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1. Introduction

Soy is a crop of tremendous importance for the food industry but also in the animal feed
industry. Soybeans, as well as other oilseed crops such as rape seed (canola), sunflower and
palm kernel, are grown primarily for the production of vegetable oil for human consump-
tion but the by-products after oil extraction are of similar importance as feed ingredients.
Meals from these crops are obtained after the extraction of the vegetable oil from the seed. In
addition, considerable amounts of cottonseed meal (a by-product of the cotton fibre produc-
tion) are also available for animal feed. Soybean meal (SBM), the by-product after oil extrac-
tion of soybeans has become increasingly important as a feed component and is used in
variable amounts in the feeding of all species in animal production, even to some extent in
the feeding of farmed fish. On a global scale SBM is dominating the market for protein
meals primarily due to the high content of good quality protein, making SBM an excellent
ingredient in feed formulations. SBM is particularly important for poultry production, con-
stituting approximately 30-40 % of a standard soy/maize diet, since broilers and layers re-
quire a high proportion of protein in their feed. It is generally estimated that approximately
46 % of all SBM produced for animal feed is used in poultry diets (broilers, layers and tur-
keys), while another 25 % is used for feeding pigs. In the US approximately 50 % of the SBM
is used for poultry, 25 % for swine and 12 % for beef cattle. Although US is the largest pro-
ducer of soybeans, Argentina is by far the largest exporter of SBM followed by Brazil and
US. With very limited own production of soy the EU is one of the leading markets for im-
port of SBM. [1]

Over the last 5 years the price for SBM has been increasing, and this trend is expected to
continue in the future. Hence, with protein already being the second most expensive ingre-
dient in e.g. poultry diets, there is a need to either replace SBM with other and cheaper pro-
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288 Soybean - Bio-Active Compounds

tein ingredients in the diets or to increase the utilization of SBM nutrients e.g. by the use of
enzymes.

2. Composition and nutritive value of soybean meal

SBM consists primarily of protein and carbohydrates in the form of indigestible neutral and
acidic non-starch polysaccharides (NSP) as well as low molecular weight sugars (Table 1).

Due to the low content of easily available carbohydrates, and a high content of NSP belong-
ing to the indigestible dietary fibre fraction [2] the apparent metabolisable energy value
(AME) of SBM is low for broiler chickens and estimated to only about 9.5 MJ/kg fresh
weight, while in growing pigs that, as opposed to poultry, have a high capacity for hind gut
fermentation of the indigestible carbohydrate fraction, the AME value may be around 14.5

MJ/kg fresh weight [3].

Range (g/kg dry matter)
Component Low High
Crude protein 490 540
Starch 0 27
Crude fat 17 21

Low molecular weight sugars

Mono saccharides 5 8
Sucrose 55 81
Raffinose series 53 67

Neutral non starch polysaccharides

Rhamnose 3.7 5
Fucose 29 3.1
Arabinose 22 25
Xylose 15 18
Mannose 9 13
Galactose 37 40
Glucose 50 59

Acidic non starch polysaccharides

Uronic acids 39 41

Table 1. Typical soybean meal gross chemical composition. (g/kg dry matter), compiled from literature, for crude
protein, starch, crude fat and low molecular weight sugars, while the non-starch polysaccharide composition of a
selection (n=6) of soybean meals were analysed at Novozymes A/S according to Theander et al. [4]. Data compiled
from [2,3] as well as from internal analysis of neutral and acidic non starch polysaccharide constituents.
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The composition of SBM may vary depending on the country of origin of the soybean, the
cultivar, the processing and the inevitable year to year variation in growing conditions. Still
most feeding tables contains very little, if any, information about the variability of e.g. ami-
no acids (AA) and digestibility that may be expected although the data presented typically
is based on several hundred samples collected over several years. Neither is the indigestible
dietary fibre fraction well described in feed tables and at best values for neutral detergent
and acid detergent fibre are provided.

2.1. Protein

Plants cultivated for their protein content are typically classified as angiosperms and be-
long to a number of different botanical families. Beans, peas, lupins and soybeans are all
members of the leguminosae family while rape seed belong to the cruciferae family, sunflow-
er and safflower are members of the compositae family and cotton belongs to the malva-
ceae [5]. On average the content of CP in the common raw oilseeds such as soybean, sunflower
and rape seed ranges from 20-40 %. Due to the various processing steps and the subse-
quent concentration of the protein-containing fraction by solvent extraction, the average CP
content of oilseed meals varies from 32 % in sunflower meal to over 50 % in some SBM [6].
SBM is used in feed rations for monogastric animals mainly due to the high protein con-
tent and also because of the superior AA profile compared to other plant protein products
used as diet ingredients [3]. Poultry and swine diets are generally formulated based on AME
and the level of CP. SBM has a high content of lysine, which makes it a good ingredient in
poultry and swine diets as both of these species has a high requirement for this essential
amino acid.

