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ABSTRACT Two experiments were conducted to in-
vestigate the effects of replacing soybean meal with
gelatin extracted from cow skin and corn protein con-
centrate as a protein source in broiler diets. Experi-
ments were carried out as a completely randomized de-
sign where each experiment involved 4 treatments of 6
replicates and 10 chicks in each pen. Soybean meal pro-
teins in a corn-soy control diet were replaced with 15,
30, and 45% of cow skin gelatin (CSG) or corn protein
concentrate (CPC), respectively, in experiments 1 and
2. BW and cumulative feed intake were measured at
7, 21, and 42 d of age. Blood characteristics, relative
organs weight and length, ileal digesta viscosity, ileal
morphology, and cecal coliform and Salmonella pop-
ulation were measured at 42 d of age. Apparent to-
tal tract digestibility of protein was determined during
35 to 42 d of age. Replacement of soybean meal with
CSG severely inhibited BW gain, decreased feed intake,
and increased FCR in broilers during the experimental

period (P ≤ 0.01). The inclusion of CPC reduced BW
and increased FCR significantly (P ≤ 0.05) at 21 and
42 d of age without any consequence in feed intake.
Protein digestibility was reduced and ileal digesta vis-
cosity was increased linearly by increasing the amount
of CSG and CPC in the control diet (P ≤ 0.01). Re-
placement of soybean meal with CSG and CPC did
not significantly alter blood cell profile and plasma
phosphorus, creatinine, blood urea nitrogen, Aspartate
transaminase, and HDL and LDL cholesterol concen-
tration. The inclusion of CSG linearly (P ≤ 0.05) in-
creased plasma uric acid concentration and alkaline
phosphatase activity. Triglyceride and cholesterol lev-
els were decreased significantly (P ≤ 0.05) when the
amount of CSG replacement was 15%. The results of
this experiment showed that using CSG and CPC neg-
atively affects broiler performance and therefore is not
a suitable alternative to soybean meal in commercial
diets.
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INTRODUCTION

One of the greatest challenges of the poultry industry
is to reduce soybean meal levels in commercial diets and
increase the amount of alternative protein and ingredi-
ent diversity. Using a combination of alternate protein
sources to replace soybean meal in the commercial diet
formulations also leads to better amino acid balance
and decreases the amount of synthetic amino acid in
these diets. Further, replacing soybean meal with alter-
native ingredients can be an attractive strategy to re-
duce the cost of diets for poultry nutritionists (Rochell
et al., 2011). The concern about meat and bone meal
bacterial contaminations (Crump et al., 2002), together
with the predicted demise of fishmeal and increasing
price of soybean meal and fishmeal worldwide, indi-
cates that a bigger market would be created for alter-
native protein feed sources. On the other hand, a more
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sustainable agriculture with a lower environmental im-
pact is of global concern and this increases the need to
find alternative protein sources to reduce land expan-
sion for soybean production.

Processing of cattle for their meat leads to enormous
amounts of byproducts. It is estimated that byprod-
ucts obtained from cattle slaughterhouses account for
approximately 30 to 40% of the total live weight (Apple
et al., 1999), and 20 to 25% of the byproducts is in the
form of skin (Carpenter et al., 1961). The value of edi-
ble and inedible beef byproducts generally accounts for
9 to 11.5% of the gross farm value in the United States
(Goldstrand, 1988). Byproduct yields from young steer
and heifers have been measured in several different cat-
tle types (Carpenter et al., 1961; Ramsey et al., 1965;
Terry et al., 1990).

The cow skins and bones can be processed into
gelatin and thus could create a high value-added protein
source in poultry diets. A number of studies have inves-
tigated the properties of skin gelatins (Choi and Regen-
stein, 2000; Fernandez-Diaz et al., 2001; Gomez-Guillen
and Montero, 2001; Binsi et al., 2009). The func-
tional properties of gelatin are related to their chemical
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characteristics. The gel strength, viscosity, setting be-
havior, and digestibility of gelatin depend on their
molecular weight and the amino acid composition
(Johnston-Banks, 1990). It has been found that the
proline and hydroxyproline amino acids are important
in the denaturation of gelatin subunits during gelling
(Johnston-Banks, 1990). As a result, gelatin with high
levels of amino acids tends to have higher gel strength
and viscosity but lower digestibility.

While the amino acid composition mainly depends on
the source species (Eastoe and Leach, 1977), the molec-
ular weight distribution of gelatin depends to a large ex-
tent on the extraction process (Muller and Heidemann,
1993). During the conversion of collagen to gelatin, the
inter- and intra-molecular bonds that are linking colla-
gen chains and also some peptide bonds are broken. The
more severe the extraction process, the greater is the ex-
tent of hydrolysis of peptide bonds, and, therefore, the
proportion of peptides with low molecular weight would
be higher. Gelatins extracted from cow skins contain al-
most 75 to 85% crude protein with a good amino acid
balance, which is rich in methionine and lysine amino
acids; therefore, it is potentially a highly valuable pro-
tein source in diets.

Feed manufacturers continuously seek to improve
their ingredient mixtures. Corn wet and dry milling
has achieved great attention during the last decade,
and production of highly digestible corn protein con-
centrate with the added benefits of lysine within a sin-
gle ingredient is now feasible. Corn wet milling has been
used primarily to produce starch, syrup, oil, sugar, and
byproducts such as corn protein concentrate (gluten
feed and meal) from corn. Today, with technological
developments in the corn wet milling process, produc-
tion of high-protein portions from the main product
stream that contains starch, gluten, and soluble organic
materials, with lower density gluten, is now possible.
One of the major concerns with the use of corn gluten
meal in poultry diets is that it has a severely imbal-
anced amino acid profile, and proper amino acid forti-
fication is therefore essential to obtain maximal perfor-
mance (Peter et al., 2000). Corn protein concentrate is
a product fortified with dried lysine fermentation prod-
ucts and contains high levels of arginine, tryptophan,
threonine, and dispensable amino acids.

