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In a nutritional experiment carried out on 640 sexed Ross 308 chickens (experiment 1),
the effect of commercial substitution of soybean meal in compound feed (control group)
with extruded soybean expeller from non-genetically modified Merlin (Saatbau Linz)
seed at 10, 18 and 39% of compound feed (experimental groups) was tested. The given
levels of extruded expeller in experimental groups were 25%, 50% and 100% conversion
of standard soybean meal protein. The tests were performed in a system of 4 groups
(soybean feed), 2 sexes (male, female) in 8 replications, 10 chickens in a box. The
apparent intestinal digestibility of the amino acids contained in the four feed mixtures
was determined for 320 Ross 308 roosters, aged 2-4 weeks, fed with feed as in experiment
1 (experiment 2). The conversion of soybean feeds in diets significantly reduced chicken
body mass (P<0.05), from 2609 g (control group) to 2488.3; 2461.8 and 2408.6 g/item
in experimental groups. In relative terms, the weight loss was 4.5; 5.7 and 7.7% as
compared to the control group. The mortality in the first experimental group was 2.5%
and it was significantly lower than in the control group (P<0.05), and the remaining
experimental groups did not differ from the control group. There were no significant
differences in the intake and use of compound feed between the groups of broiler
chickens. The feed consumption was 1.64 (control group) and 1.68; 1.72 and 1.73 kg/kg
body weight (experimental groups). There were no significant differences in the slaughter
performance of broilers. The conversion of commercial soybean meal into extruded
soybean expeller in compound feed at all levels significantly diminished the mass of
chicken breast muscles expressed in absolute and relative terms (P<0.05). Breast muscle
mass was 564.9 g (control group) and 503.2; 496.4 and 457.4 g (experimental groups).
The leg mass was significantly higher in the 1* and 2" experimental group than the
weight of the legs in the control group and the third experimental group (P<0.05). It
amounted to 416.6;, 434.6; 420.0 and 366.2 g/item, respectively. There were no
significant differences between the broiler groups in the mass of the heart, stomach, liver
and spare fat, in relative and absolute values. Carcass weight and male chicken muscles
and the mass of spare fat at females were significantly higher (P<0.05). There were no
significant differences in the chemical composition of breast muscles, whereas a
significantly higher content of dry matter and crude fat was found in leg muscles, at 18
and 40.0% respectively of the content of expeller in compound feed (P<0.05). The content
of raw fat in the breast muscles of the females was significantly higher as compared to
the breast muscles of roosters (P<0.05). The complete replacement of both feeds in feed
mixtures significantly reduced the content of glucose, triglycerides, protein and total
cholesterol in chicken blood plasma (P<0.05). No differences were found in high-density
lipoprotein (HDL) in the blood plasma of broiler chickens. The content of the expeller in
the mix at the level of 39% reduced significantly the apparent intestinal digestibility of
the general protein from 87 to 83% (P<0.05), with no significant differences between the

* Research financed by the statutory subsidy of the Ministry of Science and Higher Education within the
framework of the Science and Research Plan of the National Research Institute of Animal Production for years
2014-2017, task 07-5.04.7 entitled "Nutritional value and usefulness in feeding chickens for slaughter feed
materials from non-genetically modified soybeans cultivated in Poland".
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broiler experimental groups. The introduction of extruded soybean expeller to mixes for
broilers at the level of 10; 18% and 39% of compound feed reduced the intestinal
digestibility of most exogenous and endogenous amino acids, including lysine from 94 to
92, 91 and 88%, respectively, and the observed differences as compared to broilers
receiving soy meal were significant for the complete replacement of soy feed. Intestinal
methionine digestibility was on average 93.5% and did not differ between the control
group and the broiler experimental groups. The intestinal digestibility of histidine and
threonine significantly decreased at 18% of extruded soybean expeller in the feed mixture
(P<0.05). The replacement of commercial soybean meal to extruded soybean expeller at
39% significantly reduced the intestinal digestibility of most amino acids (P<0.05), with
the exception of methionine, aspartic acid and proline.
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The growing consumption of poultry meat and dynamically growing meat
exports increase the demand for high-protein feed materials, mainly extracted
soybean meal. Research by Markowski and Korol (2006) showed that 95% of
soybean meal found in the trade in Poland was genetically modified. According
to Eurostat (2015), the amount of genetically modified soybean meal in the
European Union feed market is now around 98%. The current Fodder Act (2006)
assumes the ban on the use of GM feed in animal nutrition in Poland. One of the
ways of providing the country with high-protein feed for animal feeding, but also
with food production, is the domestic cultivation of leguminous plants, including
non-GM soybean. The Central Research Centre for Plant Testing registered and
authorised 6 varieties of non-GM soybean for cultivation in Poland, including the
Polish Augusta variety. The studies on soybean varieties in Poland have shown
yields of seeds in the range of 15 to 37 dt/ha. Yields at the Experimental Farms of
the National Research Institute of Animal Production in Kotbacz, Pawlowice and
Grodziec Slgski varied from 15.5 to 26.5 dt/ha in the total area of 30 ha, although
the lowest yield was obtained in the extremely unfavourable year of cultivation in
Pawlowice by Leszna (Sliwa et al., 2015). At the COBORU Glubczyce research
station, the yields of 5 non-GM soybean varieties ranged from 26.7 to 37.4 dt/ha
(SAC Gtlubczyce, 2012). The economic profitability of leguminous crops,
including non-modified soybean, is improved by the area subsidy in the amount
of 411 PLN/ha and the subsidy for certified seed introduced in 2010.

The harvest of soybean in Poland, with the 7-9 thousand hectares are
estimated at around 20,000 tons, which is too small for the industrial production
of post-extraction soybean meal in oleochemical plants. Full soybean seeds after
heating are intended for feeding high-milk cows, and at the same time, other
methods are sought for the treatment of non-genetically modified soybean for
feeding mono-gastric animals, mainly poultry.

Soybean contains a significant amount of anti-nutritive substances, including
urease, drug (haemaglutinin), oligosaccharides, lipase and lipoxidase, and the
most potent trypsin inhibitor acting on monogastric animals (Buraczewska, 1991;
Douglas et al., 1999; Parsons et al., 2000, Perez-Maldonado et al., 2003, Hsiao et
al., 2006). These substances are mostly thermolabile, sensitive to high
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temperatures. The factor eliminating anti-nutritional substances of soybean is the
interaction of high temperature (Qin et al., 1996, Machado et al., 2008). In the
post-extraction process of soybean meal these substances are inactivated (Perez-
Maldonado et al., 2003). The current research results indicate that the deactivating
factor of the trypsin inhibitor of raw soybean in addition to heating the seeds is
grain extrusion. In the process of extrusion, physical factors are high temperature
and pressure, denaturation of trypsin inhibitor, feed enzymes with protein or
peptide prosthetic group and native soybean proteins (Perilla et al., 1997). The
effect of extruding whole soybeans on production effects was studied in chicken
experiments (Subuh et al., 2002; Powell et al., 2011), looking for an alternative
method for the production of post-extraction GM soybean meal. Mostly whole
soybeans (Ruiz et al., 2004, Mirghelen;j et al., 2013, Foltyn et al., 2013, Alsaftli et
al., 2015) as well as soybean expeller (Powell et al., 2011) were extruded. In this
study, it was assumed that due to insufficient soybean seeds for the production of
extracted soybean meal from non-genetically modified seeds, the solution could
be extruding soybean expeller, after removing a portion of soybean oil. Removing
some oil will increase the protein and amino acid content in the soy milk, and its
further extrusion will eliminate the trypsin inhibitor contained in the expeller.

