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Abstract
Background: A study was undertaken to assess the effect of bioactive peptides derived from cottonseed (BPC) supplementation on productive performance, egg quality, and total antioxidant capacity (TAC) of serum and yolk in laying hens. A total of seventy-two 22-week-old Bovans White hens were randomly allocated to 12 cages to have similar
cage body weight (1520 ± 5 g). The dietary treatments consist of basal diet (control) and basal diet supplements with
5 g BPC/kg of diet. Recording data initiated after 2 weeks.
Results: In the second week, hens fed diets containing BPC had significantly higher egg mass and egg weight
(P < 0.05). Final BW was significantly higher in laying hens fed diets containing BPC (P < 0.05). The percentage of egg
white protein as one of the highest quality proteins available was significantly higher in laying hens fed diets supplemented with BPC (P < 0.05). Hens fed diets containing BPC had significantly higher TAC compared with control group
(P < 0.05).
Conclusions: The results indicated that addition of BPC to Bovans White hens at peaking period, receiving nutrient
adequate diets, could induce favorable influences on egg quality and TAC of egg.
Keywords: Bovans White, Bioactive peptides, Egg white protein, Egg mass. Health status
Background
Because of an enormous necessity for proper antibiotic
growth promoters (AGP) alternative, probiotics (Mountzouris et al. 2007; Toghyani et al. 2015), prebiotics (Sarao
and Arora, 2017), essential oils and natural products
(Landy et al. 2011a; Shokraneh et al. 2016; Foroutankhah
et al. 2019; Kheiri et al. 2018), and bioactive peptides
(Jakubczyk et al. 220) have received remarkable consideration. Peptides are recently being further investigated
because they have both nutritional and physiological or
regulatory functions (Raveschot et al. 2018). Peptides
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which are isolated from different protein sources and
providing some in vitro and vivo physiological benefit
effects are known bioactive peptides (Bhandari et el.
2020). Some peptides which are originated from plantsource feedstuffs or animal products showed antimicrobial (Bevins annd Salzman 2011), antioxidant (Bah et al.
2016; Power et al. 2013), antihypertensive (Bah et al.
2016), and immunomodulatory activities (Kotzamanis
et al. 2007; Landy et al. 2021). Physiological function of
bioactive peptides depends on their molecular weight
and the sequence of amino acids in peptide (López-Barrios et al. 2014; Hou et al. 2017).
Abdollahi et al. (2017) reported that supplementation of bioactive peptides derived from soybean meal
which produced by enzymatic hydrolysis (SBP) improved

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

Landy and Kheiri Bull Natl Res Cent

(2021) 45:182

productive performance and feed conversion ratio
(FCR) of broiler chickens. Similarly, addition of SBP in
broiler diets could induce favorable influences on performance criteria (Abdollahi et al. 2018). Hisham et al.
(2018) reported the ability of bioactive peptides derived
from casein and whey to enhance the tolerance of yeast
cells against peroxide-induced oxidative stress. Landy
et al. (2020) investigated the potential of different levels
of bioactive peptides derived from cottonseed (BPC) to
enhance productive performance and health status of
broiler chickens in comparison with an AGP and an antioxidant; the results indicated that addition of 5 g BPC/kg
of diet can be used as an AGP substitution and it showed
comparable antioxidant activity with positive control.
Pan et al. (2019) reported that supplementation of laying
hens diet with 5 g SBP/kg of diet could improve productive performance, and egg quality by promoting intestine
morphology and digestibility of protein and fat.
At peaking period the percentage of egg production
enhances very rapidly, although feed consumption does
not enhance at a proportional rate. Olukosi et al. (2017)
reported that addition of SBP to laying hens diets at peaking period did not enhance productive performance but
affirmatively helped to sustain hens’ body weight (BW)
and egg quality during storage; unfortunately, they did
not provide a reason for the obtained results during the
storage; thus, the objective of this study was to investigate the effects of CBP supplementation to Bovans White
hens diets at peak production on productive performance, egg quality, and total antioxidant capacity (TAC)
of serum and yolk.

