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ABSTRACT
Background: Butyric acid and its derivatives support the immune system, lessen inflammation, and lessen oxidative 

stress in broilers in addition to preserving gut homeostasis and epithelial integrity. Broiler performance has also been 

demonstrated to rise with the addition of nucleotides to the diet. 

Aim: The purpose of the study was to ascertain the effects of butyric acid and nucleotides added to feed on the overall 

performance, immunity, oxidant/antioxidant enzyme levels, intestinal histology, and hepatic functions of broilers. 

Methods: Four experimental groups of thirty chickens, each were used in the present study. The groups were assigned 

as a control group that received normal diet without additives, butyrate (B) group received the diet supplemented with 

butyric acid (250 g/ton feed), nucleotides (N) group received the diet supplemented with nucleotides (200 g/ton feed), 

and the fourth group received the diet supplemented with a combination of butyrate and nucleotide (BN) (250 g/ton 

B feed, and 200 g/ton N feed, respectively). Necrotic enteritis was produced in ten birds from each group to assess 

the immune-modulatory effect of these supplements, antioxidant status, intestinal histology, and liver functions were 

measured in all experimental groups. 

Results: The addition of butyric acid and nucleotides to feed enhanced body weight, growth performance, hepatic 

functions, and antioxidant capabilities. Histological sections of the gut from challenged or unchallenged (with necrotic 

enteritis) groups in the BN group showed considerable improvement, as shown by strong proliferation in intestinal 

crypts and villus enterocytes. 

Conclusion: Nucleotides and butyric acid can be added to broiler feeding regimens to enhance growth and health.

Keywords: Nucleotides, Growth performance, Immunity, Butyric acid, Broiler nutrition.

Introduction
Animal welfare and health must be considered 

to effectively rear commercial poultry in today’s 

environments. A comprehensive plan that shields the 

bird from dangerous infections, particularly foodborne 

ones, must then be put into place. One part of a complex 

and well-coordinated strategy to create a healthy bird 

that is also a safe and wholesome product for consumers 

is immunomodulation (Swaggerty et al., 2019).

Over the past 10 years, Egyptian poultry farming has 

changed from a traditional agricultural practice to an 

intensive industrial one. Egypt is producing more broiler 

chicken meat as a result of rising customer demand 

for reasonably priced animal protein. Simultaneously, 

a dearth of well-defined approaches (zootechnical, 

biosecurity, and so on) for agricultural development has 

led to a host of problems, including outbreaks of avian 

illness and ineffective production methods (Shatokhin 

et al., 2017).

The greatest substitutes for antibiotic growth 

promoters (AGPs) may be probiotics and organic acids 

(Castanon, 2007; Carvalho and Santos, 2016). The 

benefits of probiotics include altered host metabolism, 

immunostimulant properties, pathogen exclusion 

inhibition, improved nutrient absorption, and a 

reduction in the risk to human health. Because they can 

create short-chain fatty acids inside the gastrointestinal 

tract, probiotics and prebiotics may provide an 
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additional mechanism of action that could boost 

poultry production. Herbs, organic acids, vitamins, and 

minerals may be more helpful than AGPs in reducing 

pathogen load and preventing heat stress. Nucleotides, 

ractopamine, betaine, and carnitine may be utilized to 

produce meat of higher quality (Kuldeep et al., 2014).

In poultry, organic acids are used to reduce the pH of 

the intestinal tract, which supports beneficial bacteria 

and suppresses pathogenic bacteria, eliminating the 

need for antibiotics (Hassan et al., 2010). They are 

added to drinking water and chicken meals to stimulate 

a favorable growth response that enhances avian 

immunity, performance, and nutrient digestibility. 

About 3,000 parts per million of butyrate can be used to 

make butyrate glycerides, which can improve intestinal 

health and alter an animal’s immunological response 

and energy expenditure. The food intervention changed 

the composition of the gut microbiota but had no 

effect on the alpha diversity. The dietary treatment 

had a particularly large impact on Bifidobacterium, 

which showed an increase in both species diversity and 

abundance (Yang et al., 2018).

