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Abstract  

HIS  STUDY was designed to evaluate the effect of collagen and nucleot ides as feed additives 

alone or in a combination on the growth performance, biochemical, hematological parameters, 
immune, antioxidant status and intestinal histomorphology in broiler chickens. A total of 60 one-day-

old unsexed broiler chicks (Ross 308) were divided into four groups, each group included 15 chicks 

fed with different formulated diets for a period of 35 days. G1 was the control group and was fed 

basal diet only, G2 was fed basal diet with nucleotides (0.5 g/Kg feed), G3 was fed basal diet with 

collagen (100 mg/kg feed) and G4 was fed basal diet with a combination of nucleotide 0.5 g/Kg feed 
and collagen 100 mg/Kg feed. The obtained results showed that birds in the G2, G3 and G4 groups 

had significantly (p<0.05) higher body weight than control group. Nucleotides and collagen 

significantly improved feed conversion ratios in all treatments. Addition of nucleotides and collagen 

to broiler diets significantly (p<0.05) increased the blood levels of total leucocytes, erythrocytes, 

hemoglobin and hematocrit, also, increased the serum level of total proteins mainly globulin, uric 
acid, creatinine, triglycerides, GPx, SOD and Newcastle virus antibody titer, while decreased 

cholesterol, high-density lipoproteins, low-density lipoproteins, MDA and total antioxidant capacity. 

Nucleotides and nucleotides with collagen groups showed an improvement in intestinal 

histomorphology. Inclusion of collagen to broiler chickens diet significantly (p<0.05) increased the 

level of serum thrombocytes. In conclusion, the results demonstrated an enhancement in growth 
performance, hematological parameters, immunity, antioxidant status and intestinal histomorphology 

of broiler chickens by providing their diet with collagen and nucleotides. 

Keywords: Broiler chickens; nucleotides; collagen; growth performance; immunity; intestinal 

histomorphology . 

Introduction  

Birds' immune systems, growth rates and 

performance have all taken a hit as a result of the last 

few decades of selective breeding. Chickens have a 

high mortality rate and are extremely vulnerable to 

several viral and metabolic diseases in recent years. 

Antibiotics were commonly used to boost poultry 

productivity and growth [1]. However, these 

antibiotics now leave harmful residues in animals 

and humans and have led to the development of 

resistant bacteria. As a result, there is a rising interest 

in finding alternatives, such as feed additives like 

nucleotides and collagen which boost growth and 

immunity [1]. An essential part of animals' 

physiological processes involves nucleotides, a class 

of bioactive substances characterized by low 

molecular weight and intracellular molecules [2]. 

Numerous methods exist for synthesizing 

nucleotides, including as the salvage pathway and 

endogenous anabolism (de novo synthesis). Intestinal 

injury, fast growth and development, 

immunosuppression, stress, exposure to bacterial and 

viral infections, increasing heat or bad weather, 

reduced protein intake and other conditions are 

marked by an increased demand for nucleotides 

making external dietary sources essential in these 

cases [3]. Livestock frequently have yeast extract or 

the pure material added to their diets [4]. Research 

has demonstrated that adding nucleotides to poultry 

feed greatly improves their antioxidant status [5]. 

Weight increase, feed intake and FCR were all 

enhanced when nucleotides were added to the diet of 

broilers [6–8]. Adding nucleotides to poultry diets 

made their immune systems react more strongly and 

more quickly to common immunizations [9]. In both 

the extracellular matrix and the connective tissues of 

animals, collagen is one of the most prevalent fibrous 

structural proteins [10]. The primary amino acids that 

make up collagen are glycine, proline, and 

hydroxyproline. Poultry health, growth performance 

and increased collagen synthesis all depend on 

getting enough of these amino acids [11]. According 

T 

Egyptian Journal of Veterinary Sciences 
https://ejvs.journals.ekb.eg/ 

 

 

 

Egypt. J. Vet. Sci., pp. 1-13 

 



IBTEHAL H. M. SOLIMAN et al. 

Egypt. J. Vet. Sci.  

2 

to Tsiagbe et al. [12], methionine is crucial for young 

broilers to keep their growth rate up, but it's also 

required at a higher rate to keep their immune 

response strong and their antioxidant status 

improved. Methionine deficiency reduces 

immunological function and has limited impact on 

antibody-forming cells according to Aschkenasy 

[13]. Additionally, glycine is an essential amino acid 

of collagen that protects against a number of 

disorders and works as an anti-inflammatory agent 

[14]. The antioxidant enzyme glutathione peroxidase 

catalyzes the detoxification of hydrogen peroxides, 

avoiding oxidative stress damage; glycine is also 

involved in glutathione production and serves as  a 

substrate (hydrogen donor) or co-factor for this 

enzyme. According to study adopted by Khomich et 

al., [15], glutathione triggers the host immune system 

to control innate immunity. Supplementing the diet 

of broiler chickens with glycine enhanced their 

ability to absorb fat, produce mucin, acquire weight 

and skeletal muscle, depose collagen and maximize 

feed efficiency [16]. As an antioxidant, proline 

reduces oxidation stress within biological cells by 

scavenging oxidants, such as free radical species. 

Subsequently, post-weaning pigs who receive dietary 

supplements containing the collagen precursor's 

glycine and proline have an increase in intestinal 

villus height, an improvement in nutritional 

absorption, an increase in body weight, and an 

increase in collagen production [17]. In addition to 

its role as an anti-oxidative molecule and regulator of 

cellular redox events, hydroxyproline is involved in 

the synthesis of glycine in various animal tissues and 

helps maintain the structure of connective tissues. 

The control of gene expression to enhance oxidant 

clearance is another important function of hydroxy 

proline [18].  