Methods
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Table 1 Ingredients
experimental diets

and

calculated

composition

of

Cottonseed
bioactive
peptide
inclusion (BPC;
g/kg)
Item

0.0

5.0

Ingredients, g/kg (as-fed)
Corn (7.5% CP)

517.2

518.4

Soybean meal (44% CP)

273.8

268.5

Corn gluten meal (55.4% CP)

30.0

30.0

Cottonseed bioactive peptides (46% CP)

0.0

5.0

Wheat bran (14.9% CP)

10.0

9.5

Soybean oil

43.8

43.7

DL-methionine

2.4

2.4

L-lysine

1.1

1.1

L-threonine

0.3

0.3

Choline chloride

0.3

0.3

Mono calcium phosphate (15% Ca, 22.5% P)

16.3

16.3

Calcium carbonate

98.3

98.0

Sodium chloride

3.2

3.2

Sodium bicarbonate

1.3

1.3

Trace mineral p
 remix1

1

1

Vitamin premix2

1

1

Calculated composition, g/kg
Metabolizable energy, kcal/kg

2,860

2,860

Crude protein

180

180

Lysine

9.8

9.8

Methionine

2.81

2.78

Methionine + Cysteine

Threonine

8.2

8.2

7.0

7.0

Tryptophan

2.0

2.1

Arginine

11.2

11.3

Animals and dietary treatments

Valine

8.3

8.3

The trial was performed in spring on Pishgam Damparvar Sepahan company research farm which is located in
Esfahan Province. A total of seventy-two 22-week-old
Bovans White hens were individually weighed and randomly allocated to 12 cages to have similar cage body
weight (1520 ± 5 g). Two dietary treatments were formulated to contain 0 (basal diet as a control) or 5 g BPC/kg
of diet to meet the nutrient requirement of Bovans White
hens (Bovans White Commercial Product Guide, North
American Version) and were fed diets in mash form
(Table 1). The dietary treatments were subjected to laying
hens from 22 to 29 week of age, and egg recording started
in the subsequent two weeks. Lighting program for laying house was set at 16 L:8 D. For optimum bird health
and performance, laying house temperature was kept at
26 ± 2 °C and for optimum feather growth, health and
feed efficiency relative humidity was kept at 55% ± 2%.
Hens had free access to feed and water.

Isoleucine

7.4

7.4

Calcium

41.0

41.0

Available P

4.5

4.5

Ether extract

68.9

68.7

Linoleic acid

31.5

31.5

Crude fiber

26.6

26.3

183

182

Analyzed content, g/kg
Crude protein
1

Provided the following per kilogram of diet: Mg, 85 mg; Fe, 80 mg; Cu, 10 mg;
Zn, 80 mg; Se, 0.3 mg; I, 1.0 mg

2
Provided the following per kilogram of diet: vitamin A, 12,000 IU; vitamin D
 3,
3,000 IU; vitamin E,20 IU; vitamin K, 3.0 mg; thiamin, 2.2 mg; riboflavin, 6.5 mg;
nicotinic acid, 40 mg; pantothenic acid, 10 mg; pyridoxine, 4.5 mg; biotin,
0.20 mg; folic acid, 1.0 mg; vitamin B12, 0.02 mg

Bioactive peptides derived from cottonseed and its
analysis

The peptide consumed in the present study was isolated from enzymatic hydrolysis of cottonseed. The
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operation to produce BPC is as follows. The dehulled
solvent-extracted cottonseed meal (SCM) was sterilized
at 105 °C for 30 min and cooled to 50 °C thereafter. Calcium hydroxide and alkaline protease were applied to
hydrolyze SCM at 50 °C and pH 8.0–9.0 for 10 h. The
obtained product was placed in drying ovens set at
90 °C for 12 h thereafter. Prior to formulating diets,
maize, soybean meal, and BPC got the measure of crude
protein levels by Method 990.03 of AOAC (2006) and
the quantity of total amino acids by Methods 982.30E
a, b, and c of AOAC (2006). The BPC got the measure
of total phosphorus and calcium by inductively coupled
plasma—optical emission spectrometry by Method
2011.14 of AOAC (1965) at the Laboratory of Shahrekord University Faculty of Agriculture (Table 2). As
Jung et al. (2006) described the BPC took the measurement of molecular weight distribution by a Superdex
peptide HR 10/30 column.
Hen performance