The current study’s goal was to assess how well 

butyric acid and nucleotides may enhance the immune 

system, intestinal histology, liver function, and general 

performance of chickens.

Materials and Methods
Organic compounds as feed additives
In this investigation, butyric acid was supplied as a 

commercial powder product (Prophorce
®
 SR 130; 

Perstorp, Sweden). It is made up of 38% silicic acid 

and 62% butyric acid triglycerides. In accordance 

with the manufacturer’s recommendations, 250 g of it 

was added to each ton of broiler feed. Regarding the 

nucleotides, this study used a cream-colored powder 

called Nucleoforce
®
 (Bioiberica, Spain). In accordance 

with the manufacturer’s recommendations, 200 g of it 

was added to each ton of broiler feed. The supplements 

were completely mixed in with the feed using a 

professional micro-mixer feed mill.

Experimental design
One hundred twenty unsexed (as hatched) broiler 

chicks (Ross 388), aged one day that appeared to be in 

good health were acquired from Al-Abrar Company in 

Cairo, Egypt. They were given commercial diets that 

were balanced and devoid of chemicals and prescription 

drugs. They had unlimited access to feed and water. 

The chicks were housed in sanitary circumstances. The 

birds were split into four groups of thirty birds each: 

a control group that received a normal diet without 

additives, a group supplemented with butyrate (B) 

received the diet supplemented with butyric acid (250 

g/ton feed), a group supplemented with nucleotides (N) 

received the diet supplemented with nucleotides (200 g/

ton feed), and a group supplemented with both butyrate 

and nucleotides (BN) (250 g/ton B feed, and 200 g/ton 

N feed, respectively). Within the trial housing, each 

group was separated into distinct groups of hens; this 

also applied to the ensuing subgroups for challenged 

and unchallenged birds.

Immunization
Seven-day-old chicks were immunized with the 

Newcastle disease virus vaccine (Merck & Co. 

Inc., Netherlands) using eye drops. Day 9 saw the 

administration of the infectious bursal disease vaccine 

(Merck & Co. Inc., Netherlands).

Weighing and assessing the growth rate
Every chick was weighed before the experiment 

started. After that, the chicks were weighed at 8 a.m. 

every week until the trial was over. Individual live body 

weights were added together and divided by the total 

number of birds in each group to determine the average 

live body weight per week. The body weight difference 

between two consecutive weights was subtracted to get 

the body weight gain per meal phase. In addition, the 

number of birds in each group was divided by the sum 

of the individual body weight gains to get the average 

body weight gain per week. The daily average body 

weight was calculated by dividing the weekly average 

weight gain by seven.

Feeding consumption
At the beginning of each day, a set amount of feed 

was given to each group. To find the overall amount 

of feed consumed, the leftover feed was weighed at 

the end of the day and subtracted from the applied 

amount. The total daily food intake was divided by 

the number of birds in each group to determine the 

average feed consumption per bird per group. Finally, 

the average daily feed consumption was added to 

determine the average weekly feed consumption per 

bird. In accordance with Wanger et al. (1983), the feed 

conversion ratio (FCR) was computed 

Process for challenging necrotic enteritis
During the growth phase (11–24 days), necrotic enteritis 

was created, which is why each treatment was split into 

two sub-groups at that time: the challenged group (n 

= 10) and the unchallenged group (n = 20). As stated 

by Shojadoost et al. (2012), there were three steps 

involved in introducing the necrotic enteritis challenge:

A. On day 11 of life, administer the coccidial vaccine 

(Coccivav B; Merck & Co., Inc., Netherlands) via eye 

drops at 10 times the indicated dose.

B. On day 14 of life, the crop is inoculated with 3 ml 

of Clostridium perfringens broth (NetB toxin), which 

is received from the Animal Health Research Institute 

in Cairo, Egypt, twice a day for 3 days in a row. There 

were 10
8
 colony-forming units per milliliter (ml).

