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ARTICLE INFO ABSTRACT 

Keywords   The current protocol investigated how nucleotides and/or β-glucan affect antioxidant-related 

The newly  quality.hepatic tissue lipid peroxidation in chickens, and meat gene expression, 

hatched chicks were divided into four groups (36 birds pre group) based on the nutritional 

supplements they received: the first was a control group, the second was supplemented with 

glucan per -gram β-mented with 1200 mg nucleotides per kg of diet, the third was supple

glucan. On -kilogram of diet, and the fourth was complemented with both nucleotides and β

related gene -the antioxidantday 35, three chickens per replicate were slaughtered to evaluate 

expression, the antioxidant enzymes, and meat quality. The results demonstrated that the 

antioxidant-related gene expression was substantially (P < 0.05) upregulated in the fourth 

broiler group with the addition of nucleotides with β-glucan compared to the other experimental 

related -it was detected that the supplements enhanced antioxidant Furthermore,groups. 

enzyme activity in broiler liver tissue, reducing malondialdehyde (MDA) as an indicator of 

Moreover, the study's results indicated that the two supplements lipid peroxidation. 

significantly (P < 0.05) affected tenderness, water-holding capacity (WHC), and cook loss. 

However, there were no statistically significant variations observed in drip loss, PH, and color 

(lightness and redness); nevertheless, in comparison to the control group, all dietary-

It can be upplemented groups demonstrated a notably reduced yellowness value (P < 0.05). s

glucan in -βconcluded from the findings that the inclusion of nucleotides in conjunction with 

the diet resulted in improvements in the expression of some genes linked to antioxidants 

-antioxidantGPx)), peroxidase ( glutathioneSOD), catalase (CAT), and superoxide dismutase ((

cook loss, elated enzymes with decreased MDA, and meat quality characteristics including r

.                       (WHC), and tendernessvalue of meat color, water holding capacity  yellowness 
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1. INTRODUCTION 

 
Recently, due to intensive breeding, broiler chickens have 

been subjected to several stimuli, including immunologic 

and oxidative stress (Zhang et al., 2020). Oxidative damage 

arises when an imbalance occurs between the system that 

generates free radicals and the system that counteracts them 

(Huang and Ahn, 2019). Reduced growth performance, 

compromised antioxidative defense, and inferior meat 

quality are consistent outcomes of oxidative damage (Chen 

et al., 2020). The liver is tasked with clearing hazardous 

pathogens and producing, secreting, metabolizing, and 

detoxifying macromolecules (Lalor and Adams, 2002). 

Consequently, functional feed additives featuring safe and 

significant properties, such as enhancing the antioxidant 

defenses of broilers and alleviating the stress caused by 

oxidation, have garnered growing interest over several 

decades (Wang et al., 2022). 

Yeast-derived products have been utilized for decades as 

natural feed additives for animals. The digestive function, 

growth, and antioxidant defenses of animals were all 

enhanced through the supplementation of yeast cell walls (Li 

et al., 2016; Wang et al., 2017). 

Nucleotides contribute to RNA and DNA synthesis, serve as 

coenzyme components, generate cellular energy, and 

facilitate the action of hormones (Carver, 1999). They are 

endogenously synthesized and significantly influence the 

growth and development of cells that experience frequent 

replacement, including those found in the immune or 

gastrointestinal systems. Nevertheless, exogenous 

nucleotides may be semi-essential under specific conditions 

(e.g., stress, immune suppression, rapid growth, and 
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inadequate nutrition) when the endogenous supply of 

nucleotides are insufficient to optimize energy utilization 

and immune system function (Jung and Batal, 2012). 

Furthermore, the addition of nucleotides notably elevated 

the levels of antioxidant enzymes, including 

glutathione peroxidase (GPx) and superoxide dismutase 

(SOD) (Rady et al., 2023). 

Beta-glucan is a naturally occurring antioxidant abundant in 

barley, oats, fungi, microbes and algae (Du et al., 2019). The 

administration of β-glucan as a supplement to broilers can 

enhance growth performance and ameliorates stress caused 

by oxidation and inflammation induced by E. coli (Fadl et 

al., 2020). The stress level experienced by birds during 

their growth, transportation, handling before slaughter, and 

processing substantially impacts the quality of the flesh. β-

glucan in the diet can decrease stress caused by oxidation 

in birds during their growth phases, which means it can 

significantly affect the quality of their meat (Moon et al., 

2016). Hence, this research endeavor was intended to 

evaluate the influence of nucleotides and/or β-glucan on the 

expression of genes associated with antioxidants in liver 

tissue, liver antioxidant enzymes, and flesh quality in 

broilers. 

