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Abstract
This experiment was conducted to investigate the effects of dietary probiotic
supplementation on early growth, nutrient utilization, and gut microbiota in
layer chickens. A total of 540 healthy 1-day-old Lohmann Brown male chicks
with similar body weight were randomly allocated to 3 groups, each consist-
ing of 6 replicates of 30 birds. The control group received a basal diet, the
antibiotic group received the basal diet supplemented with 0.1 g/kg zinc bac-
itracin premix, and the probiotic group received the basal diet supplemented
with 1 g/kg probiotic preparation. The experimental period lasted 70 days.
The results showed: 1) Compared with the control group, the 70-day body
weight was significantly increased in both the probiotic and antibiotic groups
(P<0.05), with no significant difference between these two groups (P>0.05). 2)
Compared with the control group, the apparent utilization rate of dietary crude
protein in the probiotic group increased by 8.7% (P=0.054), and the apparent
utilization rate of calcium increased by 22.96% (P<0.05); the apparent utiliza-
tion rate of dietary energy in the antibiotic group was significantly increased
(P<0.05). 3) Compared with the control group, the number of microbial species
and the abundance of beneficial bacteria in the cecum of the probiotic group
were increased, while the abundance of harmful bacteria was decreased; in the
antibiotic group, the abundance of harmful bacteria in the cecum was decreased,
but the microbial richness and abundance of beneficial bacteria in the cecum
were also decreased. It can be concluded that dietary probiotic supplementation
can promote early growth, improve nutrient utilization, optimize gut microbiota
structure, and enhance physiological health status in layer chickens, and that
probiotics are more beneficial to gut health than antibiotics.
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Abstract

This experiment was conducted to investigate the effects of dietary probiotics on
growth performance, nutrient utilization, and intestinal microflora in early life
of layer chickens. Five hundred and forty 1-day-old healthy male Roman Brown
layer chicks with similar body weight were randomly allocated into 3 groups
with 6 replicates per group and 30 chicks per replicate. The control group was
fed a basal diet, the antibiotic group received the basal diet supplemented with
0.1 g/kg zinc bacitracin premix, and the probiotic group received the basal diet
supplemented with 1 g/kg probiotic preparation. The experiment lasted for
70 days. The results showed that: 1) Compared with the control group, the
body weight at 70 days of age was significantly increased in both probiotic and
antibiotic groups (P<0.05), with no significant difference between these two
groups (P>0.05). 2) The probiotic group exhibited an 8.7% improvement in
apparent crude protein utilization (P=0.054) and a 22.96% increase in apparent
calcium utilization (P<0.05) compared to the control group, while the antibiotic
group showed significantly improved apparent energy utilization (P<0.05). 3)
Compared with the control group, the probiotic group demonstrated increased
microbial diversity and beneficial bacterial abundance in the cecum, along with
reduced pathogen abundance; the antibiotic group showed decreased pathogen
abundance but also reduced microbial richness and beneficial bacterial abun-
dance. These findings indicate that dietary probiotic supplementation can pro-
mote early growth, improve nutrient utilization, enhance intestinal microflora
structure, and improve physiological health status in layer chickens, with probi-
otics being more beneficial for intestinal health than antibiotics.

Keywords: probiotic; layer chicken; early life; nutrient utilization; intestinal
microflora

Introduction

With growing concerns over antibiotic-induced bacterial resistance and drug
residues in animal-derived food products, probiotics have gained widespread
application and recognition in practical production [1]. Previous studies have
reported that dietary probiotics can improve growth performance [2-4], enhance
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nutrient utilization [5], promote intestinal development [6-8], and reduce harm-
ful bacteria populations in the gut [9-10] in broiler chickens. However, most
probiotic research has focused on broilers, with limited studies on early-stage
layer chickens. The brooding and early rearing periods represent critically im-
portant foundational stages in layer chicken development, during which nutrient
utilization capacity, intestinal development, and gut health status directly affect
normal growth during rearing and subsequent laying performance. Maintaining
optimal physiological health from the chick stage would facilitate long-term
healthy growth and support high production levels during the laying period.
Therefore, this study aimed to investigate the effects of dietary probiotics on
early growth, nutrient utilization, and intestinal microflora in layer chickens,
thereby clarifying the role of probiotics in early-stage layer diets and providing
a reference for probiotic application in layer chicken nutrition.

