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Evaluation of probiotic effects on physiological parameters in 
healthy and stressed broilers

Introduction

Worldwide, and particularly in developing nations, there is a growing 
trend in the production, consumption, and demand for poultry (Siddharth 
et al. 2024). Numerous effects, such as the rise of a wide range of diseases 
and bacterial resistance, have coincided with the chicken industry’s in-
creased productivity. The careless use of chemotherapeutic medicines as 
a result of rearing cycle management approaches is partially to blame for 
these effects (Lutful Kabir, 2009). Globally, poultry producers aim to sat-
isfy consumer preferences for safe and high-quality meat as well as their 
needs for the welfare of chickens. The poultry business suffers significant 
financial losses as a result of the pre-slaughter handling and transporta-
tion of broiler chickens at marketing age between farms and processing 
facilities, which puts the birds under stress and has a detrimental role 
on their welfare, quality and meat yield,  in certain situations, the birds 
may even die (Barbut, 2015; Gou et al., 2021). Transport stressors can be 
divided into three categories: physical, mental and mixed. Physical ones 
include catching, creating and environmental factors like wind, tempera-
ture changes, vibrations of the vehicle, and air flow. These factors can 
cause physical harm or even death to the birds. Fear, social interaction, 
pain, and lack of food and water are examples of mental stressors that 
cause the bird’s natural antioxidant capacity to be depleted and expose 
its cells to dangerous free radicals (Arif et al., 2022). 

It was proposed that a mix of outside variables, including crowding, 
movement, and temperature changes, as well as a lack of food and water, 
could cause transport-induced stress (Gou et al., 2021). These stressors 
affect the animal cells’ normal equilibrium by changing their physio-
logical and biochemical status, which lowers the amount and quality of 
meat (Arif et al., 2022). Most researchers believe that the tracts of typ-
ical, healthy, non-stressed fowl have an unstable mix of non-beneficial 
and good bacteria. If balance is present, the poultry functions to its full 
efficiency, while if stress is exerted, the good flora, notably lactobacilli, 

has a propensity to drop in quantity and a growth of the non-beneficial 
species appears to ensue. This phenomenon may be subclinical and lower 
growth, feed efficiency, and other production indices, or it may predis-
pose to frank disease, such as diarrhea. The gut’s beneficial microflora is 
mostly constant, but some nutritional and environmental factors could 
affect it. The most important are severe hygiene, antibiotic therapy, and 
stress (Fuller, 2001; Lutful Kabir, 2009). 

The birds may undergo severe stress during transit, which could re-
sult in physiological and behavioral abnormalities (Zulkifli, 2003) includ-
ing intense anxiety, and financial losses for the producers (Vieira et al., 
2015; Vecerek et al., 2016). Muscle physiological alterations brought on 
by transport stress have an impact on the quality of the birds’ carcasses 
at slaughter (Utomo et al., 2019). However, this stressful environment dis-
rupts the normal gut microbiota, which causes opportunistic infections to 
thrive excessively (Bello, et al., 2018). Poultry under ante-mortem stress 
produce and consume more glucocorticoids and adrenaline (Arif et al., 
2022).

The poultry industry has become an important part of the economy 
in many countries. In huge-scale chicken raising operations, infectious 
problems and environmental degradation are prevalent and can result 
in considerable financial losses. In the past few years, attempts to avoid 
and manage disease have led to a major increase in the use of veterinary 
drugs. However, the usefulness of antimicrobial medications as a preven-
tative intervention has been questioned considering the abundance of 
data showing the emergence of resistance to antibiotics by dangerous 
bacteria. Antibiotics may no longer be utilized as stimulants of growth 
for poultry, and their usage as medicinal agents may have negative side 
effects. As a result, consumers and manufacturers are searching for alter-
natives. Some farmers are already employing probiotics instead of antibi-
otics in an effort to close this gap (Trafalska and Grzybowska, 2004; Griggs 
and Jacob, 2005; Nava, et al. 2005). 