The CP fraction of SBM is made up of around 80 % storage proteins in the form of glyce-
nin and (-conglycenin, approximately 5 % is represented as various anti nutritional fac-
tors (ANFs) and the remaining 15 % consists of other proteins. Most tables on nutrient
composition of feedstuffs such as e.g. the NRC [7] operates with two types of SBM based
on the crude protein CP content. One is the regular SBM with approximately 44 % CP, where
a fraction of the hulls has been added back into the meal, and the other is dehulled SBM
with approximately 48 % CP. The feed compound industry principally assumes that the
digestible AA content of SBM per unit of protein is constant; disrespecting that variability
may occur due to e.g. genotype, origin, processing and storage conditions [8-10]. The vari-
ability in SBMs has been nicely demonstrated by de Coca-Sinova et al. [10] who evaluated
six SBMs from different origins and found considerable variation in the chemical composi-
tion and protein quality which translated into differences in AA digestibility in broilers, so
that SBM with higher levels of CP and lower levels of trypsin inhibitor activity showed
higher AA digestibility.

2.2. Carbohydrates

For broiler chickens vegetable protein sources typically have a low metabolisable energy
content compared to cereals, due to a lower starch content and a higher content of indigesti-
ble NSP, which are part of the dietary fibre fraction (Table 1).
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The structural features of the common vegetable protein sources are more complex than that
of cereals but their cell walls still contains cellulose and hemicelluloses but in addition also
high amounts of rhamnogalacturonans, assigned to the pectic polysaccharides. Quantifica-
tion of the pectic fraction is not straightforward due to a more complex structure and since
extraction procedures used for the analysis often causes an overestimation and the literature
data may differ.

It is notable that AME table values and AME calculated on the content of CP, crude fat,
starch and sucrose (Table 2) are quite similar for meals from soybean and sunflower while in
meals from rape seed and cotton seed the discrepancy is 1.7 and 2.3 MJ/kg, respectively. The
amount of pectin (61 g uronic acids/kg dry matter) and fibre matrix structure of rape seed
most likely increases the water holding capacity of this raw material resulting in a poor nu-
trient availability for monogastric animals and in addition ANFs may reduce the energetic
value. In cotton seed similar effects may be at play although the pectin content is quite simi-
lar to that of SBM (about 45 g/kg dry matter), while the ANFs are different and the cellulose
content is considerably higher.

Soybean Rapeseed Sunflower Cotton seed

Crude protein 450 337 426 426
Crude fat 10 23 29 29
Starch 5 0 0 0
Sucrose 70 58 33 16
Oligo, di and mono —saccharides, except sucrose 67 24 23 56
Cellulose 62 52 89 92
Total dietary fibre 233 354 326 340
Apparent metabolisable energy (AME) in broilers

Table values AME (MJ/kg)? 9.5 5.9 6.2 6.3
Calculated AME (MJ/kg)® 93 7.6 6.9 8.6

Table 2. Average chemical composition. (g/kg fresh weight) of solvent extracted meal from soybean, rape seed,
sunflower and cotton seed. Table compiled from [2,3]. #Table values from [3]. *Values based on crude protein, crude
fat, starch and sucrose.

Plant cell walls are divided in primary and secondary walls and their composition will differ
according to their stage of development (maturity). Primary cell walls are flexible and sur-
round cells in growth and elongation whereas secondary walls surround cells in which
growth has ceased. The secondary walls are lignified and thereby rigid. The primary cell
wall is synthesized during cell expansion at the first stages of development and is composed
of cellulose, hemicelluloses, pectic polysaccharides and many proteins (Table 3).
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Cell walls are classified as Type I cell walls, which are generally the most common in the
plant kingdom, or as Type II which is typical for grasses. The non-cellulosic polysaccharides
of Type I cell walls are xyloglucans and about 35 % of the cell wall mass are pectins. Type I
cell walls are found in all dicotyledons, the non-graminaceous monocotyledons, and gymno-
sperms. Type II walls have a low pectin and xyloglucan content and a high arabinoxylan
content. Type II walls also contain mixed linked [-D-glucan and possess ester linked ferulic
bridges in the xylan, which have not as yet been found in Type I walls [11].