Material and Methods 

Animal Management: 

Sixty healthy unsexed one-day-old Ross 308 

chicks, each with an initial average body weight of 

43.5 g, were procured from a local commercial 

supplier and reared in cages within a controlled 

environmental chamber. A constant lighting regimen 

was implemented for the entire study duration. The 

temperature is maintained at 34°C to 36°C for the 

initial five days, subsequently decreased by 2°C 

weekly until it attains 24°C to 26°C. Upon arrival on 

day 0, all chicks were individually weighed, wing-

tagged and categorized into four groups, each 

comprising fifteen chicks. The feeding trial lasted for 

35 days. All chicks were provided a crumble diet 

during the starter and grower phases, followed by a 

pellet diet until the conclusion of the study period, 

during which feed and water were available ad 

libitum. At seven days of age, chicks were 

vaccinated for Newcastle disease using Nobilis ND 

Clone 30 by eye drop, provided by MSD Animal 

Health, Boxmeer, The Netherlands. 

Experimental Design and Diet:   

According to Aviagen [19], four experimental 

diets were developed to meet the nutritional needs of 

broiler chicks. These diets were divided into three 

phases and are displayed in Table 1. To prevent 

rancidity and lipid oxidation, the diet was stored in a 

cool and dry environment. Each of the four food 

treatments was administered to a different group of 

15 chicks; three sets of five chicks will make up each 

group. Group 1 served as a control and received 

simply a basal diet. Group 2 received a basal diet 

with nucleotides at a rate of 0.5g/kg feed. Group 3 

received a basal diet with collagen at a rate of 100 

mg/kg feed. Group 4 received a basal diet with a mix 

of nucleotides and collagen at a rate of 0.5 g/kg 

and100mg/kg feed respectively. The prepared feed's 

collagen is sourced from bovine collagen that has 

been refined using enzymatic hydrolysis; it has a 

crude protein content of around 94.5 percent. We 

sourced our nucleotides from Nucleoforce. ® 

livestock for veterinary (unrestricted nucleotides 

derived from dried yeast extract).  

Growth performance parameters:  

 Growth performance was assessed by recording 

body weight (BW) and daily feed consumption all 

over the trail period. Feed Intake (FI), feed 

conversion ratios (FCR), body weight gain (BWG) 

and average day gain (ADG) were calculated. On the 

last day of experimentation (35 d), all birds were 

slaughtered [5]. 

Data collection: 

The body weight of the experimental birds was 

documented initially and subsequently on a weekly 

basis. Feed intake: The feed was administered once 

daily, and the leftover feed was collected and 

weighed the next day. The feed conversion ratio 

(FCR) for each treatment group was determined by 

dividing the mean weekly total feed intake by the 

mean weekly total body weight gain (FI/BWG) [6]. 

Collection of serum and blood samples and 

biochemical analysis: 

Blood and serum were collected on 35 d from the 

wing vein in non-heparinized tubes. Serum was 

collected by centrifugation at 3000 rpm for 10 

minutes and stored at (− 20°C) to analysis time. 

Whole blood count was performed immediately after 

blood collection and not stored. Serum tests were 

measured spectrophotometrically by fully automated 

chemical analyzer (Mindray BS-240) according to 

manufacturer's instructions, thrombocytes count, 

hemoglobin and hematocrit levels of non-coagulated 

blood samples were measured using (Diagon D-Cell 

60) automatic blood analyzer, RBCs and total 

leukocyte count were calculated manually using 

hemocytometer. The serum was analyzed for Total 

cholesterol [20], Triglyceride [21], Serum high-

density lipoprotein-cholesterol (HDL-C) [22], Serum 
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low-density lipoprotein-cholesterol (LDL-C) [23], 

total serum protein [24], albumin [25] and globulin 

[26]. 

Uric acid [27], and creatinine [28]. Total bilirubin 

was also determined [29], AST and ALT [30]. The 

serum level of total antioxidant capacity (TAC) was 

also measured [31] and total antioxidant capacity was 

determined with colorimetric kit (Biodiagnostic 

Company, Dokki, Giza, Egypt). Serum tests ALT, 

AST, albumin, triglyceride and total cholesterol were 

performed by using commercial kits (Shenzhen 

Mindray Bio-Medical Electronics Co Ltd, China). 

Super oxide dismutase (SOD) and glutathione 

peroxidase GPx) enzymes activity was assayed by an 

ELISA protocol using (CUSABIO Biotech Co., Ltd, 

Taxes, US) and (Nova Lifetech Limited Company, 

Hong Kong, China) kits respectively. 

Malondialdehyde (MDA) the biomarker of lipid 

peroxidation was also determined by ELISA protocol 

using (Nova Lifetech Limited Company, Hong 

Kong, China) kit. The optical densities in ELISA 

protocol were measured by using stat fax 4700 

microplate reader. NDV vaccination titer was 

determined by HI test (Heam agglutination inhibition 

test) using reference antigen according to method 

described before [32].  

Intestinal histopathology: 

Three birds from separate experimental groups 

were randomly slain and their jejunums were fixed in 

10% buffered formalin for histopathological analysis. 

After being dehydrated in increasing concentrations 

of alcohol, the specimens were clarified using methyl 

benzoate. They were then embedded in paraffin wax 

and sectioned at 3-5 µm thickness. Staining the 

sections with the Harris Hematoxylin and Eosin 

solution was done as previously described [33]. The 

intestine's structural morphology was determined 

using Image J software. This included measures such 

as villus height (VH), villous width (VW), crypt 

depth (CD), villous height to crypt depth (VH/CD), 

villous surface area and villous perimeter. 

Sodium Dodecyl Sulphate Poly Acrylamide Gel 

Electrophoresis (SDS-PAGE): 

Serum proteins were purified using SDS-PAGE 

according to protocol adopted by Laemmli, [34]. 

Serum samples were prepared and diluted to a 

concentration related to serum total proteins with 

sample buffer which contain the Bromphenol blue 

stain and SDS detergent. Standard protein markers 

were used to determine the molecular weight of the 

separated proteins. 