C: According to Keyburn et al. (2006), a necropsy was 

performed on three birds from each treatment group on 

the 18th day of life. The small intestine was examined 

for gross pathological lesions using a six-point scoring 

system.
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Analysis of blood and assessment of biochemical and 
antioxidant/oxidant parameters
The broiler chicks were intraperitoneally given 1.5 g/

kg of urethane to gently put them to sleep. Following 

that, on days 3, 7, 14, and 28, blood and liver samples 

were taken from randomly chosen birds in different 

pens within each treatment group. Following that, 

blood samples were quickly centrifuged at 4,000 g for 

15 minutes. Until testing, the serum was stored frozen 

at −20℃.

Alkaline phosphatase (ALP), alanine aminotransferase 

(ALT), and aspartate aminotransferase (AST) activities 

were measured using the colorimetric method to 

evaluate the liver function enzymes (Thomas, 1998). 

The same methodology as described by Doumas et 
al. (1971) was also used to measure the levels of total 

proteins (TPs) and albumin. Serum globulins were 

computed by deducting the measured levels of albumin 

from the levels of TPs. In addition, the levels of uric acid 

and creatinine were measured (in the supplementary 

material). We assessed the serum levels of IgM and IgY 

in accordance with Morrill et al. (2012). Regarding the 

serum levels of oxidant/antioxidant parameters, the 

method outlined by Sotoh (1978) was used to estimate 

the levels of malondialdehyde (MDA), and the method 

outlined by Paglia and Valentine (1967) was used to 

estimate the levels of glutathione (GSH), glutathione 

peroxidase (GPX), and catalase (CAT).

A histopathological analysis
Before being routinely processed in paraffin wax, small 

intestines were collected and preserved for 24 hours in 

10% neutral formalin (Al-Nasr, Cairo, Egypt). Samples 

were divided into pieces using a thickness of roughly 

five microns using the Banchroft et al. (1996) method. 

As a result, materials were examined under a microscope 

after being stained with hematoxylin and eosin.

Statistics and data analysis
The computerized SPSS Statistics (21.0) was used 

to examine the data. The findings were presented as 

mean ± standard error of the mean. ANOVA or one-

way analysis of variance was used to assess the overall 

variation. The significance was verified using the 

Duncan test. Significant values of probability were 

defined as p < 0.05. 
Ethical approval
Zagazig University Ethical Committee accepted the 

procedure that the study’s animals were to follow 

(Approval number: ZU-IACUC/2/F/106/2022).

Results
Effects of butyric acid and nucleotides on broilers 
performance
The broiler performance was evaluated using four 

factors: live weight, feed intake, weight gain, and feed 

conversion rate. The evaluation of measurements was 

based on three factors: overall performance, the necrotic 

challenge procedure, and the production stages (starter, 

grower, and finisher). According to Tables 1–4, the BN 

group outperformed the other groups significantly in 

terms of live weight, weight gain, and FCR. In terms 

of feed efficiency, group N was ranked second best. In 

comparison to the control group, group B’s live weight 

and FCR were much higher, but lower than the N and 

BN groups (p < 0.05).

Butyric acid and nucleotides effects on broiler serum 
parameters
At 3, 7, 14, and 28 days, there were no appreciable 

differences in the serum activity of ALP, ALT, and AST 

between the different groups (Data are not shown). 

When comparing the groups at 3 days of age, there 

was no discernible difference in TP, albumin, albumin/

globulin ratio (Table 5), IgM, or IgY (Table 6). It was 

evident at 7 days old, groups B and BN had significantly 

higher levels of IgM. Compared to the control and N 

Table 1. Effect of butyric acid 250 g/ton, nucleotides 200 g/ton, and their combination on live body weight of broiler chickens 

given daily for 5 weeks. 