 

2. MATERIAL AND METHODS 
 

This work was conducted at the Department of Animal 

Wealth Development, Faculty of Veterinary Medicine, 

Benha University. An approval with reference number 

(BUFVTM 03-12-22) was obtained to ensure appropriate 

ethical standards from the Committee for the Care and Use 

of Institutional Animals. 

 

2.1 Experimental design and management 

A commercial hatchery supplied a set of 144 male 

and female broiler chicks (Cobb 500) that were healthy and 

just one day old. On average, these chicks weighed 46.76 ± 

0.15 g. They were subdivided into four dietary-

supplemented groups, each consists of three replicates that 

comprised of twelve birds per replicate. The experimental 

 to rdperiod was extended for 5 weeks, from October 23

                                                             , 2022.thNovember 27 

Group 1 was administered the diet that served as a control.    

Group 2 was given a control diet supplemented with +200 

mg nucleotides per kg of diet (Ohly-GO®Nucleo, Ohly-

GMbH, Germany), which is an enzymatically hydrolyzed 

yeast extract sourced from Saccharomyces cerevisiae.              

Group 3 was administered a control diet supplemented with 

1-gram β-glucan per kilogram of diet (Aleta™, Kemin 

Industries, Belgium), a product sourced from the algae 

Euglena gracilis that contains 1,3-beta glucans in 

concentrations exceeding 50%.                                               

Group 4 had a control diet supplemented with nucleotides 

and β-glucan. 

Environmental and hygiene standards were held constant for 

every chick during its upbringing. A fresh and clean floor 

was made of wood shavings. Food and water were supplied 

ad libitum. As illustrated in table (1), a nutritionally balanced 

diet was administered to the chicks, adhering to the 

recommended nutrient levels for the Cobb 500 broiler strain. 
The nutrition schedule was divided into three stages during 

the experimental period: starter (days one to ten), grower 

(days eleven to twenty-four), and finisher (days twenty-five 

to thirty-five).  

2.2. Expression of antioxidant-associated genes in hepatic 

tissue 

2.2.1. RNA isolation and cDNA formation 

Following the manufacturer's directions, total RNA was 

extracted using GENEzol™ Reagent (Geneaid Biotech Ltd., 

Taiwan). Approximately 50 mg of liver tissue was 

pulverized using a rotor Tissue Ruptor (Qiagen GmbH, 

Germany) within a sterile collecting receptacle filled with 

750 µl of GENEzol™ solution. 

The absorbance of RNA was utilized to ascertain its integrity 

and concentration using a nanodrop spectrophotometer 

(BMG Lab Tec. GmbH, Germany). The A260:A280 ratio of 

pure RNA ranged from 1.8 to 2.0. The cDNA synthesis 

procedure was executed employing the ABT H-minus 

cDNA synthesis reagent (Applied Biotechnology Co. Ltd., 

Egypt) following the specific protocols laid forth by the 

manufacturer. 
 

Table 1 Physical and chemical composition of the experimental groups; 