Statistical analysis 

The collected data was revised, coded, and 

tabulated using the Statistical package for Social 

Science (IBM Corp. Released 2017. IBM SPSS 

Statistics for Windows, Version 25.0. Armonk, NY: 

IBM Corp.). Data were presented and suitable 

analysis was done according to the type of data 

obtained for each parameter. Mean and Standard 

deviation (± SD) were calculated for numerical data 

using the standard statistical formula [35]. The data 

was studied by ANOVA one-way classification to 

test the significance of difference between diverse 

treatment groups followed by Kruskal-Wallis 's test 

assess the statistical significance of the difference 

between more than two study group non parametric 

variables. A p <0.05 value is considered significant 

at confidence interval 95%. 

Results 

Growth Performance: 

The body weight significantly increased through 

the experimental period among all groups, 

nucleotides and collagen groups showed significantly 

higher body weight than control group and the 

highest increasing body weight was for nucleotides 

and collagen group which significantly surpassing all 

other groups (Table 2). Feed consumption was 

significantly reduced from (day 7-14) of trail in 

nucleotides and collagen groups and significantly 

increased in nucleotides and collagen group than 

control group. By the day (28-35) no significantly 

differences in feed consumption were observed 

among experimental groups except nucleotides group 

that has the highest value (Table 3). Regarding Feed 

Conversion Ratios among the study groups, (FCR) 

were significantly improved among all experimental 

groups than control group and the best result was for 

nucleotides with collagen group. In day 28, the 

nucleotides group exhibited a significantly higher 

FCR compared to the control, collagen, and 

nucleotides with collagen groups (Table 4). In terms 

of Body weight gain (BWG) among the study 

groups, the nucleotides with collagen group showed 

significantly higher body weight gains compared to 

the other groups from day (14-35). No significant 

differences were observed in nucleotides and 

collagen groups except from day (28-35) where both 

groups had significantly higher BWG than control 

group (Table 5). According to average daily gain 

(ADG) among the study groups, the nucleotides and 

collagen group showed significantly higher average 

daily gains compared to the other groups from day 

(14-35). No significant differences were observed in 

nucleotides and collagen groups except from day 28-

35 where both groups had significantly higher ADG 

than control group (Table 6).   

Serum biochemical and haematological parameters 

and antioxidant status: 

In the comparison of haematological and 

biochemical parameters among the study groups, 

several significant differences were observed. The 

nucleotides and collagen group consistently showed 

significantly highest levels of leucocytes, RBCs, HB 

and HCT than other groups. Thrombocytes were 
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significantly higher in the collagen and nucleotides 

and collagen groups than control and nucleotides 

groups. Total Protein and Globulin levels were 

significantly increased in the nucleotides, collagen 

and nucleotides and collagen groups compared to the 

control group. For liver enzymes (AlT and AST) and 

albumin no significant differences were found among 

the groups. Total Bilirubin was significantly higher 

in the nucleotides and nucleotides and collagen 

groups compared to the control group. Uric Acid was 

significantly higher in the nucleotides and collagen 

group than in all other groups. Creatinine levels were 

highest in the collagen group and significantly lower 

in the control group. Cholesterol and HDL were 

significantly lower in the nucleotides and collagen 

group compared to the control group, while LDL was 

significantly lower in the nucleotides and collagen 

group compared to all other groups. TG significantly 

increased in nucleotides group than control group. 

TAC levels were significantly lower among the trail 

groups compared to the control group. Finally, ND 

antibody titer against new castle disease vaccination 

was significantly increased in all trail treatment 

groups than control group and the highest level was 

observed in collagen group compared to the other 

groups (Table 7). 

In the comparison of antioxidant parameters 

among the study groups, significant differences were 

observed across all parameters. Dietary nucleotides 

and collagen supplementation significantly decreased 

lipid peroxidation by reducing malondialdehyde 

(MDA) level in serum samples. GPx and SOD 

antioxidant enzymes significantly increased in 

nucleotides and collagen groups and the highest 

levels were in nucleotides and collagen group which 

surpassing other groups (Table 8).  

Histopathological Morphology: 

The histopathological morphology changes of 

jejunum had been shown in Figure 1. The sections 

showed no structural damage in all groups when 

stained by H&E stain. Significant increases in villus 

height were observed in nucleotides, collagen and 

nucleotides and collagen groups comparing with the 

control group. In addition, we observed significant 

increases in villus width and crypt depth in collagen 

and nucleotides with collagen groups than the control 

group while crypt depth significantly decreased in 

nucleotides group. The ratio of villus height to crypt 

depth (VH/CD) was significantly increased among 

the nucleotides and nucleotides and collagen groups 

comparing with control group and significantly 

decreased in collagen group than other groups. 

Villous surface area and villus perimeter were 

significantly increased in nucleotides and collagen 

group compared to nucleotides, collagen and control 

groups (Table 9). 

Sodium Dodecyl sulphate polyacrylamide gel 

Electrophoresis (SDS-PAGE):  

In order to find the molecular weight of the purified 

chicken IgY antibodies, SDS-PAGE gel 

electrophoreses were employed. Figure 2 displays the 

proteins that have been purified. Using a standard 

protein marker, the mobility of the bands in SDS-

PAGE were used to quantify the molecular weight of 

the serum protein. Figure 2 shows the estimated 

molecular weight of Immunoglobulin Y for the 

heavy chain, which is 65 KDa, and for the light 

chain, which is 25 KDa. Another band at around 38 

kDa reveals the chicken IgY heavy chain, which is 

an alternate splicing variant.  

