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Simple Summary: Yaks are economically important food animals in the plateau regions of China,
but bacterial diarrheal diseases frequently occur, with limited effective treatments. In this study,
we investigated the effects of Lactobacillus salivarius and berberine on diarrheal yak calves. Our
results showed that yaks treated with Lactobacillus salivarius and berberine had higher weight growth
rates and lower diarrhea scores. Serum analysis indicated that these treatments increased the levels
of T-AOC, SOD, GSH-Px, and IL-10 while reducing MDA, TNF-«, IL-13, and IL-6. Microbiota
sequencing identified significant changes in two phyla and twenty-seven genera, including beneficial
genera, such as Faecalibaculum and Parvibacter, and harmful genera, like Marvinbryantia and
Lachnospiraceae UCG-001. These findings provide novel insights for developing new therapies to
combat ruminant diarrhea.

Abstract: Yaks are important food animals in China; however, bacterial diarrheal diseases frequently
occur on the plateau, with limited effective therapies. The objective of this research was to evaluate the
effectiveness of Lactobacillus salivarius (LS) and berberine in alleviating diarrhea in yak calves. For this
purpose, eighteen healthy yak calves were divided into control (JC), infected (JM), and treatment (JT)
groups. Yaks in the JT group were treated with 2 x 1010 CFU//calf L. salivarius and 20 mg/kg berberine,
and yaks in the JM and JT groups were induced with multi-drug-resistant Escherichia coli. The results
showed that the weight growth rate in the JM group was significantly lower than that in the JC and
JT groups. The diarrhea score in the JM group was significantly higher than that in both the JC and JT
groups. Additionally, the contents of T-AOC, SOD, GSH-Px, and IL-10 were significantly lower in the
JM group than those in the JC and JT groups, while MDA, TNF-«, IL-13, and IL-6 were significantly
higher in the JM group. Microbiota sequencing identified two phyla and twenty-seven genera as
significant among the yak groups. Notably, probiotic genera such as Faecalibaculum and Parvibacter
were observed, alongside harmful genera, including Marvinbryantia and Lachnospiraceae UCG-001.
Our findings indicate that treatment with L. salivarius and berberine significantly reduced diarrhea
incidence, improved growth performance, and positively modulated intestinal microbiota, which
could provide novel insights for developing new therapies for ruminant diarrhea.
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1. Introduction

The third pole, the Qinghai-Xizang plateau, is in internal Asia [1] and is characterized
by a frigid, anoxic climate with strong ultraviolet radiation [2,3]. In this rugged environ-
ment, numerous “boat of the plateau” ruminants—yaks—have been living at altitudes of
3000-5000 m for thousands of years. There are 14 million yaks on the Chinese plateau,
which represents 90% of the total yak population globally [4,5]. In the Chinese plateau
regions, yaks are economically and religiously important ruminants, providing nourishing
meat and milk products, furs, medicinal horns, and dung fuel for native herdsmen [6].
Hence, cattle disease, an especially infectious disease, can negatively affect the yak industry
and the local economy on the plateau [4].

Cattle diarrhea caused by intestinal microbes is usually associated with higher mor-
bidity and mortality, especially in calves [7,8]. Infectious diarrhea caused by bacteria,
viruses, and parasites is considered a major cause of economic loss in the cattle indus-
try [9]. Besides the mortality caused by serious diarrhea, growth retardation and treatment
expenses also reduce the economic benefits of cattle farming, and antibiotic resistance
is a growing health concern due to antibiotic overuse [10,11]. Among these microbial
pathogens, the opportunistic Gram-negative Escherichia coli is a common inhabitant of
the gut in warm-blooded hosts and is often detected in many secondary infections. The
predominant pathotypes of E. coli responsible for diarrhea in yak calves are enterotoxigenic
E. coli (ETEC), with serotypes O91 and O145 among the most prevalent serotypes [12].
E. coli infection in cattle not only causes severe diarrhea but also impedes meat production
and trade [13]. Nowadays, antimicrobial resistance is a serious issue for human and animal
health [14,15], and many studies have reported antimicrobial resistance in E. coli strains on
cattle farms [16,17]. Therefore, developing a novel therapeutic method for E. coli infection
is urgent and important.