The purpose of the study was to assess the impact of commercial substitution
of soybean meal in feed mixtures for broiler chickens with extruded soybean
expeller from non-GM soybean originating from domestic crops.

Materials and methods

Growth experiment (experiment 1) and efficiency tests (experiment 2) were
performed. Growth experiment was carried out in a random block system, in a 2-
factor system, on 640 sexed Ross 308 broilers. The factors of the experiment:

—the level of extruded soybean expeller as a commercial replacement of post-
extraction soybean meal in compound feed for broilers;

—the sex of chickens.

Experimental design: 4 diets x 2 sexes x 8 repetitions x 10 chickens in repetition
(tab. 1).

Table 1. Feeding scheme

. Hugh-protein Control Experimental group
Diet .

feed material group I | I | 11

Starter soybean meal 33,0 25,0 18,0 0,0
soybean expeller 0,0 10,0 18,0 40,3

fodder yeast 0,4 1,0 2,2 34

Grower soybean meal 30,0 23,0 15,0 0,0
soybean expeller 0,0 10,0 18,0 37,53

fodder yeast 1,6 1,5 3,1 3,5
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The compound feed of the control group contained post-extraction soybean
meal as the main type of high-protein feed material with a small addition of
fodder yeast. The broiler experimental groups (I, II and III) received blends that
contained decreasing levels of post-extraction soybean meal and a growing
amount of extruded soybean expeller from non-GM seeds from domestic
cultivation of 10, 18 and 40% (on average for the starter and grower mix),
corresponding to 25, 50 and 100% of the total protein contained in the extracted
soybean meal. Starter mixes (for the first breeding period, 1-21 days) and grower
type mixes (for the second breeding period, 22-42 days) were prepared. The
content of fodder yeast in starter mixes ranged from 0.4 to 3.4%, and in grower
type from 1.6 to 3.5%. For the sowing of feed mixtures of all food groups,
soybean oil obtained from pressing out whole soybeans during the production of
soybean expeller was used. The DL-methionine content was increased from 0.14
to 0.20% and L-lysine from 0.10 to 0.15% (starter) and DL-methionine from 0.20
to 0.26% and L-lysine from 0.16 to 0.21% (grower). Commercial DK A-Starter
and DKA-Grower premixes were used at 0.5% containing Sincox coccidiostat.
The recipes for feed mixtures were developed based on chemical analyses of
high-protein feed materials and were determined using the Win-Pasze software.
The nutritive value of the mixtures was assumed to be 12.5 MJ of metabolic
energy, 220 g of total protein/kg (starter mixes) and 13.2 MJ of metabolic energy
and 210 g of total protein (grower mixes). The chickens were kept in metal boxes
on litter of deciduous tree shrubs and fed with water and feed mixtures fed at will.
The body weight of 46 randomly selected 1-day-old chicks before the experiment
was 40.0 = 3.7 g. For the weight determination, all the chickens participating in
the experiment were weighed on 215 and 42™ day of age, determining the final
weight. The slaughter body weight was determined for 40 broilers selected
randomly from experimental groups on the 43" day of their life. The chickens
were fed at will with loose feed mixtures with no pressure or thermal treatment.
For the first 6 days, the feed was served on flat trays, from day 7 to the end of
breeding in vertical self-feeding feeders. The water was fed centrally from the
water supply system, through a system of pipes and droplets, with two water
bottles in a pen. Compound feeds were made at the Feed Mixing Plant of the
National Research Institute of Animal Production in Aleksandrowice, under the
supervision of an engineering and technical employee, based on previously
prepared recipes. Non-modified Merlin soybean from Saatbau Linz came from
cultivated fields of the Experimental Department of the National Research
Institute of Animal Production (PIB) in Grodziec Slaski, the Kostkowice farm,
where the seeds were partly defatted. Full soybean seeds were pressed on the FLL
200 model press from Farmet a.s. (Czech Republic) at a temperature of 70-80°C.
From 1 ton of soybean, 867.3 kg of expeller and 132.7 kg of crude soybean oil
was obtained. Soybean seeds after extrusion of a part of the oil, in the form of
soybean expeller were subjected to extrusion at the Institute of Animal
Production at the National Research Institute of PIB, at the Feed Mixing Plant in
Aleksandrowice, after previous grinding. The soybean expeller was moistened



63 J. Sliwa & F. Brzéska

before extrusion, using 150 ml of water/kg of expeller. The extrusion was carried
out on the device of the Ukrainian company OLA--PPHW sp. z 0.0. at 135°C, in
the time of 8 seconds, cooled and ground again. Other cereal materials of feed
mixtures, maize and wheat grains were ground and not extruded.

Growth experiment conditions

The nesting density of the chicks was 13-15 items/m? at the beginning of the
experiment, which corresponded to the load of 33-35 kg body weight chickens/m?
at the final rearing period.

Within the chicken disease prevention program, in both experiments a
preventive program adopted for use in the Animal Nutrition and Feeding
Department of the National Research Institute of Animal Production (PIB) was
adopted. Chickens during the first 3 days received an anti-diarrhoea preparation
in the form of a 10% solution of SCANOFLOX in the amount of 1 ml per 1!
water. On day 7, an aqueous solution of the Gumboro vaccine, and on day 14 the
vaccine against peptic fever (Bio-Vac ND-IB preparation) was administered.
Furthermore, during the whole period of the experiment, the chickens received
Vitazol vitamin preparation administered with water.

The premises for the chickens were disinfected and layered with fresh wood
shavings. The room temperature was adjusted to 34°C within 3 days before
settling, required by the nesting conditions and kept in accordance with the
applicable standards for broiler chickens for 5 days, after which it was gradually
reduced to 24°C. In the premises, constant incandescence lighting was maintained
at the required level, with lighting within 24 hours, in accordance with the valid
zootechnical requirements.

The daily amount of feed consumed by the broilers was determined by
weighing the uneaten feed during the last day. The original body weight of the
chickens was determined on 40 randomly chosen chickens. Growing broilers
were weighed on 21 and 42 days of age. Prior to weighing, the chickens were
starved for 12 hours.

Bird mortality analysis

During the experiments, the mortality of birds was controlled by removing
dead chickens from the pens. Before calculating the significance of differences
for mortality between groups of chickens, the obtained information was
transformed according to the equation y = log (x + 2) for percentage mortality
rates. The transformed data was subjected to statistical analysis.