Phase Starter Grower Finisher Overall performance
 0–10 days 11–24 days 25–35 days 0–35 days
Group  Unchallenged Challenged Unchallenged Challenged Unchallenged Challenged

Control

295.74.3 1,095.05
bc

1,082.2 1,841.1
b

1,718.1
c

1,836.5
b

1,718.1
c

±18.9
c

±21.3 ±25.4 ±14.2 ±14.96 ±13.39 ±14.9

Butyrate

300.51 1,112.54
b

1,088.8 1,918.8
a

1,809.6
b

1,910.4
a

1,809.6
b

±21.82
b

±21.2 ±9.99 ±18.1 ±9.76 ±18.22 ±9.7

Nucleotides

303.09 1,066.5
c

1,063.7 1,844.4
b

1,753.2
c

1,833.6
b

1,753.2
c

±24.52
b

±9.34 ±21.8 ±13.9 ±14.58 ±14.28 ±14.5

Butyrate 

plus 

nucleotides

312.75 1,150.56
a

1,109.7 1,931.6
a

1,867.8
a

1,925.0
a

1,867.8
a

± 26.33
a

±7.2 ±16.4 ±9.1 ±12.35 ±9.41 ±12.3

Means with different superscript letters in the same column are significantly different at (p ≤ 0.05).
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Table 3. Effect of butyric acid 250 g/ton, nucleotides 200 g/ton, and their combination on weight gain of broiler chickens given 

daily for 5 weeks. 

Phase Starter Grower Finisher Overall performance
 0–10 days 11–24 days 25–35 days 0–35 days
Group  Unchallenged Challenged Unchallenged Challenged Unchallenged Challenged

Control

254.51
bc

793.73
bc

781 742.2
c

647.9
c

1,790.5
b

1,672.1
c

±15.83 ±15.86 ±24.8 ±16.9 ±13.70 ±13.39 ±14.96

Butyrate

252.78
c

818.69
ab

790.2 800.1
a

722.8
b

1,867.4
a

1,766.6
b

±12.16 ±13.77 ±19.8 ±16.2 ±7.82 ±18.22 ±9.76

Nucleotides

258.09
b

765.79c 759.7 790.8
a

704.3
b

1,788.6
b

1,708.2
c

±17.55 ±16.12 ±21.7 ±17.6 ±10.31 ±14.28 ±14.58

Butyrate plus 

nucleotides

271.75
a

845.28
a

793.8 769.8
b

761.1
a

1,884.0
a

1,826.8
a

±20.51 ±16.20 ±16.7 ±12.1 ±15.38 ±9.41 ±12.35

Mean with different superscript letters in the same column are significantly different at (p ≤ 0.05).

Table 4. Effect of butyric acid 250 g/ton, nucleotides 200 g/ton, and their combination on FCR of broiler chickens given daily for 

5 weeks. 

Phase Starter Grower Finisher Overall performance
 0–10 days 11–24 days 25–35 days 0–35 days
Group  Unchallenged Challenged Unchallenged Challenged Unchallenged Challenged

Control

1.19
a

1.49 1.58
a

2.01
a

2.10
a

1.67
a

1.72
a

±0.07 ±0.07 ±0.05 ±0.01 ±0.03 ±0.01 ±0.02

Butyrate

1.13
b

1.44 1.54
ab

1.92
b

1.97
b

1.60
b

1.66
bc

±0.05 ±0.05 ±0.09 ±0.01 ±0.01 ±0.01 ±0.07

Nucleotides

1.11
c

1.5 1.58
a

1.89
b

1.97
b

1.64
ab

1.67
b

±0.07 ±0.10 ±0.07 ±0.01 ±0.03 ±0.01 ±0.02

Butyrate plus 

nucleotides

1.06
d

1.45 1.45
b

2.01
a

1.97
b

1.63
b

1.61
c

±0.10 ±0.09 ±0.07 ±0.05 ±0.04 ±0.08 ±0.01

Mean with different superscript letters in the same column are significantly different at (p ≤ 0.05).

Table 2. Effect of butyric acid 250 g/ton, nucleotides 200 g/ton, and their combination on feed intake of broiler chickens given 

daily for 5 weeks.

