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Abstract. The present study aimed to evaluate the impact of dietary lysozyme levels on the growth perfor-
mance, hematological and blood biochemical parameters, immunity, antioxidant capacity, and intestinal mi-
crobial count in broiler chickens. Three-hundred 1 d old birds (Cobb-avian500) were used and divided into
five groups (five replicates per group, 60 birds per replicate). Birds in the first group were fed a control diet,
while birds in the second, third, fourth, and fifth groups were fed the control diet with 0.2 g lincomycin, 1 g
commercial lysozyme, 25 mg chicken egg lysozyme, and 50 mg egg lysozyme per kg of diet, respectively. Re-
sults confirmed that, in comparison with the control diet, all supplements had greater impacts on final body
weight and body weight gain, and only the egg lysozyme diet (50 mg kg−1 diet) increased feed intake. Lin-
comycin, commercial lysozyme, and egg lysozyme (25 mg) improved the feed conversion ratio (FCR). Birds
fed commercial lysozyme and egg lysozymes showed significantly increased hemoglobin and red blood cell
counts. All supplements reduced white blood cells, heterophils, and heterophils / lymphocytes ratio and increased
lymphocytes. All supplements significantly increased serum total protein, albumin, globulin, and glucose. The
diet of egg lysozyme (50 mg kg−1) significantly decreased alpha-globulin, alanine aminotransferase, triglyc-
erides, cholesterol, and urea levels and increased high-density lipoproteins. Diets with lincomycin, commer-
cial lysozyme, and egg lysozyme significantly increased antioxidant capacity and decreased malondialdehyde
(MDA). The interferon-gamma (IFNγ ) and interlukin-2 (IL-2) were significantly improved by lincomycin, com-
mercial lysozyme and egg lysozyme diets, but interlukin-10 (IL-10) was significantly increased only by the
egg lysozyme (50 mg kg−1) diet. The total bacterial count, Salmonella, Escherichia coli, and Proteus counts
were significantly decreased. Dressing rate and breast weight percentage were significantly increased by the

Published by Copernicus Publications on behalf of the Research Institute for Farm Animal Biology (FBN).



186 I. T. El-Ratel et al.: Egg lysozyme effect on performance of broiler

egg lysozyme (50 mg kg−1) diet. Thigh weight percentage was increased only by the commercial lysozyme diet.
In conclusion, chicken egg lysozyme (50 mg kg−1), a promising alternative for antibiotics in broiler chickens’
diet, can enhance growth performance, antioxidant status, immunity, and intestinal bacteria.

1 Introduction

In agriculture and veterinary medicine, poultry production is
one of the most prominent fields due to the importance of in-
creasing the requirements for meat and eggs with relatively
low cost (Dhama et al., 2015; Alagawany et al., 2020). The
poultry industry has grown along with the usual usage of an-
tibiotics to high profits and making the cost of production
more effective (Rafiq et al., 2022; Abd El-Hack and Ala-
gawany, 2022). Gut bacteria significantly affect the host’s
health and induce many diseases (Turnbaugh et al., 2006).
Gut microbial communities enhance chicken health via vita-
min synthesis, feed digestion, and boosting the immune sys-
tem (Abdel-Latif et al., 2017). Anti-nutritional agents delete-
riously affect bacteria and immune response, and alterations
in microbiota may decrease these impaired effects, enhance
intestinal morphology, and reduce the free radicals in the gut
(Lallès, 2016).

Antibiotics are the most effective agent causing disorders
in the intestinal microbial communities in humans and ani-
mals (Lozupone et al., 2012). In the poultry industry, growth
promoters with antibiotics have been used for several years
to develop healthy gut, growth efficiency, and health status
of chickens (Zhang et al., 2021; Rafiq et al., 2022). Many
safe and effective alternative dietary additives have been es-
timated for their ability to replace antibiotics as growth pro-
moters in diets without the stigma associated with their use
(Rafiq et al., 2022). In this way, several reports have been car-
ried out to look for pro- and prebiotics, herbs, and exogenous
enzymes as natural agents instead of antibiotics that mimic
the similar positive effects of growth parameters, antioxidant
capacity, and the immune system (Patterson and Burkholder,
2003; Guo et al., 2004; Abdel-Latif et al., 2017).

Lysozyme (1,4-β-N-acetylmuramidase) enzymatically
cleaves a glycosidic linkage in the peptidoglycan compo-
nents of the bacterial cell wall, leading to the loss of cell
membrane integrity and cellular death (Ellison and Giehl,
1991; Xia et al., 2019). Many authors have shown that
lysozyme is able to improve immunoglobulin A secretion
and activate macrophage with a rapid riddance of bacterial
diseases (Wang et al., 2005; Clarke et al., 2010; Dang et
al., 2022). Thus, lysozyme is a natural antimicrobial protein
considered a necessary component of innate immunity (Liu
et al., 2010; Bozakova et al., 2020; Bastamy et al., 2024).
According to these data, antibiotics can be replaced by
lysozymes in the diet of poultry. Dietary supplementation
with lysozyme has been reported to enhance immunity and
non-specific immunity, maintain the gut’s barrier function,