Feed consumption and use control

After the expiration of each day of the experiment, feed intake was
calculated. At the end of the experiment, the intake of the mixture was corrected
due to the mortality of chickens. After determining the weight of chickens on day
42 of the experiments, the feed consumption per 1 kg body weight gain was
calculated.
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Chicken slaughter and analysis of carcasses, tissue and blood sampling

On the 43" day of the growth experiment, after the completion of rearing,
10 chickens of both sexes (5/5) were randomly selected from each group. Body
mass was determined and slaughtered by stuttering with an electric impulse,
decapitation and bleeding. During the slaughter blood samples were collected to
obtain plasma for biochemical metabolic indices analysis. After the mechanical
removal of the feathers and the head, chickens were eviscerated. The weight of
the warm headless carcass, the mass of the stomach, liver, heart, fat around the
stomach and spare fat and the skin was determined. Both types of fat were
considered as spare fat.

Based on the slaughter and post-slaughter mass of headless chickens,
slaughter yield was calculated. The carcasses were cooled for 24 hours in a
cooling chamber at 5°C, and then separated into culinary elements. The dissection
consisted of dissecting the right half of the carcass and weighing the breast
muscles and the muscles of the leg and skin. The percentage share of carcase
elements in the warm mass (liver, stomach, spare fat) and in chilled mass (breast
muscles, leg muscles, skin) were calculated. The mass of edible carcass parts was
calculated by adding up the mass of breast muscles, legs, heart, stomach, liver
and skin. The dissection was performed according to the procedure of the
Ministry of Agriculture and Rural Development described by Zgtobica and Ré6za
(1972). Breast and leg samples were collected for chemical analyses, ground and
frozen in plastic containers at -18°C. The analyses were carried out after 30 days
of sample storage.

Intestinal amino acids digestibility

The digestibility experiment was carried out randomly, on 320 sexed Ross
308 roosters, aged from 2 to 4 weeks, divided into 4 groups, each group in §
replicates, 10 chickens in repetition. Chickens were fed with starter-grower
granular compound feeder, as in the first experiment, administered at will. As the
indicator of digestibility, chromium trioxide (Cr.0O3) was used in an amount of
0.5% of the feed mixture. The experiment lasted for 21 days, including 14 days
of the initial period and 7 days of the proper period. Before and after the
experiment the samples of compound feedstuff were taken, combined, mixed and
isolated for the entire experiment period with average analytical samples. After
the end of the sampling, 10 chicken of each repetition were slaughtered with an
injection of Marbital preparation (sodium pentobarbital). After cutting the
abdominal wall, the intestines were removed. The final section of the small
intestine (Intestinum ileum) was prepared from the Meckel's diverticulum to the
point of 20 mm before the joint of the gut to the intestinal gut, while gently
squeezing the food into the plastic container. The samples of intestinal contents
were frozen at -18°C. After 20 days, the samples were thawed, lyophilised and
subjected to chemical analysis. The feeding of broiler chickens, the procedure
and preparation of samples for protein and amino acid analyses was in accordance
with the procedures described by Kadim and Moughan (1997). The conditions



65 J. Sliwa & F. Brzéska

for keeping the birds and experimental procedures were carried out with the
consent of the Local Ethical Committee for Experimental Animals in Krakow.

Laboratory analyses

The content of dry matter, total protein, crude fat and crude fibre in feedstuff
was determined in accordance with the methods quoted in the analytical standards
according to AOAC (2007; procedures 976.05; 920.39), and the dry matter
content in soybean and soy feedstuff was determined according to PN-EN ISO
665: 2004. The determination of calcium, magnesium, sodium and potassium in
feedstuff was carried out by flame atomic absorption (AOAC, 2006) and
phosphorus by spectrophotometric method according to PN-C-04288-16: 1989.
The content of chromium trioxide in the broiler intestinal content was determined
using the method described by Sahy and Gilbreath (1991). The content of the
trypsin inhibitor was determined in accordance with the procedure described in
the PN-EN ISO 14902 standard in the National Feed Laboratory of the Institute
of Animal Production in Lublin, which has the status of a reference laboratory of
the Ministry of Agriculture and Rural Development. The content of nutrients in
compound feed was calculated from the content of nutrients in the materials of
mixtures and their percentage share in compound feeds. The analysis of nutrients
of fodder mixes components was performed at the Central Laboratory of the
National Research Institute of Animal Production (PIB). The content of
metabolic energy in feed materials of mixtures was calculated from their chemical
composition, according to formulas and using the digestibility coefficients given
in the European Tables of Caloric Value of Feed for Poultry (Smulikowska and
Rutkowski, 2005).

In breast muscle samples, the content of dry matter, total protein, crude fat
and crude ash was determined. The analyses of chicken feed and meat were made
with the use of analytical methods, in accordance with the AOAC procedures
(2009). Blood was collected into heparinised tubes during chicken slaughter and
bleeding, followed by centrifugation to obtain plasma. In fresh plasma, the
glucose level was determined and the remaining part was frozen for further
analysis. The level of glucose in the blood plasma was determined using the
enzymatic method using glucose oxidase. After 14 days, plasma was thawed and
total protein, triglycerides, total cholesterol and high molecular weight lipoproteins
(HDL) were determined. The analyses were carried out using the enzymatic-
colorimetric method using diagnostic kits from Cormay Diagostock Polska.

The apparent intestinal digestibility coefficients of the protein and amino
acids (AID) included in the individual compound feeds were calculated according
to the following formula using anhydrous chromium trioxide (Cr.Os3) as an
indicator (Kadim and Moughan, 1997):

AID (%) = 100 — [(Crqa x AAy) / (Crjx AAg)] x 100
where:
Crq and Cryj — the content of the indicator (Cr) in the dry mass of the diet and
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intestinal content
AAj; and AAq — the protein or amino acid content in the intestinal dry matter
and diet, respectively.

Statistical data analysis

A two-factor analysis of variance was performed. Data on chick mortality
were transformed according to the equation x = log (x + 2) for percent mortality
rates. The transformed data was subjected to statistical analysis. The significance
of differences between groups for the growth experiment was calculated using
the Tukey test for 5% probability. For the digestibility of amino acids, the analysis
of variance was performed, identifying differences between groups by the Fisher
test (NIR) for 5% probability. The calculations were performed using the SAS
9.3.TS Level 1 MO computer program.

Results

The soy oil pressing increased the total protein content from 316.7 g/kg in
seeds to 399.6 g/kg in extruded oil expeller, which is an increase of 14.3% and
reduced the crude fat content from 217.4 g/kg in seeds up to 84.7 g/kg in the
expeller. The soybean oil pressing before extrusion increased the content of crude
fibre as well as minerals in calcium expeller, including calcium, phosphorus,
magnesium and potassium. The post-extraction soybean meal used in the control
diets for broiler chickens contained 453.2 g/kg of total protein and 17.5 g/kg of
crude fat. The level of metabolic energy in both feeds was respectively 9.0 MJ/kg
in post-extraction soybean meal and 9.8 MJ/kg in extruded soybean expeller.
Extruded soybean expeller comprised less lysine of 3.35 g/kg (12.3%),
methionine by 1.36 g/kg (22.3%), threonine by 2.47 g/kg (14.1%), tryptophan by
2.21 g/kg (36.8%) and arginine by 6.08 g/kg (18.3%) as compared to commercial
soybean extract meal. The nutritional value of fodder yeasts was similar to the
information on the chemical composition and nutritional value of this fodder
contained in the Food Dietary Tables in the Recommendations of Poultry
Nutrition (Smulikowska and Rutkowski, 2005). The level of trypsin inhibitor in
raw soybean, whole and peeled, was on average for the five analysed feeds,
respectively 23, 24 and 22 mg/100 g. The removal of a part of the fat from the
seeds by pressing oil increased the amount of trypsin inhibitor in soybean expeller
to 26 mg/100 g in relative terms by 12.3% in comparison with whole soybeans.
The process of soybean extrusion in this work reduced the content of the trypsin
inhibitor to 2-3 mg/g of feed.