The purpose of this study was to investigate the fea-
sibility of soybean meal replacement with skin gelatin
protein and corn protein concentrate in broiler diets
and to test the inclusion levels of alternative proteins
in different stages of the rearing period.

MATERIALS AND METHODS

Bird Management and Experimental Design

A total of 480 male Ross 308 broilers (one d old)
were obtained from a local commercial hatchery and
raised over a 42-d experimental period. The chicks
were housed in thermostatically controlled pens in an

environmentally controlled building. Both experiments
were conducted in the same thermostatically and envi-
ronmentally controlled house to obtain uniform results.
A total of 480 chicks (240 for each experiment) were
used in the experiments. Both experiments were con-
ducted as a completely randomized design where each
experiment involved 4 treatments of 6 replicates and
10 chicks in each pen. In the first experiment, soybean
meal protein in the corn-soy control diet (in mash form)
was replaced by 15, 30 and 45% of cow skin gelatin
(CSG). In the second experiment, soybean meal pro-
tein in the corn-soy control diet was replaced by 15, 30
and 45% of corn protein concentrate (CPC). Control
and experimental diets are shown in Table 1. Before the
formulation of diets, the nutrient composition (energy,
crude protein, amino acid, calcium, and phosphorus) of
cow skin gelatin and corn protein concentrate was de-
termined precisely (Table 2), and this was considered in
formulating the diets to ensure there were no differences
in nutrient composition. The basal diets were formu-
lated with 35.8% soybean meal, and the amount of CP
in the basal diet originating from soybean meal (44% ×
0.358 = 15.75%) was calculated (15.75 of 21% CP in the
control diet originated from soybean meal); the 15.75%
CP that was from soybean was replaced with 15, 30,
and 45% of CP from cow skin and CPC. Replacement
of soybean meal in the control diet with CSG and CPC
was done on a CP to CP basis, so that there were no dif-
ferences in CP and other nutrients in the diets. Broilers
had ad libitum access to feed and water. At the begin-
ning of the trial and at the beginning of each wk, the
total amount of feed needed for one wk consumption by
birds in each pen (equal to the Ross 2014 performance
objective) was mixed and fed every morning (08:00h)
by placing it into the plastic gallon-pan feeder. At the
end of d 7 the amount of feed consumption of each pen
was calculated by the total amount of mixed feed mi-
nus the residual feed in the pan. Nipple drinkers with
the same polyethylene tanks were used for water as a
drinking system for the broilers, and all chicks received
similar water. Chicks were brooded following standard
temperature regimens, which gradually decreased from
32 to 24◦C, and under a 23L:1D cycle. BW was mea-
sured weekly and cumulative feed intake was measured
at the end of wk 3 and 7 for each pen for calculating
the feed conversion ratio (FCR).

Cow Skin Gelatin and Corn Protein
Concentrate Preparation

Cow skins and tissues were obtained from slaughter-
houses. These were ffillet processing byproducts. The
very small skins (skin thickness, 1.22 mm) from young
cattle and the very large skins (skin thickness ≥1.7 mm)
from adult cattle were selected and used for the study.
Skins were loaded into chopping machines that cut the
parts into small pieces of about 10 cm in diameter. Skins
were then passed through high-pressure water sprays to
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Table 1. Composition and calculated analyses of the basal diets.

Control diet Cow skin gelatin Corn protein concentrate

Item (%) (15%) (30%) (45%) (15%) (30%) (45%)

Corn 58.8 62.3 66 67 63.6 66.6 67.4
Soybean meal, 44% CP 35.8 29.9 23.6 17.4 29.4 23.7 17.6
Cow skin gelatin, 76% CP 3 6.2 9.2 - - -
Corn protein concentrate, 83% CP - - - - 2.8 5.6 8.5
Wheat bran - - 0.17 2.2 - - 2.4
Corn oil 1.6 0.8 - - 0.05 - -
Dicalcium phosphate 1.8 1.8 1.8 1.8 1.8 1.8
Oyster shell 1.15 1.13 1.07 1.04 1.18 1.2 1.22
Sodium chloride 0.34 0.34 0.34 0.34 0.34 0.34 0.34
Vitamin and mineral premix1 0.5 0.5 0.5 0.5 0.5 0.5 0.5
DL-Met, 99% 0.21 0.18 0.16 0.15 0.19 0.16 0.14
L-Lys-HCL, 78% 0.12 0.13 0.15 0.16 0.11 0.09 0.07
L-Thr-HCL, 99% - 0.02 0.07 0.11 - 0.01 0.03

Calculated analysis
ME, kcal/kg 2950 2950 2950 2950 2950 2950 2950
CP % 21 21 21.05 21.05 21 21 21
Dig Lys % 1.2 1.19 1.18 1.17 1.19 1.18 1.17
Dig Met % 0.51 0.52 0.52 0.51 0.52 0.52 0.51
Dig Met + Cys % 0.85 0.82 0.8 0.79 0.85 0.85 0.85
Dig Thr % 0.79 0.77 0.76 0.74 0.79 0.79 0.78
Ca % 1 1 1 1 1 1 1
Available P % 0.45 0.45 0.45 0.45 0.45 0.45 0.45

1Vitamin and mineral mix supplied the following per kilogram of diet: vitamin A, 11,000 IU; vitamin D3,
1,800 IU; vitamin E, 11 mg; vitamin K3, 2 mg; vitamin B2, 5.7 mg; vitamin B6, 2 mg; vitamin B12, 0.024
mg; nicotinic acid, 28 mg; folic acid 0.5 mg; pantothenic acid, 12 mg; choline chloride, 250 mg; Mn, 100 mg;
Zn, 65 mg; Cu, 5 mg; Se, 0.22 mg; I, 0.5 mg; and Co, 0.5 mg.