Discussion 

Growth Performance: 

Supplementing broiler chickens' diets with 

nucleotides was thought to boost their 

immunological function, antioxidant status, 

gastrointestinal development and growth 

performance. Nucleotide supplementation increased 

BW, decreased feed intake and improved feed 

conversion ratio (FCR) of broilers across all 

treatments in our study. The results matched those of 

the previous studies [36, 37].  The previous findings 

[38, 39] found no significant difference in feed intake 

and weight increase, which contradicts our results. 

Supplementing with nucleotides boosted body weight 

gain and feed conversion ratio (FCR), according to 

Hassanein et al. [40], but had no effect on feed 

consumption. However, research out of Catholic 

University of Ecuador found that adding 1.5% NuPro 

to pre-starter diets significantly increased weight 

gain and feed efficiency. NuPro is a product rich in 

amino acids, glutamine, and nucleotides. The first 

three weeks after hatching in broilers show a 

magnifistic rate of development and a rapid growth, 

so, nucleotides may become conditionally essential 

[3]. The aforementioned positive effects may be due 

to the fact that amino acids like glutamine, aspartate, 

and glycine are available for de novo synthesis while 

taking nucleotide supplements; this allows for their 

utilization in growth while decreasing the energy 

needed for the salvage route. Prior study was 

reported that supplementation with 0.1% nucleotides 

to broilers can improve growth parameters [41], 

while others found no such effect on BW, weight 

gain and feed intake [42]. Our findings demonstrated 

that broiler chickens given collagen as a dietary 

supplement had a considerable improvement in FCR 

due to the reduction of feed intake so feed efficiency 

improved, as well as increases in BW, BWG and 

ADG. These findings are in line with those of Wu 

[43], who found that collagen is essential for the 

development of connective tissues in chickens. 

Supplementing the diet of broiler chickens with 

glycine enhanced feed efficiency in 21-35 day old 

chicks, fat absorption, mucin formation and muscle 

building, body weight gain and collagen synthesis 

and deposition in 5-21 day old chicks, respectively 

[16]. In order to keep their growth rate constant, 
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young broilers need methionine, according to 

research by Tsiagbe et al. [12]. For this reason, 

collagen plays a crucial function in the diets of 

chickens and other poultry by increasing the amount 

of muscle tissue and the rate of muscle growth, 

which in turn improves the birds' overall health [44]. 

Collagen synthesis and growth performance are 

hindered in young pigs [45] and poultry [11]. 

Biochemical and haematological Parameters: 

Results showed that adding nucleotides and 

collagen significantly (p<0.05) raised leucocytes, 

RBC, HB, and HCT levels, with the combination 

group showing the highest values.  Thrombocytes 

were significantly higher in the collagen and 

nucleotides and collagen groups than other groups. 

As an evidence for this result that collagen is one of 

the major activators of thrombocytes response after 

injury. Collagen is the only matrix protein which 

supports both thrombocytes adhesion and complete 

activation [46]. The first limiting essential amino 

acid that enhances growth performance and protein 

synthesis in chicken is methionine, which is a 

component of collagen [47]. Among its many 

functions, methionine is an important biological 

methyl donor for the methylation of DNA, RNA, and 

proteins [48]. The process of making proteins in 

eukaryotic organisms begins with the amino acid 

met, which is a precursor to homocysteine. This 

proves that methionine is crucial for the production 

and growth of all cells, including blood cells. 

In comparison to the control group, the groups 

that received nucleotides, collagen, or a combination 

of nucleotides and collagen showed a significant 

increase (p<0.05) in total protein and globulin levels. 

These findings align a previous report [5], which 

found that adding nucleotides to serum significantly 

raised total protein and globulin levels. There were 

no notable variations observed across the groups 

when it came to albumin, liver enzymes (AST and 

AlT). The Control group had the lowest total 

bilirubin levels, while the nucleotides and 

nucleotides and collagen groups had considerably 

greater levels. Compared to the other groups, the 

nucleotides and collagen group had much greater 

urinary acid levels. Collagen and nucleotides both 

raised creatinine levels compared to the control 

group, with the former showing the greatest rise and 

this may contributed that creatinine an uric acid are 

byproducts of nucleotides and collagen metabolism, 

which are both rich in amino acids. The combination 

group, which had both nucleotides and collagen, had 

the most dramatic reduction in serum HDL, LDL, 

and cholesterol levels. Consistent with earlier 

research [40], this study found that broiler chickens 

had considerably lower cholesterol and LDL 

concentrations after receiving nucleotide 

supplementation and in contrast with [40] which 

revealed high concentrations of HDL. Yeast may 

help regulate blood cholesterol levels through de-

conjugation of bile acids, which is why researchers 

as it was found that adding nucleotides produced by 

yeast lowered serum cholesterol levels [7].  Despite 

contradicting [40] and agreeing with [5], which also 

found that nucleotides substantially raised serum TG. 

Collagen hydrolysates impact lipid absorption and 

metabolism in rats and reduce blood triglycerides, 

according to [49], and this finding was in agreement 

with our results showing that collagen substantially 

reduced serum TG levels.  

Immunology Function: 

Nucleotide supplementation was found to raise 

broilers' serum IgY levels, which is the titer of 

humoral immunity against NDV vaccination, on day 

35 of age, which is the last day of the trial. The effect 

of vaccination on humoral immunity is shown by the 

change in IgY levels in broilers given nucleotide or 

collagen. This finding is in line with numerous prior 

investigations that found that pigs and birds whose 

immune systems were supplemented with 

nucleotides produced more immunoglobulins [50]. 

Lymphocytes use a high number of nucleotides to 

produce immunoglobulins which are synthesized de 

novo by other organs (primarily the liver), to fast 

maintaining and production [51]. Additionally, our 

study revealed that broiler feed containing collagen 

increased leukocyte count, suggesting that collagen 

plays a significant role in animal immune response. 

This, in turn, suggests that methionine enhances T 

cell activation and development, which in turn 

impacts cell-mediated immune response [52]. Earlier 

studies hypothesized that broilers could benefit 

greatly from higher amounts of methionine, which 

would increase both antibody production and T-cell 

proliferation [53].  