In soybeans and other dicotelydons the pectin fraction consists of rhamnogalacturonans.
The rhamnogalacturonan I consists of a main chain of galacturonic acid and rhamnose. At-
tached to this structure there are side chains of galactose and arabinose residues. There are
also xylose and rhamnose side chains present as well as xylo-galacturonans. In addition
traces of mannose polysaccharides may be found that possibly origin from an incomplete re-
moval of the hull fraction from the meal [12].

In the cotelydons approximately 30 % of the NSP belong to the pectin fraction while in the
hulls about 80-90 % of the non-starch polysaccharides are of pectic origin. The galactose con-
tent of SBM is generally higher than in other oilseed meals and is highly associated with the
rhamnogalacturonans. This is not the case for rape seed meal, sunflower meal and cotton
seed meal [13] where arabinans and arabinogalactans constitute the most important side
chains. Since the NSP are indigestible by the endogenous enzymatic systems in the small in-
testine they can only be utilised through hind-gut fermentation, thereby providing short
chain fatty acids that may be absorbed in the hind gut and utilised as an energy source by
the animal. As a consequence the AME content of all oilseed meals is low for broiler chick-
ens that have a limited capacity for hind gut fermentation, while it is higher for pigs [14].

The dietary fibre fraction is composed of different polysaccharide structures and their mo-
lecular structure and incorporation into the cell wall matrix determines their solubility char-
acteristics. A high solubility favours fermentation and even poultry may to some extent
ferment soluble NSP [15,16].

The principal hemicelluloses found in dicotelydons including soybeans are xyloglucans (Ta-
ble 3) consisting of a glucose back bone with xylose side chains linked to the carbon 6 of the
glucose residues in the back bone chain. It is a well acknowledged hypothesis that primary
and secondary cell walls in dicotelydons are constructed in different ways. In the primary
cell wall cellulose and xyloglucans interact in a network consisting of cellulose which is
coated with a monolayer of xyloglucans. The secondary cell wall is composed of pectins, but
not of the homogalacturonan type that is found in fruit and berries. In soybean the pectic
polysaccharides are xylogalacturonans with a backbone of a-(1-4)-galacturonan residues
and to this xylose residues are linked in -(1-3) position. The xylogalacturonans are associat-
ed with regions that consist of rhamnogalacturonans type I and II, with a higher degree of
branching in the type II [18,19]. Together with the xylogalacturonans the rhamnogalacturon-
an I and its side chains consisting of arabinans and arabinogalactans makes up the main part
of the pectic substances [20].
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Component Approximate composition (%)
Primary cell walls Secondary cell walls
Cellulose 30 45-50
Hemicellulose Xyloglucan 25
25
Xylans 5
3-D-glucans nd nd
Glucomannan nd nd
Pectins Homogalacturonans 15
Rhamnogalacturonan | 15 0.1
Rhamnogalacturonan i 5
Glycoproteins Arabinogalactanprotein Variable nd
Phenolics Extensin <5 nd
Lignin nd 20
Phenolic acid 0.3 nd

Table 3. Major polymers of the growing and mature plant cell walls in dicotelydons. Table compiled from [17].

2.3. Anti nutritional factors

The occurrence and amount of ANFs and their effect on protein and energy utilisation limits
the inclusion of vegetable proteins in diets for pigs and poultry. In general, ANFs among
legume species are similar, however the actual amounts of ANFs varies widely between dif-
ferent species and cultivars [21]. The main ANFs include protease inhibitors, lectins, tannins,
phytic acid and indigestible carbohydrates. In addition, lupins contain considerable
amounts of alkaloids and lima beans contain increased amounts of cyanogens as their domi-
nant ANFs [22,23]. Oilseeds, and subsequently oilseed meals, have more specific ANFs de-
pending on the actual species. Rapeseed meal contains glucosinolates and soybean is
particularly high in trypsin and chymotrypsin inhibitors while cottonseed meal contains
gossypol [24]. Based on what is commonly known in the feed industry and academia it may
be assumed that the content of ANFs may differ depending on growing conditions and, es-
pecially, the heat processing of the feed ingredients.

The best characterized ANFs of soybean are protease inhibitors, lectins and phytate.