Probiotics were first defined as live microbes that promote health when ingested in
appropriate amounts by the World Health Organization [18]. Nowadays, probiotics are
popularly utilized in food supplements, cosmetics, and for gastrointestinal diseases [19,20].
Lactobacillus salivarius is a beneficial bacterium that can mediate gut microbiota and the
inflammatory response and maintain the intestinal barrier [21,22]. A previous study con-
firmed that a strain of L. salivarius could alleviate intestinal damage in mice caused by
E. coli [23]. Berberine is a well-known isoquinoline alkaloid found in plants like Coptis
chinensis, Phellodendron chinense, and Berberis aristate, etc. [24,25]. In traditional Chinese
medicine, herbs like Coptis chinensis are used to treat digestive system diseases like diar-
rhea and jaundice [26]. Previous studies have verified that berberine has anti-bacterial and
anti-diarrhea effects [27] and can alleviate colitis and inflammatory bowel disease [28,29].
These studies suggest that L. salivarius and berberine could be employed to treat bacterial
diarrhea in animals.

The gut microflora is composed of an enormous number of microbes, including bacte-
ria, fungi, protozoa, and viruses [30], which play considerable roles in various physiological
processes, such as digestive absorption, nutrition metabolism, and immunity [31]. The
balance of microbial immunity is positively related to intestinal homeostasis [32], while
microbiome changes are associated with inflammatory bowel disease [33] and irritable
bowel syndrome [34]. Previously, microbial dysbiosis has also been reported in diarrheic
cattle and yaks [35-37]. Until now, little awareness has been mastered regarding the treat-
ment effect of Lactobacillus salivarius (LS) and berberine on diarrheic yaks on the plateau.
The objective of this research was to evaluate the effectiveness of Lactobacillus salivarius
and berberine in alleviating E. coli (enterotoxigenic E. coli (ETEC))-induced diarrhea in yak
calves. This was achieved by analyzing their impact on antioxidant capacity, inflammatory
factors, and intestinal microbiota.
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2. Materials and Methods
2.1. Experiment Design

Eighteen healthy four-month-old male Qinghai-Tibet Plateau-origin yak calves were
selected from a yak industrial farm in Linzhou country, China. The calves were housed
in individual pens with concrete flooring covered by straw bedding. The housing area
was maintained at a temperature of 20 £ 3.5 °C with adequate ventilation, and all calves
were given three days to acclimate. Each pen was equipped with a feeding trough and fed
on hay and concentrates with pelleted starter feed (265.9 g/kg CP, DM basis) with water
supplied ad libitum. The pens were refreshed every 3 days, and manure was removed daily
to keep the bottoms of the pens dry and clean. For the experimental study, yak calves
were randomly grouped into three groups: control (JC), infected (JM), and treatment (JT).
From the 4th to the 10th day, yaks in the JT group were treated orally with previously
isolated L. salivarius (PP859184) at 2 x 10'° CFU/calf and 20 mg/kg berberine (Meryer,
Shanghai, China. Yaks in the JC and JM groups received an equal volume of distilled water.
On the 11th day, ruminants in groups JM and JT were induced with multi-drug-resistant
E. coli (PP859186) isolated from diarrheal yaks. By contrast, the JC group was induced
with an equal volume of Luria—Bertani medium (Solarbio, Beijing-China). On the 12th
day, blood and rectal content samples were obtained from all yak calves (Figure 1). Fecal
samples were collected directly from the rectum using sterile gloves and stored at —80 °C
until analysis. Body weight was measured, and the diarrhea scores of the animals were
evaluated. The diarrhea score was assessed on the basis of diarrhea severity as reported in
a previous study: normal (0), slightly moist (1), temperately moist (2), loose (3), and watery
stools (4) [38].