Antioxidant status:  

Nucleotides and collagen, either separately or in 

combination, considerably improves broiler chickens 

antioxidant status, according to this research. 

Combining collagen with nucleotides produced the 

greatest benefits, which included a marked decrease 

in malondialdehyde (MDA) levels and an increase in 

glutathione peroxidase (GPx) and superoxide 

dismutase (SOD) activity. There was some evidence 

that nucleotide supplementation could protect DNA 

from oxidative stress-induced damage and breaks. 

Consequently, nucleotides may mitigate oxidative 

stress in pigs as a consequence of a diet rich in 

polyunsaturated fatty acids (PUFA), so, animals will 

see a reduction in genotoxic stressors, which are 

oxidative pressures on immune cells, DNA, and 

RNA, as a result of their diet [54]. As a major 

component of collagen, proline reduces oxidation 

stress inside biological cells by acting as an 

antioxidant by scavenging free radical species. As an 

anti-oxidative chemical, Hyp controls cellular redox 

processes. The control of gene expression to enhance 

oxidant clearance is another important function of 
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Hyp [18]. Nucleotides and collagen, either singly or 

in combination, improved broiler chickens' 

antioxidant status. When collagen and nucleotides 

were added, total antioxidant capacity (TAC) 

dropped dramatically [40]. 

Histopathological Examination:  

Intestinal morphology is greatly enhanced by 

dietary nucleotide supplementation, according to our 

study. This is shown by a decrease in villus crypt 

(VC), an increase in jejunal villus height (VH), and a 

decrease in villus width (VW). Both the surface area 

and perimeter of the villus were considerably 

enhanced by the addition of nucleotides and 

collagen. These findings were the same results that 

reported by [5, 40]. It appears from these results that 

yeast nucleotides play a significant role in the 

maturation of the intestines. The ratio of villus height 

to crypt depth was shown to decrease after dietary 

collagen considerably enhanced crypt depth. 

Intraintestinal morphology was enhanced by dietary 

collagen supplementation, which led to a marked 

increase in villus height (VH) and villus width (VW).  

Intestinal villus height and nutrient absorption are 

both likely to be improved by taking dietary 

supplements of the collagen precursors glycine and 

proline [55]. 

Sodium Dodecyl sulphate polyacrylamide gel 

Electrophoresis (SDS-PAGE): 

Using SDS-PAGE, the proteins were purified 

[34]. The SDS-PAGE bands verified that the isolated 

protein was immunoglobulin Y; the heavy chain had 

a molecular weight of 65 KDa and the light chain 25 

KDa. In addition, there is a variation at around 40 

kDa for the chicken IgY heavy chain that 

alternatively splicing. Each group had a strong band, 

but the nucleotides with collagen group had the 

strongest. These findings corroborated those 

mentioned before, as IgY molecule has two heavy 

chains (H) with molecular weights of 67 to 70 kDa 

each and two light chains (L) with molecular weights 

of 25 kDa each [56]. One part of the light chains is 

constant (CL), and the other part is variable (VL). 

Due to its heavier chains' four constant domains 

(CH1-CH4) and an additional constant domain 

containing the related carbohydrate chains, IgY has a 

larger molecular weight of 180 kDa [57]. The SDS-

PAGE method was used before [58] to isolate 

chicken IgY from egg yolk. They then measured the 

molecular weight of the purified protein, which they 

found to be around 65 kDa for the heavy chain and 

27 kDa for the light chain. This strongly suggests 

that the protein that isolated is chicken IgY. 

Additionally, the chicken IgY heavy chain 

crystallization fragment Fc showed an alternatively 

spliced variant at around 40 kDa, which matched the 

findings that previously reported the presence of a 

novel protein band corresponding to 47.4 kDa in the 

culture of the recombinant pPIC9 ompA-Fc 

transformant as determined by SDS-PAGE [59]. 

Conclusion 

Body weight, FI, FCR, BWG, and ADG were all 

significantly improved in the nucleotide and collagen 

groups compared to the control group in this study. 

The combination group also had the greatest results. 

Nucleotide and collagen fed birds consumed less 

food than control birds. Increased humoral immunity 

against ND vaccination and improved serum and 

hematological parameters were observed in birds 

given nucleotides and collagen. In addition to 

lowering MDA levels and raising GPx and SOD, 

collagen and nucleotides enhanced antioxidant status  

and intestinal histomorphology. 
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TABLE 1. Composition of the experimental diet ingredients: 

 Starter Grower Finisher 

Feeding period(days)                0-10 days 

 

11-24 days 25-35 days 

Yellow corn 57.15 62.74 69.11 

Corn gluten meal 60% 9.66 12.73 15.10 

Soybean meal 46% 27.60 19.12 10.62 

Oil 1.00 1.00 1.00 

Ground limestone 1.85 1.65 1.59 

mono-calcium phosphate 1.25 1.25 1.05 

L-lysine 0.33 0.38 0.44 

DL- methionine 0.20 0.13 0.09 

L-threonine 0.06 0.03 0.03 

Vitamin mineral premix* 0.30 0.30 0.30 

Common salts 0.35 0.35 0.35 

Sodium bicarbonate 0.10 0.10 0.10 

Phytase 0.01 0.01 0.01 

Anti-mycotoxins 0.20 0.20 0.20 

Sum 100.00 100.00 100.00 

Nutritive value    

CP 23.16 21.50 19.53 

EE 3.56 3.74 3.94 

ME 3000.38 3100.32 3200.30 

Calcium 0.96 0.87 0.79 

Available Phosphorous 0.45 0.44 0.40 

 

TABLE 2. The effects of nucleotides and collagen on experimental groups according to body weight. 