The Kunitz inhibitor (KSTI) together with the Bowman-Birk inhibitor (BBI) are the most
abundant protease inhibitors in soybeans, and are commonly referred to as trypsin inhibi-
tors even though they may also inhibit e.g. chymotrypsin and other proteases belonging to
the serine family. The mechanism of trypsin inhibitors is to bind to the active site of the pro-
tease and thereby cause inactivation of the enzyme, which then cannot proceed to degrade
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protein. When the level of protease activity in the gut is depressed the pancreas responds in
a compensatory fashion by producing more of the digestive enzymes. In some species this
has been shown to be related to an enlargement of the pancreas [25,26]. When animals are
fed SBM with a high level of protease inhibitors the digestive proteases trypsin and chymo-
trypsin are inactivated leading to impaired animal performance. This has been exemplified
e.g. by Sklan et al. [27] who showed that chicks fed raw soy had significantly reduced body-
weight gain compared to a control group fed heated soy. Furthermore, the chicks fed the
raw soy had increased pancreas weight and reduced trypsin activity in the small intestine.

Lectins are carbohydrate binding proteins generally considered to have an anti nutritional
effect [28,29]. This has been exemplified e.g. by Schulze et al. who showed that inclusion of
purified soybean lectin into a pig diet increased the amount of dry matter, nitrogen (N) and
AA passing into the terminal ileum [30].

Phytic acid, also commonly referred to as phytate, is a well described anti nutritional factor
that under physiological pH conditions binds minerals and protein thereby preventing uti-
lization of these nutrients by the animal [31,32].

Furthermore, the high molecular weight soy proteins glycenin and (-conglycenin act as po-
tential antigenic factors leading to the formation of serum antibodies in particular in young
animals, e.g. early-weaned piglets [33].

2.4. Impact of processing on nutritive value

As opposed to the cereal grains the composition and nutritive value of oilseed meals for ani-
mal feed not only depends on the cultivar, the climatic condition and level of fertilisation,
but is also influenced by the processing conditions during the oil extraction procedure. Oil-
seed meals are generally obtained after a pre-press solvent extraction process. The combined
effects of seed preparation, de-hulling pre-conditioning, cooking and solvent extraction will
determine the nutritive value of the meal.

The processing of soybeans (Figure 1) and in particular the final heating step (toasting) is
critical to the quality of the resulting SBM. The initial processing of soybeans includes clean-
ing, drying and cracking of the beans to remove the hulls. The dehulled soybeans are the
raw material for production of full fat soybean meal which may or may not be heat treated
to inactivate enzymes. When processing regular SBM the dehulled beans are conditioned at
65-70°C followed by flaking, which prepares the beans for oil extraction. The oil is usually
extracted using a solvent such as hexane. Finally the resulting cake is treated in a toaster in
order to remove the solvent and to heat the meal sufficiently to optimize its nutritional val-
ue. In this process control of the processing conditions such as temperature, moisture, pres-
sure and processing time is highly important to maintain a high solubility of the SBM
product. [34] After toasting a fraction of the hulls will often be transferred back into the meal
to produce SBMs with different protein contents.
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Heat

Dehulled full-fat | treatment
flakes Full-fat SBM

Solvent extraction
| 3
| Defatted flakes e ——— JI White flakes

Toasting & grinding drying Soluble
carbohydrates
Soybean meal Soy protein
(SBM) concentrate (SPC)

Figure 1. Overview of the processing of soybeans to obtain soybean meal (SBM), full fat SBM or Soy protein concen-
trate (SPQ).

As mentioned earlier the nutritional value of SBM is limited by the presence of several
ANFs interfering with feed intake and metabolism. ANFs are concentrated in large amounts
in the hull fractions of oilseeds and de-hulling will consequently reduce the level of these
substances in the meal. Furthermore, heat processing of the SBM acts to destroy the heat
sensible ANFs such as protease inhibitors and lectins. However, in case SBM is heated exces-
sively the occurrence of Maillard reaction will increase. Maillard reactions occur between
the amino group of the amino acids and the reducing sugars eventually leading to a de-
crease in energy and amino acid digestibility [35]. Hence, the conditions applied during
processing to ensure a high quality of the protein fraction are a compromise between suffi-
ciently inactivating the ANFs and avoiding destruction of essential available nutrients.

An important problem faced by the feed industry is the lack of good techniques to correctly
evaluate the quality of commercial SBMs. The available methods, of which determination of
the protein dispersibility index (PDI) [36], KOH protein solubility [37,38] and urease activity
[39] are the most commonly used, are based on changes in the physical and chemical prop-
erties of SBM occurring during heat treatment, and have shown not to be fully reliable
[40,41]. Another means to estimate SBM quality is the determination of trypsin inhibitor
content, but this method is tedious and also shows inconsistency [43].