wash away debris. After this, they were degreased and
their fat content was reduced to about 2% by soaking
them in hot water. Degreased skins were then moved
to an industrial dryer where they were roasted for ap-
proximately 30 min at about 200◦F (100◦C). Skins were
pre-treated by acidulation with 0.1 M hydrochloric acid
solution (pH ≤1.5) and this pH range was maintained
throughout the pre-treatment period (32 h) by adding
more acid solution until the skins were adequately con-
ditioned. The skin-to-acid solution ratio was about 1:2
(w/w). The alkaline wash was a potassium carbonate
with a pH above 7. The conditioned skins were washed
twice, each time with a volume of water equal to the
volume of the conditioning solution, until reaching a
ffinal pH of 3.5 to 4. The pre-treated materials were
transferred to large aluminum extractors and boiled in
distilled water, and the gelatin was extracted in wa-
ter baths by 3 sequential 5 h extractions at 90, 120,
and 140◦C, followed by boiling for 5 h. In all cases, ex-
traction pH was between 3.5 and 4. The liquid from
the extractor was piped through filters and then piped
into evaporators—the machines that separated the liq-
uid from the solid gelatin. The liquid was piped out
and discarded. Subsequently the gelatin was passed
through machines that pressed it into sheets, followed
by grinders that turned the sheets into a fine powder.
Crude protein, fiber, and ether extracts of skin gelatin
were respectively determined by sequential extraction
with diluted acid and alkali (962.09; AOAC, 2000), by
the Kjeldahl method (954.01) and by Soxhlet fat analy-
sis after 3 N HCl acid hydrolysis (920.39) after oven dry-
ing (60◦C for 72 h). The gelatin was analyzed for amino

acid content using HPLC (AOAC, 2000; method 982.30
E [a, b, c]). Total phosphorus and calcium content of
the gelatin was determined according to the method of
Harris and Popat (1954). Apparent metabolisable en-
ergy content of the gelatin was calculated according to
the models (NRC, 1994) by using the chemical compo-
nent.

Corn protein concentrate was obtained from Cargill
Corn Milling (Lysto, Eddyville, IA 52553). The analyses
of CSG and CPC nutrient composition are shown in
Table 2.

Blood Characteristics

At d 42, 4 chicks from each pen were selected and
blood samples were collected in heparinized and non-
heparinized tubes by puncturing the brachial vein. Two
samples (non-heparinized tubes) were centrifuged at
1,734 × g at 0◦C for 20 min, and the serum was
used for measuring triglyceride, cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL),
and serum urea nitrogen (SUN). Plasma from hep-
arinized tubes was used for measuring the Alanine
transaminase (ALT), Aspartate transaminase (AST),
and Alkaline phosphatase (ALP). Whole blood samples
were used for analyzing the red blood cells (RBC), to-
tal white blood cells (WBC), haematocrit, hemoglobin
concentration, and differential counting of monocyte,
lymphocyte, eosinophil, and basophil percentages. The
concentration of triglyceride, total cholesterol, and
HDL and LDL cholesterol in the serum samples
was analyzed with an automatic biochemical analyzer
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(Hitach Boahringer Munnhein/ 717) using the colori-
metric method (Fossati and Prencipe, 1982). Plasma
from heparinized tubes was used for determination of
total protein, plasma uric acid, ALT, AST, and ALP
activity with an automatic biochemical analyzer (Hi-
tachi 717, Boehringer Mannheim, Ingelheim am Rhein,
Germany) using an Elitech diagnostic kit (catalog no.
A.110537). Blood was drawn into heparinized micro-
capillary tubes and centrifuged in a Hettich Microlite
centrifuge (Tuttlingen, Germany) for 10 min at 1,300
× g for hematocrit measurement. Hemoglobin concen-
tration was analyzed colorimetrically with a diagnos-
tic kit (catalog no. 10–532). An automated hematol-
ogy analyzer (Sysmex XS-800i K-800i, Sysmex Corp.,
Kobe, Japan), which was standardized for analysis of
chicken blood, was used to determine the concentra-
tion (cells/μl) of total WBC and RBC. For the rela-
tive microscopic differential WBC count, blood smears
were made and stained with May-Grünwald-Giemsa
stain. One hundred cells were counted, including lym-
phocytes, basophils, eosinophils, and monocytes. Serum
(0.5 mL) from 2 broilers was collected and pooled by
replicate pen. The pooled serum was then analyzed for
plasma uric acid (Fossati et al., 1980) and serum urea
nitrogen (Mathies, 1960) using commercial reagent kits
(Pointe Scientific, Canton, MI).

Intestinal Morphology Parameters

At 42 d of age, 2 chicks from each pen were killed
for evaluation of ileal morphology. The digestive tract
along with contents was removed aseptically and the
ileum was separated from the Meckel’s diverticulum up
to one cm proximal to the ileocecal junction and then
dried with desiccant paper. A 2-cm section of ileum was
taken from the middle of the ileum and gently flushed
with PBS (pH 7.2). Tissue sections were immediately
fixed in 10% neutral buffered formalin; this formalin
was changed 3 times for completing the fixation. A
single 0.5-cm sample was cut from each ileal section,
dehydrated with increasing concentrations (70, 80, 95,
and 100%) of ethanol, cleared with xylene, and placed
into polyfin embedding wax. Tissue sections (2 μm)
were cut by microtome (Leitz-1512 Microtome, Leitz,
Wetzlar, Germany), floated onto slides, and stained
with hematoxylin (Gill no. 2, Sigma, St. Louis, MO)
and eosin (Sigma). To measure villus height and crypt
depth, images from samples and a micrometer were
taken using a digital camera that had light microscopy.
Twelve images from 4 tissue sections of each ileal sec-
tion were taken and 24 villus heights and crypt depths
were measured by imaging software. Measurements for
villus lengths were taken from the tip of the villus to
the valley between individual villi, and measurements
for crypt depth were taken from the valley between in-
dividual villi to the basolateral membrane. Morphology
data were analyzed by the GLM procedure of SAS soft-
ware (SAS Institute, Cary, NC).
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Enumeration of Cecal Bacterial Population