67

J. Sliwa & F. Brzéska

Table 2. Composition of the diet in the first feeding period (Starter, 1-21 days)
of broilers (experiment 1)

Control Experimental groups
Item group
I 11 111
Feed materials in the diet (%)
ground maize 42,96 41,35 38,72 34,00
ground wheat 17,00 16,00 16,00 16,00
extracted soybean meal 33,00 25,00 18,00 -
soybean expeller - 10,00 18,00 40,25
fodder yeast 0,40 1,00 2,20 3,40
soybean oil 1,40 1,80 2,00 2,50
ground limestone 0,40 0,40 1,00 0,60
dicalcium phosphate 3,80 3,40 3,00 2,10
fodder salt 0,30 0,30 0,30 0,30
DL-Methionine 0,14 0,14 0,15 0,20
L-Lysine HCI (78%) 0,10 0,11 0,13 0,15
L-arginine (99%) 0,20 0,20 0,20 0,20
premix DKA 0,5% 2 0,50 0,50 0,50 0,50
Dietary nutrients (g/kg)

dry matter 897 896 895 893
metabolizable energy (MJ/kg) 12,5 12,5 12,5 12,5
crude protein 220 220 220 220
lysine 12,0 12,0 12,2 12,1
methionine 4,7 4.6 4,6 4.8
methionine+cystine 8,6 8,7 8,6 8,8
arginine 15,6 15,6 15,6 15,6
threonine 8,1 7,9 7,8 7,8
tryptophan 2,6 2.5 2.3 2.3
crude fat 34,8 36,9 37,1 37,8
crude fibre 27,7 29,8 31,1 36,0
starch 386 369 346 306
calcium 16,1 14,8 15,8 13,0
total phosphorus 6,7 6,6 6,6 6,5
digestible phosphorus 1,2 1,3 1,4 1,6

'Experiment 2 — with and without supplemental L-arginine.

21 kg of Premix DKA Starter 0.5% contains: vit. A — 13 5000 IU; vit. D — 3 250 1U; vit. E — 40
mg; vit. B1 —=3.25 mg; vit. B2 — 7.5 mg; vit. Be — 5 mg; Bi2 — 0.0323 mg; vit. K3 — 6 mg; biotin —
0.15 mg; nicotinic acid — 45 mg; calcium pantothenate — 15 mg; folic acid — 1.5 mg; choline chloride
—100 mg; Mn—-100 mg; Cu—1.75 mg; Fe—76.5 mg; Se — 0.275 mg;  — 1 mg; Zn — 75 mg; Co — 0.4
mg; Endox (antioxidant) — 125 mg; Sincox (coccidiostat) — 1 g; Ca—0.679 g.

A moderate broiler growth rate was assumed at the level of 220/210 g of total
protein and 12.5/13.2 MJ of metabolic energy per kilogram of feed mix (Tab. 2
and 3). The replacement of soybean meal with extruded soybean expeller in diets
for the first period of broiler chicken rearing at the level of 10 and 18% of extruded
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soybean expeller in feed mix (first and second experimental group) reduced
broiler body weight, and the differences were not statistically significant for all
levels of expeller in compound feed (P<0.05, tab. 4). In relative terms, the
reduction in the weight of broilers was 4.5; 5.7 and 7.7%, respectively. The body
weight of the males was 8.8% higher than the weight of the females (P<0.05).

Table 3. Composition of the diet in the second feeding period

(Grower-Finisher, 22—-42 days) of broilers (experiment 2)

Experimental groups
Item Control group I 0 i
Feed materials in the diet (%) 42,96 41,35 38,71 34,00
ground maize 17,00 16,00 16,00 16,00
ground wheat 33,00 25,00 18,00 -
extracted soybean meal - 10,0 18,00 40,25
soybean expeller 0,40 1,00 2,20 3,40
fodder yeast 1,40 1,80 2,00 2,50
soybean oil 0,40 0,40 1,00 0,60
ground limestone 3,80 3,40 3,00 2,10
dicalcium phosphate 0,30 0,30 0,30 0,30
fodder salt 0,14 0,14 0,15 0,20
DL-Methionine 0,10 0,11 0,13 0,15
L-Lysine HCI (78%) 0,20 0,20 0,20 0,20
L-arginine (99%)" 0,50 0,50 0,50 0,50
premix DKA 0,5%? 897 896 895 893
Dietary nutrients (g/kg)
dry matter 12,5 12,5 12,5 12,5
metabolizable energy (MJ/kg) 220 220 220 220
crude protein 12,0 12,0 12,2 12,1
lysine 4.7 4.6 4,6 4.8
methionine 8,6 8,7 8,6 8,8
methionine+cysteine 15,6 15,6 15,6 15,6
arginine 8,1 7.9 7.8 7,8
threonine 2,6 2,5 2.3 23
tryptophan 34,8 36,9 37,1 37,8
crude fat 27,7 29,8 31,1 36,0
crude fibre 386 369 346 306
starch 16,1 14,8 15,8 13,0
calcium 6,7 6,6 6,6 6,5
total phosphorus 1,2 1,4 1,4 1,6
digestible phosphorus 1,2 1,3 1,4 1,6

D Experiment 2 — with and without supplemental L-arginine.

2 1 kg of Premix DKA Grower 0.5% contains: vit. A — 12 0000 IU; vit. D — 3 250 IU; vit. E — 40 mg; vit. B, —2
mg; vit. B, — 7.25 mg; vit. Bg — 4.25 mg; B, — 0.03 mg; vit. K5 — 2.25 mg; biotin — 0.1 mg; nicotinic acid — 40
mg; calcium pantothenate — 12 mg; folic acid — 1.0 mg; choline chloride — 450 mg; Mn —100 mg; Cu— 1.75 mg;
Fe — 76.5 mg; Se — 0.275 mg; | — 1 mg; Zn — 75 mg; Co — 0.4 mg; Endox (antioxidant) — 125 mg; Sincox
(coccidiostat) — 1 g; Ca—0.790 g.
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Table 7. Coefficients of apparent ileal digestibility of crude protein and amino acids
in the soybean expeller diet (experiment 2)

Ttem Control Experimental groups SEM | P value
group 1 II 111

Crude protein 87 A 85 AB | 86 AB 83 B 3,5 0,041

Essential amino acids
arginine 95 A 94 AB 93 AB 92 B 1,2 0,005
phenylalanine 92 A 90AB | 91 AB 89 B 1,9 0,058
histidine 88 A 86 AB 81 B 82 B 5,0 0,003
isoleucine 91 A 89 AB | 88 AB 87B 2,5 0,008
leucine 91 A 89 AB | 89 AB 88 B 2,6 0,046
lysine 94 A 92 A 91 AB 88 B 2,2 0,003
methionine 89 A 86 AB 83 B 82 B 4,3 0,002
threonine 89 A 86 AB 83 B 82 B 43 0,002
valine 91 A 89 AB | 88 AB 86 B 3,6 0,011

Non-essential amino acids
alanine 90 A 88 AB | 87 AB 85B 0,8 0,016
aspartic acid 90 90 88 86 5,8 0,072
cystine 84 A 82 AB | 83 AB 79 B 43 0,022
glycine 88 A 85 AB 83 B 83 B 1,5 0,018
glutamic acid 93 A 92 A 83 AB 91 A 0,8 0,028
proline 91 89 89 90 7,4 0,736
serine 90 A 88 AB 86 B 85 B 3,4 0,011
tyrosine 91 A 88 AB 85 B 85 B 2,1 0,001

A, B — values in rows with different letters differ significantly (P<0,05).