The defatted soy flakes can also be processed to obtain a soy protein concentrate (SPC),
which is a higher value protein product compared to SBM. This processing takes place by
removing the solvent (e.g. hexane) by low heat vacuum drying and then removing the solu-
ble carbohydrates yielding a final product with ~90 % protein [43]. SPC has a much lower
level of ANFs than SBM and is therefore particularly well suited for young animals that do
not tolerate normal SBM well, e.g. piglets. Lately the use of SPC in salmon and trout diets to
replace fishmeal is also being evaluated [43].
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3. Enzymes for improving the nutritive value of soybean meal

The use of exogenous microbial enzymes is today a mature concept in the animal feed in-
dustry and is used on a routine basis to improve the nutritive value of feed ingredients. The
logical implication of improving the nutrient utilization is a reduced amount of nutrients in
manure, which is highly beneficial for the environment especially in areas with intense ani-
mal production. The environmental benefits of using enzymes in animal diets has been ex-
emplified in a series of published life cycle assessment studies investigating the effects of
xylanase [44], phytase [45] and protease [46] when used in either pig or poultry diets. These
studies together demonstrate the huge potential impacts on global warming, eutrofication
and acidification that can be achieved by employing feed enzymes in animal diets to im-
prove the utilization of nutrients.

3.1. Protein degrading enzymes

With protein being a quite expensive ingredient in animal diets, improving the nutritional
value of the SBM protein fraction is an obvious target for enzyme application. The appa-
rent ileal digestibility (AID) of CP in SBM is typically around 80-85 %, but lower values have
also been reported. In an investigation of 6 different SBMs originating from South Ameri-
ca, US and Spain the AID of CP and AA was shown to vary considerably between the batches
with the US SBM having the highest digestibility value (82.3 %) followed closely by the
Spanish SBM (81.8 %) and with the South American SBM’s having considerably lower
(75.2-76.8 %) digestibility values [10]. These results serve to demonstrate the impact of dif-
ferences in SBM quality when formulating diets to achieve the necessary protein content and
AA availability. Since it is both difficult and laborious to investigate SBM quality, in prac-
tice diets are often formulated to contain higher levels of nutrients than required, thereby
providing a safety margin.

Early attempts to improve the nutritive value of SBM for pigs and poultry aimed at pre-
treating SBM in the presence of a protease to increase protein solubilisation and obtain a
decrease in antigenicity. Using this approach it was demonstrated that treating SBM with
either an acidic protease or an alkaline protease increased the amount of soluble a-amino
N concentration and reduced the antigenic protein concentration, more so with the acidic
protease compared to the alkaline protease treated SBM [47]. Furthermore, feeding stud-
ies in piglets [47] and broilers [48] showed that feeding SBM treated with the acidic pro-
tease instead of the non-treated SBM as part of a cereal-based diet led to performance
improvements in both species as well as to improved N digestibility and reduced serum
antisoya antibodies in broilers. In contrast feeding SBM treated with the alkaline protease
reduced performance in piglets [47], and even though Ghazi et al. did observe reductions
in chick serum antisoya antibodies upon feeding SBM treated with alkaline protease only
the acid protease treated SBM resulted in a positive effect on performance and digestibili-
ty parameters [48]. Differences in digestibility may occur either directly or indirectly due
to hydrolysis of ANFs interfering with the digestive process. Protease treatment in above
studies did not influence the already low level of trypsin inhibitor and lectin. Hence, it was
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concluded that the increase in performance and N digestibility by treatment with the acid-
ic protease was a result of general improvement in digestion of SBM protein rather than
inactivation of ANFs [47,48].

More recent studies have shown that direct addition of a pure protease from Nocardiopsis
prasina can lead to significant increases in CP and AA digestibility in broilers fed SBM or full
fat SBM [49,50]. It was concluded that AA utilization was on average improved by about 5
% in SBM and 6 % in full fat SBM. Furthermore, the same protease has been demonstrated in
several studies to have a positive impact on growth performance and N digestibility of
broilers fed complete corn-SBM based diets [51,52,53]. The efficiency of the Nocardiopsis pra-
sina protease to improve digestion of the SBM protein fraction is supported by internal labo-
ratory studies at Novozymes A/S demonstrating the ability of the protease to improve
protein hydrolysis in different SBM batches as well as in full fat SBM (Figure 2).