On d 42, 2 chicks from each pen were slaughtered by
neck cutting for extraction of cecal contents. The cecal
contents of each bird were pooled for serial dilution. Mi-
crobial populations were determined by serial dilution
(10−4 to 10−6) of cecal samples in anaerobic diluents be-
fore inoculation onto petri dishes of sterile agar as de-
scribed by Bryant and Burkey (1953). Salmonella was
grown on Salmonella Shigella agar (Merck, Germany)
and coliforms were grown on McConkey agar (Darm-
stadt, Germany). Plates were counted between 24 and
48 h after inoculation. Colony forming units were de-
fined as distinct colonies measuring at least one mm
in diameter. Nine sterile test tubes with lids contain-
ing 9 mL phosphate buffer solution as a diluent were
prepared and approximately one g of the cecal contents
was taken by sterile swab and homogenized for 3 min
before transferring to the microbiology lab in cold con-
dition (Bryant and Burkey, 1953) and was then mixed
using an aseptic technique. One mL of the solution in
the test tube (10 mL buffer plus cecal sample) was re-
moved by a 1,000 μl sampler and transferred to the
tube and mixed thoroughly. Also, it was transferred to
another tube, and this procedure was repeated until a
dilution of 9. 1.0 mL contents of each test tube was
transferred to one of 3 selective media agar in petri
plates, respectively, and each petri plate was incubated
in 37◦C for 24 h. Finally, colony forming units were de-
fined as distinct colonies measuring at least one mm in
diameter.

Digestibility

All diets were grounded through a one-mm screen
in a Wiley mill before analyzing for crude protein
(AOAC, 2000). For total tract apparent digestibility,
Cr2O3 (0.2%) was added into the diets as an indi-
gestible marker during d 35 to 42, and digestibility of
CP was calculated by the method described by Hahn
et al. (2006). During d 38 to 42, 2 chicks from each pen
were transferred to individual cages and fresh feces from
these chicks in the same cage were collected, pooled, and
frozen until being lyophilized and grounded. Feces and
feed samples were grounded through a one-mm screen.
Samples were then used to determine dry matter con-
tent by oven drying at 105◦C for 24 h. Nitrogen content
of the diets was determined by the combustion method
(Model FP2000; Leco Corp., St. Joseph, MI) according
to the AOAC (2000). Chromium was determined by
ultra violet absorption spectrophotometry (Shimadzu
UV-1201; Shimadzu, Kyoto, Japan) and digestibility of
nitrogen was calculated using the indirect-ratio method.

Digestive Tract Traits

At d 42, 2 chicks from each pen were killed by neck
cutting; the weights of the breast, thigh, abdominal fat,

gizzard, duodenum, jejunum, ileum, and bursa of Fabri-
cius and the length of the duodenum, jejunum, and
ileum were measured. The digestive tract with contents
was removed aseptically and the proventriculus, giz-
zard, and small intestine sections were excised, cleaned,
and dried with desiccant paper for measurement. The
weight of the empty organs was expressed relative to
live BW.

Ileal Digesta Viscosity Analysis

At 42 d of age, 2 chicks from each pen were killed for
evaluation of ileal digesta viscosity. The whole diges-
tive tract was removed with contents aseptically and
the ileum was separated from the Meckel’s diverticu-
lum up to one cm proximal to the ileocecal junction
and then dried with desiccant paper. Digesta samples
were taken from the ileum, homogenised, centrifuged
at 8,000 × g, and the viscosity of the supernatant an-
alyzed in duplicate using a rotating plate viscometer
(model LVTD-CP-40, Brookfield Engineering Labora-
tories, Inc., Commerce Boulevard, Middleboro, USA).

Statistical Analysis

Data were analyzed in a completely randomized de-
sign with 4 treatments of 6 replicates and 10 chicks
in each pen and the effects (CSG and CPC inclu-
sion level) were estimated using the GLM procedure
of SAS (SAS Institute, 2003). Normal distribution of
the residual was tested by the UNIVARIATE proce-
dure of SAS (SAS Institute, 2003). When the effect was
significant, differences among treatment means were
tested using the Duncan multiple comparison test. For
the level of inclusion of CSG and CPC in the diet,
linear and quadratic effects also were fitted in the
model. Results are reported as means in tables, and
differences among treatments were considered signifi-
cant at a threshold of P < 0.05. Microbiological con-
centrations were subject to log10 transformation before
analysis.

RESULTS

Growth Performance

Replacement of soybean meal by CSG severely
stunted BW gain in broiler chicks during the experi-
mental period (L, P ≤ 0.01; Q, P ≤ 0.05). As CSG
inclusion increased by 3, 6, and 9% and soybean meal
decreased from 35.8 to 29.9, 23.6, and 17.4% in ex-
perimental diets, there was a progressive reduction in
growth, which resulted in ffinal weights being reduced
by 15.8, 55, and 73%, respectively, compared to broil-
ers fed 35.8% soybean meal in the control diet. Feed
intake decreased prominently and feed conversion ra-
tio highly increased as the amount of CSG increased in
the control diet during the whole experimental period
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(L, P ≤ 0.01). Feed conversion ratio for the broilers fed
3, 6, and 9% CSG was increased by 11, 63, and 119%,
respectively, compared to broilers fed the control soy-
bean meal-corn diet. At 7 d of age, replacement of 15
and 30% corn proteins concentrate in the control diet
did not significantly affect BW, but with 45% replace-
ment a significant reduction in BW was observed (L, P
≤ 0.05) (Table 3). Inclusion of 30 and 45% corn pro-
tein concentrate in the control diet reduced BW and
increased FCR significantly at 21 and 42 d of age (L, P
≤ 0.01; Q, P ≤ 0.05). Feed intake was not affected by
replacing soybean meal with CPC in the control diet
(Table 3). The highest BW gain and lowest FCR was
obtained by inclusion of 15% CPC in the control diet
during the experimental period (Table 3).