Materials and Methods

1.1 Experimental Materials The probiotic preparation used in this experi-
ment consisted of Bacillus subtilis and Pediococcus acidilactici, each with viable
counts of 1×10� CFU/g, purchased from Shandong Baolai-LaiLai Bioengineer-
ing Co., Ltd. The zinc bacitracin premix contained 10% zinc bacitracin, pur-
chased from Tianjin Xinxing Veterinary Pharmaceutical Factory. Experimental
animals were 1-day-old Roman Brown layer chicks provided by Jinhu County
Xingda Poultry Co., Ltd. The dietary premix (1% addition rate) was provided
by Yangzhou Yangda Feed Factory.

1.2 Experimental Design Five hundred and forty 1-day-old Roman Brown
layer chicks from the same hatch with similar body weight were randomly di-
vided into 3 groups: a control group fed the basal diet without any probiotics or
antibiotics, an antibiotic group fed the basal diet supplemented with 0.1 g/kg
zinc bacitracin premix, and a probiotic group fed the basal diet supplemented
with 1 g/kg probiotic preparation. Each treatment group consisted of 6 repli-
cates with 30 chicks per replicate. The basal diet was formulated as a powder
according to NRC (1994) [11] nutrient requirements, and the premix contained
no antibiotics. The composition and nutrient levels of the basal diet are pre-
sented in Table 1 .

The 70-day experiment was conducted in indoor cages with ad libitum access
to feed and water. The health status of the chickens was observed and recorded
daily.

1.3 Sample Collection and Analysis

1.3.1 Metabolism Trial At 70 days of age, one chicken with body weight
close to the replicate average was selected from each replicate in all groups
for a metabolism trial. The total collection method was used to collect feces
continuously for 4 days. Crude protein in feces was determined according to
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the national standard method [12], while dry matter and energy were analyzed
using methods described in “Feed Analysis and Quality Detection Technology”
edited by Zhang Liying [13].

1.3.2 Cecal Microflora Determination Total DNA was extracted from
aseptically collected cecal contents. After optimization, high-throughput se-
quencing was performed on the NGS Illumina MiSeq 2×300 bp platform to
determine cecal microflora composition and structure.

1.4 Data Analysis Data were compiled using Excel 2007 software and ana-
lyzed using one-way ANOVA and Duncan’s multiple comparison tests in SPSS
17.0 software. Differences were considered significant at P<0.05. Results are
expressed as “mean ± standard deviation”.

Results

2.1 Effects of Dietary Probiotics on Early Growth Performance The
effects of dietary probiotics on early growth performance are shown in Table
2 . At 70 days of age, body weight in both probiotic and antibiotic groups
was significantly higher than in the control group (P<0.05), with no significant
difference between the probiotic and antibiotic groups (P>0.05).

2.2 Effects of Dietary Probiotics on Nutrient Apparent Utilization
As shown in Table 3 , the probiotic group exhibited a trend toward improved
apparent crude protein utilization (P=0.054), with an 8.7% increase compared
to the control group. The antibiotic group showed significantly higher appar-
ent energy utilization than both the control and probiotic groups (P<0.05),
while no significant difference was observed between the control and probiotic
groups for energy utilization (P>0.05). Apparent calcium utilization in the pro-
biotic group was significantly higher than in both antibiotic and control groups
(P<0.05), with no significant difference between the latter two groups (P>0.05).
No significant differences were detected among groups for apparent utilization
of dry matter or phosphorus (P>0.05).

2.3 Effects of Dietary Probiotics on Cecal Microflora

2.3.1 Effects on Cecal Microbial Community Abundance Operational
Taxonomic Units (OTUs) are uniform markers artificially assigned to specific
taxonomic units (strain, genus, or species) in population genetics research to
facilitate information analysis. Through clustering operations, sequences are
grouped based on similarity, with each group representing one OTU. All se-
quences can be classified into OTUs at different similarity levels, with bioinfor-
matic statistical analysis typically performed at the 97% similarity level. Venn
diagrams intuitively display OTU composition and similarity among samples.
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Since Venn diagrams can only analyze 2-5 samples or groups, inter-group com-
parisons were conducted accordingly. The Venn diagram (Figure 1 [Figure 1:
see original paper]) revealed that the probiotic group had a total of 466 OTUs,
greater than the antibiotic group (453 OTUs) and control group (450 OTUs).

2.3.2 Effects on Cecal Microflora Structure The species composition of
each sample at phylum and genus levels is illustrated in histograms (Figure 2
[Figure 2: see original paper] and Figure 3 [Figure 3: see original paper]). At
the phylum level, 13 different bacterial phyla were detected in the cecum, with
Bacteroidetes and Firmicutes being the dominant phyla. These two dominant
phyla accounted for averages of 49.3% and 41.8% in the probiotic group, 49.5%
and 40.9% in the antibiotic group, and 49.2% and 41.7% in the control group,
respectively. Although Fusobacteria were not dominant, their abundance was
lower in the probiotic group than in the other two groups. Additionally, Acti-
nobacteria abundance averaged 1.5% in the probiotic group, lower than 1.9% in
the antibiotic group and 1.7% in the control group. In the antibiotic group, B2
and B4 Proteobacteria were higher than in other samples.