—> JC
acclimate distilled water Luria-Bertani .sample collection .
. - —> JM
acclimate distilled water ~ FE. coli  sample collection
, _ —a i
acclimate L. salivariustberberine ~ E. coli ~  sample collection
day 1-3 day 4-10 day 11 day 12

Figure 1. Experimental timeline nd protocol overview.

2.2. Detection of Oxidation Resistance and Inflammatory Factors in Yaks

Blood samples from calf veins were centrifuged at 3000 x g for 15 min to obtain serum
for enzyme-linked immunosorbent assay (ELISA). Serum cytokines, including tumor necro-
sis factor-alpha (TNF-c), interleukin-10 (IL-10), interleukin-6 (IL-6), and interleukin-1 beta
(IL-1B), as well as antioxidant indices, malondialdehyde (MDA), superoxide dismutase
(SOD), glutathione peroxidase (GSH-px), and total antioxidant capacity (T-AOC), were as-
sessed using commercial assay kits from Jiancheng Bioengineering Institute (Nanjing, China).

2.3. Intestinal Microbiota Sequencing of Yak Calves

Eighteen rectal samples from yak calves in the JC, JM, and JT groups were selected for
microbial DNA extraction via QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany)
following the manufacturer’s instructions. The quality and concentration of these extracts
were examined using 1% agarose gel electrophoresis and Qubit 3.0 fluorimeter (Thermo Sci-
entific, Waltham, MA, USA), as described in previous studies [39,40]. The V3-V4 zone of the
165 rRNA gene of all yak microbiomes was amplified using the primer pairs 341F/785R [41].
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The PCR amplification products were examined to confirm their quality via electrophoresis.
Finally, these products were used for library construction using TLANSeq DirectFast Library
Kit (Illumina) (Tiangen, Beijing, China) and sent for amplicon sequencing via the Illumina
MiSeq platform (Bioyi Biotechnology Co., Ltd., Shanghai, China).

2.4. Sequencing Data Analyzing of Yak Calves

The raw data from calf ruminants were processed with cutadapt and QIIME2 (QIIME
22020.6.) software to filter sequences and generate an amplicon sequence variant (ASVs)
abundance table [42,43]. All yak ASVs were annotated by blasting against the SILVA
database (V138). Alpha diversity was analyzed to explore the richness and diversity of
microflora within the yak samples by calculating the Shannon, Simpson, ACE, Coverage,
Chaol, Observed species, and PD_whole_tree indexes [44]. Beta diversity was assessed to
compare the intestinal microbiota composition of different yak groups through principal
component analysis [45], principal coordinates analysis [46], and non-metric multidimen-
sional scaling [47]. Significantly different species between calf groups (JC, JM, and JT) were
identified using LEfSe and multiple ¢-tests [48,49].

2.5. Statistical Analysis

Valid difference analysis among yak groups was performed using SPSS version 36.0.
The results are presented as means + standard deviation (SD), and statistical significance
was determined at p < 0.05. Data normality was assessed using the Shapiro-Wilk test. For
normally distributed data, one-way ANOVA was conducted, followed by Tukey’s post hoc
test. For non-normally distributed data, log transformation was applied before analysis.
Statistical significance was consistently set at p < 0.05.

3. Results
3.1. Lactobacillus salivarius and Berberine Reduced Diarrhea in Yak Calves

There were no marked differences in the initial (Day 4) and final (Day 12) body weight
between the JC, JT, and JM groups (Figure 2a). However, the weight growth rate in the JM
group was notably lower (p < 0.01) than that in the JC group, while yaks supplemented
with LsB showed a higher growth rate (p < 0.05) compared with those in the JM group
(Figure 2b). The diarrhea score in the JM group was significantly higher than in the JC
(p <0.0001) and JT (p < 0.01) groups (Figure 2c).
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Figure 2. Effects of Lactobacillus salivarius and berberine on weight (kg), growth rate (%), and diarrhea
score in yak calves. (a): Weight gain (kg) in yak calves over the experimental period. (b): Growth rates
among the different treatment groups. (c): Diarrhea severity scores assessed using a standardized
scoring system. Significance levels are indicated as follows: **** p < 0.0001, ** p < 0.01, and * p < 0.05.
Data are presented as the mean + SEM (n = 6 per group). These results demonstrate the beneficial
effects of Lactobacillus salivarius and berberine on reducing diarrhea and promoting weight gain in
yak calves.
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3.2. Lactobacillus salivarius and Berberine Increased Oxidation Resistance and Dropped
Inflammation Levels in Ruminants