 Control Nucleotides Collagen Nucleotides and Collagen 

Day 0 43.53 ± 1.60a 43.93 ± 1.79a 43.33 ± 2.09a 43.33 ± 2.32a 

Day 7 197.40 ± 37.66a 203.73 ± 23.89a 204.60 ± 11.65a 209.67 ± 19.79a 

Day 14 521.87 ± 37.05a 533.40 ± 45.61a 537.80 ± 23.35a 552.07 ± 37.11a 

Day 21 969.07 ± 62.13a 990.53 ± 72.89a 994.13 ± 47.71a 1023.07 ± 67.57b 

Day 28 1581.33 ± 105.09a 1617.27 ± 102.86a 1622.00 ± 117.26a 1670.67 ± 99.66a 

Day 35 1966.00 ± 147.83a 2233.67 ± 116.33b 2237.33 ± 291.53b 2394.00 ± 221.89c 

*Mean with different superscript letters in the same rows are significantly different at (p <0.05). 
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TABLE 3. The effects of nucleotides and collagen on experimental groups according to feed intake: 

 Control Nucleotides Collagen Nucleotides and Collagen 

 n=15 n=15 n=15 n=15 

Day 7 183.12 ± 5.08a 180.07 ± 3.36a,b 178.41 ± 6.43b 184.15 ± 4.77a,b 

Day 14 394.71 ± 13.54a 384.99 ± 97.14a,b 386.95 ± 24.06b 396.29 ± 12.04a 

Day 21 626.86 ± 31.78a 622.38 ± 26.92a 619.98 ± 31.30a 631.37 ± 28.73a 

Day 28 759.19 ± 53.48a 841.73 ± 81.33b 752.58 ± 33.17a 761.60 ± 58.31a 

Day 35 1303.15 ± 84.66a 1326.34 ± 85.68a 1273.61 ± 67.46a 1313.40 ± 72.28a 

Means within the same raw carrying different superscript letters are significantly at (p <0.05). 

 

TABLE 4. Comparison between study groups according to feed conversion ratio: 

 Control Nucleotides Collagen Nucleotides and Collagen 

 n=15 n=15 n=15 n=15 

Day 7 0.98 ± 0.29a 0.90 ± 0.11a 0.87 ± 0.05a 0.89 ± 0.09a 

 Day 14 0.76 ± 0.07a 0.73 ± 0.20a 0.72 ± 0.05a 0.72 ± 0.05a 

Day 21 0.65 ± 0.04a 0.63 ± 0.04a 0.62 ± 0.04a 0.62 ± 0.05a 

Day 28 0.48 ± 0.04a 0.52 ± 0.05b 0.47 ± 0.05a 0.46 ± 0.03a 

Day 35 0.67 ± 0.07a 0.60 ± 0.05b 0.58 ± 0.08b 0.55 ± 0.05b 

Means within the same raw carrying different superscript letters are significantly at (p <0.05). 

 

TABLE 5. Comparison between study groups according to body weight gain: 

 Control Nucleotides Collagen Nucleotides and collagen 

 n=15 n=15 n=15 n=15 

Day 7 153.87 ± 37.43a 159.80 ± 23.91a 145.87 ± 37.82a 166.33 ± 20.94a 

Day 14 478.33 ± 36.81a 489.47 ± 46.12a 494.47 ± 24.36a 508.73 ± 37.41b 

Day 21 925.53 ± 61.60a 946.60 ± 72.99a 950.80 ± 47.83a 979.73 ± 68.10b 

Day 28 1537.80 ± 104.74a 1573.33 ± 103.37a 1578.67 ± 117.26a 1627.33 ± 100.00b 

Day 35 1922.47 ± 147.65a 2189.73 ± 116.00b 2194.00 ± 292.39b 2350.67 ± 221.52c 

Means within the same raw carrying different superscript letters are significantly at (p <0.05). 

 

TABLE 6. Comparison between study groups according to average daily gain: 

 Control Nucleotides Collagen Nucleotides and Collagen 

 n=15 n=15 n=15 n=15 

Day 7 21.98 ± 5.35a 22.83 ± 3.42a 23.04 ± 1.82a 23.76 ± 2.99a 

Day 14 34.17 ± 2.63a 34.96 ± 3.29a 35.32 ± 1.74a 36.34 ± 2.67b 

Day 21 44.07 ± 2.93a 45.08 ± 3.48a 45.28 ± 2.28a 46.65 ± 3.24b 

Day 28 54.92 ± 3.74a 56.19 ± 3.69a 56.38 ± 4.19a 58.12 ± 3.57b 

Day 35 54.93 ± 4.22a 62.56 ± 3.31b 62.69 ± 8.35b 67.16 ± 6.33c 

Means within the same raw carrying different superscript letters are significantly at (p <0.05). 
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TABLE 7. Comparison between study groups according to biochemical studies: 

 Control Nucleotides Collagen Nucleotides and 

Collagen 

WBCs (thousand cells/cu mm) 188.72 ± 4.89a 195.35 ± 10.43b 199.78 ± 6.57c 211.31 ± 7.14d 

RBCs (million cells/cu mm) 2.23 ± 0.11a 2.54 ± 0.27b 2.49 ± 0.11c 2.81 ± 0.27d 

HB (grams per deciliter) 9.68 ± 0.34a 10.30 ± 1.15ab 11.00 ± 0.44bc 11.69 ± 1.19c 

Thrombocytes (thousand cells/cu mm) 10.53 ± 1.88a 10.00 ± 2.93a 16.67 ± 5.49b 12.80 ± 2.86c 

HCT (%) 27.05 ± 1.56a 31.52 ± 2.76b 30.63 ± 1.04b 34.63 ± 3.31c 

AlT (units per liter) 2.45 ± 0.55a 2.74 ± 0.86a 2.65 ± 0.56a 2.45 ± 0.42a 

AST (units per liter) 475.60 ± 78.50a 492.40 ± 54.91a 496.47 ± 98.78a 495.93 ± 74.22a 

