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The effect of early colonized gut
microbiota on the growth
performance of suckling lambs

Hanjie Xiao', Hui Yan', Peizhi Tian', Shoukun Ji*, Wen Zhao,
Chensi Lu, Yingjie Zhang and Yueqin Liu*

College of Animal Science and Technology, Hebei Agricultural University, Baoding, China

The early colonized gut microbiota during the newborn period has been reported
to play important roles in the health and immunity of animals; however, whether
they can affect the growth performance of suckling lambs is still unclear. In this
study, a total of 84 newborn lambs were assigned into LF-1 (top 15%), LF-2 (medium
70%), and LF-3 (bottom 15%) groups according to their average body weight gain
at 30 days of age. Fecal samples of lambs (LF) as well as feces (MF), vagina (VAG),
colostrum (COL), teat skin (TEAT) samples of ewes, and the air sediment (AIR) in
the delivery room were collected 72 h after birth, and then the 16S rRNA gene
was sequenced on the Illumina MiSeq platform. The results showed that the early
colonized gut microbiota had a significant effect on the growth performance of
suckling lambs with alpha and beta diversity (p <0.05), and we observed that the
contribution of early colonized bacteria on the growth performance of lambs
increased with age (from BWsg at 25.35% to BW s at 31.10%; from ADGs, at 33.02%
to ADGys at 39.79% by measuring the relative effects of factors that influence
growth performance). The early colonized gut microbiota of suckling lambs
with high growth performance was similar to that in VAG, MF, and AIR (p <0.05).
With the RandomForest machine learning algorithm, we detected 11, 11, 6, and 4
bacterial taxa at the genus level that were associated with BWso, BW,5, ADGs0, and
ADGys of suckling lambs, respectively, and the correlation analysis showed that
Butyricicoccus, Ruminococcus_gnavus_group, Ruminococcaceae_Other, and
Fusobacterium could significantly affect the growth performance (BWs,, BW,s,
ADGs,, and ADGys) of suckling lambs (p < 0.05). In conclusion, the early colonized
gut microbiota could significantly affect the growth performance of suckling
lambs, and targeting the early colonized gut microbiota might be an alternative
strategy to improve the growth performance of suckling lambs.

KEYWORDS

early colonized gut microbiota, suckling lambs, growth performance, RandomForest,
gut signature bacteria

1. Introduction

The suckling period is the fastest-growing stage of lambs, and it is also the key period for
the colonization of gut microbiota in lambs (Lin et al., 2019; Dogra et al., 2021). The disorder of
the early colonized gut microbiota in newborn lambs made them vulnerable to various diseases,
which led to an increase in mortality and restricted the benefit of lamb raising (Bi et al., 2019;
Chen C. etal., 2021; Chen X. et al., 2021; Cristofori et al., 2021). Understanding the effect of the
early colonized microbiota in the gut on the growth performance of suckling lambs could
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provide fundamental concepts for alternative strategies to improve the
growth performance of suckling lambs.

Current research indicated that although there have been different
views on whether the initiation of microbial colonization begins in
utero or after birth (Perez-Munoz et al., 2017), the consensus was that
the newborn period is a key period for microbial colonization
(Collado et al., 2012). In the suckling period, microorganisms from
the mother and the environment were rapidly colonized after birth
until a stable microbiota was formed in the gastrointestinal tract after
weaning (Jami et al., 2013; Yeoman et al., 2018). Could the early
colonized bacteria affect the growth performance of animals was still
unclear. Interestingly, some studies have observed some correlations
between microbial communities and growth performance (Peled
et al, 2016; Noor et al, 2021; Peng et al., 2021). They provided
evidence that the yaks with high growth performance had lower
microbial richness and higher microbial diversity (Huang et al., 2021),
and supplementation of Bacillus subtilis or Lactobacillus rhamnosus in
feed could improve the growth performance of calves (Kim et al,,
2018; Zhang et al,, 2019), while we also observed that rumen fluid
transplantation in weaned lambs caused changes in the gut microbial
community, average daily feed intake, and average daily gain (ADG)
in our previous study (Yin et al., 2021).