starter, grower, and finisher diets. 
Diet formulation for 10 kg diet Stage 

Ingredients Starter Grower Finisher 

Yellow corn 5.346 5.727 5.897 

Soya bean meal-46 3.31 3.290 3.06 

Corn gluten meal 0.4 0.05 0.050 

Soya oil 0.25 0.35 0.45 

Di calcium phosphate 0.228 0.185 0.164 

Wheat Bran 0.2 0.15 0.13 

Limestone 0.095 0.083 0.1 

L-Lysine 0.031 0.025 0.022 

DL-Methionine 0.028 0.028 0.021 

Vit&. Min. Mixture 0.03 0.03 0.03 

Sodium chloride 0.026 0.028 0.029 

Sodium bicarbonate 0.024 0.02 0.016 

Choline chloride 0.011 0.008 0.009 

L -Threonine 0.006 0.01 0.008 

Antimycotoxin 0.005 0.005 0.005 

Antioxidant 0.001 0.001 0.001 

Anticlostridia 0.001 0.001 0.001 

Chemical composition 

ME (Kcal \ Kg diet) 2,953.35 3,024.39 3,103.39 

Crude protein % 22.00 20.00 19.00 

Crude fat % 5.04 5.99 7.01 

Crude fiber % 2.35 2.34 2.28 

Digested lysine % 1.20 1.12 1.04 

Digested methionine % 0.59 0.54 0.47 

Digested methionine + cysteine % 0.88 0.82 0.73 

Digested threonine % 0.74 0.73 0.67 

Digested tryptophan % 0.22 0.21 0.20 

Calcium % 0.99 0.84 0.85 

Available phosphorus % 0.50 0.42 0.38 

Chloride % 0.25 0.25 0.25 

Sodium % 0.17 0.17 0.16 

Potassium % 0.86 0.85 0.81 

2.2.2. Analysis by quantitative real-time PCR  

The primer sequences, detailed in table (2), were generated 

using the NCBI Primer-BLAST software. A quantitative 

real-time PCR evaluation was conducted using a 7500 Fast 

Real-time PCR manufactured by Applied Biosystems (USA) 

and 10 µL of ABT 2X qPCR Mix SYBR (Applied 

Biotechnology Co. Ltd., Egypt). As the endogenous 

reference gene was employed to normalize the target genes, 

β-actin was chosen. The following thermocycling protocol 

was used to amplify target genes: 95°C for three minutes; 45 

cycles of 50–60°C for thirty seconds; 95°C for fifteen 

seconds; and 72°C for thirty seconds; a melting curve 

analysis was then performed. The 2-ΔΔct technique was 

employed to ascertain the relative expression of genes 

(Livak and Schmittgen, 2001). 

 

2.3. Determination of liver antioxidants 

Liver tissue samples were homogenized using an electrical 

homogenizer placed on ice with a volume of ten milliliters 

of cold phosphate buffer with a pH of 7.4. After 30 minutes 

of centrifugation at 5000 rpm, the homogenized tissues 

were separated. The supernatant was removed for 

measurement of the activities of SOD following Nishikimi 

et al., (1972), GPx as measured by Weissman (1976), CAT 
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according to Aebi, (1984), and MDA according to 

Uchiyama and Mihara, (1978). 

2.4. Evaluation of the physico-chemical characteristics of 

chicken breast flesh 

Pectoral muscles (n = 3 per replicate) were used in the 

current study to examine the physicochemical attributes of 

chicken carcasses.

Table 2 The primers employed for qRT-PCR. 
Gene name Primer Sequence (5ʹ - 3ʹ) Accession number Expected product size Annealing temperature References 

β-actin 
F- ACCCCAAAGCCAACAGA 

R- CCAGAGTCCATCACAATACC 

NM_205518.1  
136 60°C (Gasparino et al., 2018) 

CAT 
F- ACTGGTGCTGGCAACCC  

R- ACGTGGCCCAACTGTCAT 

NM_001031215 
57 60°C 

(El-Naggar et al., 2019) 

SOD 
F- CGGGCCAGTAAAGGTTACTGGAA  

R-TGTTGTCTCCAAATTCATGCACATG 

NM_205064.1  
83 60°C 

GPx 
F- GCGACTTCCTGCAGCTCAACGA  

R- CGTTCTCCTGGTGCCCGAAT 

GQ502186.2 
99 60°C (Li and Sunde, 2016) 

CAT: catalase, SOD: superoxide dismutase, GPx: glutathione peroxidase 

The muscles were chilled at 4°C for twenty-four hours 

before being reviewed for characteristics including cook 

loss, color (L*, a*, and b*), tenderness, PH, WHC, and drip 

loss. 

2.4.1. Color and pH  

The color of chicken meat was assessed using the 

method suggested by Al-Hijazeen et al., (2016). Colors were 

represented using CIE (L*) values for lightness, (a*) values 

for redness, and (b*) values for yellowness. PH was 

determined by penetrating an electrode through three distinct 

locations in the chickens' pectoralis major muscles using a 

calibrated pH meter (Jenway 3510 PH- meter, Cole-Parmer, 

Staffordshire, United Kingdom) according to Özbek et al., 

(2020).                                                                                    

2.4.2. Water holding capacity, cooking loss, drip loss, and 

tenderness. 

