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ABSTRACT ARTICLE HISTORY

The objective of the present experiment was to evaluate the effect of bioactive peptides derived Received 15 August 2020

from cottonseed (BPC) on chicken performance, immunity, the total antioxidant activity of serum Revised 25 October 2020

and intestinal morphology. A total of 280 one-day-old male broiler chicks (Ross 308) were ran- ~ Accepted 27 October 2020

domly allocated into 1 of the following 7 experimental treatments (5 replicates per treatment

with 8 broilers per pen). Five diets were formulated to contain 0 (control), 3, 4, 5 and 6g BPC/ Antibiotic: bioacti
C . . X R . X . ntibiotic; bioactive

kg of diet in comparison with control + 50 U excessive dietary vitamin E and control + 2 mg lin- peptides; broiler;

comycin. At 40 d the BW tended to improve in broilers supplemented with an antibiotic, 3, 5 immunity; lincomycin

and 6g BPC/kg groups (p>.05). In the whole trial, supplementing 5g BPC/kg increased feed

intake of broilers in comparison to other groups (p <.05). In the whole trial broilers fed diets

supplemented with 6 g BPC/kg had a significantly better FCR value (p <.001). Supplementation

of 3g BPC/kg increased antibody titres against Newcastle disease virus and sheep red blood cell

(p<.01). Dietary supplementation of vitamin E, antibiotic, 3, 4 and 5g BPC/kg significantly

(p<.001) increased total antioxidant activity of serum compared with those fed the basal diet.

In conclusion, the results indicated that supplementation of 6 g BPC/kg in broiler diets could

induce favourable influences on growth performance, immune responses and total antioxidant

activity of serum and it could be used in broiler diets as an alternative to antibiotics.

KEYWORDS

HIGHLIGHTS

o Broilers fed diets supplemented with 6 g bioactive peptides (BPC)/kg had better FCR.
e Supplementation of BPC increased humoral immune responses.

Introduction and Sunde 2001), deposition of drug in poultry meat,
and dysbacteriosis (Andremont 2000). Because of tre-
mendous demand for appropriate IFA substitutions,
probiotics (Landy and Kavyani 2014; Toghyani et al.
2015), prebiotics (Ceylan and Gift¢l 2003), essential oils
and natural products (Landy et al. 2012) and bioactive
peptides (Dhama et al. 2014) have received consider-
able attention.

Bioactive peptides are peptides that have biological
functions apart from their nutritional value (Hou et al.
bacteria in the gut, resulting in greater digestion,  2017). Numerous studies indicated that bioactive pep-
absorption and metabolism of nutrients (Gheisari et al.  tides have therapeutic benefits, such as antimicrobial
2017; Kheiri et al. 2018). Although including IFA in (Osman et al. 2016; Wald et al. 2016), antioxidant
poultry diets resulted in some beneficial influences on (Power et al. 2013; Hisham et al. 2018), antihyperten-
poultry performance, the continuous utilisation sive (Zambrowicz et al. 2015; Ryder et al. 2016), and
resulted in increment of cross-resistance and multifold ~ immunomodulatory (Kotzamanis et al. 2007) activities
antibiotic resistance in pathogenic bacteria (Serum based on the amino acid profile and molecular weight

In-feed antibiotics (IFA) have been used in poultry
feeds for many years widespread at sub-therapeutic
doses for their affirmative influences on growth per-
formance, and health status of the birds (Franti et al.
1971; Ghalamkari et al. 2012; Goodarzi et al. 2014;
Yazdi et al. 2014a, 2014b; Foroutankhah et al. 2019).
The IFA are purported to enhance the performance of
the birds by decreasing the proliferation of pathogenic
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(Hou et al. 2017). Abdollahi et al. (2017) reported that
the addition of soybean bioactive peptide (SBP) in
broiler diets significantly enhanced production per-
formance through improving feed conversion ratio
(FCR) although they did not compare the results with
a positive control group. The betterment in feed effi-
ciency of broilers fed bioactive peptides has been
ascribed to the improvement of small intestinal
morphology, improvement of intestinal microflora, and
enhanced digestive enzymes activity (Jin et al. 2008;
Tang et al. 2008). The affirmative efficacy of bioactive
peptides on the intestinal histology of broilers has
been reported in several research trials (Liu et al.
2008; Bao et al. 2009; Wen and He 2012). Similarly,
Abdollahi et al. (2018) reported that dietary supple-
mentation of SBP had the potential to improve FCR in
broiler chickens as a result of improvement in small
intestinal morphology. Osho et al. (2019) reported that
supplementation of SBP to broiler diet enhanced the
relative weight of spleen as an indicator of immune
organ development. Hisham et al. (2018) observed the
ability of bioactive peptides of casein and whey pro-
teins of camel milk to significantly increase the toler-
ance of yeast cells against peroxide-induced oxidative
stress, but they did not compare the potential of bio-
active peptides with a positive control such as vitamin
E. Despite the mentioned pharmaceutical benefits,
there has been a dearth of information on the effect
of bioactive peptides derived from cottonseed (BPC)
on broiler growth performance, carcase characteristics,
gut development, total antioxidant activity of serum
and immune responses in comparison with an IFA and
excessive dietary vitamin E.

Materials and methods
Ethics approval

This  experiment was performed in Pishgam
Damparvar Sepahan company farm which is located
around the Isfahan city with an altitude of 1,680 m. All
procedures including blood sampling and slaughtering
the birds were performed in accordance of the ethical
guidelines of the Animal Care and Welfare Committee
of the Islamic Azad University, Shahrekord Branch, Iran
(approval ref no. 2019-064).