36 - D Control 0 Protease supplementation
* *
= 34 H I * —
_B_E_ I 1 T :
N1 32 1 1 T = T 4
2z T 1
o 30 A +
2 I
£ 28 1
&
©
g 26 <
o
8 24 -
22 -
20 L] L} L] 1
SBM-1, Brazil SBM-2, Brazil  Fullfat SBM, Brazil SBM, US

Figure 2. Increase in degree of protein hydrolysis (DH, %) by a pure protease from Nocardiopsis prasina dosed at 100
mg purified enzyme protein per kg of SBM (n = 5). The Various SBM batches were incubated in an in vitro digestion
system and protease effect on top of endogenous enzymes (pepsin and pancreatic enzymes) was analysed as increase
in DH (method published in [53]). Error bars indicate standard deviation and asterisks indicate a significant impact of
the protease (P<0.05; Tukey HSD test). Unpublished data, Novozymes A/S.

The way by which a protease increases hydrolysis and digestion of the SBM protein fraction
may be related to both general hydrolysis of the SBM proteins and to degradation of various
ANFs present in SBM. A general hydrolysis of SBM protein would presumably increase the
availability of the protein for further hydrolysis and absorption in the gastro intestinal tract.
On the other hand, degradation of ANFs will improve the natural digestion and utilization
of protein as the adverse effects of the ANFs are reduced.

In this context internal studies have shown that the Nocardiopsis prasina protease is capable
of degrading various anti nutritional proteins from soybean. As exemplified in Figure 5 the
protease efficiently degraded both the Kunitz inhibitor (KSTI) and lectin (Figure 3), leaving
only 10-20 % KSTI and around 15 % lectin intact, while purified porcine trypsin and chymo-
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trypsin could not degrade these proteins to nearly the same extent. The ability of a feed pro-
tease to degrade ANFs presents an interesting possibility to alleviate the negative impacts of
including raw soy or under processed SBM in e.g. poultry or swine diets.

1 2 3 4 5
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Figure 3. Degradation of purified Kunitz trypsin inhibitor (left) and lectin (right) both from Glycine max by purified
proteases as analysed by SDS-page. Lane 1: low molecular weight marker (kDa), lane 2: no protease, lane 3: Nocar-
diopsis prasina protease, lane 4: porcine trypsin, lane 5: porcine chymotrypsin. Inhibitors (purchased from Sigma-Al-
drich) and proteases were incubated in a 10:1 ratio on mg protein basis for 2 hours at 37°C, after incubation protein
was precipitated with TCA, re-suspended in SDS-page sample buffer and analysed by gel electrophoresis. Unpublished
data, Novozymes A/S.