Herein, we hypothesized that the early colonized gut microbiota
might affect the growth performance of suckling lambs. This study
focuses on the effect of the early colonized gut microbiota on the
growth performance of suckling lambs, explores the source of early
colonized gut microbial colonization, and detects the bacterial taxa
that might affect the growth performance of suckling lambs using the
RandomForest model. These findings might be helpful in enhancing
the growth performance of suckling lambs by targeting the early
colonized gut microbiota.

2. Materials and methods
2.1. Ethics statement

The experiments were conducted following the Chinese Animal
Welfare Guidelines and experimental protocols. All procedures used
in this study were approved by the Animal Care and Use Committee
of Hebei Agricultural University (ID: 2020004).

2.2. Experimental design and feeding
management

The study was conducted between August and October 2020 at
Lanhai Animal Husbandry Co., Ltd. (Zhangjiakou, China).
We selected 40 ewes with a similar expected delivery time and
achieved 84 newborn Hu lambs.

The delivery rooms were thoroughly cleaned and disinfected
1 week before the start of the experiment. The ewes were moved to the
delivery rooms for single-pen feeding 14 days before the expected
delivery time. After birth, the umbilical cord of lambs was disinfected
with iodophor, the body was wiped with gauze and ear-tagged, and
then the litter size and sex were recorded. The lambs were raised in the
same pen (1.8 m x 2m) with the ewes and got free access to the starter
and clean water after 7 days of birth.
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2.3. Growth performance of suckling lambs

The body weight of lambs was measured within 2 h after birth and
before morning feeding at 30 and 45 days of age.
The ADG was calculated as follows:

ADG; = (BWi —BW())/i

where ADG,; is the average daily gain from birth to ith days of age,
BW, is the body weight at ith days of age, and BWj is the birth weight.
The growth coeflicient (GI) of lambs was calculated as:

GI; =BW,; / BW,

where GI, is the growth coefficient from birth to ith days of age,
BW, is the weight at ith days of age, and BW, is the birth weight.

The body height, body length, and chest circumference of lambs
were measured 30 and 45 days after birth, according to a previous
report (Li et al., 2022).

Subsequently, the suckling lambs were divided into LF-1 (top 15%
lambs ranked according to the ADG;), LF-2 (medium 70% lambs
ranked according to the ADG;), and LF-3 (bottom 15% lambs ranked
according to the ADGg;) groups.

2.4. Samples collection and measurement

Blood samples of the lambs were collected at 24 h after birth from
the jugular vein and transferred into 5mL coagulation-promoting
tubes, and the serum was collected by centrifugation at 3,500 x g for
15min at room temperature and then frozen at —20°C. The IgG
content in the serum was determined using single radial
immunodiffusion in the laboratory (Martin et al., 2021). Sheep IgG
was purchased from Beijing Biolab Technology Co., Ltd. (Beijing,
China) (SP038-10mg), and rabbit anti-goat IgG antibody was
purchased from Beijing Biolab Technology Co., Ltd. (Beijing, China),
with a titer of 1:16-32. We classified the lambs into two groups with
24-h serum IgG levels of IgG >25 and < 25 mg/mL, according to the
criteria for successful passive immunization (Chigerwe et al., 2015).
Fecal samples of the lambs were collected from 84 lambs with sterile
swabs 72 h after birth and transferred to sterile tubes to be stored at
—80°C for subsequent analyses.

For the enrolled ewes in the current experiment, 10 individuals
were randomly selected, and vaginal samples were obtained using a
sterile swab inserted approximately 8 cm into the vagina and rotated
three times. The sterile swab was carefully removed from the vagina,
ensuring it did not touch the vulva, and the swab was quickly placed
into a 15-ml sterile tube with 10mL of phosphate-buffered saline
(PBS) and stored at —80°C for subsequent testing. Teat skin samples
of the ewes were collected with a sterile swab within 1h after birth
before the lambs were breastfed. A sterile swab moistened with saline
was used to wipe the teat skin area, and then the tip of the swab was
collected and placed into a 5-ml sterile tube and stored at —80°C for
subsequent testing. Before colostrum collection at approximately 1 h
after birth, teats of the ewes were wiped and cleaned with alcohol
containing sterile gauze, and the first 3 mL of colostrum was discarded.
Then, 5mL of colostrum was collected manually, transferred into a

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1273444
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Xiao et al.

sterile tube, and stored at —80°C until testing. Fecal samples of the
ewes were collected from the rectum and were transferred into sterile
tubes and stored at —80°C for subsequent analyses.