Animals and dietary treatments

The aim of the current trial was to examine the effect
of bioactive peptides derived from cottonseed
(Fortide, Chengdu Mytech Biotech Co. Ltd., Chengdu,
Sichuan, China) in comparison with an in-feed

antibiotic and excessive dietary vitamin E on chicken
growth performance, carcase traits, immunity, antioxi-
dant capacity and intestinal morphology.

A total of 280 days-old male broiler chickens (Ross
308) were obtained from a commercial hatchery, indi-
vidually weighed and divided into 35 Pens
(120 x 120 x 80 cm?) of the 7 groups, each with 5 rep-
licates pens (8 birds/replicate pen). Five dietary treat-
ments were formulated to contain 0 (control), 3, 4, 5,
and 6g bioactive peptides derived from cottonseed
(BPC)/kg of diet in comparison with control + 50U
excessive dietary vitamin E and control + 2mg linco-
mycin. The BPC is a functional protein source made
from cottonseed protein with an enzymatic hydrolysis
process. The dietary treatments were formulated to
meet the nutrient requirements of Ross 308 strain
(Aviagen 2019) and were fed in mash form during the
trial in 3 phases, 0 to 10 d (Table 1), 11 to 24 d (Table
2), and 25 to 40 d (Table 3). The broilers were raised
in an environmentally controlled room and feed and
water were offered ad libitum throughout the whole
trial. The room was enclosed and continuous lighting
was provided by incandescent bulbs. The initial tem-
perature of the broiler house was set at 33°C and was
reduced by 3°C each week during the first, second,
third, fourth and fifth weeks to finally be fixed
at 21°C.

Analysis of bioactive peptides derived
from cottonseed

Foregoing to preparing the formula, corn, soybean
meal, and BPC were evaluated for the level of crude
protein (Method 990.03; AOAC 2006), and the number
of total amino acids (Methods 982.30E a, b, and ¢
AOAC 2006). Calcium and total P of BPC were meas-
ured by Inductively coupled plasma - optical emission
spectrometry (Method 2011.14; AOAC 1965) at the
Shahrekord university Laboratories (Table 4). The
molecular weight distribution of the BPC was meas-
ured by a Superdex peptide HR 10/30 column as
described by Jung et al. (2006).

Performance and carcase components

The body weight (BW) was determined at days 1, 10,
24 and termination of the experiment, average daily
weight gain (DWG) was calculated for starter, grower,
finisher and the entire experimental period thereafter.
Daily feed intake (DFI) was measured in different
growth periods and corrected for dead birds. FCR was
calculated as the DFI to DWG ratio.
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Table 1. Ingredients and calculated content of dietary treatments in starter period.

Cottonseed bioactive peptide inclusion (BPC; g/kg)

Item 0.0 3.0 4.0 5.0 6.0
Ingredients, g/kg (as-fed)
Corn (7.5% CP) 508.7 508.2 508.0 507.9 507.7
Soybean meal (44% CP) 346.6 343.1 342.0 340.8 339.7
Corn gluten meal (60% CP) 50.0 50.0 50.0 50.0 50.0
Cottonseed bioactive peptides (46% CP) 0.0 3.0 4.0 5.0 6.0
Wheat bran (14.8% CP) 20.1 214 21.8 222 226
Soybean oil 26.7 26.7 26.7 26.7 26.7
DL-methionine 2.8 2.8 2.8 2.8 2.8
L-lysine 4.1 4.1 4.1 4.1 4.1
L-threonine 13 13 13 13 13
Choline chloride 1.2 1.2 1.2 1.2 1.2
Mono calcium phosphate (15% Ca, 22.5% P) 15.5 15.4 15.4 15.4 15.4
Calcium carbonate 16.5 16.3 16.2 16.1 16.0
Sodium chloride 1.0 1.0 1.0 1.0 1.0
Sodium bicarbonate 3.5 35 35 35 3.5
Trace mineral premix® 1 1 1 1 1
Vitamin premixb 1 1 1 1 1
Calculated composition, g/kg
Metabolisable energy, kcal/kg 3,000 3,000 3,000 3,000 3,000
Crude protein 230 230 230 230 230
Lysine 14.4 14.4 14.4 14.4 14.4
Methionine 6.9 6.9 6.9 6.9 6.9
Methionine + cysteine 10.8 10.8 10.8 10.8 10.8
Threonine 9.7 9.7 9.7 9.7 9.7
Tryptophan 2.6 2.6 2.6 2.6 2.6
Arginine 14.9 15.0 15.0 15.0 15.0
Valine 11.9 1.9 1.9 1.9 11.9
Isoleucine 1.4 1.3 1.3 11.3 1.3
Leucine 21.7 21.7 21.7 21.7 216
Calcium 9.6 9.6 9.6 9.6 9.6
Available P 48 48 48 48 48
Ether extract 47.7 47.7 47.8 47.8 47.8
Crude fibre 371 37.0 37.0 36.9 36.9
Analysed content, g/kg
Crude protein (CP) 231 233 230 231 233

?Provided the following per kilogram of diet: Mg, 120 mg; Fe, 20 mg; Cu, 16 mg; Zn, 110 mg; Se, 0.3 mg; |, 1.25mg.
bProvided the following per kilogram of diet: vitamin A, 12,000 U; vitamin D5, 5,000 U; vitamin E, 80 U; vitamin K, 3.2mg; thiamine, 3.2mg; riboflavin,
8.6 mg; nicotinic acid, 65 mg; pantothenic acid, 20 mg; pyridoxine, 4.3 mg; biotin, 0.22 mg; folic acid, 2.2 mg; vitamin B;,, 0.017 mg.