Biotechnology’s influence on poultry feeding is quite important, as 
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Clarifying the impact of probiotics on healthy and transported stressed broilers was the goal of the current 
study. Two hundred and ten male broiler chicks, 1-day-old were split up into 3 groups in 7 pens, each 10 
broilers: a standard feed combined with the probiotic, Bacillus subtilis PB6, control (C), lower dose 0.25 (L), 
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blood collection. The findings indicated that probiotic exposure had an improvement effect on serum lipid 
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broilers. Both L and H dose of probiotic significantly decreased low density lipoprotein (LDL), very low-density 
lipoprotein (VLDL), triglyceride (TG), total cholesterol (TC), uric acid (UA), glucose, alanine aminotransaminase 
(ALT), aspartate aminotransaminase (AST), malonaldehyde (MDA) and creatine kinase (CK) while significantly 
increased high-density lipoprotein (HDL) and total antioxidant capacity (TAC) in comparison with both C and S 
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revealed a marked rise in serum albumin level in comparison with S group while albumin didn’t show significant 
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in a higher dose 0.25 g/kg had a better effect in improving health and decrease stress side effects than that in 
the lower dose 0.25 g/kg feed.

Received: 01 February 2026

Accepted:  09 June 2026

*Correspondence:

Corresponding author: Eman A. Negm
E-mail address: Emannegm@vet.aun.edu.eg

Keywords:

Lipid profiles, Liver enzymes, Oxidative markers, 
Probiotic, Bacillus subtilis.



the chicken feed industry relies heavily on biotechnology. Nutritionists 
are constantly working to provide food that is both better and more 
cost-effective. Good food by itself won’t accomplish the goal; better use 
of it is also necessary.  Both dietary modifications and a poor diet can 
affect the gut’s microbiota balance, making chicken more susceptible to 
digestive disorders. Nutritionists and veterinary specialists have recently 
paid close attention to the appropriate use of nutrients and the applica-
tion of probiotics to promote poultry growth (Lutful Kabir, 2009). 

Probiotics are known to be “live microorganisms that when given in 
sufficient quantities impart a health advantage on the host” by the FAO/
WHO. To be more specific, probiotics are living, nonpathogenic, harm-
less bacteria that are beneficial to the host’s health when ingested (Hotel 
and Cordoba, 2001; Sun et al., 2024). Probiotics are frequently utilized as 
an affordable, secure, and practical treatment for a number of illnesses 
(Quigley, 2011).

Nowadays, a wide variety of species are utilized in probiotic formula-
tions. These include Streptococcus thermophilus, Enterococcus faecium, 
Enterococcus faecalis, Escherichia coli, Bifidobacterium species, Lactoba-
cillus acidophilus, Lactobacillus bulgaricus, Lactobacillus helveticus, Lac-
tobacillus casei, Lactobacillus lactis, Lactobacillus salivarius, and Lacto-
bacillus plantarum. Besides enhancing gut health (Ooi and Liong, 2010), 

probiotics have been shown to provide additional benefits, like bol-
stering the immunity (Galdeano et al., 2007), protection from cancer (Hi-
rayama and Rafter, 2000), antihypertensive role (Yeo and Liong, 2010), an-
tioxidative effects (Songisepp et al., 2004), improving mineral absorption 
(Scholz-Ahrens et al., 2007), dermatitis reduction (Weston et al., 2005), 
prevention of vulvovaginal candidiasis in women (Falagas et al., 2006), 
arthritis reduction (Baharav et al., 2004) and decreasing allergy (Ouwe-
hand, 2007) 

In poultry, probiotics work by (i) altering metabolism by boosting 
digestive enzyme production, lowering ammonia generation and bacte-
rial production of enzymes; (ii) improving digestion and the consump-
tion of food; (iii) preserving the natural gut flora through resistance and 
exclusion due to competition; and (iv) boosting immunity (Lutful Kabir, 
2009). Although probiotics are generally thought to be nonpathogenic, 
they may be contagious, particularly in immunocompromised and dis-
abled populations (Land et al., 2005). Probiotics’ survival rate will drop 
under environmental stressors, and their physiological and nutritional 
value will also significantly decline. To enhance their usefulness, probi-
otics’ stress-coping mechanisms must be clarified, and their resilience to 
environmental variables must be strengthened (Wang et al., 2025).