To collect samples of microbiota in air, six sampling points were
arranged in the front, middle, and rear sections of the pens, and the
samples were collected using the natural sedimentation method
following a previous publication (Zhang et al., 2022). Each Petri dish
was exposed to air for 30 min, then a sterile swab was used to dip the
surface of the Petri dish, transferred into a cryogenic storage tube, and
stored at —80°C for testing.

2.5. 16S rRNA gene high-throughput
sequencing and analysis

DNA was extracted from collected samples using the PowerSoil
DNA Isolation Kit (Allwegene Tech, Beijing, China) according to the
manufacturer’s instructions. The concentration and purity of the DNA
were determined using a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, Inc., United States). The V-V, region of the bacterial
16S rRNA gene was amplified with primers 338F
(5-ACTCCTACGGGAGGCAGCAG-3") and 806R
(5-GGACTACHVGGGTWTCTAAT-3") on an ABI 9700 PCR
instrument (Applied Biosystems, Inc., United States). PCR reactions
were performed in a 25-pl mixture containing 30 ng template DNA,
1 pL forward primer (5uM), 1 pL reverse primer (5uM), 3 pL BSA
(2ng/pl), 12.5pL 2x Taq PCR MasterMix, and 7.5 L ddH,O. The PCR
amplification program was 95°C for 5min, followed by 30 cycles of
94°C for 305, 50°C for 305, and 72°C for 60 s with a final extension at
72°C for 10 min. PCR products were extracted from 1% agarose gel
and purified using the Agencourt AMPure XP (Beckman Coulter,
Inc., United States) nucleic acid purification kit. The extracted DNA
from fecal samples of 10 lambs was of low quality and had been
removed from the experiment, and 74 fecal samples of lambs were
subjected to bacterial community detection with high-
throughput sequencing.

Deep sequencing of DNA extracts was performed on the Illumina
MiSeq platform (Illumina, Inc., United States). The raw reads were
split by QIIME (v1.8.0), the sequencing data were filtered and spliced
using the Pear software (v0.9.6), and the sequences were filtered to
remove chimeras using the Vsearch software (v2.7.1). After OTUs
were clustered with high-quality sequences using the Vsearch software
(v2.7.1) with a sequence similarity threshold of 97%, the representative
sequences were compared with the Silval38 database to obtain the
taxonomic information of the species corresponding to each
OTU. Diversity indices, including Chaol and Shannon indices, were
calculated using the QIIME software (v1.8.0), and the principal
coordinate analysis (PCoA) based on Jaccard distance was performed
by the R software (v4.1.2).

2.6. Statistical analysis

Experimental data were analyzed using one-way ANOVA or
Student’s t-test of the SPSS software v.22.0 (SPSS Inc., Chicago, IL,
United States), and then multiple comparisons were performed using
the LSD method. The models between growth performance and
microorganisms were constructed using the RandomForest package
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in the R software (v4.1.2), and signature bacteria were screened by
increasing mean squared error (%IncMSE) and cross-validation.
Figures were generated with the GraphPad Prism 8.0.2 (GraphPad
Software, Inc., San Diego, CA, United States) or R (v4.1.2) software.
Data were presented as the mean+standard deviation (SD), and
Pp<0.05 was considered a significant difference.