At the termination of the experiment, 2 broilers
were chosen based on the average BW of the pen.
The broilers were individually weighed and slaugh-
tered by cutting the jugular vein. Carcase yield was
calculated using the eviscerated weight over live
weight. Empty proventriculus, empty gizzard, empty
small intestine, liver, heart, pancreas, spleen and bursa
of Fabricius were removed from carcases, weighed
and computed as a percentage of live weight.

Jejunal histology

At the termination of the experiment, two birds per
replicate, based on the average BW of the group,
were chosen and killed, and their gastrointestinal
tracts were removed from carcases thereafter. As
described by lji et al. (2001) around 2cm of the prox-
imal part of jejunum were fixed in 10% neutral forma-
lin, and dehydrated in a graded ethanol series, and
before embedding in paraffin. Paraffin segment at 6m
width was tinged with haematoxylin and eosin, and

examined by light microscopy (Olympus Co. Ltd. BX
50, F-3, Tokyo, Japan) to evaluate each preparation.
The villus height (VH) was measured from the root to
the upside of the villi, villi width (VW) was measured
as the distance betwixt hands of the villi at the middle
section of the villi and crypt depth (CD) was measured
from the root of the villi to root of the crypt (Figure
1). VH to CD ratio was calculated by dividing VH
to CD.
FCR was calculated as the DFI to DWG ratio.

Immunity

Chicks were orally vaccinated with attenuated
Newcastle disease virus (NDV) vaccine at 7 (B 1), 14 (B
1) and 21 (LaSota) d of age. At 25 d of age, 2 broilers
per cage were inoculated by intravenous injection
with 1 mL of 1% sheep red blood cells (SRBC) suspen-
sion. At day 6 post-SRBC, blood samples were col-
lected to examine the ability of broilers to produce
antibody against SRBC. Plasma SRBC antibody titres
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Table 2. Ingredients and calculated content of dietary treatments in grower period.

Cottonseed bioactive peptide inclusion (BPC; g/kg)

Item 0.0 3.0 4.0 5.0 6.0
Ingredients, g/kg (as-fed)
Corn (7.5% CP) 527.8 527.3 527.1 527 526.7
Soybean meal (44% CP) 341.7 338.2 337.1 335.9 334.8
Corn gluten meal (60% CP) 30.0 30.0 30.0 30.0 30.0
Cottonseed bioactive peptides (46% CP) 0.0 3.0 4.0 5.0 6.0
Wheat bran (14.8% CP) 17.9 19.1 19.5 19.9 204
Soybean oil 40.9 40.9 40.9 40.9 40.9
DL-methionine 2.5 2.5 2.5 2.5 2.5
L-lysine 2.6 26 26 2.6 2.6
L-threonine 0.8 0.8 0.8 0.8 0.8
Choline chloride 1.1 1.1 1.1 1.1 1.1
Mono calcium phosphate (15% Ca, 22.5% P) 13.6 13.6 13.6 13.6 13.6
Calcium carbonate 14.9 14.7 14.6 14.5 14.4
Sodium chloride 1.5 1.5 1.5 1.5 1.5
Sodium bicarbonate 2.7 2.7 2.7 2.7 2.7
Trace mineral premix® 1 1 1 1 1
Vitamin premixb 1 1 1 1 1
Calculated composition, g/kg
Metabolisable energy, kcal/kg 3,100 3,100 3,100 3,100 3,100
Crude protein 215 215 215 215 215
Lysine 12.9 12.9 12.9 129 12.9
Methionine 6.3 6.3 6.3 6.3 6.3
Methionine + cysteine 9.9 9.9 9.9 9.9 9.9
Threonine 8.8 8.8 8.8 8.8 8.8
Tryptophan 2.5 2.5 2.5 2.5 2.5
Arginine 14.4 14.5 14.5 14.5 14.5
Valine 13 1.3 1.3 1.3 13
Isoleucine 10.8 10.8 10.8 10.8 10.8
Leucine 19.8 19.8 19.8 19.8 19.8
Calcium 8.7 8.7 8.7 8.7 8.7
Available P 43 43 43 43 43
Ether extract 61.9 62.0 62.0 62.0 62.0
Crude fibre 36.4 36.3 36.3 36.2 36.2
Analysed Content, g/kg
Crude protein (CP) 218 217 215 216 217

?Provided the following per kilogram of diet: Mg, 120 mg; Fe, 20 mg; Cu, 16 mg; Zn, 110 mg; Se, 0.3 mg; |, 1.25mg.
bProvided the following per kilogram of diet: vitamin A, 10,000 U; vitamin Ds, 4,500 U; vitamin E, 65 U; vitamin K, 3.0 mg; thiamine, 2.5 mg; riboflavin,
6.5 mg; nicotinic acid, 60 mg; pantothenic acid, 18 mg; pyridoxine, 3.2 mg; biotin, 0.18 mg; folic acid, 1.9 mg; vitamin B;,, 0.017 mg.

were measured by the microtiter method as described
by Landy et al. (2011). Antibody titres to SRBC antigen
were expressed as the log2 values of the reciprocal of
the highest dilution in which there was hemagglutin-
ation (Wegmann and Smithies 1966). Blood samples
were drawn at day 7 post-vaccination (28 d) by veni-
puncture to measure antibody titres against NDV.
Antibodies were detected using the hemagglutination
inhibition test (HI), and HI antibody titres to NDV were
then converted to log2 (Landy et al. 2011).