Serum analysis showed that the level of T-AOC (p < 0.001), SOD (p < 0.001), GSH-Px
(p <0.001), and IL-10 (p < 0.01) were significantly lower in the JM group than in the JC
group, while MDA (p < 0.0001), TNF-« (p < 0.01), IL-1f3 (p < 0.0001), and IL-6 (p < 0.0001)
were significantly higher in the JM group. Interestingly, calves supplemented with LsB
in the JT group had signally higher levels of T-AOC (p < 0.01), SOD (p < 0.0001), GSH-
Px (p <0.0001), and IL-10 (p < 0.01) and lower MDA (p < 0.01), TNF-« (p < 0.05), IL-1
(p <0.001), and IL-6 (p < 0.0001) than those in the JM group (Figure 3).

15— 200 8- e dedede
s sk i _ Sk 5
ERE, _ 3 150+ e E 6-
= 10+ E 2
E =) £
2 Z 1004 E a4
a T
O 54 = g
7] @ =
O 50 2
0- 0- 0-
JC JM JT JC JM JT JC JM JT JC JM JT
S s - _ -
20 . % 40 sede % 150
dkdk | dedede
~ 15 % 3 30 3
E E = 100
= b )
&b 10 £ 204 &
= g =
w = T 50
= Z -
—- 5+ = 10 =~
0- T 0- 0-
JC JM JT JC JM JT JC JM JT JC M JT

Figure 3. Impact of Lactobacillus salivarius and berberine on oxidative stress and inflammatory
responses in calves. The graph shows the levels of antioxidant indices, including total antioxidant
capacity (T-AOC) (umol/mL), superoxide dismutase (SOD) (U/mL), glutathione peroxidase (GSH-
px) (U/mL), malondialdehyde (MDA) (nmol/mL), along with inflammation levels using serum
cytokines, including tumor necrosis factor-alpha (TNF-«), interleukin-10 (IL-10), interleukin-6 (IL-6),
and interleukin-1 beta (IL-13)(pg/mL) in calves treated with Lactobacillus salivarius and berberine in
the JC, JM and JT groups. Statistical significance is indicated by asterisks: **** p < 0.0001, *** p < 0.001,
**p <0.01, and * p < 0.05. Data are presented as the mean £+ SEM with n = 6 for each group. Statistical
analyses were performed to determine differences between treatment groups and the control.

3.3. Lactobacillus salivarius and Berberine Mediated the Microbial Community in Yaks in
Different Taxa

Over 97, 800 (JC), 92, 800 (JM), and 91, 200 (JT) raw sequences were obtained, with
more than 94, 200 (JC), 89, 400 (JM), and 88, 300 (JT) filtered sequences achieved in the
three calf groups (Supplementary Table S1). These sequences were aligned to 9648 ASVs
(JC =3071, J]M = 2926, ]T = 3651), and 434 ASVs were found in all calf groups (Figure 4a).
The rarefaction curves of all yak samples peaked quickly and remained stable (Figure 4b),
indicating high richness in the yak microbiomes. The rank abundance for all ruminant
samples was smooth (Figure 4c), indicating high evenness. There was no virtual difference
in alpha diversity indices between the groups (Supplementary Table S2, Figure 4d).



Animals 2024, 14, 2419

6 of 15

1000

Krusgal-Wallis, p = 0.12
o

ACE

600

400

800:

400

Kruskal-Wallis, p = 0.
Rkt =

JMb

SamplelD

=
1)

500

Observed Species
Abundance

-
-
— M3
-
-

ue
m

™
™
i

[
=)

10

30,000
Nernber of seqinons Rork

20,000

10,000

60
12 .
=019 Kruskal-galiis, p = 0.17 Kruskal-Walls, p.= 0.61 8

.