3. Results

3.1. Effect of serum IgG content, birth
weight, litter size, and sex on growth
performance of suckling lambs

The serum IgG content had no significant effect on the growth
performance (BW,, BW;,, BW,5, ADGy,, and ADG,;) of suckling
lambs (p>0.05), but the growth performance of suckling lambs could
be significantly affected by the birth weight and sex of lambs and the
litter size of the ewes (p<0.05). We observed that the growth
performance of suckling lambs with a birth weight>4kg was
significantly higher than that of lambs with a birth weight of 3-4kg
or<3kg (p<0.05), and the growth performance of single lambs was
significantly higher than that of twins and triple lambs (p <0.05). Male
lambs had significantly higher BW,, BW;;, and ADG;, than female
lambs (p <0.05) (Table 1). Meanwhile, the effects of these factors on
Gls, Gls, and body size parameters were similar to the growth
performance indices of BW0, BW30, BW45, ADG30, and ADG45
(Supplementary Tables S1, S2).

3.2. Comparison of gut microbiota in
suckling lambs with different growth
performance

We assigned lambs into three groups (LF-1, top 15%; LF-2,
medium 70%; LF-3, bottom 15%) based on the average body weight
gain 30 days after birth. Our results indicated no significant difference
in the Chaol index between the groups (p>0.05) (Figure 1A).
However, the Shannon index of the LF-1 group was significantly
higher than that of the LF-2 and LF-3 groups (p <0.05) (Figure 1B). A
PCoA analysis based on Jaccard distance revealed a significant
difference in the gut microbiota composition between the three
groups (ANOSIM, R=0.2, p<0.05) (Figure 1C), and the within-group
distance of the LF-1 group was significantly higher than that of the
LF-2 and LF-3 groups (Figure 1D). These results suggested that lambs
with different growth performances might have different gut
microbiota compositions in early life, and the gut microbiota of
suckling lambs with higher growth performance had high inter-
individual variability.

3.3. The contribution of multiple factors to
the growth performance of suckling lambs

To evaluate the contribution of multiple factors affecting the
growth performance of suckling lambs, we fitted a multiple linear
regression model with growth performance, with the independent
variables including gut microbiota, sex, birth weight, IgG content in
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TABLE 1 Effect of serum IgG content, birth weight, litter size, and sex on growth performance of suckling lambs.

Factor and group Period
BW.s
1gG (mg/ml)
>25 73 3.77+0.95 9.43+2.78 11.41£3.15 0.19+0.07 0.17+0.06
<25 11 3.23+0.63 8.26+1.50 9.49+1.75 0.17+0.04 0.14+0.04
Birth weight (kg)
>4kg 31 4.71+£0.52* 11.61+£2.05* 13.49+2.76* 0.23+£0.06* 0.19+£0.06"
3~4kg 31 3.48+0.30° 7.96+2.05" 9.96+2.15" 0.15+0.06" 0.14+0.04°
<3kg 22 2.52+0.31° 7.34+1.47° 8.87+2.30° 0.16+0.04° 0.14+0.05"
Litter size
Single 11 4.70+0.90* 12.75+2.66° 14.72+£3.29* 0.27+0.07* 0.22+0.06*
Twin 43 3.92+0.89° 9.73+2.48" 11.50 £2.86" 0.19+0.06" 0.1740.05"
Triplet 30 3.02+0.91° 7.20+2.50° 9.15+£2.87¢ 0.14+0.06° 0.13+0.05°
Sex
Male 40 3.94+0.95* 10.10£2.68* 11.86+3.13 0.20£0.07* 0.17£0.06
Female 44 3.50+0.96" 8.63+2.68" 10.64+3.06 0.17+0.07° 0.16+0.06

**<Values within a column with different superscripts mean significant difference (p <0.05).

BWO, birth weight; BW30: body weight at 30th day of age; BW45, body weight at 45th day of age; ADG30, average daily gain from 0 to 30 days of age; ADG45, average daily gain from 0 to

45 days of age.

the serum of suckling lambs, and litter size of the ewes. We observed
that these factors could explain 66.42% of the variation of BW3,,
54.33% of the variation of BW s, 43.16% of the variation of ADG;,, and
30.73% of the variation of ADGys for suckling lambs. The gut
microbiota, birth weight of lambs, and litter size of ewes have been
identified as the top three influencing factors on the growth
performance of suckling lambs. Among them, the contribution of
early colonized gut microbiota on the growth performance of lambs
increased with age (from BW3, at 25.35% to BW,s at 31.10%; from
ADGg at 33.02% to ADGys at 39.79%) (Figure 2). We also observed a
similar result for the GI;, and Gl indices, and the contribution of gut
microbiota to the growth index increased from GI;, with 32.79% to
GIL,;s with 35.94% with age increase (Supplementary Figure S1). These
results indicated that the early colonized microbiota played important
roles in the growth performance of suckling lambs, and their effect on
growth performance might increase with age.