At the termination of the experiment, two birds per
cage were chosen and blood samples were drawn
from the brachial vein into heparinised syringes to
avoid blood clot formation. Blood smears were stained
by May-Greenwald-Giemsa stain (Lucas and Jamroz
1961). One hundred leukocytes, per sample including
granular and nongranular cells, were computed under
an optical microscope (Nikon, Tokyo, Japan), and the
heterophil-to-lymphocyte ratio (H/L) also was com-
puted (Gross and Siegel 1983). The percentage of
haematocrit or packed cell volume (PCV) was

measured by microhematocrit method (Kegeci et al.
1998). Also total white blood cell (WBC) counts were
determined by brilliant cresyl blue dye (Haddad and
Mashaly 1990).

At 40 d of age, two blood samples per pen were
collected by puncture of wing vein and total protein
concentration in serum was determined as described
by Cannon et al. (1974). The serum albumin concen-
tration was determined as described by Doumas et al.
(1971). Globulin concentration in serum was estimated
as the difference between albumin and total protein.
Albumin to globulin ratios were also determined.

Total antioxidant activity of serum

At 40 d of age, two blood samples per pen were col-
lected by puncture of wing vein and serum samples
were separated. Total antioxidant capacity (T-AOC),
were assayed in the serum samples by using BioAssay
Systems Commercial kit (Re et al. 1999).
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Table 3. Ingredients and calculated content of dietary treatments in finisher period.

Cottonseed bioactive peptide inclusion (BPC; g/kg)

Item 0.0 3.0 4.0 5.0 6.0
Ingredients, g/kg (as-fed)
Corn (7.5% CP) 579.9 579.4 579.2 579.0 578.9
Soybean meal (44% CP) 287.5 284.0 282.8 281.7 280.5
Corn gluten meal (60% CP) 40.0 40.0 40.0 40.0 40.0
Cottonseed bioactive peptides (46% CP) 0.0 3.0 4.0 5.0 6.0
Wheat bran (14.8% CP) 9.9 11.2 11.6 12.0 124
Soybean oil 42.8 42.8 42.8 42.8 42.8
DL-methionine 2.3 23 23 2.3 2.3
L-lysine 29 29 29 29 29
L-threonine 0.7 0.7 0.7 0.7 0.7
Choline chloride 1.0 1.0 1.0 1.0 1.0
Mono calcium phosphate (15% Ca, 22.5% P) 12.6 12.6 12.6 12.6 12.6
Calcium carbonate 14.1 13.8 13.8 13.7 13.6
Sodium chloride 14 14 14 14 14
Sodium bicarbonate 29 29 29 29 29
Trace mineral premix® 1 1 1 1 1
Vitamin premixb 1 1 1 1 1
Calculated composition, g/kg
Metabolisable energy, kcal/kg 3,200 3,200 3,200 3,200 3,200
Crude protein 200 200 200 200 200
Lysine 11.9 11.9 11.9 11.9 11.9
Methionine 5.9 5.9 5.9 59 59
Methionine + cysteine 9.4 9.4 9.4 9.4 9.4
Threonine 8.1 8.1 8.1 8.1 8.1
Tryptophan 2.2 2.2 2.2 2.2 2.2
Arginine 129 12.9 12.9 12.9 129
Valine 10.4 10.4 104 104 10.4
Isoleucine 9.8 9.8 9.8 9.7 9.7
Leucine 19.4 19.3 19.3 19.3 19.3
Calcium 8.1 8.1 8.1 8.7 8.7
Available P 4.0 4.0 4.0 43 43
Ether extract 65.3 65.3 65.3 65.3 65.3
Crude fibre 331 33.0 329 329 328
Analysed Content, g/kg
Crude protein (CP) 203 201 202 203 201

?Provided the following per kilogram of diet: Mg, 120 mg; Fe, 20 mg; Cu, 16 mg; Zn, 110 mg; Se, 0.3 mg; |, 1.25mg.
bProvided the following per kilogram of diet: vitamin A, 9,000 U; vitamin D3, 4,000 U; vitamin E, 55U; vitamin K, 2.2 mg; thiamine, 2.2 mg; riboflavin,
5.4mg; nicotinic acid, 45 mg; pantothenic acid, 15 mg; pyridoxine, 2.2 mg; biotin, 0.15mg; folic acid, 1.6 mg; vitamin B;,, 0.011 mg.

Table 4. Analysis of the protein hydrolysates of cottonseed.

Composition of protein hydrolysates of cottonseed, g/kg

Total protein (n x 6.25) 464.4
Peptides with molecular weight <1,000 Da 180.0
Arg 412
His 12.0
lle 16.0
Leu 26.2
Lys 30.6
Met 94
Cys 8.0
Phe 21.0
Thr 14.2
Val 195
Gly 173
Ala 17.5
Pro 227
Ser 235
Asp 58.5
Glu 93.0
Tyr 12.8
Trp 6.0
Calcium 33.0

Statistical analysis

This study was conducted as a completely randomised
design, and all collected data were analysed using the
General Linear Model procedures of SAS (2012). Means

were compared using a post-hoc Tukey test at 5%
significance.