Phase Starter Grower Finisher Overall performance
 0–10 days 11–24 days 25–35 days 0–35 days
Group  Unchallenged Challenged Unchallenged Challenged Unchallenged Challenged

Control

304.22
a

1,187.50
b

1,225.0
a

1,495 1,359.8
c

2,988.5
c

2,881.9

±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00

Butyrate

288.04
b

1,180.8
c

1,221.8
a

1,540 1,424.7
b

3,004.3
b

2,936.3

±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00

Nucleotides

286.42
b

1,149.05
d

1,194.7
a

1,498.5 1,387.8
bc

2,931.05
d

2,856.2

±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00

Butyrate plus 

nucleotides

287.77
b

1,232.00
a

1,155.0
b

1,552.5 1,500.0
a

3,068.0
a

2,945.7

±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00

Mean with different superscript letters in the same column are significantly different at (p ≤ 0.05).
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groups, the B and BN groups had significantly higher 

levels of IgM and IgY at 14 days of life. Table 5 

demonstrates that at 28 days of age, the B, N, and BN 

groups’ TP and albumin concentrations significantly 

increased in comparison to the control group, whether 

or not they were challenged. However, Table 6 shows 

that only the B and BN groups showed a statistically 

significant rise in IgM, and IgY concentrations when 

compared to the control group.

Influence of nucleotides and butyric acid on broiler 
serum antioxidant parameters
Table 7 illustrates how the current research revealed 

that, at 3 days of age, the CAT level was considerably 

higher in the B and BN groups than in the control 

group. When it came to MDA in Table 8, the BN 

group outperformed the control and N groups by a 

significant margin. Furthermore, it seems that at that 

age, nucleotides had no effect on these characteristics.  

Table 7 shows that after 7 days, the BN and N groups 

performed better in antioxidant measures than both the 

control and N groups (p < 0.05). Regarding the 14-day 

broilers, the findings indicated that the B group had the 

highest quantities of GSH, GPX, and CAT. In terms 

of MDA activity, the BN group fared the best (lowest 

value, p < 0.05, Table 8).

When compared to the control group, adding 

nucleotides or butyrate alone to the meal resulted in a 

statistically significant decrease in MDA after 28 days 

in the unchallenged groups. However, compared to 

the other groups, the BN group’s MDA concentrations 

were significantly decreased. 

Butyric acid and nucleotides’ histopathological effects 
in broiler intestines
As can be seen in Figures 1 and 2, all of the intestinal 

sections in 1A showed normal morphology in the 

control, unchallenged group. The majority of the 

intestinal villi in 1C and 1B, the unchallenged B and 

N groups, respectively, displayed minor groups of 

proliferation in their epithelium, whereas 1D, the BN 

group, showed intense proliferation. In comparison to 

the challenged groups, necrotic enterocytes were seen 

in the control group. Hemorrhage within the intestinal 

crypts was observed in the group B (Fig. 2B). The gut of 

the challenged N group is depicted in 2C, where there is 

severe infiltration of inflammatory cells in the mucosa 

and submucosa, along with mixed bleeding. The colon 

had wide villi surrounded by proliferative enterocytes 

and leukocytic infiltration in the lamina propria and 

submucosa in the 2D group, BN challenged group.

Discussion
The stomach and intestine are regarded as key organs 

that digestive health and host defense depend on. The 

dynamic balance of the gut environment is necessary 

for the preservation of a functional and healthy gut. 

Numerous factors related to diets, infectious disease 

agents, and stocking density may have an adverse 

effect on this balance, endangering the health and Ta
bl
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growth of broiler chickens (Gomes et al., 2014). Since 

AGP use in chicken has been reduced or completely 

stopped, the prevalence of intestinal illnesses such as 

C. difficile-caused necrotic enteritis has increased. 

The poultry industry is looking for alternate ways to 

improve bird health as a result of the rise in enteric 

diseases (Teirlynck et al., 2011).

It has previously been determined that butyric acid 

is important for the development of the intestinal 

epithelium in fowl. The intestinal villi epithelium 

has demonstrated modest proliferation in the current 

investigation, which is consistent with earlier research. 