3.4. Sources of microbiota associated with
the growth performance of suckling lambs

We then compared the gut microbiota of suckling lambs and their
potential sources. The results of PCoA revealed a significant difference
between the gut microbiota composition of lambs and the vaginal
microbiota of ewes, the microbiota of air sediment, the microbiota of
ewes teat skin, the colostrum microbiota, or the fecal microbiota of
ewes (ANOSIM, R=0.928, p<0.01) (Figure 3A), and the inner-group
distances in each source were also significantly different (p<0.01)
(Figure 3B). Furthermore, we calculated the relative distances between
the gut microbiota of suckling lambs and the potential sources and
found the distance between the gut microbiota of lamb and that of
ewes’ teat skin was significantly lower than that of vagina, colostrum,
and feces of ewe, as well as the air sediment (p <0.05) (Figure 3C). In
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addition, the distance of gut microbiota composition between that of
the vagina, air sediment, and feces of ewe for higher growth
performance lambs (LF-1 group) was significantly lower than that
between lower growth performance lambs (LF-2 and LF-3 groups)
(p<0.05) (Figures 3D-H). These findings indicated that the early
colonized gut bacteria of newborn lambs had significant individual
differences and mainly came from the teat skin of ewes, but the early
colonized microbiota was more similar to the bacterial composition
of the vagina and feces of ewes, and the air might be helpful to improve
the growth performance of suckling lambs.

3.5. Signature bacteria associated with
growth performance of suckling lambs

To screen the signature bacteria associated with the growth
performance of suckling lambs, we used the RandomForest machine
learning algorithm with the lowest cross-validation error and detected
11, 11, 6, and 4 bacterial taxa at the genus level that were associated
with BW;,, BW,5, ADG;,, and ADGy; of suckling lambs, respectively
(Figure 4).

Ranked according to the importance of the index, the signature
bacteria associated with BWj,, were: Ruminococcaceae_Other,
Bacteroides, Blautia, Brevibacterium, Klebsiella, Staphylococcus,
Fusobacterium, Methylophilaceae_Other, Sphingomonas,
Glutamicibacter, and Lachnospiraceae_UCG-004 (Figure 4A). The
signature bacteria associated with BW,; were: Ruminococcaceae_
Other, Butyricicoccus, Bacteroides, Parabacteroides, Paeniclostridium,
Alkalibacterium, Escherichia_Shigella, Ruminococcaceae_UCG-004,
Hungatella, Roseburia, and Pasteurellaceae_Other (Figure 4B). The
signature bacteria associated with ADG;, were: Bacteroides,
Glutamicibacter, Alistipes, Sporosarcina, Sellimonas, and Acidibacter
(Figure 4C). The signature bacteria associated with ADG,; were:
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FIGURE 1
Diversity analysis of the gut bacterial composition of newborn lambs with different growth performance. Chaol index (A) and Shannon index (B) of gut
microbiota among LF-1, LF-2, and LF-3 groups. (C) Principal coordinate analysis (PCoA) of gut microbiota in the suckling lambs on genus level (based
on the Jaccard distance). (D) Inner-group distance of gut microbiota in LF-1, LF-2, and LF-3 groups. The suckling lambs were divided into LF-1
(top 15%), LF-2 (medium 70%), and LF-3 (bottom 15%) groups according to ADGs, of lambs. * indicated significant differences among groups (p < 0.05).

Butyricicoccus,  Bacteroides, Ruminococcaceae_Other, and
Faecalibacterium (Figure 4D). Similarly, the signature bacteria
associated with GI;, were: Bacteroides, Ruminococcus_gnavus_group,
Acidibacter,

Ruminococcus_torques_group, Globicatella, Flavonifractor, and

Faecalibacterium, Fusobacterium, Atopostipes,
Ruminococcus_2. The signature bacteria associated with GI,5 were:
Alistipes,

Ruminococcus_1, and Acidibacter (Supplementary Figure S2).