3.2. Carbohydrate degrading enzymes

For degradation of the major dietary fibre constituents of importance in cereals there are
many enzyme products available on the market and approved by the EU authorities based
on proven efficacy in animal trials. The beneficial effects on animal performance, especially
in broiler chickens, are assumed to be caused by a combination of depolymerisation of vis-
cous arabinoxylans and a degradation of the indigestible cell wall. The resulting viscosity re-
duction improves nutrient absorption and the degradation of the cell walls improves the
liberation of nutrients (e.g. starch and protein) enclosed by the indigestible cell walls [54,55].
This effect is commonly referred to as the cage effect. For oil seed meals the expected out-
come of degradation of the cell walls is less obvious since they generally do not have an in-
tact cell wall architecture due to extensive processing and thereby there is no cage effect.
Still the water holding capacity of the material could be reduced and this could have a posi-
tive influence on nutrient absorption. In addition liberation of galactose could provide addi-
tional energy, at least from SBM. In rape seed, which has less galactan side chains associated
with the pectin matrix, an anticipated energy benefit would be limited. Another possibility
would be to degrade the oligosaccharides of the raffinose series and the most common at-
tempts to improve the nutritive value of SBM have targeted these. A successful degradation
of this fraction could release galactose, and also sucrose, which is the molecule from which
the raffinose series is built. Raffinose, stachyose and verbascose contains (1-6)-a-galactopyr-
anosyl units with variable chain lengths of which stachyose (two galactose units in the chain
linked to sucrose) is the pre-dominant in SBM. The oligosaccharides of the raffinose series
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can be broken down using an a-galactosidase that liberates the galactose from the sucrose
molecule. This is a straightforward enzymatic application that has been tested in vitro show-
ing that a-galactosidase can degrade the oligosaccharides of the raffinose series in SBM
[56,57]. Internal trials at Novozymes A/S (Figure 4) has indicated a large variability in the
efficacy of a-galactosidase when exposed to the conditions prevailing in the upper gastro in-
testinal tract simulated in an in vitro digestion system. The average release of galactose from
the raffinose series was about 6.7 mg/g diet and since maize only contains minor amounts of
galactose the main part of the galactose originated from the SBM and about 16 g of galactose
could theoretically be released from 1 kg of SBM, corresponding to a potential AME value
increase of approximately 0.3 MJ/ kg SBM. The in vitro model does not provide information
of any additional beneficial effects of degrading the raffinose series. Still the application is of
interest since the oligosaccharides of the raffinose series are indigestible but readily ferment-
ed and this may cause digestive disturbances with gas production and rapid digesta passage
rates in poultry [58,59]. The removal of these oligosaccharides by ethanol extraction has
been shown to increase the metabolisable energy content as well as the transit time in adult
roosters [60]. However, this procedure alters the general composition of the SBM by also ex-
tracting other ethanol soluble components, resulting in a meal with higher CP content and
improved nutritive value. When using oligosaccharide or non-starch polysaccharide de-
grading enzymes the SBM composition is not altered and the effects observed can be attrib-
uted to the enzyme per se. Trials in pigs have generated high digestibilities in the small
intestine even without a-galactosidase supplementation [61], while poultry data indicate a
positive enzyme effect on the digestion of the raffinose series but not on performance [62].
Based on these and similar data it may be concluded that performance data are not strong
enough to justify, from an economical point of view, the additional supplementation of this
enzyme in broiler chicken diets that already may contain xylanases and phytases.
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Figure 4. Release (mg/g) of galactose by a-galactosidase from 5 replicates of a model diet containing 600 g maize
and 400 g soybean meal per kg and incubated at 40°C in an in vitro system mimicking the stomach (pH 3+0.2 and
3000 U of pepsin/g diet) and small intestine (pH 7+0.2 and 8 mg/g diet of pancreatin) for a total period of 6 h. Stand-
ard deviations are indicated by error bars and asterisks indicate a statistically significant difference (P<0.05; Tukey HSD
test) compared to blank. Unpublished data, Novozymes A/S.
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The use of galactanase has shown that also the galactose side chains of the rhamnogalacuron-
ans may to some extent be degraded [63]. As opposed to many other feed enzyme products
on the market a classical wild type fermentation product of Aspergillus aculeatus (RONO-
ZYME® VP, DSM Nutritional Products, Basel, Switzerland), is able to significantly impact the
NSP fraction of SBM. In an in vitro trial comparing this product with a selection of feed enzymes
developed for targeting the cereal ingredients in animal feed the preparations were dosed at
100 times the commercial recommendation in a buffer system. After incubation the solubi-
lised material was removed by centrifugation and the pellets containing the residual insolu-
ble NSP were analysed according to Theander et al. [4]. The effect of the A. aculeatus product
on NSP containing arabinose, although not statistically significant from the control, was the
highest compared to all other enzyme treatments with a reduction of about 6.5 % (Figure 5).
In addition the A. aculeatus product gave a significant reduction (P<0.05) of galactose by 9.6
% compared to the control treatment, whereas the other enzyme treatments did not provide
a reduction. The residual glucose content was significantly lower for the A. aculeatus prod-
uct and the blend product compared to the control, 22 and 13 %, respectively, and these effects
were statistically significant compared to all other treatments (Figure 3). The results indi-
cate that in order to degrade the complex cell wall matrix of SBM several enzymatic activi-
ties are required at a high activity level and these are not generally found in single commercial
products developed for targeting type II cereal cell walls. It is also obvious that only one single
enzymatic activity is not enough to provide a sufficient degradation of the different polysac-
charide structures of importance (Table 3).
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Figure 5. Residual insoluble content (g/kg) of arabinose, galactose and glucose non-starch polysaccharide residues in
a soybean meal after incubation at 40°C in an acetate buffer (0.1 M pH 5.0) for 4 hours and with enzymes dosed at
100 times the commercial recommendation. The products used were the Aspergillus aculeatus wild type fermentation
or different products containing only xylanase activity derived from Thermomyces lanuginosus or mainly xylanase and
B-glucanase activity in products derived from Penicillium funiculosum or Bacillus subtilis and a commercial blend prod-
uct containing xylanase, B-glucanase and a-amylase activities. Standard deviations are indicated by error bars and as-
terisks indicate a statistically significant difference (P<0.05; Tukey HSD test) compared to blank. Unpublished data,
Novozymes A/S.
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3.3. Phytic acid degrading enzymes