Kruskal-wallis, p_= 0.48
Kruskal-Walls. .= H e

Kryskal Wallgy = 0.41
-

= =

0.9985 i -
800

. .
o | g v
. g E
D -

T . . 2

£ 600 s

o . o

. e

400

’
S
shanno
o
.
: i
simpson
o
g

0.9970

-

W
Groups

¢ [ W § € I o & «

3 § ¢
Groups

b W *
Groups Groups Groups

Figure 4. Effects of Lactobacillus salivarius and berberine on the microbial community structure and
diversity in calves. The panels illustrate different aspects of microbiota analysis. (a): Amplicon
Sequence Variants (ASVs) Venn diagram showing the overlap and unique ASVs across treatment
groups. (b): Rarefaction curve depicting the relationship between the number of observed ASVs and
sequencing depth, indicating the completeness of sampling. (c): Rank abundance plot illustrating
the distribution of ASV abundances across different treatment groups. (d): Alpha diversity index
analysis representing the microbial diversity within each treatment group. Data are shown as the
mean =+ standard error of the mean (SEM), with n = 6 for each group.

At the phylum level, Firmicutes, Bacteroidota, and Actinobacteriota dominated in the
JC (563.01%, 29.00%, and 13.29%), ]M (54.13%, 22.77%, and 17.86%), and JT (44.54%, 25.18%,
and 26.81%) groups (Figure 5a). At the class level, Clostridia, Bacteroidia, and Coriobac-
teriia were predominant in the JC (48.49%, 29.00%, and 11.93%) and JM (51.68%, 22.77%,
and 13.49%) groups, while Clostridia (40.13%), Bacteroidia (25.18%), and Actinobacteria
(13.71%) were predominant in the JT group (Figure 5b). At the order level, Bacteroidales, Os-
cillospirales, and Coriobacteriales were major orders in the JC (28.99%, 24.20%, and 11.93%)
and JM (22.75%, 28.68%, and 13.49%) groups, while Bacteroidales (25.14%), Oscillospirales
(17.25%), and Bifidobacteriales (13.49%) were major orders in the JT group (Figure 5c).
At the family level, Oscillospiraceae (15.54%), Atopobiaceae (11.47%), and Rikenellaceae
(10.24%) were the major families in the JC group; Oscillospiraceae (20.32%), Atopobiaceae
(12.91%), and Lachnospiraceae (11.55%) were the major families in the JM group; and
Bifidobacteriaceae (13.49%), Atopobiaceae (12.90%), and Muribaculaceae (10.40%) were
the major families in the JT group (Figure 5d). At the genus level, UCG-005, Olsenellam,
and Muribaculaceae were predominant in the JC (13.51%, 11.43%, and 8.95%) and JM
(18.52%, 12.79%, and 7.26%) groups, while Bifidobacterium (13.43%), Olsenella (12.83%),
and Muribaculaceae (10.40%) were predominant in the JT group (Figure 5e). The heat map
showed that the phyla Bacteroidota, Patescibacteria, and Desulfobacterota were abundant
in JC, Cyanobacteria, Elusimicrobiota, and Euryarchaeota were abundant in JM, while
Actinobacteriota, Fusobacteriota, Spirochaetota, Verrucomicrobiota, Chloroflexi, Gemmati-
monadota, Acidobacteriota, Deinococcota, Myxococcota, Sumerlaeota, Armatimonadota,
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and Bdellovibrionota were abundant in the JT group (Figure 6a). At the genera level,
Family_XIII_AD3011_group, Bacteroidales_RF16_group, Christensenellaceae_R—7_group,
Monoglobus, Clostridia_ UCG—014, RF39, Clostridium_sensu_stricto_1, Faecalitalea,
Rikenellaceae_RC9_gut_group, Romboutsia, and Erysipelotrichaceae_UCG—009 were
abundant in the JC group; Bacteroides was abundant in the JM group; and Bifidobac-
terium, Turicibacter, and UCG—004 were abundant in the JT group (Figure 6b).
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Figure 5. Impact of Lactobacillus salivarius and berberine on the microbial community structure in
calves at different taxonomic levels. (a): Phylum: Distribution of microbial communities at the
phylum level across different treatment groups. (b): Class: Variation in microbial communities at the
class level between treatment groups. (c): Order: Representation of microbial communities at the
order level in different treatment groups. (d): Family: Microbial community structure at the family
level across treatment groups. (e): Genera: Distribution of microbial communities at the genus level
for each treatment group.