and improve chickens’ growth performance (Abdel-Latif et
al., 2017). Also, lysozyme decreased the pathogen count in
the ceca of chickens (Gong et al., 2017; Ma et al., 2017)
and improved their gut antioxidant activity (Abdel-Latif
et al., 2017). In swine, antibiotics as growth promoter at a
sub-therapeutic level can be replaced by dietary lysozyme
(Oliver and Wells, 2015). Adding of lysozyme in broiler
chicken diets reduced the ileal count of Clostridium per-
fringens and their intestinal-induced lesions following the
oral infection of these bacteria (Liu et al., 2010). Antibiotic
growth promoters can be replaced by lysozyme to improve
poultry production (Ma et al., 2017).

Mammalian milk, saliva, tears, and avian egg white con-
tain lysozyme (Cao et al., 2015). The use of chicken egg
lysozyme as a dietary supplementation is a vital tool to in-
crease weight gain and the protection against diseases due to
the functions of lysosome in the stimulation of immunity and
potential against bacteria by altering the host–pathogen rela-
tionship (Hafez and Attia, 2020). In this way, dietary supple-
mentation with chicken egg lysozyme improved the growth
efficacy in rabbits (El-Deep et al., 2020) and weaned pigs
(Oliver and Wells, 2013). The basal diet supplemented with
chicken egg lysozyme enhanced blood metabolites, immu-
nity, and total bacterial counts, while decreased the potential
pathogen shedding and E. coli count in animals (Brundige
et al., 2008; Oliver and Wells, 2013; El-Deep et al., 2020).
Reports on the effect of the different types of exogenous
lysozyme on chicken performance compared to growth pro-
moters in the diet are rare. Therefore, the present study aimed
to evaluate the impact of adding different types of lysozymes
versus antibiotic growth promoters in the diet on the growth
performance, hematological and blood biochemical parame-
ters, immunity, antioxidant capacity, and intestinal microbial
count in broiler chickens.

2 Materials and methods

The current study was performed in collaboration with the
Animal, Poultry and Fish Production Department of the Fac-
ulty of Agriculture at Damietta University and a commer-
cial chicken farm in Mansoura City, Dakahlia Governorate,
Egypt. The “Directive 2010/63/EU of the European Parlia-
ment and of the council, of 22 September 2010, on the pro-
tection of animals used for scientific reasons” was followed
in all procedures and experimental protocols.
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2.1 Birds and experimental design

This experiment was conducted with three-hundred 1 d old,
unsexed broiler chicks (Cobb-avian500). The experimental
birds were allocated into five similar groups based on initial
body weight (47.24± 1.27 g). Each group consisted of five
replicates with 60 broilers per replicate. The first group (con-
trol) was fed a commercial control diet free of supplements.
The control diet was supplemented with 0.2 g lincomycin,
1 g lysozyme, 25 mg egg lysozyme, and 50 mg egg lysozyme
per kg of diet for the second, third, fourth, and fifth groups.
Egg lysozyme was extracted from non-fertile egg white of
chicken after the method by Ibrahim et al. (2011). Manage-
ment of birds was suggested according to the guidelines of
the Cobb Broiler Management Guide.

2.2 Feeding system

All birds were fed a commercial starter (Day 0–20) and fin-
isher diet (Day 21–35) for broiler chickens (NRC, 1994).
All diets were provided in a mash form throughout the
trial. The chemical analyses of the starter and finisher di-
ets (Table 1) were performed according to AOAC1 methods
(AOAC, 2016). Ad libitum feeding and fresh tap water were
available for the experimental birds. The temperature was ad-
justed to 33 °C for the first 7 d of the experiment, and then the
temperature was decreased by 3 °C per week until 21 °C. Ar-
tificial light was 24 h at 45 lx (lux) for the first 4 d of age.
From days 5 to 35, the lighting schedule was a cycle of 18 h
light and 6 h dark.

2.3 Performance measurements

Body weight (BW) and feed intake (FI) were determined at
the beginning (1 d of age) and at the end of the experiment
(35 d of age); then final body-weight gain (BWG), average
FI, and feed conversion ratio (FCR; gram of feed per gram of
gain) were evaluated. The number of dead birds was recorded
during the experimental period, and the viability rate was cal-
culated for each group.

2.4 Blood samples

At the end of the experiment at 35 d of age, samples of
blood (10 mL) were drawn from five birds per group at
slaughter. The blood sample (5 mL) was kept in a sterile
test tube containing anticoagulant (EDTA) for the quantifi-
cation of hematological indices such as hemoglobin (Hb),
counts of red and white blood cells (RBCs and WBCs),
packed cell volume (PCV), lymphocytes (L), heterophils
(H ), and H/L ratio. Other blood samples (5 mL) without
anticoagulant were left to clot at lab temperature and then
centrifuged (3000 rpm, 15 min) to obtain blood serum and
stored at −20 °C into aliquots for individual biochemical

1Association of Official Agricultural Chemists

Table 1. Composition and analysis of the diet.