Total Bilirubin (milligrams per 

deciliter) 

0.17 ± 0.08a 0.23 ± 0.09b 0.22 ± 0.06ab 0.25 ± 0.10b 

Total Protein (grams per deciliter) 3.16 ± 0.15a 3.50 ± 0.17b 3.45 ± 0.19b 3.49 ± 0.24b 

Albumin (grams per deciliter) 1.91 ± 0.08a 1.93 ± 0.06a 1.80 ± 0.10b 1.84 ± 0.12b 

Globulin (grams per deciliter) 1.33 ± 0.10a 1.55 ± 0.16b 1.63 ± 0.23b 1.57 ± 0.40b 

Uric Acid (milligrams per deciliter) 2.41 ± 0.35a 2.41 ± 0.27a 2.65 ± 0.69a 4.85 ± 0.96b 

Creatinine (milligrams per deciliter) 2.45 ± 1.24a 4.26 ± 1.18b 4.89 ± 1.26b 3.47 ± 0.86c 

Cholesterol (milligrams per deciliter) 120.15 ± 7.95a 115.27 ± 16.69ab 110.72 ± 6.28b 103.91 ± 8.28c 

TG (milligrams per deciliter) 40.48 ± 4.36a 59.44 ± 7.16b 37.79 ± 10.06a 43.43 ± 5.82a 

HDL (milligrams per deciliter) 39.44 ± 4.61a 36.37 ± 2.43ab 33.60 ± 7.04b 29.59 ± 1.83c 

LDL (milligrams per deciliter) 73.53 ± 9.76a 67.43 ± 13.84a 72.02 ± 7.98a 58.16 ± 8.14b 

TAC (millimoles/ liter) 0.32 ± 0.04a 0.19 ± 0.05b 0.17 ± 0.05b 0.19 ± 0.04b 

ND ab titer 2.67 ± 1.18a 3.73 ± 0.46b 4.53 ± 0.74c 3.93 ± 0.59b 

Means within the same raw carrying different superscript letters are significantly at (p <0.05). 

TABLE 8. Comparison between study groups according to antioxidant parameters: 

 Control Nucleotides Collagen Nucleotides and Collagen 

MDA 

(mmol/ml) 

5.5±1.2 a 5.1±1.2 b 4.7±1.1 c 4.4±1 d 

SOD (U/ml) 61.7±6.5 a 66.4±6.9 b 71.2±7.2 c 76.4±7.9 d 

GPx (U/ml) 71.4±6.7 a 76.5±6.8 b 82.6±7.7 c 88.6±8.8 d 

Means within the same raw carrying different superscript letters are significantly at (p <0.05). 

TABLE 9. Comparison between study groups according to histopathological examination. 

 Control Nucleotides Collagen Nucleotides and 
Collagen 

VH (µm) 220.23 ± 16.28a 240.42 ± 18.79b 200.65 ± 9.63c 339.48 ± 8.00d 

CD (µm) 40.10 ± 4.56a 35.27 ± 2.19b 59.43 ± 5.35c 50.30 ± 2.40d 

VH/CD ratio 5.57 ± 0.82a 6.84 ± 0.70b 3.39 ± 0.32c 6.76 ± 0.35d 

Villous Width 

(µm) 

15.13 ± 0.93a 16.82 ± 1.03b 19.95 ± 1.64c 22.12 ± 1.57d 

Villous Surface 
Area (µm) 

500.60 ± 24.12a 496.57 ± 22.66b 

 

551.63 ± 24.03c 795.55 ± 27.03d 

Villous Perimeter 
(µm) 

488.08 ± 23.30a 350.25 ± 26.85c 400.75 ± 27.90b 604.07 ± 24.51d 

Means within the same raw carrying different superscript letters are significantly at (p <0.05). 
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Fig.1. Microscopic picture of H&E stained sections from intestine from groups G1-G4 showing no structural damage. 

Marked increase of villous height is recognized in G4 supplemented with collagen+nucleotides (Magnification 
x:40 bar 200 and x:100 bar 100). 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 2. Purified serum proteins by SDS -PAGE. M: protein marker, Lane1: Control group, Lane 2: Nucleotides group, 

Lane 3: Collagen group and Lane 4: Nucleotides and Collagen group. 
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 ة حيىية على جأثير الكىلاجيه والىيىكليىجيذات على ومى دجاج الحسميهدراسات كيميائي

 ابحهال هاشم محمىد سليمان، مجذي محفىظ يىسف، مىار رفعث

 قسٌ اىنَٞٞاء، ميٞت اىعيً٘، خاٍعت اىَْص٘رة، ٍصز.

 
 الملخص 

ِ: ظافاث أعلاف ٍْفزدة أٗ ٍدخَيٞ٘حٞذاث مااىْٞ٘ماىن٘لاخِٞ ٗخزاء ٕذٓ اىخدزبت ىذراست حؤثٞز حٌ إ عت ٍعًا عيٚ ملاً ٍ

اىخزمٞب اىْسٞدٜ ىلأٍعاء حاىت اىَْاعٞت ٗاى، ٛاىخؤمسذ الإخٖاد تفٜ ٍصو اىذً، ّسب اىحٞ٘ٝتث قٞاساَ٘ ٗالأداء، اىمفاءة اىْ

 .فٜ دخاج اىخسَِٞ

، حٌ حقسٌٞ اىذخاج اىٚ أربع ٍدَ٘عاث مو ًٝ٘ 0عَز  600( دخاخت ٍِ سلاىت رٗص 00حَج اىذراست عيٚ عذد )

ا حسب احخٞاخاث اىسلاىت، ٗحٌ ( مخن٘ث، حٌ حقذٌٝ أربع علائق حٌ ححعٞزٕا خصٞصً 01حخ٘ٛ عيٚ عذد )ٍدَ٘عت ح