In addition, it works well against bacteria that produce 

acid, such as Salmonella spp., C. perfringens, and 

Escherichia coli, as gastrointestinal tract pH has been 

observed to be lowered by 0.6% butyric acid (Panda 

et al., 2009). Because of these factors, butyric acid 

might be a good substitute for preserving the health 

of the gastrointestinal system and raising chicken 

productivity. In fact, the immunity appeared to be much 

improved compared with the control group. This was 

shown by the presence of proliferative enterocytes with 

extravasated erythrocytes and lymphocyte infiltration 

in the mucosa, in addition to the bleeding and necrotic 

debris in some segments. In Japanese quails, Sikandar 

et al. (2017) showed that on day 21, the sodium 

butyrate groups had more goblet cells with acidic 

mucins and larger villus lengths and diameters than the 

control groups. By day 35, there was a noticeable rise 

in the villus surface area and height in the jejunum and 

duodenum. When butyric acid was used for the whole 

production cycle in Salmanzadeh (2013), the crypts 

appeared to be very deep.

Similar to the results of the current investigation, 

supplemented butyrate had no effect on chicken liver 

enzymes, specifically AST and ALT, according to 

Table 8. Effect of butyric acid at 250 g/ton, nucleotides at 200 g/ton in feed and necrotic enteritis challenge on MDA (nmol/l) in 

broiler chickens.

 
Day 3  Day 7  Day 14

Day 28

Group Unchallenged Challenged
Control 27.67 ± 0.88

a
25.00 ± 1.17

a
27.17 ± 0.29

a
30.02 ± 0.38

a
37.68 ± 1.38

a

Butyrate 19.40 ± 0.95
ab

21.53 ± 1.36
c

20.93 ± 0.72
b

23.22 ± 0.6
b

25.39 ± 1.04
b

Nucleotides 23.07 ± 0.71
a

23.10 ± 1.2
b

21.83 ± 0.75
b

25.67
 
± 0.05

b
34.26 ± 2.04

ab

Butyrate plus 

nucleotides
13.53 ± 0.79

b
21.47 ± 1.18

c
15.93 ± 0.61

c
22.84 ± 0.14

c
25.20 ± 3.96

b

Columns and with different superscript letters are significantly different at (p ≤ 0.05).

Fig. 1. Histological sections of the intestine segments 

in unchallenged birds, ×100. (A) in unchallenged 

control group showing normal intestinal coats. (B) 

in unchallenged butyrate group showing mixed hyperplastic 

villus epithelium (arrow). (C) in unchallenged nucleotides 

group showing thickened villi from proliferative enterocytes 

and intestinal crypts (arrow). (D) in unchallenged BNs group 

showing intensive proliferation in intestinal crypts and villus 

enterocytes (arrow).

Fig. 2. Histological sections of the intestine segments in 

challenged birds, ×100. (A) in the control group, showing 

necrotic villus tips, duodenal villi (arrow) beside coccidial 

stages of vaccine (arrow) within necrotic enterocytes. 

(B) in challenged butyrate group showing hemorrhage 

within the intestinal crypts (arrow). (C) in challenged 

nucleotides group showing mixed hemorrhage (arrow) and 

intense inflammatory cells in sub-mucosa and mucosa. 

(D) in challenged BNs group showing broad villi lined by 

proliferative enterocytes and leukocytic infiltration (arrow) 

in lamina propria and submucosa.
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Adil et al. (2010). Likely, Elnesr et al. (2019) found 

that butyrate had no effect on AST or ALT in Japanese 

quails at 21 days of age, with a decrease in their values 

by day 24. These organic acids support liver function 

by taking part in redox activities, improving vessel wall 

flexibility and decreasing permeability, and forming 

readily soluble compounds with cholesterol for simpler 

removal (Kvan et al., 2019). For example, compared to 

the control group, Lan et al. (2020) found a significant 

decrease in AST and ALT levels in heat-stressed birds 

following butyrate administration.

The results of the present study showed that butyrate 

supplementation significantly increased the antioxidant 

indices MDA, GHS, GPX, and CAT in 3-day-old 

birds. On day 14, it performed better than the other 

groups in terms of metrics, especially for MDA, the 

lipid peroxidation indicator, which is higher in all age 

groups. It is in fact known that butyric acid regulates a 

number of crucial regulatory enzyme functions that are 

engaged in numerous metabolic pathways (Jacobbson 

et al., 1985; Janet et al., 1998). Thus, butyric acid is 

crucial for the control of antioxidant enzymes (Kumar 

et al., 2010). Liu et al. (2021) provided an explanation 

for the butyrate effect on GPX activity, stating that 

it does so via raising glutamate levels (glutamate is 

thought to be the precursor for GSH synthesis in the 

anti-oxidation system). According to Ali et al. (2010), 

strong antioxidant enzyme activity lowers lipid 

peroxidation, which in turn lowers MDA levels.