Egg weight, the number of egg produced, broken
eggs, and mortality were recorded daily and reported
Table 2 Analysis of the protein hydrolysates of cottonseed
Composition of protein hydrolysates of cottonseed, g/kg
Moisture

80.0

Ash

150.0

Crude fat

25.0

Crude fiber

70.0

Nitrogen-free extract

210.6

Total protein (N × 6.25)

464.4

Peptides with molecular weight < 1000 Da

180.0

Arg

41.2

His

12.0

Ile

16.0

Leu

26.2

Lys

30.6

Met

9.4

Cys

8.0

Phe

21.0

Thr

14.2

Val

19.5

Gly

17.3

Ala

17.5

Pro

22.7

Ser

23.5

Asp

58.5

Glu

93.0

Tyr

12.8

Trp

6.0

Calcium

33.0

weekly. Hen-day egg production, egg mass (g per hen
daily), and the percentage of broken eggs were calculated. Means for average daily feed intake (ADFI) and
FCR were determined at termination of the experiment
(whole trial). BW was determined at day 1, and termination of the experiment.
Egg collection

At the end of experiment, 12 eggs per replicate were
collected, weighed, and allocated to three parts. Onethird of the eggs were applied for egg quality assessment. One-third of the eggs were used for TAC of yolk
assessment, and one-third of them were used for eggshell strength.
Egg quality

Haugh unit, albumen height, egg yolk color, and height
have been measured by a multi-tester (EMT-7300,
Robotmation Co., Ltd., Tokyo, Japan). The albumen
was separated from yolk, dried, and crude proteins in
dried samples were measured by the Kjeldahl method
(2005). The eggshell strength was determined via a
digital egg tester (DET-6000, Nabel Co., Ltd., Kyoto,
Japan), and eggshell thickness was determined via an
eggshell thickness gauge (ESTG-1, Orka Food Technology Ltd., Ramat Hasharon, Israel) as the average
of large end, equator, and small end using a vernier
caliper.
Total antioxidant capacity of serum and yolk

At termination of the experiment, two blood samples
per cage were obtained by puncture of brachial vein
and serum samples were separated (12 samples per
treatment). Egg yolks were separated from albumen
and used to measure TAC. TAC was measured in samples by using BioAssay Systems Commercial kit (Re
et al. 1999).
Statistical analysis

A one-way ANOVA was used to examine responses to
addition of BPC to laying hen diets at peaking period
in a completely randomized design. All data were analyzed by the general linear model (GLM) procedure of
SPSS (SPSS Inc., Chicago, IL) software, and significance
was accepted at P < 0.05.

Results
Productive performance

The weekly egg production related parameters, broken eggs and the percentage of mortality are shown
in Table 3. During the first week assessed parameters
did not significantly affect by the dietary treatments
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Table 3 Performance response to peptide supplementation in different periods
Time (week)

1

2

3

4

5

*

Parameter

Egg mass (g per hen
daily)

Dietary treatments

P value

Control

5 g BPC*/kg

SEM**

54.5

54.2

0.59

0.73

Egg weight (g)

58

58.03

0.62

0.97

Hen-day production
(%)

94

93.5

0.58

0.57

Broken eggs (%)

0.1b

0.28a

0.01

0.004

Mortality (%)

0.07

0.06

0.00

0.48

Egg mass (g per hen
daily)

51.86b

55.25a

0.55

0.01

Egg weight (g)

55.06b

58.29a

0.53

0.01

Hen-day production
(%)

94.19

94.8

0.65

0.49

Broken eggs (%)

0.1

0.18

0.02

0.07

Mortality (%)