Results
Performance and carcase traits

No mortalities occurred during the experiment. The
effects of different inclusion rates of BPC in compari-
son with an in-feed antibiotic and excessive dietary
vitamin E on chicken growth performance are sum-
marised in Table 5. During the starter phase (1-10 d),
broilers fed diets supplemented with the antibiotic
had the highest BW compared with other groups
(p <.01). During the starter phase supplementation of
different levels of BPC in broiler’s diet could not sig-
nificantly increase BW, though it tended to improve in
broilers fed diets supplemented with 3, 5 and 6 g BPC/
kg. In the grower phase (11-24 d), supplementation of
antibiotics and 59 BPC/kg significantly increased BW
compared with other groups (p <.001). During the fin-
isher phase (25-40 d), the BW tended to improve in



1380 N. LANDY ET AL.

broilers supplemented with an antibiotic, 3, 5 and 69
BPC/kg, but the differences compared with control
were not statistically significant. During the starter
period, DFI of broilers did not differ between the
treatment groups (p >.05). During the grower period
the highest DFI obtained in the groups fed diets con-
taining antibiotics or 5g BPC/kg in comparison with

and 6 g BPC/kg, but did not differ from those fed diets
containing 3g BPC/kg (p <.001). In the finisher period,
the highest DFI obtained in the groups fed diets con-
taining the excessive level of vitamin E and 59 BPC/kg
compared with those fed 4g BPC/kg, but did not sig-
nificantly differ from other groups (p<.01). In the
whole experiment, the highest DFl obtained in the

those fed the basal diet, the basal diet supplemented
with an excessive level of vitamin E, and those fed 4

groups fed diets containing 5g BPC/kg compared with
those fed 4g BPC/kg, but did not significantly differ
from other groups (p <.05). During the starter period,
FCR of broiler did not significantly (p>.05) differ
between the treatment groups, though it tended to
improve in broilers fed antibiotic or 3g BPC/kg. In the
grower phase broilers fed diets containing 5g BPC/kg
had significantly (p<.01) better FCR in comparison
with those fed diets containing an excessive level of
vitamin E, but did not significantly differ from other
groups. In the finisher phase, the best FCR obtained in
broilers fed diets containing 6g BPC/kg (p<.01). In
the whole trial broilers fed diets supplemented with
6 g BPC/kg had significantly (p <.001) better FCR value
in comparison with those fed dietary excessive level of
vitamin E or 4g BPC/kg, but did not differ from
other groups.

Table 6 illustrated carcase yield and relative weights
of organs as a percentage of live BW at slaughter.
Carcase yield and relative weight of proventriculus,
liver, pancreas, small intestinal, heart, and spleen were
not significantly affected by the dietary treatments.
The highest percentage of gizzard obtained in the
group supplemented with excessive level of vitamin E
in comparison with those fed 5g BPC/kg, but did not

=

Figure 1. Villus height (VH) and crypt depth (CD) of broilers

at 40 d of age. differ from other groups (p<.05). The highest
Table 5. Influence of dietary treatments on performance indices of broiler chickens at different ages.
Experimental treatments
Item Control Vitamin E Lincomycine 39 BPC*/kg 49 BPC*/kg 59 BPC*/kg 69 BPC*/kg ~ SEM**  p-Value
Body weight, g
10 d of age 218°° 220 238° 235%° 216° 2247 235 447 004
24 d of age 930%° 869° 9612 933% 890°° 954 923% 11.46 .001
40 d of age 2,120° 2,069%° 2,142° 2,131° 2,021° 2,142° 2,147° 19.24 001
Daily weight gain, g/d
1-10 d of age 18.00 18.20 20.00 19.70 17.80 18.60 19.7 0.74 49
11-24 d of age 50.80%° 46.30° 5160  49.80°*° 4810 52.10° 49,1%0¢ 0.79 04
25-40 d of age 74.20ab 75.10a 73.60ab  74.90a 70706 74.10ab 76.5a 0.86 04
1-40 d of age 52.00a 50.70ab 52.60a 52.30a 4950b  52.60a 527a 0.47 .05
Daily feed intake, g/d
1-10 d of age 22.60 22.90 23.90 23.70 22.20 23.60 239 0.81 658
11-24 d of age 72.40 71.40°¢ 73.70° 73.40%° 70.60° 73.60° 71.1°¢ 0.52 .001
25-40 d of age 121.20%° 125.80° 12090 123.00% 119.80° 125.50° 122.8%° 1.10 004
1-40 d of age 79.50%° 81.00%° 80.10°®  80.80%° 78.20° 81.80° 79.9% 0.63 o
Feed: gain, g:g
1-10 d of age 125 125 1.19 1.20 124 1.26 1.21 0.02 340
11-24 d of age 1.42° 1.54° 1.42° 14720 146 141° 1.44% 0.02 .006
25-40 d of age 1.63% 167° 164 164 1.69° 1.69° 1.60° 0.01 002
1-40 d of age 1.52%¢ 1.59° 1.52¢ 1.542b¢ 1572 1.55%¢ 151¢ 0.01 .001

*Cottonseed bioactive peptide; **standard error of mean.
*"*Values in the same row not sharing a common superscript differ p < .05.
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Table 6. Influence of dietary treatments on carcase yield and internal relative organ weight of broilers at 40 d of age.