Lachnospiraceae_AC2044_group, Microvirga,

3.6. Correlation between signature bacteria
and growth performance of suckling lambs

To investigate which gut signature bacteria affect the growth
performance of suckling lambs, we further assessed their relationship
with the Pearson correlation analysis. The results showed that the
growth performance was negatively correlated with two signature
bacteria and positively correlated with eight signature bacteria.
Among them, BW;, was negatively correlated with Staphylococcus
(r=-0.27, p<0.05), and Atopostipes (r=-0.27, p<0.05), and
positively correlated with Lachnospiraceae_ UCG-004 (r=0.39,
p<0.01), Hungatella (r=0.30, p<0.05), Butyricicoccus (r=0.30,

Frontiers in Microbiology

p<0.01), Ruminococcaceae_Other (r=0.28, p<0.05), Bacteroides
(r=0.31, p<0.01), and Fusobacterium (r=0.35, p<0.01). ADG;, was
negatively correlated with Staphylococcus (r=-0.24, p<0.05) and
Atopostipes (r=—0.24, p<0.05), and positively correlated with
Lachnospiraceae_UCG-004 (r=0.27, p<0.01), Hungatella (r=0.29,
p<0.05), Butyricicoccus (r=0.29, p<0.05), Ruminococcaceae_Other
(r=0.28, p<0.05), Ruminococcus_gnavus_group (r=0.29, p<0.01),
and Fusobacterium (r=0.25, p <0.01). BW,; was negatively correlated
with Staphylococcus (r=-0.24, p<0.05), and positively correlated
with Lachnospiraceae_UCG-004 (r=0.25, p<0.05), Butyricicoccus
(r=0.42, p<0.01), Ruminococcaceae_Other (r=0.29, p<0.05),
Ruminococcus_gnavus_group (r=0.27, p<0.05), Bacteroides
(r=0.35, p<0.01), (r=0.32, p<0.01), and
Parabacteroides (r=0.24, p<0.05). ADG,; was positively correlated

Fusobacterium

with Butyricicoccus (r=0.40, p<0.01), Ruminococcaceae_Other
(r=0.27, p<0.05), Ruminococcus_gnavus_group (r=0.27, p<0.01),
Bacteroides (r=0.31, p<0.01), Fusobacterium (r=0.26, p<0.05), and
Parabacteroides (r=0.25, p<0.05) (Figure 5). Butyricicoccus,
Ruminococcus_gnavus_group, Ruminococcaceae_Other, and
Fusobacterium were common microorganisms that affect growth
performance, and the relative abundance of Butyricicoccus,

Ruminococcus_gnavus_group, and Fusobacterium had a significant
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LF-1, LF-2, and LF-3
(Supplementary Figure S3). Similarly, we also detected the bacterial

difference among the groups
taxa related to growth performance at the phylum, class, order, and
family level through LEfSe analysis and correlation analysis, which are

shown in Supplementary Figure S4.

4. Discussion

4.1. Effect of gut microbiota on growth
performance of suckling lambs

Previous studies have shown that various factors can influence the
growth performance of suckling lambs, such as serum IgG levels, birth
weight, litter size, and sex of lambs; however, these factors could not
fully explain the growth performance of suckling lambs (Gokce et al.,
2013; Le Dividich et al., 2017; Gokce and Atakisi, 2019; Charneca
et al., 2021). Some studies in recent years indicated that the early
colonization of gut microbiota could also affect the immunity and
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health of animals (Tanca et al., 2017; Momo et al., 2023); therefore,
we hypothesized that the early colonized bacteria could also affect the
growth performance of suckling lambs.