Some probiotic strains showed an antibiotic resistance, raising con-
cerns about the potential for horizontal gene transfer to the host or to 
pathogenic microorganisms within the gastrointestinal tract (Ooi and Li-
ong, 2010). Given these risks, thorough safe confirmation of using pro-
biotics in industrial and commercial applications is of paramount impor-
tance. Therefore, it is essential to optimize both the dosage and duration 
of use to ensure efficacy and minimize potential adverse effects. Based on 
this, our research was carried out to assess the appropriate dosage and 
assess the safety profile of this probiotic strain.

Materials and methods

Ethical approval

Ethics clearance and participation consent The University’s criteria for 
handling experimental animals were followed in every step of this work. 
The Committee on Research Ethics of the Faculty of Veterinary Medicine 
at Assiut University in Egypt granted ethical approval (06/2024/0267). 

Housing and Birds

 In Animal and Poultry Management section, Egypt, 210 male (Ross 
708 strain) 1-day old broiler, weighed and were divided into 21 floor 

pens ,10 birds per 100 cm x 100 cm floor, have a comparable mean body 
weight. Five centimeters of dry, new wood shaving was utilized as bed-
ding. The temperature was 35°C throughout the bird’s first week life and 
progressively dropped 0.5°C/day till it reached 26°C in the experiment’s 
conclusion. The relative humidity was almost 50%. Starting with 23 hours 
light and 1 hour darkness (during the first 7 days of age), an alternating 
light schedule (10 lux) was used. Toward the end of the trial, the light and 
dark times were gradually reduced to 20 hours and 4 hours, respectively.

Drugs and chemicals

In this investigation, a probiotic (CLOSTAT HC SP Dry, Europe, Kemin, 
NV; Belgium, Herentals) was used. A distinct, patented strain of Bacillus 
subtilis PB6 that forms spores was found in CLOSTAT. This strain was ob-
tained from chickens that had survived exposure to Clostridium perfrin-
gens in a typical raising environment. Intestine pathogenic colonization 
increases chicken mortality and illness, which CLOSTAT was created to 
reduce it.

Experimental Plan 

In seven replicates of ten broilers each, the 21 floor pens were dis-
tributed into one of three nutritional treatments: a standard meal supple-
mented by probiotic (Bacillus subtilis PB6) at dose 0 (C), 0.25 (L), and 0.5 
(H) g/kg diet. Company’s suggestion served as the basis for the CLOSTAT 
nutritional treatment dosage. When they achieved market weight, the di-
etary therapy was administered from day 1: 35. 

Initially, a tiny amount of the initial diet was combined with the ap-
propriate dosages of probiotics, followed by a bigger amount of the ini-
tial diet until the entire quantity of every diet was evenly combined. From 
day 1: day 14, the birds were taken as starting food; from day 15: day 28, 
they had grown food; and on day 29: 35, they had finished food. Every 
pen had clean drinker with water. Five birds from each pen were removed 
for the collection of blood samples at the conclusion of the experiment 
(day 35). Besides, another 2 birds per each pen, total 14 per each group, 
were transported 80 km to the abattoir, then randomly choose 5 birds per 
each group for blood collection. 
Group C: Control untreated group (0 probiotic).
Group L: Treated group with lower probiotic dose (0.25 g/kg feed).
Group H: Treated group with higher probiotic dose (0.5 g/kg feed).
Group S: Stressed untreated group (0 probiotic).
Group Ls: Stressed treated group with lower probiotic dose (0.25 g/kg 
feed).
Group Hs: Stressed treated group with higher probiotic dose (0.5 g/kg 
feed).

Collection and preparation of samples

On day 35, birds sedated by sodium pentobarbital (30 mg/ ml) to col-
lect samples. Each bird’s heart was punctured to extract five millimeters 
of blood, and transferred to a tube without anticoagulant, centrifuged 15 
min, 3000 rpm to gain serum and reserved at -80°C until the measuring. 