Blood Characteristics

Replacement of soybean meal with CSG and CPC in
the diet did not significantly alter RBC, WBC, hemat-
ocrit, hemoglobin, and differential counting of lympho-
cyte, eosinophil, basophil, and monocyte percentages.
It also did not change plasma phosphorus, creatinine,
SUN, AST, HDL, LDL, or LDL:HDL ratio (Table 4).
Inclusion of CSG linearly (P ≤ 0.05) increased plasma
uric acid concentrate and alkaline phosphatase activity.
Triglyceride and cholesterol levels were decreased sig-
nificantly (P ≤ 0.05) when the amount of replacement
was 15%, but with 30 and 45% CSG inclusion rates, no
differences were observed in triglyceride and cholesterol
levels of plasma compared to the control diet. Cow skin

Table 3. Influence of soybean meal replacement by cow skin gelatin (CSG) and corn protein
concentrate (CPC) in diet on growth performance1 of broilers from one to 42 d of age.2

one to 7 d one to 21 d one to 42 d

Treatment BW FI FCR BW FI FCR BW FI FCR

Control 136.5a 98.75 0.94 688.75a 783.5a 1.14c 2285.25a 3973.3a 1.73c

15% CSG 119b 105.75 0.98 522.25b 762.75a 1.46b 1923b 3745.2b 1.93c

30% CSG 104.25c 105.75 0.87 266c 609.75b 2.28a 1028.25c 2880.7c 2.83b

45% CSG 88.25d 99.75 0.95 160d 498.5c 3.12a 606d 2291d 3.79a

SEM 2.83 47.63 0.1 15.20 32.78 45.01 61.07
Control 149.75a 126.73 0.845 680.50a 924.98 1.55a 1943.25b 3426 1.76c

15% CPC 151a 122.95 0.815 654.25a,b 906.65 1.39b 2232.75a 3456.8 1.55d

30% CPC 157.25a 117.75 0.803 644b 876.95 1.36b 1666.50c 3273.5 1.97b

45% CPC 142b 114.05 0.750 548.25b 850.28 1.36b 1426d 3157 2.21a

SEM 2.36 7.21 0.041 12.02 40.61 0.04 64.8 156 0.043

Effect P-value
CSG
Linear 0.01 NS NS 0.001 0.05 0.001 0.001 0.01 0.001
Quadratic 0.04 NS NS 0.001 NS 0.01 0.02 0.05 0.001
CPC
Linear 0.05 NS NS 0.001 NS 0.02 0.001 NS 0.001
Quadratic 0.06 NS NS 0.01 NS 0.03 0.001 NS 0.001

a–dMeans within a column without a common superscript differ signifficantly (P < 0.05).
1BW gain (g). 3Feed intake (g). 4Feed conversion ratio (g of feed/g of BW gain).
2Pen means were used to calculate dietary averages.

Table 4. Influence of soybean meal replacement by cow skin gelatin (CSG) and corn protein concentrate (CPC) in diet on plasma
metabolites1 of broilers at 42 d of age.2

Treatment Creatinine Uric acid Calcium phosphorous SUN Cholesterol Triglyceride HDL LDL AST ALP
(mg/dl) (mg/dl) % % % (mg/dl) (mg/dl) (mg/dl) (mg/dl) % (106/μl)

Control 0.28 3.6a 9.98 7.44 2.25 130.75a,b 92a,b 60.60 48.05 168.5 34b

15% CSG 0.28 5.8b 10.18 7.65 3.25 108.50b 65.25b 58.40 41.70 167.3 41.5a,b

30% CSG 0.28 6.2b 10.07 7.99 2.50 116.75a,b 112a 49.03 43.73 198 40.75a,b

45% CSG 0.25 7.1c 10.34 8.35 2.25 141.75a 82a,b 72.48 59.75 220.3 47.25a

SEM 0.03 0.19 0.54 0.48 0.48 8.31 10.09 7.31 8.37 30.57 2.4
Control 0.28 4.70 9.28a 4.97 2.25 129 83.25 63.10 45.95 227.5 27.01
15% CPC 0.28 5.45 9.25a 4.55 2.75 122 72.25 57.73 40.27 198 26.35
30% CPC 0.23 5.48 8.85a,b 4.85 2 122 117 56.52 43.30 202.3 26.81
45% CPC 0.30 4.68 8.50b 4.75 2.75 133 74.25 69.65 43.90 157 19.85
SEM 0.03 0.45 0.20 0.19 0.36 7.47 15.58 4.82 5.93 31.4 2.99

Effect P-value
CSG NS 0.001 NS NS NS 0.05 0.04 NS NS NS 0.001
CPC NS NS 0.05 NS NS NS NS NS NS NS NS

a–cMeans within a column without a common superscript differ signifficantly (P < 0.05).
1SUN = serum urea nitrogen; AST = aspartate trans aminase; ALP = alkaline phosphatase; HDL = high-density lipoprotein cholesterol; LDL

= low-density lipoprotein cholesterol
2There were 2 broilers per pen and 6 pens per diet. Pen means were used to calculate dietary averages.
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Table 5. Influence of soybean meal replacement by cow skin gelatin (CSG) and corn protein concentrate (CPC) in diet on
ileum morphological characteristics, cecal microbial population, apparent total tract digestibility of protein, and ileal digesta
viscosity at 42 d of age.1