The content of phytic acid in SBM is typically around 1.3-1.4 % of dry matter and constitut-
ing around 50 % of the total phosphorus pool [64-66]. Phytic acid is not absorbed in the gastro
intestinal tract, but may be degraded by a phytase to render the phosphorus free and availa-
ble for absorption. Phytases are enzymes that cleave of the phosphate groups from the inosi-
tol ring of phytic acid, thereby rendering free phosphorus to be utilized by the animal and also
lowering the anti nutritional effect of phytic acid on mineral and protein availability. Phy-
tase activity is present in most seeds but the activity in oilseed meals including SBM is relatively
low [65], hence degradation of SBM phytic acid necessitates the presence of phytase either
from cereals in the diet or from a microbial phytase source. Since a large part of the feed for
poultry and swine is treated at high temperatures e.g. in a pelleting process in order to sanitize
the feed from Salmonella infections etc., cereal phytases are often inactivated in the final feed
(e.g. [67]). Hence, the use of microbial phytases in feed formulation is extensive.

Feedstuff Residual phytic acid (%)
Wheat 21.5+13ab

Maize 245+13b

Barley 21.3+x13ab
Soybean meal 479+13c
Rapeseed meal 21.3+x13ab
Soybean meal-maize blend 172+15a

Table 4. abc: Different letters indicate significant differences (P<0.05), tested by Tukey HSD.Residual phytic acid (%)
after incubation of feedstuffs with a commercial phytase (RONOZYME" HiPhos, DSM Nutritional Products, Basel,
Switzerland) for 30 minutes (pH 4, 40°C). All feedstuffs were heat treated and additional calcium (6 g kg' dry matter)
was added. Values are representative of the sum of inositol hexaphosphate and inositol pentaphosphate. [68]

Degradation of phytic acid in SBM has been demonstrated e.g. by Brejnholt et al. [68] show-
ing a 50 % degradation of phytic acid upon incubation of SBM with a bacterial phytase at
pH 4 (30 minutes, 40°C). Interestingly this study indicated that it was more difficult to de-
grade phytic acid in SBM compared to phytic acid in cereal meals and rape seed meal (Table
4). This difference might be related to the content of protein in the feedstuffs, as protein is
known to form insoluble complexes with phytic acid at low pH [69]. In support of this hy-
pothesis it has been shown that phytic acid in SBM is much less soluble than phytic acid in
maize meal at low pH (Figure 6). Furthermore, internal data produced at Novozymes A/S
also show that treatment of a SBM-maize mixture with pepsin to degrade the protein frac-
tion has a positive impact on phytic acid solubility (Figure 7). In the digestive tract endoge-
nous digestive proteases will always be present to degrade protein and thereby improve the
availability of phytic acid for hydrolysis by phytase. Supporting this there are a huge
amount of in vivo studies demonstrating that phytases effectively releases phosphate in ani-
mals fed diets containing SBM e.g. Aureli et al. [70] showing phytase efficacy in broilers.
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70 - == No pepsin
60 - ==il==Pepsin
50 4

30 -
20 4

Phytic acid solubility (%)

1.0 2.0 3.0 4.0 5.0
pH

Figure 7. Phytic acid solubility (%) in a SBM-maize (30:70) mixture with additional 5 mg calcium g dry matter in the
presence or absence of pepsin (3000 U g dry matter). Error bars represent standard deviations (2xSD) of 3 replicates.
Unpublished data, Novozymes A/S.

4. Conclusions

SBM is the most important protein source in animal feed and it is estimated that approxi-
mately half of the SBM produced for animal feed is used in poultry diets, while another 25
% is used in pig diets. SBM is primarily added due to its high content of protein and favour-
able composition of AAs, while the low content of metabolisable energy and a high content
of NSP may provide problems when incorporating this oil seed meal at high levels. The
presence of several ANFs such as trypsin inhibitors and lectins may represent a severe prob-
lem that can restrict animal performance when feeding a meal that has not been properly
processed, however there are indications that these short comings can be overcome by prop-
er heat inactivation of the SBM as well as enzyme supplementation of the diet.
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Research results indicate that the nutritive value of SBM may be enhanced by adding exoge-
nous microbial enzymes such as carbohydrate degrading enzymes, proteases and phytases.
However, there is a need for improved carbohydrate degrading enzymes to better target the
oligosaccharides of the raffinose series and also to reduce the negative effects of high levels
of complex NSP constituents, that evidently are not degraded by common xylanases or £3-
glucanases used for improving the feeding value of cereals.

The use of protease to improve protein digestibility and reduce the presence of anti nutri-

tional proteins represents a novel and promising application that has an environmental im-
pact by improving protein digestibility and thereby reducing nitrogen excretion from farm

animals. In a similar way phytase supplementation is already a well established environ-
mentally friendly application that reduces phosphorus excretion when feeding SBM rich in
phytic acid.
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