Biochemical measurements 

Plasma lipid profiles were carried out using a spectrophotometer 
and the colorimetric method with a commercial kit produced by a Bio-
technology Company in Egypt, Cairo as triglyceride (TG) (Catalog num-
ber: 314002), high density lipoprotein (HDL) (Catalog number: 266001), 
low density lipoprotein (LDL) and total cholesterol (TC) (Catalog num-
ber: 230002) with calculating the very low-density lipoprotein (VLDL) = 
TG/5. Moreover, liver enzyme alanine aminotransaminase (ALT) (Catalog 
number: 260001), aspartate aminotransferase (AST) (Catalog number: 
260001), albumin level (Catalog number: 211001), glucose (Catalog num-

532

E.A. Negm and M.H.A. Darwish /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 4, 531-536



ber: 250001), creatine kinase (CK), Catalog number CKSLR 25, purchased 
from (LAB-CARE DIAGNOSTICS, INDIA), and uric Acid assay kit ab65344 
from Abcam company were measured. 

Albumin was measured using kits supplied by Diamond Diagnostics 
(Egypt). A calorimetric kit (Catalog number: TA2513, Biodiagnostic, Egypt, 
Giza) was used to evaluate total antioxidant capacity (TAC). The thiobar-
bituric acid response was used to determine the amounts of malondial-
dehyde (MDA) in accordance with the protocol of Ohkawa et al. (1979). 

Analysis of statistics 

Tukey’s post-test was used to determine the groups’ significance lev-
el after a one-way ANOVA. Prism software (GraphPad Software; version 
8.0.1; Inc. San Diego, USA, CA) was used in statistical analyses. At P < 0.05, 
variations will be deemed statistically significant.

Results

Effect of probiotics on broilers serum lipid profiles

S group cleared a significant improvement in serum levels of TC, TG, 
LDL and VLDL with significant decline of HDL level in comparison with 
the C group. A significant decline was detected in serum TC, TG, LDL and 
VLDL while there was significantly increase in HDL in the L and H groups 
compared to the C group. Also, there were significant decreases in serum 
TC, TG, LDL and VLDL while there was significantly rise in HDL in the Ls 
and Hs groups compared to the S group. Differences between L and H 
groups showed a non-significant change in TC, LDL. Moreover, H group 
had a significant decrease in TG and VLDL, while showed a significantly 
increased HDL than that of the L group. In addition, Hs group had a sig-
nificant decrease in TC, TG, LDL and VLDL with a significantly increased 

HDL than that of the Ls group (Table 1). 

Effect of probiotics on broilers serum biochemical parameters

Serum from S broilers showed a significant enhancement in UA, glu-
cose and CK levels with a significant decline in albumin level in com-
parison with that of the C broilers. Supplementation with L and H sig-
nificantly reduced UA, glucose and CK levels in serum while there was 
a non-significant increase in albumin level when compared with the C 
group. Additionally, there was a significant decrease in serum UA, glucose 
and CK in the Ls and Hs groups compared to the S group. Differences 
between L and H groups showed a non-significant change in albumin, 
UA, glucose and CK while Hs group had a significant reduction in UA, glu-
cose and CK than that of the LS group. Albumin concentrations showed 
a non-significant change between S and Ls groups and between Ls and 
Hs groups while Hs has a significant increase in albumin level than the S 
group (Table 2).

Effect of probiotics on serum liver enzymes of broilers 

S group cleared a significant improvement in serum levels of AST 
and ALT in comparison with the C group. A significant reduction was ob-
served in serum AST and ALT in H broilers in comparison with that of the 
C broilers. Moreover, L broilers serum had a significant decline in ALT with 
a non-significant AST change when compared with the C one. In addition, 
Ls and Hs showed significant decline in serum levels of ALT and AST in 
comparison with S group. Comparison between L and H groups showed 
a non-significant change in AST level while H group had a significant 
decrease in ALT level than that of the L group. Moreover, comparison 
between Ls and Hs groups showed a significant decline in ALT and AST 
(Table 3).
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Treatment C L H S Ls Hs P value