Treatment Villus height Crypt depth Villus:crypt digesta viscosity CP digestibility Coliforms Salmonella
(μm) (μm) cPs % (log10 cfu/g of DM) (log10 cfu/g of DM)

Control 89.66 33.60 2.73 4.07c 75.17a 2.71b 7.57
15% CSG 104.93 31.53 3.65 6.34c 75.34a 4.49a 7.60
30% CSG 125.11 38.81 3.20 27.75b 70.81b 2.25c 7.59
45% CSG 83.52 33.19 2.5 39.16a 65.12c 2.16c 7.61
SEM 13.36 3.36 0.55 2.06 0.62 0.07 0.022
Control 188.2b 36.7 5.2a,b 4.34c 87.11a 2.25c 9.55
15% CPC 229.2a 38.1 6.1a 4.78c 84.4a 2.16c 9.53
30% CPC 197.6b 39.5 5.1b 13.09b 73.89b 3.80a 9.55
45% CPC 165.4b 35,8 4.9b 19.14a 68.68b,c 3.44b 9.59
SEM 10.71 2.1 0.32 1.54 3.02 0.05 0.023

Effect P-value
CSG
Linear NS NS NS 0.001 0.001 0.01 NS
Quadratic NS NS NS 0.04 0.001 NS NS
CPC
Linear 0.02 NS 0.04 0.002 0.03 0.01 NS
Quadratic 0.01 NS NS 0.03 NS 0.03 NS

a–cMeans within a column without a common superscript differ signifficantly (P < 0.05).
1There were 2 broilers per pen and 6 pens per diet. Pen means were used to calculate dietary averages.

gelatin inclusion had no effect on plasma calcium con-
centrate but replacement with CPC decreased plasma
calcium concentrate significantly (P ≤ 0.05).

Effect of CSG and CPC inclusion on Villi
and Crypt and Ileal Digesta Viscosity

Villus height and crypt depth were not affected sig-
nificantly by CSG inclusion in the control diet (P
≥0.05). Villus height in chicks fed 15% CPC was greater
(L, P ≤ 0.05; Q, P ≤ 0.01) than the corresponding val-
ues in chicks fed the control diet or diets containing 30
and 45% CPC. There were no differences among the
control diet and diets containing 30 and 45% CPC in
villus height and crypt depth, or the villi to crypt ratio
(Table 5). Ileal digesta viscosity increased significantly
(L, P ≤ 0.01; Q, P ≤ 0.05) as the amount of CSG and
CPC increased in the control diet (Table 5).

Protein Digestibility and Enumeration of
Cecal Bacterial Population

Total tract digestibility of protein was reduced lin-
early by increasing the amount of CSG and CPC in the
control diet (L, P ≤ 0.001; Q, P ≥ 0.05). The cecal co-
liform population highly increased with 15% inclusion
of CSG, but the higher amounts of CSG (30 and 45%)
decreased the coliform population in ceca significantly
(P ≤ 0.05). The high addition of CPC (30 and 45%)
to the control diet increased the coliform population of
ceca significantly (P ≤ 0.05). The Salmonella popula-
tion in the cecum was unchanged when soybean meal
was replaced with CSG and CPC (Table 5).

Effect of CSG and CPC on Carcass
Analyses

Results of carcass analyses are shown in Table 6. The
relative weight and length of the duodenum and ileum
declined significantly (P ≤ 0.05) as the proportion of
CSG increased in the control diet. The length of the
jejunum decreased as the amount of CSG increased in
the control diet, but jejunum weight was not affected by
replacing soybean meal with CSG. The relative weight
of the spleen, bursa of Fabricius, liver, and pancreas re-
mained unchanged with the inclusion of CSG in the con-
trol diet. Incorporation of CPC instead of soybean meal
significantly (P ≤ 0.05) increased the relative length of
the duodenum and ileum, but decreased the relative
weight of bursa of Fabricius. The relative weight of the
duodenum, jejunum, and ileum and the relative weight
of the spleen, liver, pancreas, and abdominal fat did not
change with CPC inclusion.

DISCUSSION

The regressive reduction of soybean meal in the
broiler diets by progressively increasing cow skin gelatin
replacement sources reduced the performance of broil-
ers, indicating that the experimental diets containing
CSG had major deleterious effects on the productivity
of broilers, especially when the inclusion amount was
too high. This reduction in BW and increase in FCR
were concomitant with reduction in feed intake. Ruther-
furd et al. (2015) reported that the inclusion of gelatin
as a protein source instead of soybean meal in rat di-
ets reduced feed intake obviously. Studies considering
the effects of cow skin gelatin as a protein source in
broiler diets are scarce in the literature. Therefore, the
results obtained in the present study can be supported
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Table 6. Influence of soybean meal replacement by cow skin gelatin (CSG) and corn protein concentrate (CPC) in diet on carcass1

analysis of broilers at 42 d of age.