ٚ: اىَدَ٘عت اىعابطت ٗحٌ حقذٌٝ عيٞقت ححخ٘ٛ عيٚ اىَنّ٘اث ٗالاحخٞاخاث  ٜ: اىَدَ٘عت الاٗى حقذٌٝ اىعلائق ماٟح

مدٌ عيٞقت، اىَدَ٘عت اىثاىثت:  0خزاً ّٞ٘ميٞ٘حٞذاث ىنو  0.1الأساسٞت، اىَدَ٘عت اىثاّٞت: اىعيٞقت الأساسٞت بالإظافت إىٚ 

مدٌ عيٞقت، اىَدَ٘عت اىزابعت: اىعيٞقت الأساسٞت بالإظافت إىٚ  0ٍيدٌ م٘لاخِٞ ىنو  000ساسٞت بالإظافت إىٚ اىعيٞقت الأ

 ٍٝ٘اً. 61مدٌ عيٞقت، ٗاسخَزث اىذراست ىَذة  0ٍيدٌ م٘لاخِٞ ىنو  000خزاً ّٞ٘ميٞ٘حٞذاث ٗ  0.1

ٝت فٜ ٗسُ اىدسٌ ٗاى٘سُ اىٍٜٞ٘ اىَنخسب حٌ حسدٞو اىْخائح ٗاىَلاحظاث، ٗقذ أظٖزث اىذراست أُ ْٕاك سٝادة ٍعْ٘

ٍٗخ٘سػ اى٘سُ اىَنخسب فٜ اىَدَ٘عت اىثاّٞت ٗاىثاىثت ٗاىزابعت ٍقارّت باىَدَ٘عت اىعابطت ٗأُ أفعو اىْخائح ماّج فٜ 

ً أظٖزث اىذراست اّخفاض ٍعْ٘ٛ فٜ قَٞت اىعيف اىَسخٖيل ٗأٝعا ححسِ فٜ ّسبت اىخح٘ٝو  اىَدَ٘عت اىزابعت، أٝعا

ً أُ اسخٖلاك اىْٞ٘ميٞ٘حٞذاث اىغذائٜ  ٍقارّت باىَدَ٘عت اىعابطت. ٍِ اىْخائح اىيخٜ ىخصج إىٖٞا اىذراست أٝعا

ٗاىن٘لاخِٞ فٜ اىعيف أدٙ إىٚ سٝادة عذد مزٝاث اىذً اىبٞعاء ٗاىحَزاء ّٗسب اىَٖٞ٘خي٘بِٞ ٗاىَٖٞاح٘مزٝج فٜ اىذً، 

ِ فٜ اىعيف،حٌ حسدٞو سٝادة ٗاظحت فٜ اىبزٗحْٞاث فٜ أٝعًا سٝادة ّسب اىصفائح اىذٍ٘ٝت ّخٞدت لاسخٖلاك اىن٘لاخٞ

الإّشَٝاث اىَعادة ىلأمسذة ماىدي٘ثُٞ٘ بٞزٗمسٞذٝش ٗ اىس٘بز أٗمسٞذ دٝسَٞ٘حٞش، ٗاّخفاض  سٝادة ّسبت ٍصو اىذً،

، اّخفاض ٞتخٖذ اىخؤمسذٛ داخو اىخلاٝا اىحعيٚ سٝادة الإ اٗاظحً  دىٞلاً  سٝادة ٍعذىٔ عذاىذٛ حٗأىذٕٞذ  ّسبت اىَاىّ٘ذاٛ

سٝادة ٍيح٘ظت فٜ حزمٞش  ٗأٝعا اىعار ٍْخفط اىنثافت، حٌ حسدٞوىٜ اىنثافت ااىن٘ىٞسخزٗه اىنيٜ ٗاىن٘ىٞسخزٗه اىْافع ع

اىذُٕ٘ اىثلاثٞت. إظافت اىْٞ٘ميٞ٘حٞذاث ٗاىن٘لاخِٞ أدٙ إىٚ ححسِٞ الاسخدابت اىَْاعٞت عِ غزٝق سٝادة اّخاج الأخساً 

. إظافت اىْٞ٘ميٞ٘حٞذاث ٗاىن٘لاخِٞ إىٚ اىعيف أدٙ ظذ فٞزٗص اىْٞ٘ماسو اعٜ باىخحصِٞاىَْاعٞت مْخٞدت ىيخحفٞش اىَْ

عْذ صبغ  فٜ أٛ ٍدَ٘عت إىٚ اىخحسِٞ ٍِ صحت الأٍعاء ٗاىخزمٞب اىْسٞدٜ ىٖا حٞث ىٌ حظٖز اىْخائح أٛ ّخز أٗ حآمو

 الأّسدت ٗدراسخٖا.

ىن٘لاخِٞ اىٚ عيف دخاج اىخسَِٞ أدٙ إىٚ اىخحسِ اىَيح٘ظ ٍِ خيصج ٕذٓ اىخدزبت إىٚ أُ إظافت اىْٞ٘ميٞ٘حٞذاث ٗا

، ّشَٝاث اىَعادة ىلأمسذةلاعِ غزٝق سٝادة اّخاج ااىحٞت خٖذ اىخؤمسذٛ فٜ اىخلاٝا أداء َّٗ٘دخاج اىخسَِٞ ٗحقيٞو الإ

 أٝعًا ححسِٞ الإسخدابت اىَْاعٞت ٗححسِٞ اىخزمٞب اىْسٞدٜ ٗصحت الأٍعاء.

 دخاج اىخسَِٞ.اىَْ٘ ٗالأداء، اىن٘لاخِٞ، اىْٞ٘ميٞ٘حٞذاث، اىْسٞدٜ ىلأٍعاء، اىحاىت اىَْاعٞت،  اىخزمٞب الكلمات الذالة:

 

 

 