Experimental treatments

Relative organ weight ~ Control ~ Vitamin E  Lincomycine  3g BPC*/kg 49 BPC*/kg 59 BPC*/kg 69 BPC*/kg ~ SEM**  p-Value
Carcase (%) 78.80 78.50 79.20 80.40 80.50 80.50 80.50 0.66 111
Proventriculus (%) 0.47 0.45 0.41 0.39 0.36 0.34 0.38 0.02 .06
Gizzard (%) 147 1.69° 1.54% 132% 1.4% 1.19° 1.22°° 0.09 03
Liver (%) 2.80 240 2.50 240 2.50 2.80 2.80 0.14 2
Pancreas (%) 0.27 0.27 0.26 0.28 0.26 0.26 0.27 0.02 99
Small intestinal (%) 8.10 7.30 7.10 7.20 7.20 6.80 8.10 0.50 60
Heart (%) 0.44 0.42 0.43 0.41 0.39 0.41 0.41 0.01 A1
Spleen (%) 0.1 0.12 0.13 0.11 0.13 0.10 0.11 0.01 81
Bursa of Fabricius(%) 0.20% 0.19% 0.20%° 0.14° 0.25° 0.18% 0.21% 0.01 04

*Cottonseed bioactive peptide; **standard error of mean.
*Values in the same row not sharing a common superscript differ p <.05.

Table 7. Influence of dietary treatments on villus height (VH), villus width, crypt depth (CD), VH/CD ratio and epithelial thickness

in jejunum of broiler chickens at 40 d of age.

Experimental treatments

Variables Control  Vitamin E  Lincomycine 3g BPC*/kg 49 BPC*/kg 59 BPC*/kg 6g BPC*/kg SEM**  p-Value
Villus height (um) 633 666> 1,035° 633% 616° 700%° 425° 913 .005
Crypt depth (um) 276 286 245 260 290 276 250 27.2 .859
Epithelial thickness (um) 20.0b 26.4ab 25.0ab 26.4ab 20.0b 23.2b 35.0a 2.23 .001
Villus width (um) 166a 123% 175° 90° 116 130% 155% 14.6 004
Villus height to crypt depth ratio 2.2 23 42 24 2.2 2.7 1.6 1.43 172
*Cottonseed bioactive peptide; **standard error of mean.
@Valyes in the same row not sharing a common superscript differ p < .05.
Table 8. Influence of dietary treatments on humoral immune responses and serum antioxidant status of broiler chickens.
Experimental treatments
Variables Control  Vitamin E  Lincomycine 3g BPC*/kg 49 BPC*/kg 59 BPC*/kg 6g BPC*/kg SEM** p-Value
New castle (log,) 2.75% 2.75% 2.25% 3.20° 133° 2.00% 3.40° 0.36 004
SRBC (l0gs) 6.50° 7.50%° 7.60%° 8.50° 8.50° 7.80%° 8.20% 0.42 027
Heterophil to lymphocyte ratio 0.36 0.37 0.43 0.38 0.35 0.37 0.43 0.03 .537
Albumin to globulin ratio 1.26° 1432 1417 1412 1.32% 1.34% 1342 002  .001
Total antioxidant activity of serum®  363° 498° 4552 440° 4552 460° 432°° 16.70 .001

*Cottonseed bioactive peptide; **standard error of mean.

abValues in the same row not sharing a common superscript differ p < .05; “expressed as pM trolox equivalents.

percentage of the bursa of fabricius obtained in the
group supplemented with 4 g BPC/kg (p < .05).

Morphometric analysis of the jejunum

The effects of dietary treatments on VH, CD, VW, VH
to CD ratio and epithelial thickness of jejunum are
summarised in Table 7. Supplementation of an anti-
biotic to the basal diet significantly (p <.01) increased
VH compared with those fed diets containing 4 or 69
BPC/kg but did not significantly differ from other
groups. Dietary treatments failed to induce any
marked effects on CD, although it tended to enhance
in broilers fed 4g BPC/kg (p >.05). Treatments failed
to induce any significant (p >.05) effects on VH to CD
ratio, though it tended to improve in broilers fed diets
containing antibiotics and 59 BPC/kg.
Supplementation of 6 g BPC/kg significantly (p <.001)
increase epithelial cell thickness compared with those

fed the basal diet, the basal diet supplemented with 4
and 5g BPC/kg.

Immune responses and haematology

The effect of experimental treatments on antibody
titres against NDV, and SRBC and H/L and albumin to
globulin  ratios are presented in Table 8.
Supplementation of vitamin E, antibiotic and 3 g BPC/
kg significantly (p <.001) increased albumin to globu-
lin ratios in comparison with those fed the basal diet,
but did not significantly differ from other groups.
Treatments failed to induce any effect on H/L ratio
(p > .05). Supplementation of 3 and 6g BPC/kg signifi-
cantly increased antibody titres against NDV (p <.01).
The addition of 3 and 4 g BPC/kg significantly (p < .05)
increased antibody titres against SRBC compared with
those fed basal diets but did not differ from
other groups.
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Table 9. Influence of dietary treatments on hematological responses of broiler chickens.