TC (mg/dl) 122.12±2.82a 113.42±2.89b 114.96±3.13b 135.48±2.5c 117.08±2.21d 113.36±4.23e < 0.0001

TG (mg/dl) 86.6±4.22a 79.6±1.14b 67.8±2.28c 120.4±1.14d 113.4±2.41e 105.8±1.64f < 0.0001

HDL (mg/dl) 51.6±1.14a 56.6±1.52b 62.0±2.12c 32.6±1.82d 37.8±0.84e 42.2±3.19f < 0.0001

LDL (mg/dl) 53.2±0.84a 40.94±1.14b 39.4±0.55b 78.8±0.45c 56.6±0.88d 50.0±0.70e < 0.0001

VLDL (mg/dl) 17.32±0.84a 51.92±0.23b 13.56±0.46c 24.08±0.23d 22.68±0.48e 21.16±0.33f 0.09

Table 1. The effect of probiotics on broilers serum lipid profiles.

Results are expressed as Mean±SD of 5 rats per treatment. Values in the same row followed by different superscripts (a, b, c, d, e, f) are significant (P < 0.05). C: control untreated group (0 
probiotic); L: treated group with lower probiotic dose (0.25 g/kg feed); H: treated group with higher probiotic dose (0.5 g/kg feed); S: stressed untreated group (0 probiotic); Ls: stressed 
treated group with lower probiotic dose (0.25 g/kg feed) and Hs: stressed treated group with higher probiotic dose (0.5 g/kg feed).

Treatment C L H S Ls Hs P value

Albumin (g/dl) 1.60±0.12a 1.74±0.11a 1.82±0.08a 0.56±0.13b 0.62±0.13b, c 0.80±0.1c < 0.0001

UA (mg/dl) 7.10±0.42a 6.40±0.24b 5.20±0.27c 12.38±0.24d 11.52±0.26e 10.52±0.31f < 0.0001

Glucose (mg/dl) 241.40±1.34a 237.40±1.140b 230.60±1.95c 268.60±1.14d 264.40±1.14e 251.60±2.07 f < 0.0001

CK (U/L) 145.40±3.65a 133.00±3.46b 107.00±5.70c 191.80±1.48d 183.00±2.83e 171.60±1.52f < 0.0001

Table 2. The effect of probiotics on broilers serum biochemical parameters.

Results are expressed as Mean±SD of 5 rats per treatment. Values in the same row followed by different superscripts (a, b, c, d, e, f) are significant (P < 0.05). C: control untreated group (0 
probiotic); L: treated group with lower probiotic dose (0.25 g/kg feed); H: treated group with higher probiotic dose (0.5 g/kg feed); S: stressed untreated group (0 probiotic); Ls: stressed 
treated group with lower probiotic dose (0.25 g/kg feed) and Hs: stressed treated group with higher probiotic dose (0.5 g/kg feed).

Treatment C L H S Ls Hs P value

ALT (U/L) 4.60±0.42a 3.30±0.27b 2.00±0.61c 9.00±0.12d 8.06±0.13e 7.52±0.31e < 0.0001

AST (U/L) 296.60±1.14a 293.80±1.48a, b 292.40±1.14b 412.00±2.12c 408.60±2.19d 400.20±0.84e < 0.0001

Table 3. The effect of probiotics on serum liver enzymes of broilers.

Results are expressed as Mean±SD of 5 rats per treatment. Values in the same row followed by different superscripts (a, b, c, d, e) are significant (P < 0.05). C: control untreated group (0 
probiotic); L: treated group with lower probiotic dose (0.25 g/kg feed); H: treated group with higher probiotic dose (0.5 g/kg feed); S: stressed untreated group (0 probiotic); Ls: stressed 
treated group with lower probiotic dose (0.25 g/kg feed) and Hs: stressed treated group with higher probiotic dose (0.5 g/kg feed).



