtent digestibilities vary
among breeds or genotypes of pigs according to the results from the literature (Chapter 3).
For example, Chinese native pig breeds can tolerate higher levels of dietary fibre than
Western pig breeds.

Argentine and Chinese commetcial soybeans were used for the present studies. The TIA
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for Argentine and Chinese soybeans were 15.2 and 20.6 mg/g, respectively. The two origins
of soybeans were steam-heated under various conditions (temperature and time
combinations). The heating effects on the two soybean origins were evaluated by both
kinetic studies and animal trials. In kinetic studies (Chapter 4 and 5), the TIA and protein
dispersibility index (PDI) of the soybeans from both Argentine and Chinese origin
decreased in a logarithmic pattern with prolongation of heating time when they were heated
at a given temperature. The TLA and PDI of the Chinese soybeans processed under various
conditions, however, were higher than that of the Argentine soybeans processed under the
same conditions.

In the digestion and balance trials, it was found that the digestibilities of dry matter (DM),
crude protein (CP) and fat of the diet containing raw Chinese soybeans were lower than that
containing raw Argentine soybeans (Chapter 7). The CP digestibility of the Chinese
soybeans heated at 100 °C/40 min., 118 °C/5 min. and 136 °C/1.5 min. was also lower
compared with the Argentine soybeans heated under the corresponding conditions (Chapter
6). The highest protein biological value (PBV) and net protein utilization (NPU)} were
obtained at the heating condition of 100 °C/40 min. for Argentine soybeans, and 136 °C/1.5
min. for Chinese soybeans. The CP digestibility and NPU of soybeans were correlated with
their TIA (R=-0.8118; P<0.03).

Processing can also improve the fat digestibilities of soybeans (Chapter 6) and of the diet
containing soybeans (Chapter 7). The effect of processing on the improvement of fat
digestion, however, is different between Argentine and Chinese soybeans. A significant
(P<0.05) interaction was found between soybean origin and processing condition (Chapter
6 and 7). In Chapter 7, the fat digestibility of the diet with raw Chinese soybeans was much
lower than that of the diet with raw Argentine soybeans (50.9 vs 62.8%). After the
soybeans of the two origins were processed at 118 °C/7.5 min. however, the fat digestibility
of the Chinese soybean diet was much higher than for the Argentine soybean diet (74.4 vs
60.9%). In Chapter 6, the fat digestibility of soybeans determined by difference method
showed that the optimal processing condition for improving fat digestion differs with
soybean origin. The highest digestibility of fat for Argentine soybeans was found in those
heated at 100 “C/40 min.; for Chinese soybeans in those heated at 136 °C/1.5 min..

Feeding raw soybean diets may cause pathological changes in some organs of piglets
(Chapter 7). The extent of the pathological changes varied with the soybean origin, The pigs
fed the diet with raw Chinese soybeans had a heavier small intestine while pancreas weight
was decreased compared to those fed the diet with raw Argentine soybeans as measured as
g per kg live-weight. The light and electron microscopy examinations showed that the
intestinal mucosa is more severely damaged in animals fed raw Chinese soybean diet than
for those fed raw Argentine soybeans.
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The comparison made between different pig breeds (Landrace and Min pig) indicated that
the digestibilities of dietary DM, CP and fat in Min pigs (a native pig breed in north-east
China) were higher than in Landrace pigs. When the two breeds of pigs were fed on the
diets containing soybeans of any origin, the small intestine of Landrace pigs, however, was
longer and heavier than that of Min pigs. Histological examination also showed that the villi
of the small intestinal mucosa of Landrace pigs were more seriously damaged by feeding
the raw Chinese soybean diet compared with that of Min pigs.

It is concluded that the ANFs, at least TIA, in soybeans vary greatly among soybean
origins; Chinese soybeans have higher levels of TIA and PDI than Argentine soybeans as
studied in the present experiments. TIA and PDI decrease with longer duration of heating
at a given temperature in both Argentine and Chinese soybeans. The residual level of TIA
and PDI in the processed Chinese soybeans are higher than that of the Argentine soybeans
processed under the same conditions (except at the extreme heating conditions). The best
improvement of N and fat digestibilities and net protein utilization (NPU) is obtained at the
heating condition of low temperature/long time (100 °C/40 min.) for Argentine soybeans
and high temperature/short time (136 °C/1.5 min.) for Chinese soybeans. With respect to
intestinal enlargement and histological examination, raw soybean diet can have a more
deleterious influence on Landrace than on Min pigs. Thus, soybean heat processing is more
important for the Landrace than for the Min pigs when the soybeans are to be used in the
diets of these animals.
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SAMENVATTING