0.05

0.05

0.65

1.00

Egg mass (g per hen
daily)

55.22

55.7

1.15

0.78

Egg weight (g)

59.06

58.8

1.23

0.88

Hen-day production
(%)

93.5

94.7

1.18

0.50

Broken eggs (%)

0.00b

0.12a

0.00

0.001

Mortality (%)

0.05

0.05

0.57

1.00

Egg mass (g per hen
daily)

57.04

56.19

1.05

0.34

Egg weight (g)

59.92

59.4

0.57

0.55

Hen-day production
(%)

95.19

94.58

1.47

0.78

Broken eggs (%)

0.1

0.15

0.02

0.28

Mortality (%)

0.06

0.06

0.00

1.00

Egg mass (g per hen
daily)

57.28

57.4

1.15

0.94

Egg weight (g)

59.93

59.52

0.57

0.64

Hen-day production
(%)

95.57

96.44

1.15

0.62

Broken eggs (%)

0.07

0.21

0.04

0.07

Mortality (%)

0.06

0.05

0.57

0.28

Cottonseed bioactive peptide. ** Standard error of mean. a−b Values in the same row not sharing a common superscript differ P < 0.05

(P > 0.05). In the second week egg mass (g per hen
daily) and egg weigh were significantly higher (P < 0.05)
in laying hens fed BPC. During week 3, the percentage of broken eggs was significantly higher in laying
hens fed diets supplemented with BPC (P < 0.05). During week 4 and 5 dietary BPC supplementation did
not significantly affect assessed parameters (P > 0.05).
Productive performance responses to peptide supplementation in the whole trial are presented in Table 4.
Performance criteria were not affected by the dietary
treatments except for final BW which was significantly higher in laying hens fed diets containing BPC
(P < 0.05).

Egg quality parameters

Egg quality-related parameters are presented in Table 5.
Haugh units were not markedly affected by the dietary
treatments (P > 0.05). Albumen height, yolk color, yolk
height, and eggshell thickness were not markedly affected
by the dietary treatments (P > 0.05). The percentage of
protein in albumen was significantly higher in laying hens
fed diets supplemented with BPC (P > 0.05).
Antioxidant status

Table 6 illustrates TAC in serum and yolk. The TAC of
were not significantly affected by the dietary treatments
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Table 4 Effect of cotton seed bioactive peptides supplementation on the body weight, food consumption, and food conversion
efficiency of laying hens
Item

Control
Whole trial

SEM**

Dietary treatments

P value

*

5 g BPC /kg

Egg mass (g per hen daily)

54.83

55.24

0.57

0.64

ADFI (g)

106

107

1.15

0.57

FCR (feed/gain)

1.93

1.93

0.05

1.00

Final body weight (g)

1622b

1644a

5.77

0.05

Body weight gain (g/d)

2.14b

2.55a

0.12

0.04

*

Cottonseed bioactive peptide. ** Standard error of mean. a−b Values in the same row not sharing a common superscript differ P < 0.05. ADFI, average daily feed intake;
FCR, feed conversion ratio

Table 5 The effects of dietary treatments on quality of the eggs
**

Dietary treatments
Item

SEM

P value

0.33

*

Control

5 g BPC /kg

Haugh unit

96.5

94.8

1.23

Protein in albumen (%)

10.5b

11.4a

0.16

0.001

Albumen height (mm)

6.54

6.58

0.15

0.82

Yolk color

10.9

11.4

0.34

0.35

Yolk height (mm)

18.56

18.33

0.19

0.39

Eggshell Thickness (MM)

0.42

0.41

0.00

0.09

Eggshell strength(kg/cm2)

3.88

4.04

0.16

0.48

*
Cottonseed bioactive peptide. ** Standard error of mean. a−b Values in the same
row not sharing a common superscript differ P < 0.05

Table 6 Influence of dietary treatments on antioxidant status of
laying hens
Dietary treatments
Item
c

Control

5 g BPC*/kg

SEM**

P value

TAC of serum, µM

1617

1756

73

0.17

TAC of yolk, µM

1342b

2225a

192

0.008

*

**

c

Cottonseed bioactive peptide. Standard error of mean. Total antioxidant
capacity expressed as μM Trolox Equivalents. a−b Values in the same row not
sharing a common superscript differ P < 0.05

(P > 0.05). TAC of yolk was significantly higher in laying
hens supplemented with BPC (P < 0.05).