Effect of probiotics on serum oxidative markers of broilers 

S serum group cleared that there was a significant decline in TAC 
while there was a significant rise in MDA level compared to the C group. 
Moreover, there was a significant enhanced TAC while there was a signif-
icant decline in MDA levels of both broilers’ serum either L or H groups 
in comparison with that of the C group. Both Ls and Hs serum showed a 
significant increase in TAC and a significant decrease in MDA levels com-
pared to S serum group. Also, there was a significant rise in TAC concen-
tration in H and Hs in comparison with L and Ls respectively while there 
was a significant reduction in MDA in H and Hs in comparison with L and 
Ls respectively (Table 4).

Discussion

Broilers are subjected to a variety of stress-inducing elements during 
transportation to the slaughterhouse, including movement, cage densi-
ty, noise, microclimatic conditions, time, distance, and season (Arif et al., 
2022). Our results showed that broilers exposed to transportation stress 
gave a significant enhancement in serum levels of TC, TG, VLDL and LDL 
with significantly declined HDL level in comparison with the unstressed 
control broilers. That is in accordance to Erisir  et al. (2008) who report-
ed that plasma levels of cholesterol, triglyceride, corticosterone, glucose, 
and AST increased in transported ducklings. Broilers exposed to trans-
portation stress increased TG level in the plasma (Arif et al. 2022). Anoth-
er results indicated significant increases in cholesterol, triglycerides and 
LDL-C, levels during mental stress (Patterson et al., 1993). Also, heat stress 
improved liver and abdominal adipose relative weight, blood TC and TG 
levels, liver TC, TG and VLDL content, suggested that this because of the 
liver’s enhanced TG release, as well as the abdominal adipose tissue’s 
improved fatty acid absorption ad fat production (Lan et al. 2022). 

Probiotics are live microorganisms which, when consumed, encour-
age the growth of good bacteria in the digestive system and provide 
other health advantages. Probiotics may be used as substitute nutrients 
to improve health (Chen et al., 2017; Zarezadeh et al., 2023). Our finding 
revealed a significant decline in serum TC, LDL, TG and VLDL while there 
was significantly increase in HDL in all probiotic treated groups in com-
parison with the other untreated groups in this research. That agree with 
(Gadelha and Bezerra, 2019) who approved that added probiotics to diet 
significantly reclined TC, LDL, and TG and enhanced HDL levels. Previous 
in vivo research demonstrated that probiotics could improve lipid pro-
files, such as lowering plasma/serum TG, LDL and TC or raising HDL (Ooi 
and Liong 2010). The processes by which probiotics control hypocholes-
terolemia effects and the ideal dose, time of therapy and frequency for 
various probiotic strains are frequently not adequately covered in stud-
ies looking at the effectiveness of probiotics in lowering cholesterol. A 
number of theories have been put forth, including the following: bile-salt 
hydrolase of probiotics enzymatically deconjugates bile acids (Lambert 
et al., 2008), probiotics assimilate cholesterol (Pereira and Gibson, 2002), 
probiotics co-precipitate cholesterol with deconjugated bile (Liong and 
Shah, 2006), probiotics attach cholesterol to their cell membrane (Liong 
and Shah, 2005), probiotics incorporate cholesterol into their cellular wall 
as they grow (Lye HueyShi et al., 2010) and probiotics convert cholesterol 
to coprostanol (Lye et al., 2010). Another aspect mentioned in research is 
the generation of fatty acids (short-chain), which inhibits the liver’s pro-
duction of fatty acids and cholesterol (Begley et al., 2006; Ooi and Liong, 

2010).
This study demonstrated that serum from transported stressed 

broilers showed a significant enhancement in UA, glucose and CK lev-
els with a significantly declined albumin level in comparison with that 
of the unstressed one. Moreover, treatment with probiotic in both lower 
and higher doses significantly reduced UA, glucose and CK levels in both 
transported and un-transported broilers. The increased glucose level in 
case of stress possibly be explained by the fact that the sympathetic ad-
reno-medullary axis and the hypothalamo-hypophysial-adrenal axis are 
activated when perceived stress causes endocrine changes. Stress causes 
the release of catecholamines and glucocorticoids, which alter blood sug-
ar levels and cause physiological changes (Scanes, 2016).