Treatment Duodenum Jejunum Ileum Duodenum Jejunum Ileum Spleen bursa of Fabricius Liver pancreas Abdominal fat
% Length % Weight

Control 2.072a 4.868a 4.417a 0.935a 2.043 1.618a 0.143 0.109 2.821 0.211 0.747a

15% CSG 1.747b 3.976b 4.083a,b 0.852a,b 1.852 1.314b 0.126 0.088 2.868 0.213 0.438b

30% CSG 1.611b 3.126b,c 3.716b,c 0.726a,b 1.828 1.253b,c 0.096 0.082 2.795 0.231 0.575a,b

45% CSG 1.574b 2.865c 3.491b,c 0.681b 1.688 1.081c 0.146 0.112 2.606 0.256 0.532a,b

SEM 0.08 0.261 0.158 0.073 0.21 0.091 0.019 0.016 0.138 0.016 0.070
Control 1.629b 3.957 3.523b 0.688 2.031 1.539 0.161 0.153a,b 2.643 0.193 0.764
15% CPC 1.618b 3.702 3.689a,b 0.659 1.788 1.355 0.127 0.164a 2.472 0.219 0.658
30% CPC 1.696b 4.182 4.091a,b 0.757 2.006 1.542 0.132 0.109b 2.653 0.179 0.910
45% CPC 2.029a 4.257 4.305a 0.737 1.934 1.539 0.115 0.135a,b 2.586 0.204 0.988
SEM 0.078 0.254 0.218 0.044 0.175 0.136 0.019 0.016 0.117 0.021 0.121

Effect P-value
CSG 0.001 0.01 0.05 0.04 NS 0.03 NS NS NS NS 0.03
CPC 0.002 NS 0.05 NS NS NS NS 0.01 NS NS NS

1Data represent as percentage of live weight. There were 2 broilers per each pen and 6 pen per each diet. Pen means were used to calculate
dietary average.

a–cMeans within a column without a common superscript differ signifficantly (P ≤ 0.05).

by previous studies on replacing high levels of fishmeal
with gelatin, which showed reduced growth in salmon
(Opstvedt et al., 2003; Mundheim et al., 2004). Replace-
ment level is of great importance, as partial replacement
of up to 20% of fishmeal in diets showed no adverse ef-
fects on growth of Atlantic salmon (Berge et al., 1998;
Sveier et al., 2001; Opstvedt et al., 2003; Espe et al.,
2006), while the total replacement of fishmeal by gelatin
lowered the growth performance (Espe et al., 2006).
Crude protein digestibility was severely decreased as
the amount of CSG increased in diets; therefore, the
reduction in BW could be related to the impaired pro-
tein accessibility in this study. Rutherfurd et al. (2015)
reported that protein source affects endogenous amino
acid flow to the intestine. By replacing the soybean with
gelatin in rat diets endogenous amino acid flow to the
intestine increased and digestibility of amino acids de-
creased, resulting in a reduction of BW gain (Ruther-
furd et al., 2015). Buraczewska et al. (2007) reported
that dietary effects may be attributed to specific non-
starch polysaccharides (NSP), especially water-soluble
NSP, which could increase luminal viscosity and in-
fluence the gastrointestinal environment, leading to a
reduction of nutrient digestibility. Smulikowska et al.
(2002) showed that high digesta viscosity negatively af-
fected performance, development of the stomach, and
motility of the small intestine in young chickens.

Results of the current study showed that length and
weight of the duodenum, jejunum, and ileum were re-
duced by increasing the amount of CSG in the diets.
In the current research, CSG inclusion did not affect
jejunum or ileum mucosa histomorphology of broilers,
including villus height, crypt depth, and villus to crypt
ratio. We have not found any research on the effects
of CSG on the structure of the intestinal mucosa in
poultry. In pigs, Borda et al. (2005) reported that the
inclusion of 5% hydrolyzed porcine mucosa in the diet
as a substitution of soybean meal increased the villus
height of the ileum measured 15 d after weaning. In

contrast, Vente-Spreeuwenberg et al. (2004) found that
the replacement of soybean meal with wheat gluten or
hydrolyzed wheat gluten did not affect the villus height
and crypt depth of the small intestine in weanling pigs.
Similarly, Corassa et al. (2007) reported that the sub-
stitution of 5% spray-dried blood plasma by hydrolyzed
porcine mucosa did not affect villus morphology of the
small intestine of young pigs, which is consistent with
the data reported here.

According to Johnston-Banks (1990), the sum of in-
tact α and ß sub units in gelatin fractions, together
with their peptides, is proportional to the gel strength,
while the viscosity increases with an increase in the
amount of the high molecular weight (greater than γ)
fraction. Therefore, due to the high molecular weight
of cattle skin gelatin, its viscosity increases and pro-
duces high viscose digesta in broiler intestines, resulting
in decreased feed consumption. While the amino acid
composition mainly depends on the source species (Eas-
toe and Leach, 1977), the molecular weight of gelatin
depends on the extraction process (Muller and Hei-
demann, 1993). Viscosity distribution of gelatin also
changes to some extent with the type of extraction
process. During conversion of collagen to gelatin, the
inter- and intra-molecular bonds linking collagen chains
as well as some peptide bonds are broken. The more
severe the extraction process, the greater the extent
of hydrolysis of peptide bonds, and therefore the pro-
portion of peptides with molecular weight less than α
sub unit would be higher. It may be useful to produce
gelatin with finer particles and lower viscosity to elim-
inate the deleterious effect of it on feed intake. The
age of the source animal may inffiuence the ease with
which gelatin can be extracted and the extent of pep-
tide hydrolysis during the extraction (Reich et al., 1962;
Cole and McGill, 1988). Collagen from older animals
is more cross-linked and a more severe process is re-
quired to denature it to form gelatin (Reich et al., 1962).
Therefore, using younger animal skin may be of great
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importance to reduce the harmful effects of skin gelatin
in broilers. There are differences in the extent and type
of crosslinking found in bones and skins (Sims and Bai-
ley, 1992). This also may affect the collagen solubiliza-
tion and transformation to gelatin and may result in
differences between the properties of gelatins extracted
from the two tissues. Therefore, an application of new
ways of skin gelatin processing for broiler diets would
be interesting.