According to Deepa et al. (2018), including various 

forms of butyric acid in the diet raised superoxide 

dismutase (SOD) activity and lowered MDAs, 

suggesting improved free radical scavenging ability 

and lessened tissue or cell damage. One of the most 

important defensive mechanisms against oxidative 

stress is CAT, which is also observed to be enhanced 

as a result of the presence of different types of butyric 

acid. When supplementing with sodium butyrate and 

gamma-amino butyric acid, respectively, Zhang et al. 
(2011) (after heat stress) and Al Wakeel et al. (2017) 

(healthy circumstances) similarly confirm similar 

effects. Furthermore, a number of investigations have 

demonstrated that sodium butyrate might mitigate 

the adverse consequences linked to oxidative stress 

generated by corticosterone (Zhang et al., 2011; Chen 

et al., 2013).

In terms of overall performance, both group B and 

group N outperformed the control group significantly. 

That finding was most apparent during the initial stages 

of the experiment, but it progressively diminished 

as the production cycle came to an end and after the 

necrotic enteritis challenge. In fact, it is believed 

that providing nucleotides to young birds has more 

benefits (Chiofalo et al., 2011). As demonstrated, the 

enlarged villi (proliferative enterocytes, and hence 

potentially a better absorption rate) can be translated 

into or partially justify this increased performance. In 

fact, Rutz et al. (2007) found that dietary pyrimidine 

is necessary for the synthesis of rRNA in the jejunum’s 

crypts. The study’s results were consistent with those 

of earlier investigations. According to Daneshmand 

et al. (2017), live body weight and average daily 

increase were two performance metrics that were 

enhanced by adenosine, uridine, and cytidine together. 

Wu et al.’s (2018) research supported the improved 

intestinal morphological picture provided by dietary 

nucleotide fortification. Specifically, pathogen-free 

chickens fed the base diet supplemented with 0.1% 

yeast nucleotides demonstrated significantly increased 

ileal villus height and villus height to crypt depth 

ratio. Furthermore, broiler hens receiving dietary 

nucleotide supplementation at 0.05% and 0.1% 

exhibited a significant decrease in crypt depth and an 

increase in duodenal villus height. Dietary nucleotide 

supplementation was found to increase mucosal weight 

and trigger enterocyte differentiation in both the Carver 

and Walker (1995) and Sanderson and He (1994) 

experiments. Furthermore, Groenewegen (2010) and 

Jung and Batal (2012) noted that supplementing young 

broiler chicks’ meals with nucleotides resulted in 

improvements in intestinal architecture, as seen by the 

extended villi in the small intestine. In addition, broilers 

with supplements at 0.03% (Navneet et al., 2017), 

0.025% (Adil et al., 2010), and 1.5% (Trairatapiwan 

et al., 2017) showed improvements in growth 

performance. The effects of the different nucleotide 

supplementation concentrations on the result, however, 

were not compared.

Daneshmand et al. (2017) observed that nucleotide 

supplementation raised IgA concentrations in birds 

at 11 and 21 days of age but had no effect on IgG 

concentrations in jejunal samples. Our results regarding 

the effect of nucleotides on immunoglobulins also 

aligned with their findings. In fact, it was seen that the 

intestinal mucosa and submucosa had an infiltration of 

inflammatory cells in contrast to the challenged control 

group. Furthermore, our findings corroborated those 

of Sauer et al. (2012), who found that freshly weaned 

supplemented piglets had plasma IgA values that were 

considerably greater than those of a control group, with 

no treatment changes in plasma IgG and IgM. Increased 

plasma IgA concentrations suggested that humoral 

immunity was supported by including nucleotides in 

the weaning diet (Trairatapiwan et al., 2017).