By restoring pancreatic islet β-cell function and reducing insulin 
resistance, probiotics may help maintain glucose homeostasis. First, by 
encouraging glucagon-like peptide-1 (GLP-1) secretion, probiotics have 
been demonstrated to alleviate insulin resistance. By lowering body 
weight and increasing peripheral tissue sensitivity to insulin, GLP-1 is 
one of the key mechanisms for decreasing insulin resistance (Meier et 
al., 2005; Raun et al., 2007; Seghieri et al., 2013). Probiotics may improve 
blood lipids, decrease inflammation, and regulate blood glucose by play-
ing an significant role in the metabolism and overall health state of the 
body (Sun et al., 2024). Furthermore, probiotics’ ability to lower blood 
cholesterol levels may help postpone the onset of insulin resistance. Pro-
biotic consumption may lessen the harm that elevated cholesterol causes 
to liver tissue cells, which would enhance the expression of genes linked 
to glycogen secretion and decrease the mRNA expression of important 
enzymes involved in liver gluconeogenesis (Park et al., 2017; Farida et 
al. 2020). This may enhance insulin sensitivity, decrease hepatic gluco-
neogenesis, and increase the production of liver glycogen (Huang et al., 
2021). 

Broilers that were exposed to stress density and feed withdrawn stress 
showed significant decrease in blood albumin and UA levels (Nwaigwe et 
al., 2020). A marker of protein catabolism, circulating uric acid rises in 
response to increased catabolism of proteins or amino acids (Hussnain 
et al., 2020). Fish with high stocking densities had higher serum UA levels 
because of enhanced protein catabolism and gluconeogenesis (Costa et 
al., 2012). Others showed that when monostrain probiotics were admin-
istered to Asian male patients with illnesses, their UA levels decreased 
(Othman et al., 2025). Probiotics like Lactobacillus johnsonii YH1136 re-
duce blood levels of UA by blocking the activity of hepatic xanthine oxi-
dase (XOD), a crucial enzyme in the synthesis of UA (Zhang et al., 2024). 
A combination of Lactobacillus strains dramatically decreased serum UA 
levels and enhanced liver activity in case of metabolic-associated fatty 
liver disorder (Lin et al., 2024). Also, probiotics encourage gastrointestinal 
excretion of UA and increase the expression of UA transporters (J. Cao et 
al., 2023).

Under normal circumstances, myosin heavy chain-associated com-
ponents lactate dehydrogenase (LDH) and CK are unable to pass through 
muscle cell membranes (Willoughby et al., 2003). Muscle injury has been 
identified by their elevated serum levels (Foschini and Prestes, 2007). A 
number of preslaughter stressors, such as climate, distance, transit, and 
length of lairage, cause animals to become exhausted and release hor-
mones, enzymes, CK, catecholamines and cortisol to the circulatory sys-
tem, which triggers a number of secondary processes involving energy 
metabolism, immunological response, breathing, and osmotic control 
(Chulayo and Muchenje, 2013). In accordance, Baird et al. (2012) demon-

Table 4. The effect of probiotics on serum oxidative markers of broilers.

Treatment C L H S Ls Hs P value

TAC (mmol/L) 1.44±0.09a 1.60±0.07b 1.82±0.08c 0.62±0.08d 0.84±0.05e 1.020±0.08f < 0.0001

MDA (nmol/ml) 2.96±0.11a 2.46±0.27b 1.34±0.21c 8.14±0.22d 7.28±0.19e 6.34±0.21f 0.78
Results are expressed as Mean±SD of 5 rats per treatment. Values in the same row followed by different superscripts (a, b, c, d, e, f) are significant (P < 0.05). C: control untreated group (0 
probiotic); L: treated group with lower probiotic dose (0.25 g/kg feed); H: treated group with higher probiotic dose (0.5 g/kg feed); S: stressed untreated group (0 probiotic); Ls: stressed 
treated group with lower probiotic dose (0.25 g/kg feed) and Hs: stressed treated group with higher probiotic dose (0.5 g/kg feed).
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strated that giving mice probiotics to their orthotropic-transplanted ex-
tensor digitorium longus (EDL) muscle decreased their LDH and CK ac-
tivity, a sign that muscle regeneration was increasing (). It was found that 
probiotic supplementation exhibited a remarkable reduction effect on CK 
concentration overall (Shirkoohiet al., 2025).