Sojabonen (Glycine max) hebben een hoge voedingswaarde voor mensen en
landbouwhuisdieren. Ze hebben een hoge waarde als bron voor aminozuren en zijn ook
energierijk. Er zijn echter een aantal bezwaren aan het gebruik van volvette sojabonen in
rantsoenen voor niet-herkauwers. Deze nadelen hebben te maken met de aanwezigheid van
faktoren die een antinutritionele activiteit (ANF) hebben, Het is daarom nodig dat de ANF’s
in de bonen geinactiveerd worden, voordat de sojabonen in het voer voor bovengenoemde
dieren kunnen worden opgenomen. Uit de literatuur is gebleken dat de aard en niveau’s van
deze ANF’s tussen sojabonen van verschillende herkomst erg kunnen variéren. Het is
daarom te verwachten dat het effect van procestechnologie om ANF’s onschadelijk te
maken ook kan variéren, athankelijk van de herkomst van de verschillende soja’s. Dat
betekent dus dat een bepaalde technologische behandeling afhankelijk van soja-herkomst,
een verschillend effekt kan hebben.

Uit de literatuur blijkt dat de verteringscapaciteiten van varkens van verschillende rassen
niet gelijk is. Dit betreft verschillen tussen chinese en westerse varkensrassen bij opname
van een rantsoen met een hoog ruwe celstof aandeel. Vanuit deze gedachtengang is de
hypothese geformuleerd dat de responses van jonge varkens van verschillende rassen op
ANF’s in soja niet gelijk zijn. Ook kan verondersteld worden dat ANF’s in verschillende
sojarassen verschillend zullen reageren op technologische behandelingen. De combinatie van
soja’s van verschillende herkornst met verschillende varkensrassen leidt er wellicht toe dat
er een verschillend proces optimum is voor sojarassen, afhankelijk van het varkensras voor
welke het bedoeld is.

De doelstellingen van het onderzoek in dit proefschrift waren dan ook:

* Bepalen van het effekt van technologische behandeling van soja van Argentijnse en
Chinese herkomst.
* Bepalen van de reactie van Chinese Min varkens (een ras uit Noord-Qost China) en

van Landras varkens op rauwe en behandelde bonen.

In Hoofdstuk 2 is de literatuur over ANF-gehalten in sojabonen en sojaprodukten van
verschillende herkomst gereviewed. Verder is ook het gebruik van volvette sojabonen in de
varkensvoeding bestudeerd. Uit de literatuur blijkt dat er tussen verschillende soja
herkomsten een zeer groot verschil is in gehalte aan ANF’s. Speciaal is dit het geval voor
de trypsine inhibitor activiteit (TIA). De literatuur geeft ook aan dat er een grote variatie
is in reactie van varkens op ANF’s, afhankelijk van de fysiologische ontwikkeling van het
dier. Het vermogen om ANF’s te “tolereren’ neemt toe met de leeftijd. Verder is het ook
zo dat drachtige zeugen hogere niveau’s tolereren dan lacterende zeugen. Wellicht door het
lagere voederniveau. In de literatuur worden verschillen tussen gewicht en/of afmeting van
vooral de verteringsorganen tussen verschillende rassen of genotypen van varkens
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gerapporteerd (Hoofdstuk 3). Chinese varkensrassen tolereren hogere niveau’s aan ruwe
celstof in het rantsoen dan westerse rassen.

In het huidige onderzoek werden Argentijnse en Chinese commerciéle partijen sojabonen
gebruikt. De TIA gehalten waren voor deze sojapartijen 135.2 en 20.6 mg/g, respectievelijk.
Beide partijen werden blootgesteld aan hete stoom in verschillende combinaties van
temperatuur en duur van behandeling. De effekten van deze hittebehandelingen op het TIA-
gehalte werden geévalueerd in zowel ’kinetische’ studies als in dierproeven.

In de kinetische studies (Hoofdstuk 4 en 5) werden TIA en PDI (Protein Dispersibility
Index) bestudeerd. Beide kenmerken (gehalten) namen bij zowel Argentijnse als Chinese
sojabonen logaritmisch af met een toename in de duur van behandeling bij een gegeven
temperatuur. De overblijvende niveau’s van TIA en PDI van de Chinese sojabonen waren
bij elke procesconditie steeds hoger dan van de Argentijnse sojabonen.