Ingredients Starter Finisher

Yellow corn 60.50 58.50
Soybean meal 48 % 30.80 35.30
Corn gluten meal 60 % 4.00 0.00
Soybean oil 0 2.20
Ground limestone 1.40 1.80
Dicalcium phosphate 2.35 1.25
Salt 0.35 0.35
Premix∗ 0.30 0.30
DL-methionine 0.10 0.10
L-lysine 0.10 0.10
Coccidiostats 0.10 0.10

Total 100 100

Chemical analysis∗∗

Crude protein, % 22.40 21.00
Metabolizable energy (kcal kg−1) 2950 3100
Calcium, % 1.05 1.01
Available phosphorus, % 0.45 0.45
Lysine, % 1.18 1.00
Methionine, % 0.49 0.42
Meth.+Cys., % 0.86 0.80

∗ Premix at 0.30 % of the diet supplies, with the following per kilogram of
the diets: vitamin A 1000 IU (international unit), vit. D3 2000 IU, vit. E
10 mg, vit. K 1 mg, vit. B1 5 mg, vit. B2 5 mg, vit. B6 1.5 mg, vit. B12
0.01 mg, folic acid 0.35 mg, biotin 0.05 mg, pantothenic acid 10 mg, niacin
30 mg, choline 250 mg, Fe 30 mg, Zn 50 mg, Cu 4 mg, and Se 0.1 mg.
Meth.+Cys. represents methionine+cysteine.
∗∗ According to NRC (1994).

estimations. Concentrations of total proteins, albumin, total
cholesterol, triglycerides, high-density lipoproteins (HDL),
glucose, urea, creatinine, calcium (Ca), phosphorus (P), and
activities of aspartate and alanine aminotransferases (AST
and ALT) were determined in blood serum. Serum total
antioxidant capacity (TAC), glutathione (GSH), glutathione
peroxidase (GPx), superoxide dismutase (SOD), and malon-
dialdehyde (MDA) were also determined. Blood biochem-
istry and antioxidants were assessed calorimetrically using
bio-diagnostic kits (Biodiagnostic, Cairo, Egypt), following
the manufacturer’s directions. Cytokines markers, including
interferon-gamma (IFNγ ), interleukin 2 (IL-2), and inter-
leukin 10 (IL-10), were measured in blood serum as de-
scribed by ELnaggar et al. (2016).

2.5 Bacterial count

At slaughter time, samples of the median region of the intes-
tine were taken from five birds per group for determination
of the total bacterial count (ICMSF, 2011), Salmonella, Es-
cherichia coli, and Proteus counts, according to ISO-6579:
2002 for food microbiology procedures (ISO standards cata-
logue 07.100.30; World Health Organization, 2010).
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2.6 Carcass traits

The liver, gizzard, and heart were dissected and weighed for
the five slaughtered birds from each group. The net carcass
weight and edible offal weight, including liver without a gall
bladder, heart, and skinned empty gizzard were recorded.
The dressing rate (DR) was computed with the following
equation: DR= (Weight of eviscerated carcass + weight of
edible offal) / (preslaughter weight)× 100. Also, the weight
of the breast and thighs was recorded and estimated as a per-
centage of the carcass weight.

2.7 Statistical analysis

The obtained data were statistically analyzed in a completely
randomized design (one-way ANOVA) using SAS software
(SAS, 2012). The following statistical model was used for
parameters:

Yij = µ+Gi+ eij ,

where Yij represents observed values, µ represents the gen-
eral mean, Gi represents the group impact, and eij repre-
sents the residual error. Percentage values of dressing rate
and breast and thigh percentages were analyzed by a χ2 test.
Duncan’s new multiple range test was used to separate the
significant group differences at a level of 5 % (p<0.05).

3 Results

3.1 Growth performance

The dietary impacts of lincomycin, commercial lysozyme,
and chicken egg lysozyme levels on the growth perfor-
mance of broiler chickens are presented in Table 2. Diets
with all supplements had greater (p<0.05) impacts on fi-
nal body weight and weight gain at the end of the experi-
ment compared to the control group. And supplementation
of the diet with egg lysozyme (50 mg kg−1) significantly
increased (p<0.05) feed intake. Lincomycin, commercial
lysozyme and egg lysozyme (25 mg) significantly improved
(p<0.05) the FCR compared with control and egg lysozyme
(50 mg) groups. The viability rate difference was insignifi-
cant (p<0.05, Table 2).