Our results clarified that transported stressed broilers serum showed 
significant rise in AST and ALT levels in comparison with that of the un-
stressed one. In addition, treatment with probiotic significantly declined 
ALT and AST levels in both transported and un-transported broilers. This 
is in agree with (Tang et al., 2022) who reported that broiler exposed 
to heat stress enhanced serum AST, hepatic MDA and SOD (superoxide 
dismutase) showed that heat stress damaged broiler livers and hindered 
liver growth. Moreover, Erisir et al. (2008) recorded that plasma levels of 
AST increased in transported ducklings.  

Overall, the data suggests that the addition of probiotic improved 
liver function via modulating the intestinal tract and lowering liver en-
zyme levels (Huang et al., 2015;J. Cao et al., 2023). Supplementing with 
prebiotics, probiotics and synbiotics improved TG levels in addition to 
liver function (AST, alkaline phosphatase and ALT) and hepatic fibrosis. 
In a non-alcoholic fatty liver disease case (NAFLD), prebiotic, probiotic or 
synbiotic supplements improved lipid profiles, liver enzymes and inflam-
matory cytokines (Pan et al., 2024). Endotoxin (lipopolysaccharide), one of 
the enterotoxins released by pathogenic bacteria when the microbiota in 
the gut is dysbiotic, increases the permeability of the lining of the intes-
tine and causes transfer of bacteria, which can result in endotoxemia and 
long-term harm to liver cells (Xu et al., 2022). Probiotics can reduce the 
liver’s inflammatory reaction by regulating intestinal ecological problems 
and enhancing the integrity of the intestinal mucosal barrier (C. Cao et 
al., 2023).

Moreover, S serum group showed that there was a significant reduc-
tion of TAC while there was a significant increase in MDA level in compar-
ison with the C group. Additionally, there was a significant enhancement 
in TAC while there was a marked decline in MDA levels in all probiotic 
treated groups. It is commonly known that MDA, a lipid peroxidation 
molecule, is a sign of oxidative stress in tissues (Cheng et al., 2017). Broil-
ers exposed to transportation stress increased MDA level in plasma (Arif 
et al., 2022). According to other reports, during heat stress, yellow-feather 
broiler intestine GSH-Px activity reduced, and MDA levels elevated (Lan 
et al., 2020). Also, in breast muscle of broilers exposed to transportation 
stress TAC decreased (Gou et al., 2021). Overall, the antioxidative and ox-
idative equilibrium was upset when broilers were exposed to transporta-
tion stress, and the rise in antioxidant enzyme activity has been thought 
to be a defense mechanism against oxidative stress.

Probiotics significantly improved TAC, nitric oxide (NO) and glutathi-
one (GSH) while reduce MDA biomarkers in patients with diabetes (Chen 
et al., 2025). The antioxidative and Probiotics’ main modes of action in-
clude enhancing the diversity of the gut microbiota, boosting the strength 
of the intestinal wall, and lowering lipopolysaccharide (LPS) translocation 
to lessen systemic endotoxemia (Basso et al., 2016). In the end, these 
processes result in improved antioxidant defenses and less activation of 
inflammatory systems. By strengthening the body’s antioxidant response 
against harmful free radicals and oxidative damage, raising GSH and TAC 
helps to maintain the integrity of cells and improve the function of endo-
thelial cells (Tandon and Tandon, 2024).

Conclusion

According to current study, probiotics may be effectively incorpo-
rated into poultry feeds as nutritional aids to support growth, improving 
general health and protection from transportation stress effects in broil-
ers. Probiotic pre-treatment in broilers-exposed to transportation stress 
is efficient to restore health by inhibiting lipid peroxidation, suppress 
oxidative stress and decrease UA, glucose, CK and liver enzymes. To fur-
ther understand the molecular mechanisms behind probiotics’ ability to 

defend against the negative consequences of transportation stress, more 
research is strongly advised.
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