Experimental treatments

Variables Control Vitamin E Lincomycine 39 BPC*/kg 49 BPC*/kg 59 BPC*/kg 69 BPC*/kg SEM** p-Value
PCV (%) 27.6 31.0 29.8 26.5 27.0 28.5 26.6 13 24
WBC (><103/pL) 19.9 18.1 18.6 18.3 19.6 20.3 19.6 0.6 .19
Heterophil 24.6 25.0 28.0 255 241 24.6 28.1 1.6 45
Lymphocyte 67.6 67.6 64.1 65.7 67.1 65.8 65.0 1.8 .78
Monocytes 4.6 4.0 4.1 5.0 4.8 4.6 3.8 0.4 45
Eosinophils 1.8 2.2 2.1 25 25 2.8 1.8 0.2 .10
Basophil 1.4 1.2 1.5 1.2 13 2.0 1.1 0.2 14

*Cottonseed bioactive peptide; **standard error of mean.
PCV: packed cell volume; WBC: white blood cell.

The hematological data are shown in Table 9.
Treatments failed to have any significant effect on
hematological parameters of broiler chickens. The
means of monocytes and eosinophils values tended to
increase in broilers fed diets containing 3 and 4g
BPC/kg (p >.05).

Total antioxidant capacity of serum

As shown in Table 8, the serum antioxidant status of
broilers was affected by the dietary treatments.
Dietary supplementation of vitamin E, antibiotic and 3,
4, and 5g BPC/kg significantly (p <.001) increased T-
AOC of serum compared with the control group but
did not differ from those fed 6 g BPC/kg.

Discussion
Performance and carcase characteristics

In the current experiment, the BW obtained in differ-
ent growth periods was lower than the breed stand-
ard. This experiment was performed in Pishgam
Damparvar Sepahan company research farm with an
altitude of 1,590 m. Julian (2007) mentioned that the
pressure of oxygen drops nearly 2.5% per 1,000m
increase in altitude. Beker et al. (2003), reported that
broiler chickens raised under low pressure of oxygen
had low final BW as a result of low DFI. Besides rear-
ing in high altitude, feeding diet in mash form was
another reason for the results. In the current trial, sup-
plementing 5g BPC/kg increased the daily feed intake
of broilers in comparison with other groups during
the entire experimental period. Abdollahi et al. (2017)
investigated the effects of 1.0, 2.0, 3.0, 4.0, 5.0 and
6.0g of a commercial soybean bioactive peptide (SBP)
product/kg of feed (Fortide, Chengdu Mytech Biotech
Co. Ltd., Chengdu, Sichuan, China) on the performance
of broiler chickens. The results indicated that the
inclusion of different levels of SBP had not any signifi-
cant effects on DFl of broilers. Similarly, Abdollahi
et al. (2018) reported that the addition of different

levels of SBP in broiler diets had no significant effects
on DFI. The differences between our findings in DFI
and obtained results by Abdollahi et al. (2017, 2018)
may be due to the form of feed. As previously men-
tioned we provided the feed in mash form whereas
Abdollahi et al. (2018) provided it in pelleted form. As
reported by Nagodawithana et al. (2010) the use of
enzymes to hydrolysis vegetable proteins is a new
technology to promote the sensory characteristics of
vegetable proteins. So enhanced DFl obtained in the
current trial may be resulted from sensory flavours
provided by supplementation of BPC in the feed. In
the present study, final BW of broilers tended to
improve in broilers supplemented with antibiotics, 3, 5
and 6g BPC/kg. In contrast with our results, Abdollahi
et al. (2017, 2018) reported that supplementation of
different levels of SBP in broiler diet had not any sig-
nificant effects on the final BW of broilers. In agree-
ment with our results, Osho et al. (2019) reported that
by supplementing SBP in broiler diets final BW and
BW gain of broilers was enhanced at 15 and 22 d
post-hatching. Similarly, Wang (2005) reported an
improvement in final BW, and BW gain of broilers fed
diets containing SBP at day 21 post hatch. In the cur-
rent trial, the enhanced final BW of broilers could be
explained by increased DFI in broilers fed diets con-
taining 5g BPC/kg and an improvement in VH to CD
ratio as indicated in Table 7, though differences
between the control group and broilers fed diets con-
taining 5g BPC/kg were not statistically significant.
Similarly, Osho et al. (2019) reported that VH to CD
ratios of broilers in the jejunum and ileum were
enhanced by increasing the inclusion rate of SBP in
the diet. Abdollahi et al. (2017) also reported an
improvement in VH and CD of the duodenum by sup-
plementing SBP in broilers’ diet. As reported by
Caspary (1992) an enhancement in VH occurs in paral-
lel with an enhancement in the digestive, absorptive
functions, and expression of brush border enzymes. So
observed improvement in FCR of broilers fed diets
containing 6 g BPC/kg (during finisher phase) may be
due to heightened intestinal enzyme activities due to



bioactive peptide supplementation because none of
the morphological related parameters were not
improved in the treatment. As reported by Feng et al.
(2007), supplementation of fermented soybean meal
in broiler diets could increase activation of intestinal
trypsin, lipase and protease enzymes. Additional inves-
tigations are needed to identify the effects of BPC on
intestinal enzyme activities which can influence diges-
tion and absorption of nutrients.

In the current study, the addition of lincomycine
in broilers diet tended to improve the final BW and
VH to CD ratio, though the results were not statistic-
ally significant. Similarly, Kavyani et al. (2012)
reported that supplementation of 4.5mg flavophos-
pholipol/kg of diet could improve the FCR of broilers.
As Bedford (2000) observed, antibiotics could control
and restrict the formation of Bacterial colonies in the
chicks’ gut. This may lead to better efficiency in the
usage of feed, resulting in greater growth and
feed yield.