3.2 Hematological parameters

The dietary impacts of lincomycin, commercial lysozyme,
and chicken egg lysozyme levels on hematological param-
eters are shown in Table 3. Experimental birds fed the di-
etary supplementation of commercial lysozyme and both lev-
els of egg lysozyme showed a significant impact on Hb con-
centration and RBC count compared to the control or lin-
comycin groups (p<0.05). The addition of lincomycin, com-
mercial lysozyme, and both levels of egg lysozyme to the
control diet significantly (p<0.05) decreased the count of

WBCs, heterophils, and the heterophils / lymphocyte ratio
and markedly improved (p<0.05) lymphocyte percent com-
pared to the control diet. The PCV value was not affected sig-
nificantly by lysozyme supplementation. Dietary supplemen-
tation with egg lysozyme (50 mg kg−1) gives the best hema-
tological parameters (Table 3).

3.3 Biochemical parameters

The inclusion of lincomycin, commercial lysozyme, and
chicken egg lysozyme levels on biochemical parameters in
serum is shown in Table 4. Total protein, albumin, globulin,
and glucose levels were increased in all supplemented groups
compared to the control. The birds fed the diet containing egg
lysozyme only at a 50 mg kg−1 rate had significantly lower
alpha-globulin, ALT, triglycerides, cholesterol, and urea lev-
els and higher HDL concentration than the other groups. The
effect of all supplements on beta- and gamma-globulin, AST,
Ca, P, and creatinine was not altered (p>0.05, Table 4).

3.4 Antioxidants capacity and immunity

Data on antioxidant capacity markers and immunity con-
stituents in blood serum are shown in Table 5. Supplemen-
tation of lincomycin, commercial lysozyme, and chicken egg
lysozyme levels significantly increased TAC, GSH, GPx and
SOD and significantly decreased MDA levels compared to
the control diet. The immune response, in terms of IFN and
IL-2, was significantly improved by lincomycin, commer-
cial lysozyme, and chicken egg lysozyme levels addition as
compared to the control diet, but IL-10 was significantly in-
creased only by egg lysozyme supplementation at a level of
50 mg kg−1 diet relative to other supplementations and the
control diet. Addition of egg lysozyme (50 mg) showed a
superiority in antioxidant activity and immunity of broiler
chickens (Table 5).

3.5 Intestinal bacterial counts

The intestinal bacterial counts in terms of total bacteria
count, Salmonella, E. coli, and Proteus of broiler chick-
ens fed diets with lincomycin; commercial lysozyme, and
chicken egg lysozyme are presented in Table 6. The total
bacterial count was significantly increased, and Salmonella,
E. coli, and Proteus counts were significantly decreased in
chickens by all dietary supplementations compared to the
control diet.

3.6 Carcass traits

Results of dressing rate and some carcass trait percentages
in the experimental groups are presented in Table 7. Re-
sults revealed significant improvements in dressing rate and
breast weight percentage only by adding egg lysozyme in
the broiler chicken diet at 50 mg kg−1 compared to other ad-
ditions and supplement-free diets. Thigh weight percentage
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Table 2. Effect of lincomycin, commercial lysozyme, and chicken egg lysozyme levels on the growth performance parameters and viability
rate of broiler chickens.

Item Control Treatments per kg diet p value

Lincomycin Commercial lysozyme Egg lysozyme Egg lysozyme
(0.2 g) (1 g) (25 mg) (50 mg)

Initial body weight (g) 46.8± 1.59 46.7± 1.17 46.9± 1.18 46.5± 1.45 46.1± 0.95 0.9921
Final body weight, (g) 2060± 16.59c 2125± 16.50b 2163± 5.91ab 2166± 5.99ab 2202± 20.83a <0.0001
Body weight gain (1–35 g per chick) 2013± 17.13c 2078± 16.12b 2116± 6.05ab 2119± 15.69ab 2156± 21.25a 0.1436
Feed intake (1–35 g per chick) 3039± 10.09b 3076± 11.58b 3066± 16.68b 3074± 17.29b 3218± 12.88a <0.0001
Total FCR (g feed per g BWG) 1.51 ± 0.03a 1.48± 0.03b 1.45± 0.01c 1.45± 0.02c 1.49± 0.02ab 0.0034
Viability rate 98.21 97.22 96.82 97.21 98.1 –

a,b,c Means within the same row with different superscripts are significantly different (p<0.05).

Table 3. Effect of lincomycin, commercial lysozyme, and chicken egg lysozyme levels on hematological parameters of broiler chickens.

Item Control Treatments per kg diet p value

Lincomycin Commercial lysozyme Egg lysozyme Egg lysozyme
(0.2 g) (1 g) (25 mg) (50 mg)

Hb (g dL−1) 12.7± 0.42b 13.5± 0.37b 13.9± 0.23a 14.1± 0.44a 14.1± 0.23a 0.0563
RBCs (1012 L−1) 1.94± 0.03c 2.01± 0.03bc 2.04± 0.02b 2.10± 0.03a 2.11± 0.02a 0.0009
WBCs (106 L−1) 27.4± 0.95a 22.1± 1.66b 23.1± 1.28b 21.1± 1.24b 20.7± 1.57b 0.0111
PCV (%) 30.4± 1.26 31.5± 1.19 30.8± 1.22 32.1± 0.82 32.1± 1.25 0.8191
Heterophils (H , %) 25.8± 1.47a 19.4± 1.06bc 21.1± 1.100b 17.3± 1.17c 16.7± 1.23c <0.0001
Lymphocytes (L, %) 52.8± 1.01b 59.4± 1.25a 60.1± 1.10a 62.1± 1.06a 62.6± 0.99a <0.0001
H/L ratio 0.49± 0.03a 0.32± 0.02bc 0.35± 0.02b 0.28± 0.02c 0.27± 0.02c <0.0001

a,b,c Means within the same row with different superscripts are significantly different (p<0.05). Abbreviations: Hb, hemoglobin; RBCs, red blood cells; WBCs, white
blood cells; PCV, Packed Cell Volume.