The technique by Tarnauceanu and Pop (2016) involved 

compressing chicken meat over filter paper, weighing 0.5g, 

and then setting it on a 7-centimeter-diameter piece of filter 

paper that had been dried and weighed. In between the two 

glass platters was the paper containing the meat. Five 

minutes of labor were performed at a burden of 2.25 

kilograms. The percentage of water holding capacity (WHC) 

was calculated by weighing the wet filter paper and dividing 

the weight of the released water by the weight of the meat 

tested. 

Cooking loss was determined according to Honikel (1998). 

Cooking loss (%) = (Weight before cooking - Weight after 

cooking) / Weight before cooking) × 100 

A drip loss analysis was conducted using the method used 

by Demirok et al. (2013). Drip loss (%) =  
(F− C) x 100

C
. 

Where F= Weight of the fresh sample and C= Weight of the 

chilled sample. 

A texture analyzer was used to assess the tenderness of six 

sliced rectangular samples of cooked meat (Cavitt et al., 

2004). 

 

2.5. Statistical analysis 

The normality and homogeneity of variances were assessed 

using the Shapiro-Wilk W test. To compare various groups, 

SPSS version 21 was applied for analysis (SPSS, Chicago, 

IL, USA), employing one-way ANOVA and Duncan's post 

hoc tests. P < 0.05 was used as the criterion of significance, 

which utilized the mean ± standard error. 

 
3. RESULTS  

 
3.1. Expression of genes linked to antioxidants in hepatic 

tissue. 

The expression of genes associated with antioxidants as 

affected by nucleotides and/or β-glucan supplementation 

were illustrated in Figs. (1-3). The findings revealed a 

significant increase in the expression of genes linked to 

antioxidants, inluding CAT, SOD, and GPx genes, in liver 

tissue in groups supplemented with nucleotides and β-glucan 

as opposed to other groups. 

 
Fig. 1: Impact of nucleotides and/or β-glucan dietary supplements on CAT gene 

expression. Columns with different litters indicate statistically significant values with P-

value. 

 
Fig. 2 Impact of nucleotides and/or β-glucan dietary supplements on SOD gene expression. 

Columns with different litters indicate statistically significant values with P-value. 

 
Fig. 3 Impact of nucleotides and/or β-glucan dietary supplements on GPx gene expression. 

Columns with different litters indicate statistically significant values with P-value. 

 
3.2. Antioxidant enzymes in liver tissues 

Table (3) showed the influence of nucleotides or β-glucan 

individually or in combination on antioxidant enzymes 

(GPx, SOD, and CAT) and MDA. There was a substantial 

(P< 0.05) enhancement of SOD, GPx, and CAT in these 

groups when compared with the control group. On the other 

hand, a substantial (P< 0.05) decrease in MDA was apparent 

when compared with the control group. 

 

3.3. Meat quality 

The outcomes of the influence of groups whose 

diets included supplements on the meat characteristics 
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(color, PH, WHC, cook loss, drip loss, and tenderness) are 

displayed in Table 4. This result significantly (P < 0.05) 

affected tenderness, WHC, and cook loss in the groups that 

received nutritional supplements compared to the control 

group. There was no discernible change (P > 0.05) in drip 

loss, PH, and color (L*) and (a*), while the (b*) value was 

noticeably lower in dietary-supplemented groups than in 

control (P < 0.05).                                                                   

 
 

Table 3 The impact of incorporating nucleotides and/or β-glucan into the diet on the activity of liver antioxidant enzymes. 
 Control Nucleotides β-glucan Nucleotides + β-glucan 

CAT (U/gm) 3.27±0.5c 5.44±0.62b 9.03±0.21a 10.8±0.96a 

GPx (U/gm) 6691.96±190.24c 7158.84±224.35bc 7722.99±302.83b 8997.19±106.88a 

SOD (U/gm) 522.14±41.68c 676.23±26.76b 671.99±26.04b 948.95±15.87a 

MDA (nmol/gm) 201.77±12.24a 146.81±13.42b 115.12±2.39bc 91.16±7.82c 

Data is expressed as means ± standard error. Different letters of the mean values in the same row are statistically significant (P < 0.05). CAT: catalase, GPx: glutathione peroxidase, SOD: 

superoxide dismutase, MDA: Malondialdehyde. 