Our findings indicated that the gut microbiota of suckling lambs
had high individual variability, lambs with different growth
performance might have different gut microbiota composition in early
life, and the suckling lambs with higher growth performance had
higher Shannon diversity of gut microbiota; this finding was consistent
with previous studies in yaks (Petri et al., 2013; Huang et al., 2021) and
pigs or calves (Dill-McFarland et al., 2019; Chen C. et al., 2021; Chen
X.etal,2021; Hu et al.,, 2023), which supported the previous findings
that microbial diversity and composition might play a crucial role in
growth performance. Furthermore, we observed that the contribution
of early colonized bacteria on the growth performance of lambs
increased with age (from BWj, at 25.35% to BW 5 at 31.10%; from
ADGg at 33.02% to ADGys at 39.79% by measuring the relative effects
of factors that influence growth performance). These unexpected
findings suggested that the early colonization gut microbiota might
have along-lasting effect on the growth performance of suckling lambs.
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4.2. Sources of gut microbiota on growth
performance of suckling lambs

The newborn period is a key period for microbial colonization,
and bacteria rapidly colonize the gut of newborn lambs by transferring
from the surrounding environment, such as the vagina, teat skin,
colostrum, and feces of ewes, as well as the bacteria in air sediment
(Arrieta et al., 2015; Koleva et al., 2015; Perez-Munoz et al., 2017). The
microbiota formed in the gut of newborn lambs depends on the
environment to which they were first exposed. This also supported our
previous observations that the gut microbiota of newborn lambs has
high individual variability, which raised another question: Would the
different sources of microbiota affect the growth performance of
suckling lambs?

We calculated the distance between the gut microbiota of lambs
and that of the potential sources and found that the gut microbiota of
lambs with higher growth performance was more similar to that of the
vagina, feces of ewe, and air sediment. Previous studies had found that
there were abundant beneficial bacteria such as lactobacillus and
bifidobacterial in the vagina, feces, and air sediment, which could
enhance immunity, intestinal functions, and maturity of the gut
microbiota, thus improving the growth performance of animals in
early life (Mikami et al., 2012; Makino et al., 2013; Shin et al., 2015;
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Ferretti et al., 2018; Quintana et al., 2020; Saturio et al., 2021).
Therefore, newborn lambs more frequently contacted with the vagina
and feces of ewes as well as the air sediment might be helpful to
improve their growth performance.

4.3. Signature bacteria that affect the
growth performance of suckling lambs

We identified 35 signature bacteria associated with the growth
performance of suckling lambs using the RandomForest model and
investigated their correlation with the growth performance.

The results showed that Butyricicoccus, Ruminococcus_gnavus_
group, Ruminococcaceae_Other, and Fusobacterium had positive
correlations with growth performance (BW5, BW,;, ADGs, and
ADGgy;s). The possible explanation for this finding might be due to
their functions. Butyricicoccus is the major butyric-acid-producing
bacterial taxa in the gut, which has demonstrated a new generation of
probiotics because butyric acid (the production of Butyricicoccus) is
one of the most important nutrients for intestinal epithelial cells, and
Butyricicoccus can also reduce the load of pathogenic bacteria in the
cecum and ileum (Mahdavi et al., 2021) and prevent inflammation by
inhibiting secretion of IL-8 and interferon y (IFN y) (Eeckhaut et al.,
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2013). Both Ruminococcus_gnavus_group and Ruminococcaceae_
Other belonged to the Ruminococcaceae at the family level, which
played a vital role in digesting nutrients and regulating the metabolism
of the host. Some studies also observed that Ruminococcaceae
colonized in the gut would benefit animals by keeping the integrity of
the gut barrier and preventing diarrhea (Chua et al., 2018; Vojinovic
etal, 2019). Some members of the genus Fusobacterium were capable
of fermentative metabolism in anaerobic environments to produce
organic acids, which might play a positive role in the metabolism of
nutrients in the gut (Potrykus et al.,, 2007; Ma et al., 2022). These
signature bacteria detected in the current experiment might provide
potential targets for manipulating the gut microbiota in early life to
improve the growth performance of suckling lambs.

5. Conclusion

The early colonized gut microbiota could significantly affect the
growth performance of suckling lambs, and the contribution of
early colonized bacteria to the growth performance of lambs
increased with age. Butyricicoccus, Ruminococcus_gnavus_group,
Ruminococcaceae_Other, and Fusobacterium were the signature
bacteria affecting the growth performance of suckling lambs.
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