was increased only by commercial lysozyme supplementa-
tion compared to other supplementations and control groups
(Table 7).

4 Discussion

In Egypt, chicken meat is an important source of animal pro-
tein for consumers. As growth promoters, dietary antibiotics
are frequently used for poultry to enhance weight gain and
feed utilization and to reduce bacterial infections (Salaheen
et al., 2017; Selaledi et al., 2020). Despite this, their usage is
banned in some countries of the world, and there are attempts
to prevent or reduce this usage worldwide. The presence of
safe and effective alternatives to conventional antibiotics may
have a competitive advantage for poultry producers in rela-
tion to antibiotic use (El Basuini et al., 2023). Lysozyme is
one of the most promising antibiotic alternatives. It is widely
distributed in tissues and secretions of animals and plays an
important role fighting against several pathogenic bacteria,
which gives a positive output in the Gram stain test via hy-
drolyzing their cell wall’s β-1,4-glycosidic linkage between
N-acetyl muramic acid and N-acetyl glucosamine (Ibrahim et
al., 1994; Abdel-Latif et al., 2024). In this way, using chicken
egg lysozyme as a dietary supplementation benefits weight

gain and prevents poultry diseases (Asante et al., 2019; Zou
et al., 2019). Applying growth agents alters intensive poul-
try production via their advantages of improving gut health,
decreasing subclinical infections, and promoting growth per-
formance parameters (Rafiq et al., 2022).

The obtained results in our study revealed that broiler
chickens fed diets containing lincomycin, commercial
lysozyme, and both levels of chicken egg lysozymes had im-
proved final BW and BWG, but FCR of birds fed a diet con-
taining 50 mg of egg lysozyme per kg of diet did not dif-
fer from that of the supplement-free diet (control), due to
increasing their feed intakes as compared to other groups.
Other effective natural dietary supplementations to replace
antibiotics (pro-,pre-,phyto-, and sym-biotic, spirulina, or
their combinations) were reported to improve growth effi-
ciency and the viability rate of broilers (Alam and Ferdaushi,
2018; Ferdous et al., 2019). Our results agree with improv-
ing the live body weight and weight gain of broilers fed a
diet supplemented with exogenous lysozyme (Abdel-Latif et
al., 2017) as well as FCR and weight gain (Liu et al., 2010)
of broiler chickens. Dietary supplementation with chicken
egg lysozyme enhanced (p<0.05) growth performance and
FCR in growing rabbits (El-Deep et al., 2020) and weaned
pigs (Oliver and Wells, 2013). Adding lysozyme at 50 and
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Table 4. Effect of lincomycin, commercial lysozyme, and chicken egg lysozyme levels on biochemical parameters of broiler chickens.

Item Control Treatments per kg diet p value

Lincomycin Commercial lysozyme Egg lysozyme Egg lysozyme
(0.2 g) (1 g) (25 mg) (50 mg)

TP (g dL−1) 5.24± 0.09c 5.74± 0.07b 6.14± 0.05a 6.09± 0.04a 6.01± 0.03a <0.0001
Al (g dL−1) 3.29± 0.03c 3.46± 0.04b 3.60± 0.02a 3.51± 0.05ab 3.46± 0.02b <0.0001
Gl (g dL−1) 1.95± 0.08c 2.28± 0.09b 2.53± 0.05a 2.59± 0.07a 2.55± 0.02a <0.0001
Glucose (mg dL−1) 154± 1.57b 163± 1.35a 167± 1.80a 166± 1.61a 166± 1.65a <0.0001
Calcium (mg dL−1) 8.57± 0.64 9.14± 0.80 9.28± 0.61 9.57± 0.65 9.14± 0.51 0.8660
Phosphorus (mg dL−1) 5.85± 0.86 5.16± 0.51 5.05± 0.47 4.92± 0.50 5.14± 0.59 0.8311
Trigly. (mg dL−1) 32.2± 1.27a 31.7± 0.83a 31.2± 0.97a 29.8± 1.37a 26.1± 1.14b 0.0044
Choles. (mg dL−1) 122± 1.58a 117± 1.60ab 117± 1.97ab 117± 1.48ab 116± 2.27b 0.0546
HDL (mg dL−1) 96.2± 2.60b 98.5± 2.59ab 96.7± 1.85ab 98.2± 1.82ab 103± 1.96a 0.0525
Urea (mg dL−1) 10.28± 0.74a 8.85± 0.91ab 8.28± 0.97ab 8.43± 0.65ab 6.78± 0.69b 0.0541
Creat. (mg dL−1) 0.96± 0.02 0.92± 0.04 0.88± 0.02 0.91± 0.03 0.92± 0.02 0.4030
AST (IU dL−1) 68.8± 1.03 67.4± 1.06 64.8± 1.16 65.7± 1.58 67.1± 1.50 0.2579
ALT (IU dL−1) 52.8± 1.38a 50.5± 1.19ab 48.7± 1.06b 49.8± 1.61ab 47.3± 1.19b 0.0582