The mortality of chickens in the first breeding period was significantly higher
than in the second period, with the exception of the first experimental group. The
mortality in the first experimental group was significantly lower than in the control
group (P<0.05), and the remaining experimental groups did not differ from the
control group. There were no significant differences in male and female chicken
mortality, nor a significant interaction of both experimental factors in influencing
the mortality rate of chickens.

There were no significant differences in the intake of compound feed
between groups of broiler chickens, while males consumed significantly more
feed than females in both periods and throughout the rearing period (P<0.05, tab.
4). There were also no significant differences in the feed use rates, and their value
slightly increased with the level of extruded soybean expeller in compound feed.
There were no significant differences between the sexes of chickens as well as
significant interaction for the analysed parameters.
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The slaughter weight of 40 randomly selected broilers showed a significant
reduction in the weight of chickens fed with mixtures containing extruded soybean
expeller (tab. 4). Similar relations were found in the mass of warm and chilled
carcasses. There were no significant differences in slaughter efficiency in
chickens nor a significant interaction for this parameter. The replacement of
commercial soybean meal with extruded soybean expeller in compound feed at all
levels significantly diminished the mass of chicken breast muscles expressed in
absolute and relative terms (P<0.05). There were no significant differences
between the broiler groups in the mass of the heart, stomach, liver and spare fat,
in relative and absolute values. The mass of breast muscles and the weight of the
males’ legs was significantly higher than in the females (P<0.05). The content of
spare fat in the carcasses of the females was significantly higher as compared to
the carcasses of males (P<0.05). No significant interaction was observed for the
level of extruded soybean expeller in the diets and the number of chickens for all
the parameters of the carcasses examined. There were no significant differences
in the chemical composition of the breast muscles of broiler chickens (Tab. 5),
except for the significantly higher fat content in the females as compared to males
(P<0.05). Feeding broilers with fodder containing 20 and 39% of extruded
soybean expeller significantly increased the content of dry matter and crude fat in
the muscles of the broiler leg muscles as compared to the chickens in the control
group (P<0.05).

There was a significant interaction between the level of extruded expeller in
the feed mixtures and the sex of broiler chickens for total protein and crude ash
content in breast muscles and leg muscles (P<0.05).

The complete replacement of both feeds in feed mixtures significantly
reduced the content of glucose, triglycerides, protein and total cholesterol in
chicken blood plasma (P<0.05; Tab. 6). There were no differences in the content
of high density lipoproteins (HDL) in the plasma of broiler chickens nor a
significant interaction of both experimental factors in the impact on the tested
blood plasma parameters.

The complete replacement of soybean meal with extruded soybean expeller
resulted in a significant reduction in the apparent intestinal digestibility of the
general protein (P<0.05), in the absence of significant differences between the
broiler experimental groups (Tab. 7). The introduction of extruded soybean
expeller to blends for broilers at the level of 10 and 18% of the feed mixture
lowered the intestinal digestibility of most exogenous and endogenous amino
acids, including the lysine amino acid, although the differences observed as
compared to soybean meal were negligible. The exception was the methionine
amino acid, whose intestinal digestibility was similar and comparable in all the
broiler groups. Intestinal digestibility of histidine and threonine significantly
decreased at the 18% level of extruded soybean expeller in the feed mix (P<0.05).
The replacement of commercial soybean meal with extruded soybean expeller
significantly reduced the intestinal digestibility of most amino acids (P<0.05),
with the exception of methionine, aspartic acid and proline.
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Discussion of the results

The literature on the use of extruded soybean feeds in feeding broiler
chickens is dominated by scientific work on full extruded soybeans (Zhaleh et al.,
2012, Foltyn et al., 2012, Foltyn et al., 2013, Mirghelenj et al., 2013, Jahanian and
Rasouli, 2016). Few publications discuss extruded post-extraction soybean meal
(Johanian and Rasouli, 2016), and one of them concerns the use of extruded
soybean expeller in broiler nutrition as compared to extruded post-extraction
soybean meal (Powell et al., 2011).

Post-extraction soybean meal is the main source of protein in poultry diets
(De Coca-Sinova et al., 2008) and constitutes over 50% of global feed protein
(Kohlmeier, 1990). From over 2.1 million tonnes of extracted soybean meal
imported to Poland, about 60% is intended for the production of feed mixtures for
poultry feed, mainly broilers (Brzdska, 2009a, b).

Leeson and Atteh (1996) extruded whole and pelleted soybeans at 80°, 100°,
120° and 140°C and included in the amount of 30% of the diets for broiler
chickens during a 3-week feeding experience. There were no effects of extrusion
temperature on the body weight, feed use or chicken mortality. The effect of
extruding whole and pelleted soybeans on feed intake, body weight and feed use
and chicken mortality was also not found. The increase in extrusion temperature
reduced the activity of trypsin inhibitors. There was no effect of the tested factors
on N retention, fat, Ca, P and the metabolic energy level of the diet for chickens.
In this work, soybean expeller was extruded at 130°C because higher temperature
lowered the content of amino acids, including lysine, in extruded expeller
(unpublished authors’ results). The 130°C extrusion temperature reduced the
inhibitor content from 22-23 mg/g to 2-3 mg/g of soybean fodder, adopted as an
acceptable level in the diets for broiler chickens. Subuh et al. (2002) found that
the partial or even total replacement of post-extraction soybean meal with
extruded soybean in broiler diets does not increase chicken mortality if the level
of trypsin inhibitor does not exceed the acceptable level of 2-3 mg/g of fodder.