Blood cell count and differential WBC count as well
as hemoglobin and heamatocrit concentration were not
affected by CSG protein, but triglyceride and choles-
terol concentrations were lowered when CSG was in-
cluded in the diet. Khalaji et al. (2013) reported that
using high-viscosity hydroxypropylmethylcellulose pro-
duces high-viscose digesta and causes a reduction in
hepatic enzyme activity in fatty acid synthesis in broiler
breeders, and this leads to a prominent decrease in
plasma triglyceride and cholesterol level. Reduction in
plasma triglyceride and cholesterol concentrations may
have resulted from increased digesta viscosity. Bartley
et al. (2010), by evaluating the hepatic gene expres-
sion data, suggested that the cholesterol-lowering effect
of high-viscous digesta was a consequence of increased
loss of bile acids through the feces.

There was a reduction in the cecal coliform popula-
tion when high levels of CSG were included in diets. The
Salmonella population in the cecum was unchanged by
CSG inclusion. Published studies on the antimicrobial
properties of hydrolysates or peptides from collagen or
gelatin are very scarce. Collagen also has been described
as a biomaterial with bactericidal and fungicidal prop-
erties when applied as a coating to wool-based materi-
als (Jus et al., 2009). Gómez-Guillén, et al. (2010) re-
ported antimicrobial activity in peptide fractions from
tuna and squid skin gelatins within a range of 1 to 10
kDa and less than 1kDa. The hydrolysates were tested
using the agar diffusion assay against 18 strains of bac-
teria (both Gram-positive and negative) in which Lacto-
bacillus acidophilus and Bifidobacterium animalis subp.
Lactis, Shewanella putrefaciens, and Photobacterium
phosphoreum were found to be the most susceptible
species.

Protein sources or diets with severely deficient amino
acids and/or severely imbalanced amino acid profiles re-
sult in reduced overall performance (Peter et al., 2000).
One of the major concerns with the use of corn gluten
meal in poultry diets is that it has a severely imbal-
anced amino acid profile, and proper amino acid forti-
fication is therefore essential to obtain maximal perfor-
mance (Peter et al., 2000). Because corn gluten meal is
severely deficient in both lysine and tryptophan as es-
tablished herein, any improvement in amount and uti-
lization of these important amino acids by processing
and fortification would be important. Complete amino
acid fortification of the basal diet containing 12% in-
tact protein provided by corn gluten meal produced
weight gain and feed efficiency values that did not dif-

fer from those of chicks fed the 23% CP corn-soybean
meal positive-control diet (Baker and Han, 1994). Corn
protein concentrate is a product fortified with a dried
lysine fermentation product and contains high levels of
arginine, tryptophan, threonine, and dispensable amino
acids. The inclusion of 15% corn protein concentrate in-
creased BW and decreased FCR for broilers, but with
higher levels (30 and 45%) final BW decreased 14 and
26% and FCR increased 11 and 26%, respectively. Corn
gluten meal has been used in poultry diets due to its
high protein (NRC, 1994) and high energy content,
and also high level of xanthophylls (Peter et al., 2000).
Methionine or sulfur amino acids are the first limit-
ing amino acids in a corn-soybean meal diet for poul-
try (Fernandez et al., 1994), and corn gluten meal has
been found to be a highly available source of methio-
nine (Sasse and Baker, 1973), and therefore it does
not seem to be an appropriate nutrient in broiler di-
ets. Corn gluten meal has an imbalanced amino acid
profile and is severely deficient in lysine, tryptophan,
and arginine (Peter et al., 2000). Therefore, the reduc-
tion in BW was predictable when using a high dosage
of this product in diets. There are noticeable differ-
ences in the amino acid content of corn gluten meal
and CPC. High amounts of lysine, tryptophan, threo-
nine, and arginine and dispensable amino acid in CPC
make it a suitable product for broilers, and inclusion
of these products decreases the need to use synthetic
lysine. Nevertheless, with high levels of amino acids
in CPC, performance was not improved with the in-
clusion of high levels (45%) of CPC in the broiler di-
ets. Kim et al. (2012), by using 3 different bioassays
for comparing the amino acid digestibility of corn and
corn gluten meal, showed that amino acid digestibility
in corn gluten meal is almost 11% lower than that of
corn, especially for methionine and lysine in which the
differences in digestibility are so prominent. Therefore
amino acid imbalance along with low digestibility of es-
sential amino acids could severely affect BW gain when
a high amount of CPC is included in diets. The data
presented for digesta viscosity and protein digestibility
revealed that inclusion of CPC increased digesta viscos-
ity and decreased protein digestibility similar to the in-
clusion of CSG. Consequently, the high digesta viscosity
along with the reduced protein digestibility might also
be responsible for the reduction in feed intake and BW
and also the increased FCR observed with increased
high levels of CPC in the diet. Bedford et al. (1991)
demonstrated that weight gain in broiler chicks corre-
lated closely with the reduction in intestinal viscosity.
In the current research, CPC inclusion increased duode-
num and ileum length and also the cecal coliform pop-
ulation. Stanley et al. (2001) reported that the coliform
population of broiler intestines increases by increas-
ing the viscosity of digesta. Bedford et al. (1991) indi-
cated that increased fiber in broiler diets was related to
reduction in intestinal viscosity and also reduction in
the coliform population of ceca.
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Conclusion

Broilers showed lower growth performance when the
dietary soybean meal level was reduced from 35 to 17%
and was replaced with cow skin gelatin. The broil-
ers consumed less feed as cow skin gelatin inclusion
increased in diets and this was observed throughout
the trial. Protein digestibility and ileal digesta viscos-
ity were significantly affected with high levels of CSG.
However, there was no significant difference in blood
characteristics, except plasma uric acid concentration
increased prominently with CSG inclusion. Similar re-
sults were found for soybean meal with corn protein
concentrate, where the inclusion of corn protein con-
centrate resulted in a reduction in performance and
had deleterious effects on protein digestibility and ileal
digesta viscosity. The overall conclusion is that suc-
cessful replacement of soybean meal with CSG and
CPC largely depends on the level of substitution, the
right particle size of CSG, and the strategy to re-
duce viscosity and maintain palatability of the CSG
and CPC.
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