 

Table 4 The impact of incorporating nucleotides and/or β-glucan into the diet on meat quality. 
 Control Nucleotides β-glucan Nucleotides + β-glucan 

Color  

L* (lightness) 60.17±0.8a 60.6±0.67a 61.2±0.76a 61.77±0.69a 

a* (redness) 4.8 ±0.5b 5.9 ±0.35ab 5.33±0.41ab 6.4 ±0.32a 

b* (yellowness) 14.2±0.5a 13.33±0.43ab 12.87±0.35b 12.27±0.23b 

PH 5.74±0.05a 5.66±0.04ab 5.63±0.04ab 5.57±0.03b 

WHC % 60.97±0.18c 70.5±0.23bc 80.03±0.23ab 80.4 ±0.26a 

Cooking loss % 20.57±0.43a 19.6 ±0.4ab 19.3±0.23b 18.97±0.26b 

Drip loss % 1.27±0.09a 1.13±0.09ab 1.07±0.03ab 0.97±0.03b 

Tenderness 4.43±0.24c 5.00±0.32bc 5.67±0.24ab 6.10±0.17a 

Data is expressed as means ± standard error. Different letters of the mean values in the same row are statistically significant (P < 0.05). 

 

4. DISCUSSION 
 

Several physiological functions and biochemical pathways 

rely on the reactive oxygen species (ROS) that the body 

usually produces due to metabolism (Cheng et al., 2020). 

Extreme ROS production can harm biological 

macromolecules within cells, like nucleic acids and proteins, 

leading to tissue damage, adverse health issues, and growth 

production (Bai et al., 2018). CAT, GPx, and SOD are 

enzymes that initiate the detoxification process of free 

radicals shortly after they are formed (Wang et al., 2022). 

The current results indicated a notable elevation in the 

expression of genes linked to antioxidants (SOD, CAT, as 

well as GPx) in Figs. 1, 2, and 3. This outcome was accepted 

by Wang et al. (2021), who stated that the expression of 

genes associated with antioxidants such as SOD1 and GPx1 

is regulated by yeast culture alongside an enzyme-

hydrolyzed yeast cell wall comprised of β-glucan, crude 

protein, and mannan-oligosaccharide.  

According to the results in Table (3), as compared to the 

control, the dietary-supplemented groups exhibited a 

substantial increase in enzymes associated with antioxidants 

(SOD, CAT, and GPx) and a decrease in MDA. This 

outcome is in line with the findings of Li et al. (2016), those 

who noticed that on day 21, SOD activities were more 

significant in the ileum of broilers given a diet containing 

yeast cell wall powder, and on day 42, MDA levels were 

lower. Supplementing quails with yeast as a source of 

nucleotides elevated their serum SOD (Abd El-Wahab et.al., 

2019). Incorporating yeast-derived products into a 

supplementation regimen can boost the activity of enzymes 

linked to antioxidants and related gene expression (El-Murr 

et al., 2019). The levels of SOD and GPx enzymes were 

considerably elevated with the addition of nucleotides (Rady 

et al., 2023).  Additionally, the oxidative condition of broiler 

chickens was improved by elevating GSH and decreasing 

MDA after being administered β-glucan, according to Abd 

El-Tawab et al. (2019). Structural components of β-glucans 

may have an impact on the activities of enzymes associated 

with antioxidants, particularly SOD and CAT, which are 

recognized as crucial in protecting cells from stress caused 

by oxidation (He et al., 2021).  

When comparing the control group to the groups that 

received nutritional supplements, the outcomes of meat 

quality in table (4)  are accepted by Chiofalo et al. (2011) 

and Salah et al. (2019), those who reported that the meat of 

the nucleotide-supplemented group had no effects on color 

or PH. In addition, the lack of yellowing in breast meat after 

β-glucan therapy was illustrated by Zhang et al. (2012), 

perhaps due to reduced abdomen fat. A substantial decrease 

in cooking loss was noticed when β-glucan was added to the 

diet (Cho et al., 2013; Zhang et al., 2020). 

 

5. CONCLUSIONS 
 

Based on the results of the current research, adding 

nucleotides and/or β-glucan to the diet significantly 

increased the expression of antioxidant genes (GPx, CAT, 

and SOD). They are crucial in preventing oxidation-related 

damage because of their capacity to neutralize superoxide 

and free radicals. As gene regulators, they can similarly 

control the expression of antioxidant enzymes produced 

internally. The additives improved the antioxidant enzymes' 

activity. They reduced the peroxidation of lipids in broilers' 

hepatic tissue, resulting in enhanced meat quality 

characteristics such as cook loss, tenderness, (b*) value of 

meat color, and WHC.   
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