Foltyn et al. (2013) in a study carried out on 260 Ross 308 broilers examined
the effect of dietary intake of extruded soybean on the growth, gastrointestinal
morphology, intestinal trypsin inhibitor activity and actual amino acids
digestibility. The diets used 0, 40, 80, 120 and 160 g/kg of extruded soybean in
feed mixtures, administered to chickens from 10 to 38 days of age. The level of
160 g/kg of extruded soybean significantly decreased the body weight to 2093 g
(14.3%) as compared to 2443 g in the control group receiving post-extraction
soybean meal. The levels of 40, 80, 120 g/kg of extruded soybean in feed mixes
reduced the relative body mass by 6.0, 5.5 and 5.5%, respectively, as compared to
the control group. Morphological examination of the gastrointestinal tract
revealed a reduction in villi length and the depth of the intestinal epithelium
crypts. The activity of the trypsin inhibitor in the intestinal content increased
significantly by over 80% at 160 g/kg, with a significant increase in pancreas mass
from 120 g/kg of extruded soybeans in absolute and relative terms.
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The test results presented in this paper are largely consistent with the results
described by Leeson and Athene (1996) regarding extruded whole soybean and with
the results of studies of Foltyn et al. (2013). The use of 10% and 18% of extruded
soybean expeller in the diets in this work, interchangeably with post-extraction
soybean meal, lowered the chicken mass by 4.6% and 5.6%, respectively, with
insignificant differences as compared to the group of broilers receiving soybean
meal. The absolute differences in the weight of broilers amounted to about 121-147
g/item so that with a larger number of birds, the negative impact of extruded expeller
on the weight of the broiler could be significant. The total replacement of commercial
soybean meal in feed mixtures, with the average feed content 39% of the expeller in
the starter and grower diets resulted in a significant reduction in chicken body weight
by 7.7%. The above data indicate that the use of extruded soybean with reduced fat
content to the level of 8-9% gives poorer broiler breeding results than the use of post-
extraction soybean meal, and the optimal level in broiler feed mixes should not
exceed 10%. The values for extruded whole soybean present their maximum share
in mixes for broilers at the level of 18% of feed mixtures. The feeding of extruded
whole soybean due to the lower content of protein and amino acids as compared to
the extruded soybean expeller requires the use of larger amounts of other high protein
materials in fodder mixes, e.g. fodder yeast, dried distillers or feed of animal origin
in non-EU countries. In our work it was an addition of fodder yeast.

Powell et al. (2011) extruded soybean expeller from exfoliated soybean with
the total protein content of 471.7 g/kg, achieving a protein content in the expeller
at the level of 449.3 g/kg. The fat content in both feeds was similar to that in this
study and was respectively 19.7 g/kg and 80.8 g/kg, and the caloric value was,
respectively, 9.57 MJ MEy/kg and 11.16 MJ ME,/kg. Extruded soybean expeller
contained less amino acids from extruded material in the following proportions:
lysine by 30.6 vs 28.2 g/kg, methionine 7.0 vs. 5.8 g/kg and threonine 17.8 vs.
16.6 g/kg. Both feeds were used in a 49-day growth experiment in an amount of
34.51% and 37.66%, (starter); 30.93% and 33.76% (grower) and 29.05% and
31.71% (finisher), respectively. There were no significant differences in body
weight of 49-day-old chicken (2.77 vs. 2.75 kg), daily weight gains (55.36 vs.
55.17 g), feed intake (100.39 vs 99.08 g/d), with a significantly worse use of feed
in the group fed with a compound feed with an extruded soybean expeller. Despite
insignificant differences in the chicken body weight, the authors showed a lower
real intestinal digestibility of the amino acids of the diet containing the extruded
soy expeller. The present study confirmed the results of those few studies so far
proving that the full replacement of post-extraction soybean meal with extruded
soybean expeller significantly reduces the production effect in broiler breeding.
The body weight of males of broiler chickens, as expected, during the entire
rearing period was about 10% higher than for the females, with significantly less
feed intake by females, but with an even feed use and mortality of chickens of
both sexes in the groups.
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Feed consumption and use

In the paper by Clarke and Wiseman (2007), it was suggested that the
depression of growth of broilers consuming feed with the addition of extruded
soybean may be the result of increased endogenous amino acid losses and the
decrease in intestinal proteolysis and the reduction of amino acid absorption. The
negative effect of other thermostable anti-nutritive substances, which are not
deactivating under the influence of temperature or partially deactivated in the
extrusion process, also seems probable. Feed intake was also limited by the
thermally stable saponins contained in soybean when the level of extruded seeds
in mixtures was 15% (Jenkins and Atwal, 1994).

The phenomenon of craving and animal feed intake is closely related to the
decreasing level of glucose in the blood. In our work, a significant effect of
extruded soybean expeller on the reduction of blood glucose level was found
although no significant differences in the feed intake were observed. In other
studies, it was found that the trypsin inhibitor and urease activity in soybean
correlated with body weight and feed use (Ruiz et al., 2004). The only method of
getting rid of anti-nutritive factors and increasing the nutritional value of soybean
feed so far is heating, including extrusion (Perilla et al., 1997, Qin et al., 1996,
Macha-do et al., 2008). The opinions about the effect of extruded soybean and
soybean expeller on the feed consumption by broiler chickens are divergent. It has
been shown that the limiting factors are mainly inhibitors of pancreatic proteases
which reduce the feed intake although the mechanism of inhibition of the feed
intake has not been fully explained. Waldrup and Cotton (1974) concluded that
the decrease in the intake of the mix containing the extruded soybean was due to
the increase in the density of the ground fodder and recommended that the level
of extruded soybean in the diets be limited to 25% if the mixes were served as
powders. Leeson and Atteh (1996) showed that extrusion at 140°C significantly
increased the feed intake as compared to other groups. Other results were
presented by Marsman et al. (1997) and Nalle et al. (2011) stating that extruded
soybean fodder, including soybean expeller (Powell et al., 2011), reduced the feed
intake by broiler chickens but this impact was not statistically significant.

The production and economic factor of broiler feeding is the consumption of
fodder per 1 kg of chicken body weight. Ruiz et al. (2004) found that partial and
even total replacement of post-extraction soybean meal in broiler diets does not
reduce the use of fodder. Foltyn et al. (2013), feeding the broilers with the feed
mixes containing 0 to 160 g/kg of extruded soybean seeds showed deterioration
in feed use after 38 days of breeding, and feed consumption rates were 1.69 and
1.90 kg/kg, respectively. Marsman et al. (1997) described different results. They
found that extrusion significantly improved feed use and apparent digestibility of
general protein and non-starchy carbohydrates. Nassiri-Fard et al. (2013), in
research carried on Ross 308 roosters, receiving in diets 0, 5, 10, 15 and 20% of
extruded soybean instead of post-extraction soybean meal from day 11 to 42 of
breeding showed a significant reduction in the consumption and use of feed. The
quoted results give a divergent picture, although most studies, also included in this
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paper, indicated that the conversion of post-extraction soybean meal into extruded
soybean expeller worsened the feed use rate, with no significant differences
between the broiler groups.

Quality of carcasses and chemical composition of breast muscles and leg

muscles

In broiler production, the weight of breast muscles in relation to carcass
weight is of economic importance (Renden et al., 1994). Breast muscles constitute
30% of the total meat of the edible carcass and 60% of the edible protein of the
carcass (Summers and Leeson, 1985). The estimated lysine demand for chicken
breast muscle growth up to 2 weeks is 1.32 + 0.01% (NRC, 1994). Although the
level of lysine in the feed mixtures was comparable, the reason for the worse
results of broiler growth in the experimental groups could be the lower level of
digestible lysine in the diets.