MDA levels in group N in the present study dramatically 

decreased. On the other hand, as shown by Frankič et 
al. (2006), nucleotide supplementation at a dose of 10 

mg/kg in poultry did not affect MDA or GPX levels. In 

seabream (Sparus aurata) fingerlings, nucleotides given 

at 250 or 500 mg/kg of fish meal significantly elevated 

SOD and CAT, according to El-Nokrashy et al. (2021). 

However, a significant increase in GSH and a decrease 

in MDA concentrations were observed with a mere 

500 mg/kg of nucleotide supplementation. Reda et al. 
(2018) found that whereas GPX significantly increased 

in all dietary nucleotide-supplemented groups, the 
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addition of 0.25% nucleotides significantly boosted 

SOD and MDA activities in the serum. Although it is 

uncertain if supplements containing nucleotides have 

anti-oxidative characteristics per se, prior research has 

shown that added nucleotides may have an antioxidant 

impact at higher dosages than those previously utilized 

(Bacha et al., 2013). Since, as was previously indicated, 

there was no thorough comparison of the various added 

concentrations of nucleotides on the effect, more 

research is needed to support this. Nucleotides might be 

working by promoting the synthesis of mRNA, which 

is necessary later on for the production of the enzymes 

that combat oxidative stress.

TP, albumin, and albumin/globulin ratio values in all three 

supplemented groups were considerably greater than in 

the control group. Butyric acid regulates mitochondrial 

gene expression and affects the body’s metabolic activity 

by blocking histone deacetylase or activating G-protein-

coupled receptors 41 and 43 (Dangond and Gullans, 

1998). This enhances the liver’s capacity to anabolize 

plasma proteins, such as albumin and globulins (Mollica 

et al., 2017). Furthermore, nucleotides will naturally 

increase the liver’s metabolic activity because they 

are co-enzymes, vital participants in energy-transfer 

activities, and precursors for the production of nucleic 

acids (Sauer et al., 2009).

As far as we know, no previous research has combined 

butyric acid with nucleotides in chickens. That 

combination would enhance the bird’s function by 

working in concert to affect the liver, enterocyte 

proliferation, gut, and systemic immune response. In 

support of this assumption, the challenged BN group’s 

villi, which were lined by proliferative enterocytes 

and leukocytic infiltration in the lamina propria and 

submucosa, did not exhibit any hemorrhage, necrotic 

debris, edema, or partial hyaline degeneration (in the 

muscular coat), in contrast to the challenged groups 

B and N. Rather than representing further necrotic 

enteritis damage, this is an indication of an enhanced 

host immune response. Moreover, an increased humoral 

immune response was observed, with significantly 

greater immunoglobulin values compared to the control 

group, albeit primarily attributable to butyric acid. 

Second, during all growth periods and with or without 

challenges, the poultry’s overall performance was the 

best for this group. Furthermore, MDA values were 

considerably lower in the BN group, despite the fact 

that the serum antioxidant parameters were equal in the 

B and BN groups. The results show that supplementing 

with butyric acid and nucleotides together seems to be 

more advantageous than supplementing with either one 

of them alone, with butyrate having the largest impact. 

According to Lee et al. (2007), feeding organic acids 

and nucleotides as dietary supplements to weaned pigs 

exhibited an immune-modulatory effect as well as a 

synergistic effect on the proliferation of mesenteric 

lymph node lymphocytes and Peyer’s patches. Peyer’s 

patches are the principal immunological sensors of the 

intestine because of their ability to create particular types 

of immunoglobulins and convey luminal antigens and 

germs, among many other things. While we did assess 

the immune-modulatory effect, we regrettably did not 

assess these tissues in our study. Nevertheless, more 

research is always preferred to give more justifications.

Conclusion
Growth performance, antioxidant activity, and 

intestinal villi proliferation were all improved by 

adding butyric acid and nucleotides to the meal. It 

also had an immune-modulatory effect, as seen by 

the increased immunoglobulin levels and the immune 

cells’ infiltration to the inflamed site without causing 

additional damage to the intestinal lining. This 

combination may be proposed for broiler feeding 

regimens to enhance health and growth performance.
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