a,b,c Means within the same row with different superscripts are significantly different (p<0.05). Abbreviations: TP, total proteins; Al, albumin; Gl, globulin; Trigly.,
triglycerides; Choles., cholesterol; HDL, high-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Creat., creatinine.

Table 5. Effect of lincomycin, commercial lysozyme, and chicken egg lysozyme levels on antioxidants capacity and immunity of broiler
chickens.

Item Control Treatments per kg diet p value

Lincomycin Commercial lysozyme Egg lysozyme Egg lysozyme
(0.2 g) (1 g) (25 mg) (50 mg)

Antioxidants capacity

TAC (ng mL−1) 0.28± 0.02c 0.31± 0.17b 0.33± 0.01b 0.34± 0.01b 0.39± 0.01a <0.0001
GSH (IU L−1) 0.16± 0.01c 0.20± 0.01b 0.21± 0.02b 0.22± 0.02b 0.28± 0.01a <0.0001
GPx (IU L−1) 27.8± 1.33c 41.2± 0.86b 41.5± 1.46b 40.5± 0.87b 49.5± 0.95a <0.0001
SOD (IU L−1) 0.22± 0.01d 0.27± 0.02c 0.30± 0.01bc 0.31± 0.03ab 0.33± 0.01a <0.0001
MDA (nmol mL−1) 0.40± 0.01a 0.31± 0.01b 0.31± 0.02b 0.29± 0.01bc 0.26± 0.02c <0.0001

Immunity

IFNγ (pg mL−1) 3.76± 0.09c 4.06± 0.03ab 4.03± 0.03b 4.16± 0.03ab 4.27± 0.10a 0.0002
IL-2 (pg mL−1) 6.33± 0.03d 6.75± 0.06c 6.98± 0.04b 7.06± 0.04b 7.21± 0.03a <0.0001
IL-10 (pg mL−1) 16.1± 1.32b 17.4± 0.75ab 17.3± 0.68ab 18.4± 1.13ab 19.6± 0.65a 0.0116

a,b,c Means within the same row with different superscripts are significantly different (p<0.05). Abbreviations: TAC, total antioxidants capacity; GSH, glutathione;
GPx, glutathione peroxidase; SOD, superoxide dismutase; MDA, malondialdehyde; IFNγ , interferon-gamma; IL-2, interleukin 2; IL-10, interleukin 10.

100 mg kg−1 to the diet of broiler chickens improves growth
performance (Hassan et al., 2023). Body weight, feed con-
version ratio, and body weight gain were markedly (p<0.05)
improved in both avilamycin and lysozyme groups in relation
to a control group (Abdel-Latif et al., 2024). The growth-
promoting action of chicken egg lysozyme in our study was
attributed to improving gut antioxidant and antimicrobial
properties and increasing the nutrient digestibility in the gut
of animals. Such benefits can improve the absorption of nu-
trients in the intestine (Georgieva et al., 2000; Hussein et al.,
2020).

We detected a change in birds’ hematological and bio-
chemical parameters in all groups to provide some markers of
the health status affected by different feed additives (Musco
et al., 2019; El-Deep et al., 2020). We found that dietary com-
mercial lysozyme and chicken egg lysozymes significantly
improved all the studied hematological parameters, the best
being egg lysozyme (50 mg kg−1 diet). Animal feed additives
must have high feeding values, lead to good health status, and
be without harmful effects to save animal products for human
consumption (Phillips et al., 2003). Enhancement in the RBC
count was associated with improving the health and physio-
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Table 6. Effect of lincomycin, commercial lysozyme, and chicken egg lysozyme levels on intestinal bacterial counts of broiler chickens.

Item Control Treatments per kg diet p value

Lincomycin Commercial lysozyme Egg lysozyme Egg lysozyme
(0.2 g) (1 g) (25 mg) (50 mg)

Total bacterial count 3.88± 0.03a 3.54± 0.04b 3.37± 0.04c 3.31± 0.03c 3.17± 0.03d <0.0001
Salmonella 1.28± 0.02a 1.03± 0.01b 1.04± 0.08b 1.04± 0.04b 0.91± 0.02b 0.0093
E. coli 1.44± 0.02a 1.10± 0.03b 0.83± 0.02d 0.88± 0.02cd 0.95± 0.02c <0.0001
Proteus 0.95± 0.03a 0.87± 0.01b 0.85± 0.01b 0.86± 0.02b 0.77± 0.02c <0.0001

a,b,c,d Means within the same row with different superscripts are significantly different (p<0.05).