Discussion
In the present study the body weight gain was significantly higher in the group supplemented with BPC.
Similarly, Olukosi et al. (2017) reported that supplementation of SBP had not any significant effect on
FCR and ADFI, but its supplementation significantly
increased final BW of laying hens. In the present study,
in the second week egg mass and egg weigh were markedly higher in laying hens fed BPC. Pan et al. (2019)

reported that addition of SBP to nutrient deficiency
diet improved productive performance, intestinal morphology, and apparent availability of crude protein and
ether extract in diet. Abdollahi et al. (2017) reported
that supplementation of SBP enhanced villus height,
and its utilization improved digestibility of dry matter and nitrogen. Feng et al. (2007) reported that addition of fermented soybean meal in broiler diets could
enhance the activation of proteases enzymes. Similarly,
Caspary (1992) reported an increment in digestive,
absorptive functions, and expression of brush border
enzymes. Since the egg mass production is very effectively correlated with the level and digestibility of protein, so the observed results in the current experiment
may be due to an enhancement in protein digestibility.
On the other hand, although apparent differences were
seen in egg mass and egg weight, the corresponding
increase in broken eggs in the treatment group may
reduce the potential benefits of BPC supplementation.
The occurrence of broken eggs depends on different
parameters such as adequate nutrition, disease control,
and good management practices. Since, given a round
shape, an enhancement in egg weight and size results in
a greater enhancement of the surface area, higher levels of calcium are required to maintain egg shell quality.
As regards, in the present study the level of calcium in
two groups was similar; hence, the higher percentage of
broken egg may be related to the level of calcium.
In the current trial, the percentage of egg white protein as one of the highest quality proteins available
was significantly higher in laying hens fed diets supplemented with BPC. In contrast with our results, Pan
et al. (2019) reported that supplementation of SBP
in laying hen diet had significant effects on albumen
height and Haugh unit. Olukosi et al. (2017) investigated the effects of SBP supplementation on internal egg quality at collection, 4 week and 8 week after
collection; they reported that it takes longer than 4
weeks for the peptide to exert its effect on egg quality.
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In the current study, protein in albumen significantly
increased by BPC supplementation. According to
Novak et al. (2006) report egg albumen quality is very
effectively dependent with quality of protein in the diet.
TAC of yolk was significantly higher in laying hens
supplemented with BPC. Similarly, Landy et al. (2020)
reported that supplementation of 5 g BPC/kg of diet significantly enhanced TAC of serum in broiler chickens.
TAC consists of a group of antioxidant enzymes and
the correlated very complicated biomolecules in scavenging free radicals (2012). Girgih et al. (2015) reported
that peptides containing high amount of aromatic amino
acids (AA) have the ability to cleave the oxidation chain
reaction. Bioactive peptides which have the radical scavenging activity are known as peptides with high amount
of hydrophobic AA residues (Davalos et al. 2004). Since
BPC contains high amount of hydrophobic AA, the
obtained results may be correlated with AA sequence of
BPC.

Conclusions
The results indicated that addition of BPC to Bovans
White hens at peaking period, receiving nutrient adequate diets, could induce favorable influences on egg
quality and TAC of egg; thus, it can be expected that
higher TAC in the egg can help to extend egg shelf life
at room temperature. In the second week, hens fed diets
containing BPC had significantly higher egg mass and egg
weight. Furthermore, BPC supplementation helped the
hens to maintain their BW at peaking period, and thus,
its probable effects on productive performance must be
further investigated. Further investigations are needed to
determine factors which are related to higher percentage
of broken eggs when BPC are supplemented to adequate
diets.
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