3.4. Distinguished Species among Yak Calves in Different Groups

Beta diversity analysis revealed significant differences between the JC, JM, and JT
groups (Figure 7a—c), confirmed by the Kruskal—Wallis analysis indicating significant
differences (p < 0.05) between the three calf groups (Figure 7d). LEfSe analysis identified
that Actinobacteria (p < 0.05), Bifidobacteriales (p < 0.05), Xanthomonadales (p < 0.05), Bifi-
dobacteriaceae (p < 0.05), Bifidobacterium (p < 0.05), Clostridium sensu stricto 6 (p < 0.05),
the Clostridium methylpentosum group (p < 0.05), and Faecalibaculum (p < 0.01) were sig-
nificantly higher in the JT group (Figure 8); Saccharimonadia (p < 0.05), Saccharimonadales
(p < 0.05), Saccharimonadaceae (p < 0.05), Lactobacillaceae (p < 0.05), Candidatus Saccha-
rimonas (p < 0.05), Saccharofermentans (p < 0.05), Lachnospiraceae UCG 004 (p < 0.05),
and Lactobacillus (p < 0.05) were significantly higher in the JC group; and Enterorhabdus
(p < 0.05), Lachnospiraceae UCG 001 (p < 0.05), UBA1819 (p < 0.05), and Solobacterium
(p < 0.01) were significantly higher in the JM group.
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Figure 6. Heat map analysis of the effect of Lactobacillus salivarius and berberine on calf microbiota in
all groups. (a): Phylum. (b): Genera. Color intensity represents the relative abundance of each taxon,
with warmer colors indicating higher abundance.

Multiple t-tests revealed that the phylum Patescibacteria (p < 0.05) was significantly
lower in the JT group than in the JC group, and an uncultured phylum was markedly lower
in the JT group than the JM group (p < 0.05) (Figure 9a). Compared with calves in the JC
group, Bifidobacterium (p < 0.05), Frisingicoccus (p < 0.05), Clostridium sensu stricto 6
(p < 0.05), (Clostridium) methylpentosum group (p < 0.05), and Sharpea (p < 0.05) were sig-
nificantly higher in the JT group, while UCG-002 (p < 0.01), Lachnospiraceae NK3A20 group
(p < 0.05), Dielma (p < 0.05), (Anaerorhabdus) furcosa group (p < 0.05), Defluviitaleaceae
UCG-011 (p < 0.05), Erysipelatoclostridium (p < 0.05), CAG-352 (p < 0.05), Candidatus
Saccharimonas (p < 0.05), Lachnospiraceae UCG-004 (p < 0.01), Lactobacillus (p < 0.05),
and Howardella (p < 0.05) were significantly lower in the JT group. The genera Parabac-
teroides (p < 0.05), Marvinbryantia (p < 0.05), (Ruminococcus) torques group (p < 0.05),
Frisingicoccus (p < 0.05), (Clostridium) methylpentosum group (p < 0.05), Lachnospiraceae
UCG-001 (p < 0.05), UBA1819 (p < 0.05), and Sharpea (p < 0.05) were significantly higher in
the JM group than in the JC group, while Lachnospiraceae UCG-010 (p < 0.001), CAG-352
(p < 0.05), Faecalibaculum (p < 0.05), and Lactobacillus (p < 0.05) were markedly lower
in the JM group. The abundance of Marvinbryantia (p < 0.05), Enterorhabdus (p < 0.05),
Candidatus Saccharimonas (p < 0.05), and Solobacterium (p < 0.01) were markedly higher in
the JM group than in the JT group, while Faecalibaculum (p < 0.001), Parvibacter (p < 0.05),
and Christensenella (p < 0.05) were significantly lower in the JM group (Figure 8b).
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Figure 7. Beta diversity analysis of calves among different groups. (a): Principal component analysis
(PCA). (b): Beta diversity principal coordinate analysis (PCoA). (c): NMDS. (d): Kruskal —Wallis. Beta
diversity analysis revealed significant differences between the JC, JM, and JT groups (Figure 7a—c),
confirmed by the Kruskal—Wallis analysis indicating significant differences (p < 0.05) between the
three calf groups (Figure 7d).
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Figure 9. Identification of marker species among different yak groups using multiple f-tests. Identifi-
cation of significant marker species among different yak groups at various taxonomic levels using
multiple ¢-tests: (a) Phylum: Marker species identified at the phylum level across different yak groups.
(b) Genera: Marker species identified at the genus level among the yak groups. The statistical analysis
highlights species with significant differences among the JC, JM, and JT groups, providing insight
into the distinct microbial profiles of each group. Statistical significance is indicated by asterisks:
*p <0.05,**p <0.01, *** p < 0.001.