Among the 13 bacterial phyla, 168 different genera were identified. As shown in
Figure 3, Barnesiella was the dominant genus, accounting for 24.00%, 27.49%,
and 27.54% of the microflora in the control, antibiotic, and probiotic groups,
respectively. Bacteroides was also a dominant genus in the cecum, with 11.1%
abundance in the probiotic group, higher than 5.0% in the antibiotic group
and 7.3% in the control group. Among Bacteroides species, Bacteroides uni-
formis, Bacteroides fragilis, and Bacteroides eggerthii were detected through
high-throughput sequencing. Bacteroides uniformis abundance was 0.98% in
the antibiotic group, lower than 2.96% in the probiotic group and 2.45% in
the control group. Bacteroides fragilis abundance was 1.8% in the probiotic
group, higher than 1.1% in the antibiotic group and 0.7% in the control group.
Bacteroides eggerthii abundance was 0.56% in the antibiotic group, lower than
0.85% in the probiotic group and 0.78% in the control group.

Furthermore, dietary antibiotics reduced cecal Bacillus content to less than
0.001%, substantially lower than 0.036% in the probiotic group and 0.012% in
the control group. Enterobacteriaceae abundance was 0.029% in the probiotic
group and 0.01% in the antibiotic group, both lower than 0.044% in the control
group.

Discussion

3.1 Effects of Dietary Probiotics on Early Growth Performance Pro-
biotics can produce various vitamins, amino acids, and digestive enzymes in
the intestine to promote nutrient digestion and utilize excess oxygen in the
gut, thereby promoting the growth of anaerobic bacteria such as Bacteroidetes
that dominate intestinal digestion and absorption, ultimately enhancing nutri-
ent metabolism and absorption and improving growth performance. Research
on probiotics in layer chickens during early development is limited compared
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to extensive studies in broilers. Lu et al. [14] reported that a composite probi-
otic preparation containing Bacillus cereus, Bacillus subtilis, and Enterococcus
faecalis significantly improved growth performance in broilers aged 22-35 days.
Salim et al. [15] also demonstrated that dietary probiotic supplementation pro-
moted broiler growth and significantly increased body weight. Zhang et al. [16]
found that Bacillus subtilis supplementation significantly increased broiler body
weight after 35 days of feeding. The present results align with these findings,
showing that dietary probiotic supplementation significantly promoted growth
in layer chickens. Xie et al. [17] compared various probiotic preparations with
antibiotic feed additives and concluded that probiotics exhibited equal or even
superior growth-promoting effects. The specific growth-promoting mechanisms
of probiotics, which involve secretion of nutrients and digestive enzymes during
proliferation and metabolic activities, warrant further investigation.

3.2 Effects of Dietary Probiotics on Nutrient Utilization in Young
Layers Previous studies have shown that Bacillus subtilis supplementation
in yellow-feathered broilers and layer chickens can significantly improve crude
protein, calcium, and phosphorus utilization [18] without affecting dry matter
utilization [19]. However, Li et al. [5] and Apata [20] reported that probiotics sig-
nificantly improved ileal apparent utilization of dry matter, crude protein, and
energy in broilers. In this study, although probiotic supplementation did not
significantly affect apparent crude protein utilization, it showed a trend toward
improvement compared to the control group. Probiotics significantly improved
calcium apparent utilization, consistent with findings by Zhou et al. [18] and
Li et al. [19]. Calcium is closely related to bone development and eggshell for-
mation in layers. Wan [21] proposed that Bacillus subtilis can synthesize B
vitamins and vitamins E and K during growth and reproduction, participat-
ing in animal metabolism and promoting calcium and phosphorus absorption.
Nahashon et al. [22] also demonstrated that microbial agents can improve cal-
cium absorption and utilization in chickens, suggesting they facilitate adequate
calcium supply during egg production. Therefore, the significant improvement
in calcium utilization by probiotics compared to the basal diet and antibiotics
indicates that probiotic supplementation in early-stage layer diets can promote
growth by enhancing calcium absorption, with continued use potentially im-
proving laying performance. No significant differences in dry matter apparent
utilization among groups in this study align with Li et al. [19]. Probiotics
produce and secrete various enzymes during intestinal proliferation, particu-
larly bacilli, which can enhance activities of amylase, protease, and lipase [23].
Wang et al. [24] reported that probiotic supplementation significantly improved
pancreatic amylase and trypsin activities and stimulated secretion of these en-
zymes, thereby promoting nutrient absorption. Other studies have indicated
that active substances such as digestive enzymes and growth-promoting factors
produced by probiotics can synergistically enhance host digestion and absorp-
tion of nutrients [25]. The significantly improved energy apparent utilization
in the antibiotic group suggests that both probiotics and antibiotics enhanced
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nutrient utilization in different aspects, which may be related to the improved
growth performance observed at 70 days of age.