Table 7. Effect of lincomycin, commercial lysozyme, and chicken egg lysozyme levels on some carcass traits of broiler chickens.

Item Control Treatments per kg diet p value

Lincomycin Commercial lysozyme Egg lysozyme Egg lysozyme
(0.2 g) (1 g) (25 mg) (50 mg)

Dressing rate 73.3± 2.34b 72.9 ± 2.64b 73.6 ± 2.45ab 74.1 ± 3.10ab 76.8 ± 1.78a <0.0001
Breast weight (%) 42.1 ± 3.29a 40.6 ± 4.99ab 34.7 ± 6.19b 40.1 ± 6.35ab 42.2 ± 6.89a <0.0001
Thighs weight (%) 31.2 ± 1.47b 32.3 ± 6.96b 38.9 ± 6.04a 33.9 ± 5.99b 34.6 ± 5.29b <0.0001

a,b Means within the same row with different superscripts are significantly different (p<0.05).

logical statuses of birds fed chicken egg lysozymes (Musco
et al., 2019). However, increasing the WBC count and lym-
phocytes percentage may be mainly due to the action of egg
lysozymes from chicken to improve the immune response,
so chicken egg lysozymes are a good source of antioxidants
(El-Deep et al., 2020). Chicken lysosomes can prevent the
harmful effects of free radicals and may decrease toxicity and
improve liver health (Robertson et al., 2016).

The results indicated that all supplements in broiler rations
could improve blood biochemical indices such as total pro-
tein and their fractions, leading to better protein metabolism
with a pronounced effect of 50 mg lysozyme on increasing
alpha-globulin. The increasing concentration of serum to-
tal protein in egg lysozyme groups may be attributed to the
fact that chicken egg white contains high-quality proteins
and bioactive peptides (Huang et al., 2010; Chen and Zhang,
2012). Our supplementation of lysozymes increased the con-
centration of globulin compared to the control group. Similar
results were reported in the exogenous dietary lysozyme by
Abdel-Latif et al. (2017) in broiler chickens. It is of inter-
est to found no adverse impacts on the functions of the liver
and kidney of chickens fed all supplements, except for egg
lysozyme (50 mg kg−1) supplementation, which exhibited
more improvement in liver and kidney functions by reducing
ALT activity and urea concentration in blood serum, indicat-
ing the safety of egg lysozyme supplementation. Based on
these results, egg lysozyme is an excellent source of antiox-
idants that can protect body cells from free radicals, reduce
toxicity, and possibly even safeguard liver health by prevent-
ing liver damage (Robertson et al., 2016). In this context,

Oliver et al. (2014) found that chicken egg lysozyme con-
sumption reduced the circulating urea and improved protein
accretion.

Lipid profiles in the serum were improved only in birds fed
a diet with chicken egg lysozyme (50 mg kg−1) in terms of
considerable reduction in triglycerides and cholesterol levels
and increasing HDL level. The results of our findings agree
with Amer et al. (2023), who reported that increased lev-
els of lysozyme reduced the total cholesterol, triglycerides,
and low-density lipoprotein (LDL), while considerably rais-
ing HDL indicating a hypolipidemic effect of lysozyme. In
rabbits, dietary lysozyme had a positive impact on reducing
lipid profile in serum compared with the control group (Abu
Hafsa et al., 2022). Blood HDL cholesterol removes more
dangerous cholesterol types from blood circulation. The re-
sults support the lysozyme role as a health-promoting sup-
plement in rabbit diet (Martini and Pallottini, 2007).

In the present study, all dietary supplementations signif-
icantly increased antioxidants capacity, the level of TAC,
and activity of GSH, GPx, and SOD, while significantly
decreased the level of MDA compared with the control
diet. Similarly, significant improvements were observed in
antioxidant enzymes and MDA in the lysozyme (50 and
100 mg kg−1) groups (Hassan et al., 2023).

The increase in TAC is a biomarker for increasing the scav-
enging oxidative activity against free radicals (Kambayashi
et al., 2009). Supplementation of lysozyme was found to in-
crease the SOD activity in rabbits (Abu Hafsa et al., 2022).
Also, overexpression of SOD and GPx activities in the in-
testine was increased by exogenous lysozyme as a marker of
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the intestinal detoxification status increment against various
xenobiotics (Abdel-Latif et al., 2017). Dietary supplemen-
tation of lysozyme exhibited an increase in the blood SOD
activity and decrease in the level of MDA along with an in-
creasing number of goblet cells and length of microvilli in
the median region of the intestine (Chen and Zhang, 2012).
Chicken egg white proteins may increase the release and the
biological activity of bioactive peptides and the activity of
antioxidants (Huang et al., 2010; Chen and Zhang, 2012).