4. Discussion

Yaks are pivotal livestock in the Chinese plateau region, crucial for producing high-
quality meat and dairy products that have gained popularity in recent decades. However,
cattle, especially calves, are susceptible to diarrhea caused by E. coli, which seriously
threatens their health and productivity [50,51].

As observed in previous studies, E. coli induces significant infection in yaks [52],
resulting in the higher diarrhea scores and impaired weight gain observed particularly in
the JM group. Interestingly, supplementation with LsB in yak calves led to higher growth
rates and mitigated weight impairment. To elucidate the underlying mechanisms of LsB
on diarrheal animals, we investigated serum antioxidant capacity and inflammation in
calves. Markers such as T-AOC, SOD, GSH-Px, and MDA are well-established indicators
of antioxidant enzyme activity, reflecting the oxidative stress status of the host [53]. In
our study, E. coli infection induced oxidative damage characterized by decreased T-AOC,
SOD, and GSH-Px and increased MDA levels in the JM group, consistent with findings in
bacteria-infected animals [54,55]. Conversely, treatment with LsB reversed these trends in
the JT group, indicating that LsB enhances the antioxidant capacity of ruminants. TNF-«,
IL-183, and IL-6 are critically inflammatory factors [56], while IL-10 plays a crucial role in
limiting proinflammatory responses and inflammatory injury [57,58]. In this study, E. coli
infection resulted in elevated levels of TNF-c, IL-13, and IL-6, accompanied by decreased
IL-10 levels in the JM group, consistent with findings in animals induced with bacterial and
Lipopolysaccharide challenges [59,60]. Interestingly, LsB administration reduced the levels
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of these inflammatory factors and increased IL-10 levels, suggesting that LsB alleviates
intestinal damage by modulating inflammatory responses in yaks.

Subsequently, we conducted micro-community sequencing and obtained 1,879,179 raw
and 1,809,878 filtered sequences, resulting in alignment to 9648 ASVs, with 434 ASVs shared
across yak calves. There was no remarkable difference observed in the alpha diversity
index, which partially aligns with findings in E. coli-challenged animals [61,62] but contrasts
with a study by Wang et al., 2024 [63]. Analysis at different taxonomic levels revealed
that E. coli infection altered the microbiome of yaks, while LsB partially restored the
microbial structure. For instance, at the phylum level, Firmicutes (JC = 53.01%, JM = 54.13%,
JT = 44.54%), Bacteroidota (JC = 29.00%, JM = 22.77%, JT = 25.18%), and Actinobacteriota
(JC =13.29%, M = 17.86%, JT = 26.81%) were dominant across all yak groups, albeit with
varying relative abundances. The Firmicutes/Bacteroidota ratio was notably higher in the
JM group (2.48) than in the JC (1.83) and JT (1.77) groups; this is a commonly used indicator
of dysbiosis [64]. Our findings suggest that LsB mitigates intestinal damage by modulating
the gut microbiota.