The slaughter efficiency and post-slaughter quality of broiler chickens is
affected by many factors, both genetic and environmental, including the
composition of the diet, its physical form, and the age of chicken slaughter. Amino
acids that restrict the biological value of the diet for chickens are methionine and
lysine. There was a significant increase in the muscle mass of broilers under the
influence of lysine added to feed (Mushtag et al., 2007). The various conditions
in which the broilers were fed make the results regarding the quality of the
carcasses and their muscles divergent. Todorov et al. (1999) did not find any
significant impact of 20% of extruded soybean in feed mix on the weight of the
carcass, breast muscle mass and internal organs of broiler chickens. Sabuh et al.
(2002) showed that the use of 34% of extruded whole soybean in the diet did not
affect the weight of the broiler carcass while Kidd et al. (1998) found a decrease
in breast muscle mass in the broiler breeding starter phase, with reduced feed
intake. In other studies, it was found that extruded soybean expeller reduced the
mass of breast muscles (Powell et al., 2011). Similar results were obtained in our
own research. A negligible decrease in the share of breast muscles in broiler
carcasses could result from the limited digestibility of amino acids necessary for
the synthesis of proteins contained in the diet of chickens of experimental groups
as compared to the diet of control chickens. Lysine has been shown to be the first
amino acid restricting the growth of broiler muscles (Leeson and Summers, 2001).
Limiting the availability of amino acids in the diet may result in poorer protein
synthesis in the muscles and weakening of their growth. On the other hand,
lowering the level of total protein and amino acids in the diet results in a
significant increase in the content of spare fat.

The results of the analysis of the composition of chicken broiler carcasses fed
diets containing extruded soybean indicate a decreasing content of spare fat in
carcasses as compared to the effects obtained when feeding control diets. The
level of crude fat in feed mixtures varied within a limited range while the amount
of soybean oil added to the mixtures increased in the experimental groups. We do
not know how the temperature and the process of extrusion affect the level and
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activity of lipase and lipoxidase enzymes, recognised as anti-nutritive substances
in soybean, and which are present both in the extruded expeller and in the oil
added to the compound feeds. The digestibility of crude fat has not been studied,
hence the inference based on the available data is not justified. In birds, fatty acids
are synthesised in the liver and transported via low-density lipoproteins (LDL) or
chylomicrons to tissues that store spare fat as triglycerides (Hermier, 1997).
Mirghelenj (2013) stated that the amount of spare fat in the percentage share of
the birds' body weight decreased linearly along the increase of extruded whole
soybean in the diets of chickens slaughtered at the age of 42 days, which was
confirmed by the results obtained in our work. This is also confirmed by previous
studies (Alleman et al., 2000; Ciftci and Ceylan, 2004). In the light of the above
studies, the reduced absorption of fatty acids in experimental broiler diets seems
possible, which could have influenced the reduced deposition of broiler fat as well
as lower glucose and triglyceride levels in broiler blood plasma in the group with
the highest share of extruded soybean expeller in compound feed discussed in this
work.

The test results showed that the chemical composition of breast muscles was
not influenced by the type of soybean fodder in diets or the sex of chickens, except
for the significantly higher fat content in the breast muscles of females. The
accumulation of fat by females in larger quantities resulted from a different hormonal
system of females and to a lesser extent depended on dietary factors (Faud and El-
Senousey, 2013). Significant influence of extruded soybean expeller contained in
diets for chickens was found to increase the content of raw fat in leg muscles. The
results of these studies are not confirmed in the literature on the influence of soybean
feeds on the chemical composition of broiler carcass muscles.

Blood plasma indicators

Nassiri-Fard et al. (2013) showed that feeding Ross 308 roosters with diets
containing extruded soybean significantly increased the level of high-density
lipoproteins (HDL) and triglycerides in the blood serum. Hermier and Dillon
(1992) in earlier studies found that the concentration of lipoproteins in the blood
serum changed with the amount of dietary fat. In other studies, it was found that
the fibre fractions contained in soybean are an important factor in lowering the
serum cholesterol level (Uberoi et al., 1992). It is suggested that proteins of whole
soybeans reduce cholesterol metabolism in the liver through increased removal of
low-molecular-weight LDL cholesterol from the blood (Sirtori et al., 1995).

Cholesterol is a precursor to steroid hormones and bilious salts. Its level
depends on the environmental conditions, nutrition and fat content of broilers (Itoh
et al., 1998). The total cholesterol and serum triglyceride level in this work
significantly increased at the level of 10% and 18% of extruded soybean expeller
in the broiler diet, while at 39% it significantly decreased. Hermier and Dillon
(1992) showed that the composition of serum lipoproteins can be altered by the
type of fat chicken diet. Low-density lipoprotein (LDL) levels in chickens have
been shown to lower the soybean oil contained in the diet, which contains a lot of
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unsaturated fatty acids, and the liver converts them to ketones instead of LDL low-
density lipoproteins or triglycerides (Nitsan et al., 1997 ). Another theory is that
soybean protein reduces cholesterol metabolism in the liver by removing LDL and
total cholesterol from the birds' organisms (Sirtori et al., 1995).

The results of biochemical tests of blood plasma in this dissertation confirm
earlier data (Nassiri-Fard et al., 2013, Anderson et al., 1995, Sirtori et al., 1995)
although they are not unambiguous. The extruded soybean expeller significantly
lowered all the tested parameters of blood plasma, including glucose, proteins,
triglycerides and lipoproteins, especially at the highest content of extruded soybean
expeller in diets. These results indicate that extruded soybean expeller, exceeding
several times the content of crude fat in soybean meal, can significantly affect the
metabolism of energy components of the broiler diet, including glucose, and
especially lipids. It cannot be ruled out that the decreasing level of lipoproteins in the
broiler chickens of experimental groups was the result of the presence of soybean oil
added to the feed mixtures in these groups, which would confirm the results of other
studies (Nitsan et al., 1997).

Intestinal protein and amino acids digestibility

The intestinal digestibility of feed materials in broiler chickens is influenced
by many factors, including the age of chickens and the development of the
gastrointestinal tract, physical structure of the diet, type of protein, type and level
of fibre and the proportion of fibre to starch, the presence of non-starch
polysaccharides in the diet, anti-nutritional factors, and processing temperature,
endogenous excretion and interdependencies in the absorption of individual amino
acids, as well as the use of an additive in the feed mixtures of crystalline lysine
and methionine. It has been shown that a higher digestibility of amino acids in the
diet affects the faster growth of birds. The high variability of digestibility
coefficients for individual amino acids depends on the origin of soybean meal
samples (Clark and Wiseman, 2007, De Coca-Sinova et al., 2010). Kim and Corzo
(2012) have shown that the actual intestinal digestibility of amino acids in broilers
depends on the line, age and sex of the chickens. The digestibility of soybean
fodder is influenced by its geographical origin. De Coca-Sinova et al. (2008),
comparing the apparent intestinal digestibility of the amino acids of post-
extraction soybean meal derived from three different sources (USA, Brazil,
Argentina) in broiler nutrition, showed that these values for lysine ranged from
77.8 to 85.1% and they were the highest for US feed. Research has not been
conducted on the digestibility of whole soybean and extruded seeds from different
geographic zones. Recommendations on poultry nutrition and feedstuffs diet
tables (Smulikowska and Rutkowski, 2005) do not contain information on
intestinal digestibility of the amino acids of extruded seeds and extruded soybean
expeller. Frikha et al. (2012) found that the actual intestinal digestibility in
chickens was determined for 22 commercial samples of post-extraction soybean
meal from three countries, ranging from 89.1 to 94.0% (Thakur and Hurburgh,
2007; De Cova-Sinova et al., 2010). In the presented dissertation, apparent
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intestinal digestibility of general protein in the feed containing the extracted
soybean meal was 87%. The replacement of soybean feed in diets with extruded
soybean expeller lowered the digestibility to 85-86% in the first (10% of the
expeller) and the second experimental group (18% of the expeller). The complete
replacement of soybean feeds reduced the digestibility of the broiler diet protein
in the third group to 83% (39% of the expeller). Based on the research, it was
suggested that the differences in the content and digestibility of the general protein
diet containing soybean feeds could result from the content of anti-nutritional
substances (Opapeju et al., 2006; Gonzales-Vega et al., 2011). It was found that the
actual intestinal digestibility of amino acids (SID) determined for chickens for
thermally processed feed, subjected to technological processes like toasting or drying,
is lower than the amino acids of cereal grains (Szczurek, 2009), which would indicate
that high temperature reduces the digestibility of amino acids, mainly due to the
Maillard reaction.