Lysozyme is an important non-specific immune-
modulating factor (Ferraboschi and Ciceri, 2021). The
inclusion of chicken egg lysozyme to the diet as a feed
additive is considered a stimulant of immunity and poten-
tial against bacteria due to its role in the host–pathogen
relationship changes (Hafez and Attia, 2020; Dawood
et al., 2024). Obminìska-Mrukowicz (2022) studied the
immunomodulatory properties of lysozyme and indicated
the pharmacological protection of immunohomeostasis
during bacterial and viral infections. Furthermore, the
last author stated that lysozyme could be applied to im-
prove the immune response during vaccination and for
the compensation of the impaired immune system due to
immunosuppressive factors. In the present study, the best
immunity parameters were obtained in birds fed a diet with
egg lysozyme (50 mg kg−1) regarding the highest level of
IFNγ , IL-6, and IL-10 in the blood serum of birds. Sim-
ilarly, supplementation of exogenous lysozyme (90 g t−1)
improved the non-specific immunity of broiler chickens
(Abdel-Latif et al., 2017). In the same context, microbial
lysozyme could improve intestinal integrity and immune
responses in broiler chickens (Du and Guo, 2021; Bastamy
et al., 2024). Lysozyme administration in diets of broiler
chickens (50 and 100 mg kg−1) and layer chickens (200 and
300 mg kg−1) improved intestinal morphology and immune
efficiency when compared to the control group (Hassan et
al., 2023; Sindaye et al., 2023).

Lysozyme supplementation showed some degree of im-
proved immunity in rabbits (El-Deep et al., 2020). Augmen-
tation of the immune response in adult pigeons with exoge-
nous lysozyme (van de Crommenacker et al., 2010) and stim-
ulation of the humoral defense mechanisms in rainbow trout
with dimerized lysozyme (Siwicki, et al., 1998) were also
reported. An enhancement in the immune response was re-
ported by supplementation of chicken egg lysozymes in pigs’
diets (Oliver et al., 2014). Chicken egg lysozyme supplemen-
tation improved chickens’ immune systems due to increas-
ing antioxidant activity (Fritz et al., 2009). Feeding chicken
egg lysozyme modulates serum antibodies (IgA) production
and the tunica mucosa in growing pigs’ intestines (Zou et al.,
2019).

The current study indicated that all dietary supplements
improved the intestinal total microbial count, while decreas-
ing the count of Salmonella, E. coli, and Proteus compared
to the control diet. The results of our findings agree with
Abdel-Latif et al. (2024), who found that supplementation

of lysozyme increased the total lactobacillus count and de-
creased the total coliform count at 21st and 35th day of age,
which might lead to improved microbial balance in the body.
In the same context, feeding lysozyme to broiler chickens
reduced the count of E. coli in the ileum compared with
feeding virginiamycin to birds. Dietary lysozyme at 100 ppm
can change intestinal microbiota of broiler chickens (Gong
et al., 2017). Lysozyme administration in diets of broiler
chickens at 50 and 100 mg kg−1 reduced the pathological
lesions caused by E. coli infections (Hassan et al., 2023).
The intestinal bacterial counts are vital in increasing the
digestive process and improving health status. El-Deep et
al. (2020) reported a similar trend in growing rabbits, who
found a decrease in intestinal E. coli count. The beneficial
impact of egg lysozyme on the intestinal total count of bac-
teria was attributed to the properties of chicken lysosome as
antimicrobial, antioxidant, anti-inflammatory, and immune-
modulatory properties (Abdel-Latif et al., 2017), indicating
the good health status of birds. Decreasing Salmonella, E.
coli, and Proteus counts can be attributed to the property of
lincomycin and different types of lysozymes to inhibit the
growth of pathogenic bacteria, consequently improving the
host health (May et al., 2012; Ma et al., 2017), especially the
use of chicken egg lysozyme which reduced the E. coli count
in pigs (Brundige et al., 2008). Furthermore, the antibacterial
activity of chicken egg lysozyme is via hydrolysis of the pep-
tidoglycan in the cell walls of pathogenic microbes (Ibrahim
et al., 2011; Du and Guo, 2021).

According to the obtained results, birds fed all supple-
ments showed improved growth efficiency; in particular,
those fed egg lysozyme diets during the growing period
(1–35 d) were associated with augmentation of hematolog-
ical parameters, improving protein metabolism, the profile
of lipids, and function of liver and kidney, antioxidant sta-
tus, immunity, and intestinal bacterial counts. The enhance-
ment in growth performance led to the highest carcass quality
parameters in birds fed egg lysozyme at a 50 mg kg−1 diet,
showing the highest dressing rate and breast weight percent-
age.

5 Conclusions

Chicken egg lysozyme supplementation to broiler chickens’
diet enhances the growth performance, antioxidant capacity,
immunity, and intestinal health of chicken broilers. There-
fore, chicken egg lysozyme (50 mg kg−1), as a feed additive
in broiler chicken diet, is promising and can replace antibi-
otics.

Data availability. The data presented in this study are available
free of charge for any user upon reasonable request from the corre-
sponding author.
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