In the present study, there was no significant
(p > .05) effect of BPC on the carcase yield, the relative
weight of the heart and digestive organs. Similarly,
Abdollahi et al. (2017) reported that the addition of
different levels of SBP in broiler diets had not any
marked effects on carcase traits. In the current trial
addition of an excessive level of vitamin E in broiler
diets increased the relative weight. Similar to our
results, Mazur-Kusnirek et al. (2019) reported higher
weight of gizzard and pH of gizzard digesta in broilers
fed diets supplemented with vitamin E.

Morphometric analysis of the jejunum

In the present study, VH and VH to CD ratio tended to
increase in comparison to the control group. Similarly,
Abdollahi et al. (2017) reported that VH in broilers fed
diets containing 3 or 6g SBP/kg tended to increase,
though treatments failed to induce any marked effects
on CD, epithelial thickness, and goblet cell number in
the duodenum. Osho et al. (2019) reported that VH to
CD ratio in the jejunum and VH in the ileum were
enhanced by the addition of SBP in broilers’ diet. In
several trials, affirmative effects of bioactive peptides
on small intestinal morphology of broiler has been
documented (Liu et al. 2008; Bao et al. 2009; Wen and
He 2012). As VH to CD ratio is a useful index for esti-
mating the digestive capacity of the small intestine,
thus this may be an explanation for higher final BW
obtained in the groups supplemented with antibiotics
and BPC in the present trial.
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Immune responses and haematology

In the present study addition of 4g BPC/kg signifi-
cantly enhanced the relative weight of bursa of
Fabricius. Abdollahi et al. (2017) reported that the rela-
tive weight of lymphoid organs including the spleen
and bursa of Fabricius tended to increase in broilers
fed diets containing SBP. In another trial relative
spleen weight was enhanced with the addition of SBP
in broiler diets (Osho et al. 2019). The bursa of
Fabricius is a primal lymphoid organ in broilers which
is responsible for the augmentation and dissociation
of B lymphoid; thus its development directly impacts
the immune function. It can be concluded that in the
present trial higher antibody titres against SRBC and
NDV are related to more development of bursa of
Fabricius as a lymphoid organ. Cheng et al. (2017)
investigated the effects of vitamin E supplementation
on T-AOC of serum in cyclophosphamide (CY)
immunosuppressed broilers; the results indicated that
vitamin E increased T-AOC of serum, and alleviated
the immune damage of the bursa of Fabricius. So in
the current trial may immune responses were
increased by an increment in T-AOC of serum. Osho
et al. (2019) investigated the effects of using SBP in
poultry nutrition on immune-related gene expression
during coccidia challenge; the results indicated that
SBP has the potential for the amelioration of coccidia
infection. The basic mechanism of immunomodulatory
effects of bioactive peptides can be explained by
increasing the production of TNF-o, IL-8, IL-10, and IL-
6 as a result of stimulating Toll-like receptors (Osho
et al. 2019).

In the current study, treatment failed to induce any
effects on hematological parameters. According to
Whitehair and Thompson (1956) the attendance of a
serious health challenge is necessary to disclose the
efficiency of a feed additive on blood haematology,
while the present trial was carried out in opti-
mised status.

Total antioxidant capacity of serum

In the present study, the highest T-AOC of serum
obtained in the group which received an excessive
level of vitamin E. Similarly, Cheng et al. (2017)
reported that inclusion of excessive level of vitamin E
enhanced T-AOC level, enzymatic and non-enzymatic
antioxidants compared with the CY immunosup-
pressed broilers. T-AOC consists of a numeral of anti-
oxidant enzymes and the associated biomolecules
intricately in scavenging free radicals (Ren et al. 2012).
In the current trial supplementation of 3, 4, and 59
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BPC/kg significantly increased T-AOC of serum.
According to Jang et al. (2008) report, bioactive pepti-
des have the potential to donate hydrogen from
amino acids to break the oxidation chain reaction.
Similarly, Girgih et al. (2015) reported that antioxidant
peptides with a high content of aromatic amino acids
such as Tyr, Trp, and Phe have the potential to donate
electrons. Hisham et al. (2018) investigated caseins
and whey protein of camel milk for their potential as
nutraceuticals or therapeutic peptides for the preven-
tion and treatment of oxidative stress. The results indi-
cated that both protein sources containing bioactive
peptides with radical-scavenging activities. Antioxidant
peptides which have hydroxyl radical scavenging cap-
acity are known with high contents of the hydropho-
bic amino acid residues (AA) such as His, Cys and Met
(Davalos et al. 2004). As indicated in Table 4 protein
hydrolysate derived from cottonseed contain a consid-
erable amount of hydrophobic AA. Besides as reported
by Ruiz-Ruiz et al. (2013) and Wattanasiritham et al.
(2016) low molecular weight peptides (<10kDa) can
be more efficient antioxidant peptides in comparison
to high molecular weight peptides, as indicated in
Table 4 the bioactive peptides which we supple-
mented to the basal diet contain at least 18 Peptides
with molecular weight <1,000 Da.

Conclusions

In conclusion, the results indicated that supplementa-
tion of 6 g BPC/kg in broiler diets could induce favour-
able influences on growth performance, immune
responses and total antioxidant activity of serum and
it can be used in broiler diets as a replacement
for IFA.
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