In the studies of Foltyn et al. (2013) the replacement of post-extraction
soybean meal with extruded soybean significantly decreased the actual intestinal
digestibility of amino acids when the level of extruded seeds in diets reached 8,
12 and 16% of the feed mix. The decrease in lysine digestibility in relative terms
was 6.8; 6.6 and 7.8%, respectively. The research of seven feed producing
companies using soybean extrusion on an industrial scale, showed large
differences in the amino acid composition and the nutritive value of feeds
containing extruded seeds in diets for poultry (Karr-Lilienthal et al., 2006). This
could be due to the many constructional solutions of feed extruders and the use of
different extrusion temperatures. The actual degree of protein and amino acid
digestion determined on shunted roosters turned out to be lower than the data
presented in the NRC tables (1994), which was in line with earlier results of Zhang
and Parsons (1993).

The actual digestibility of the amino acids of extruded soybean expeller in
the tests carried out by Powell et al. (2011) determined on adult shunted roosters,
was at the level of lysine - 86.6; methionine - 83.5; valine - 87.4; isoleucine - 85.5;
leucine - 86.5% and was significantly lower than that of extruded post-extraction
soybean meal. The results of the research presented in our work are confirmed by
the data obtained by Powell et al. (2011). The values of the apparent intestinal
digestibility ratios in our work were higher than in the quoted work although the
trend of decreasing amino acid digestibility was found in all the experimental
groups, and the level was significant at the highest level of extruded soybean
expeller in compound feed. It has been demonstrated that the content of less than
10% of extruded soybean expeller in compound feed is the limit level due to the
intestinal digestibility of the amino acids.

Apart from the results described above, different results were also obtained.
The positive effect of soybean extrusion on the amino acid digestibility was
confirmed in the studies of Ruiz et al. (2004). They showed that as the temperature
of wet extrusion increased, the digestibility of amino acids increased, which
indicated the progressive destruction of the trypsin inhibitor and other anti-
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nutritional factors that may limit the absorption of amino acids. Our own results
are closer to those obtained by Zhang and Parsons (1993) for full extruded
soybean stating that soybean meal substitutes for extruded soybean in compound
feed for broiler chickens reduce the apparent intestinal digestibility of proteins and
amino acids, which can result in a reduced broiler growth rate.

To sum up, it can be concluded that the replacement of commercial extracted
soybean meal with extruded soybean expeller obtained from non-genetically
modified soybean from domestic crops, with the content of 369.9 g/kg of total
protein and 84.7 g/kg of crude fat/kg, used in quantities of 10, 18 and 40% of
extracted soybean meal (which means a substitution of 25, 50 and 100% of feed
protein) reduces the body weight of 42-day-old broilers significantly with the full
replacement of both soybean meals in the diet. The replacement of soybean feed
at the levels of 25% and 50% of dietary protein (10% and 18% of compound feed)
also reduces the body weight of broilers, however at a negligible level. The lower
weight of the broilers and carcasses corresponds to the lower mass of muscles and
their share in carcasses. The negative impact of extruded soybean expeller on the
intestinal digestibility of amino acids, including lysine, can be considered as the
reason for the described effects of replacing soybean feeds in broiler diets.
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Effect of diets with non-GM soybean expeller on body weight, carcass quality and amino acid
digestibility in broiler chickens

SUMMARY

A feeding trial with 640 sexed Ross 308 chickens (exp. 1) investigated the effect of replacing
commercial soybean meal in the diets (control group) with non-GM soybean expeller (cv. Merlin,
Saatbau Linz) at 10, 18 and 39% of the diet (experimental groups), which corresponded to 25%, 50% and
100% replacement of standard soybean meal. Apparent ileal amino acid digestibility of the four diets was
deter- mined in 320 Ross 308 cockerels aged 2-4 weeks, which were fed same diets as in experiment 1
(exp. 2). Replacement of the soybean feed in the diets significantly (P<0.05) reduced the body weight of
the chickens, from 2609 g (control group) to 2488.3, 2461.8 and 2408.6 g/bird in the experimental
groups. Mortality in the first experimental group (2.5%) was significantly higher than in the control
group (P<0.05), while the other experimental groups did not differ from the control group. No significant
differences were observed in feed intake and feed conversion between the broiler groups. Feed conversion
was 1.64 (control group) and 1.68, 1.72 and 1.73 kg/kg body weight in the experimental groups,
respectively. There were no significant differences in dressing percentage between the broilers. The
replacement of the commercial soybean meal with soybean expeller in the diets has significantly decreased
the absolute and relative weights of breast muscles (P<0.05). No significant differences were found
between the broiler groups in the absolute and relative weights of the heart, gizzard, liver and abdominal
fat. Carcass weight and muscle weight were significantly higher in cockerels, and abdominal fat weight
higher in pullets (P<0.05). No significant differences were observed in chemical composition of breast
muscles, while significantly higher dry matter and crude fat content was noted in leg muscles when the
diets contained 18 and 39.0% expeller, respectively (P<0.05). Crude fat content in breast muscles was
significantly higher in pullets than in cockerels (P<0.05).

Complete replacement of both feeds in the diets significantly reduced the content of glucose,
triglycerides, protein and total cholesterol in the plasma of chickens (P<0.05). There were no differences
in the content of plasma high-density lipoproteins (HDL) in broilers.

The 39% expeller diet significantly reduced the apparent ileal digestibility of crude protein from 87
to 83% (P<0.05), with no significant differences between the experimental groups of the chickens. The
addition of 10, 18 and 39% soybean expeller to the broiler diets reduced the ileal digestibility of most
essential and non-essential amino acids, and in comparison with the broilers fed soybean meal, the
differences were significant for the complete replacement of soybean diets. The ileal digestibility of
methionine averaged 93.5% and did not differ between the control group and the experimental groups of
broilers. The ileal digestibility of histidine and threonine decreased significantly when the diet contained
18% soybean expeller (P<0.05). The replacement of the commercial soybean meal with 39% soybean
expeller significantly reduced the ileal digestibility of most amino acids (P<0.05) except for methionine,
aspartic acid and proline.
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