In de verteringsproeven en balansstudies werd gevonden dat de verteerbaarheden van droge
stof, ruw eiwit en vet van een rantsoen met rauwe {(onbehandelde) Chinese bonen lager
waren dan van een rantsoen met rauwe Argentijnse bonen (Hoofdstuk 7). Ook bij de gelijk
behandelde sojabonen was de ruw ¢iwit verteerbaarheid in een rantsoen met Chinese bonen
die bij 100°C/40 min., 118°C/5 min. en 136°C/1,5 min. behandeld waren lager dan wanneer
de bonen van Argentijnse herkomst waren (Hoofdstuk 6). De hoogste biologische waarde
(PBV) en eiwitbenutting werd voor rantsoenen met Argentijnse bonen gevonden na
behandeling bij 100°C/40 min. en voor de Chinese bonen na behandeling bij 136°C/1,5 min.
Het was ook duidelijk dat eiwitvertcerbaarheid negatief gecorreleerd was met TIA (R = -
0.8; P <0.05).

Technologisch behandelen kan ook vetverteerbaarheid van sojabonen beinvlceden
{(Hoofdstuk 6) en van rantsoenen met sojabonen (Hoofdstuk 7). Het effekt bij Argentijnse
en Chinese soja is echter niet gelijk. Er was duidelijk sprake van een interactie (P <0.05)
tussen oorsprong van de soja en technologische behandeling (Hoofdstuk 6 en 7). De
schijnbare vertering van vel in een rantsoen met rauwe Chinese soja was veel lager (50.9%)
dan van een rantsoen met rauwe Argentijnse bonen (62.8%). Na behandeling bij 118°C/7,5
min., was het effect omgekeerd. Vetverteerbaarheid was nu 74.7% voor het rantsoen met
Chinese bonen en 60.9% voor het rantsoen met Argentijnse bonen. Deze resultaten laten
duidelijk zien dat voor deze twee soja herkomsten en wellicht ook voor andere soja
herkomsten verschillende optimale procescondities nodig zijn. In onze studie was dit
100°C/40 min, voor Argentijnse sojabonen en 136°C/1,5 min voor Chinese sojabonen.

Het voeren van rauwe sojabonen kan pathologische veranderingen teweeg brengen in
sominige organen van biggen (Hoofdstuk 7). De mate van veranderingen varieerde echter
met de herkomst van de soja in het rantsoen. Varkens gevoerd met rauwe Chinese soja
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hadden een zwaardere dunne darm (g/kg lichaamsgewicht), terwijl de pancreas verkleind
was vergeleken met de varkens die rauwe Argentijnse soja aten. Microscopisch onderzoek
toonde aan dat de mucose ook meer beschadigd was bij de dieren die rauwe Chinese bonen
aten. De vergelijking tussen de varkensrassen (Landras en Min) laat zien dat de
verteerbaarheden voor droge stof, eiwit en vet bij Min varkens (lokaal ras in Noord-Oost
China) hoger was dan bij Landras varkens.

De dunne darm bij Landras varkens was steeds langer en zwaarder dan die van Min varkens
op elk soja rantsoen. Voor varkens zonder soja was er geen verschil tussen de rassen.
Histologisch onderzoek toonde aan dat de villi van de dunne darm mucosa van Landras
varkens meer beschadigd waren dan die van Min varkens. Dit was het geval speciaal bij het
voeren van rauwe Chinese bonen.

Uit het onderzoek werd geconcludeerd dat ANF’s, althans tenminste de TIA, erg varieert
tussen sojabonen van verschillende herkomst. Bij de in dit onderzoek gebruikte bonen
waren de TIA en PDI niveau’s hoger bijj de Chinese sojabonen dan bij de Argentijnse
sojabonen. Door technologische behandeling nemen zowel TIA als PDI af. Bij elke
temperatuur is de afhame groter naarmate de duur van de behandeling langer is.

- Na behandeling bij dezelfde condities waren de restwaarden aan TIA en PDI steeds
hoger bij Chinese sojabonen dan bij Argentijnse bonen, behalve na behandeling bij
de hoogste temperatuur,

- De beste verbetering van verteerbaarheid van N en vet en ook de hoogste netto
eiwitbenutting (NPU) werd gevonden na behandeling bij 100°C/40 min. voor
Argentijnse bonen en na behandeling bij 136°C/1,5 min. voor Chinese bonen.

- Er kan ook geconcludeerd worden dat de reactie van het maagdarmkanaal
(vergroting en beschadiging) bij Landras varkens veel duidelijker was dan bij de
Chinese Min varkens. Dit kan uitgelegd worden als een grotere gevoeligheid van
Landras varkens in vergelijking met Chinese Min varkens voor faktoren die in soja
aanwezig zijn.

- Daarom kan ook geconcludeerd worden dat voeders voor Landras varkens een beter
behandelde sojaboon moet bevatten dan voeders voor Chinese Min varkens.
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