3.3 Effects of Dietary Probiotics on Cecal Microflora in Early-Stage
Layers This experiment identified a total of 477 OTUs, including 437 OTUs
common to all three groups, 4 unique OTUs in each group, 16 unique OTUs
shared between probiotic and control groups, 9 unique OTUs shared between
probiotic and antibiotic groups, and only 4 unique OTUs shared between antibi-
otic and control groups. The greater total OTU number in the probiotic group
indicates that probiotics increased cecal microbial diversity, whereas antibiotics
reduced OTU numbers. Cao [26] reported that dietary supplementation with
bacitracin zinc and colistin sulfate significantly reduced cecal OTU numbers in
broilers, consistent with our findings.

At the phylum level, mammalian gut microbiota are dominated by Bac-
teroidetes, Firmicutes, Actinobacteria, and Proteobacteria, with Firmicutes
and Bacteroidetes as the predominant phyla. Cao [26] similarly found that
broiler ceca primarily contained Firmicutes, Bacteroidetes, Actinobacteria,
and small amounts of Tenericutes, with Firmicutes and Bacteroidetes as the
dominant phyla. The present results showed that layer chicken ceca mainly
contained Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria, and
Tenericutes, with the first two being the most dominant phyla, indicating
that layer chickens, broilers, and mammals share similar dominant microflora
structures. Choi et al. [27] demonstrated that chicken gastrointestinal mi-
crobiota primarily consisted of Bacteroidetes, Firmicutes, Actinobacteria,
Proteobacteria, and Acidobacteria, with structural differences likely related to
species, breed, dietary composition, and environmental conditions [28].

At the genus level, Barnesiella and Bacteroides were the dominant genera. Bac-
teroides is crucial for maintaining host health [29]. The probiotic group showed
significantly higher Bacteroides abundance than other groups, particularly Bac-
teroides fragilis. As a normal intestinal commensal bacterium, B. fragilis is
well understood and acts as an opportunistic pathogen only when tissue dam-
age or pathological changes occur. Reduced B. fragilis populations are asso-
ciated with abnormalities; Sha [30] found that patients with ulcerative colitis
and Crohn’s disease had lower intestinal B. fragilis abundance than healthy
individuals. Other studies have linked B. fragilis to glucose metabolism, with
Zhang [31] reporting that it can indirectly promote glucose metabolism and
utilize polysaccharides effectively. Zhu et al. [32] demonstrated that B. fragilis
BF-839 supplementation improved immune function in broilers. Since no lesions
were observed in this study, the increased B. fragilis in the probiotic group may
have contributed to enhanced digestive and immune functions, though specific
mechanisms require further investigation. The significantly reduced Bacteroides
uniformis in the antibiotic group suggests antibiotics may affect immune func-
tion by altering this species.

Both antibiotics and probiotics reduced Enterobacteriaceae abundance, which
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includes pathogenic genera such as Escherichia, Salmonella, Shigella, Enterobac-
ter, and Proteus, indicating that both can inhibit harmful bacteria. However,
probiotics significantly increased Bacillus abundance, whereas antibiotics sub-
stantially reduced it. Bacillus not only promotes nutrient digestion and absorp-
tion but also inhibits pathogen growth, providing important probiotic benefits.
Consistent with these results, Wang [33] reported that probiotics increased bene-
ficial bacteria such as Lactobacillus and Bifidobacterium while reducing pathogen
numbers. Combined with the improved body weight and nutrient utilization
observed in this study, probiotics exert positive effects by increasing beneficial
bacteria like Bacillus, whereas antibiotics, despite inhibiting pathogens, also
suppress beneficial bacteria, compromising intestinal health.

Conclusion

Dietary probiotic supplementation can improve early growth performance and
nutrient utilization while enhancing intestinal microflora structure in layer chick-
ens. Although antibiotic supplementation also promotes early growth and nu-
trient utilization, it is detrimental to cecal microbial colonization and stability
of microflora structure.
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