We further detected marked differences in bacterial composition among yak groups,
identifying two phyla and twenty-seven genera that showed significant variations. Among
these, Marvinbryantia, known for its higher abundance in depressive mice [65] and animals
with intestinal damage induced by high-fat feeds [66], as well as Lachnospiraceae UCG-001,
which was observed at higher levels in ulcerative colitis mice [67], were found to be less
abundant in JT yaks, suggesting that LsB could potentially reduce these pathogenic bacteria.
Similarly, UBA1819 and Solobacterium, genera associated with various diseases [68,69],
and Sharpea, which was found at higher levels of abundance in Cryptosporidium-infected
pigs [70], were also less abundant in JT yaks, indicating a potential role of LsB limiting the
colonization of these pathogenic bacteria. Previous research has linked a lower abundance
of Lachnospiraceae UCG-010 with chronic kidney disease in pigs [71], while Christensenella
is recognized as an important genus in healthy hosts [72]. Faecalibaculum, a probiotic
genus negatively associated with inflammation [68], and Parvibacter, which produces
short-chain fatty acids [34], were found at higher abundances in JT calves, suggesting that
LsB may alleviate intestinal injury by promoting the proliferation of these genera in plateau
ruminants. Our results indicate that LsB restores the balance of the intestinal microbiota
in yaks.

5. Conclusions

In conclusion, this study investigated the role of Lactobacillus salivarius and berberine in
the prevention and treatment of yak calves’ diarrhea. The results were consistent with our
expectation that Lactobacillus salivarius and berberine can mitigate bacteria diarrhea in yaks
by regulating oxidation resistance, inflammatory factors, and microbiota. Moreover, these
interventions increase the abundance of probiotic genera (Faecalibaculum and Parvibacter)
and decrease harmful genera (Marvinbryantia and Lachnospiraceae UCG-001). Our results
provide novel insights for developing new therapies for ruminant diarrhea.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ani14162419/s1. Table S1. The sequencing data of yak calves in
groups JC, JM, and JT. Table S2. Statistical analysis of alpha diversity index in yak calves in group JC,
JM and JT.

Author Contributions: Conceptualization, K.L.; methodology, Q.H., S.L., ].W. and C.X.; software,
Q.H.; validation, K.L.; formal analysis, Q.H.; investigation, Q.H., S.L., ] W. and C.X,; resources, K.L.;
data curation, Q.H., S.L., J.W. and C.X_; writing—original draft preparation, Q.H., S.L., JW. and C.X,;
writing—review and editing, Q.H.,S.N., FS.A,,S.L., JW,, C.X.,, W.Q.,S.N., YW. and K.L.; visualization,
K.L., supervision, K.L., project administration, K.L., funding acquisition, K.L. All authors have read
and agreed to the published version of the manuscript.


https://www.mdpi.com/article/10.3390/ani14162419/s1
https://www.mdpi.com/article/10.3390/ani14162419/s1

Animals 2024, 14, 2419 12 of 15

Funding: This research was funded by the start-up fund of Nanjing Agricultural University (804131).
The authors extend their appreciation to Researchers Supporting Project number (RSPD2024R693),
King Saud University, Riyadh, Saudi Arabia.

Institutional Review Board Statement: The animal study protocol was approved by the ethics
committee of Nanjing Agricultural University (NJAU No. 20220520108).

Informed Consent Statement: Not applicable.

Data Availability Statement: Sequence data from yak calves were stored in the NCBI database under
accession number PRINA1131151.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Liu,J; Xin, Z.; Huang, Y,; Yu, J. Climate suitability assessment on the Qinghai-Tibet Plateau. Sci. Total Environ. 2022, 816, 151653.
[CrossRef] [PubMed]

2. Shi, F; Wang, H.; Degen, A.A.; Zhou, J.; Guo, N.; Mudassar, S.; Long, R. Rumen parameters of yaks (Bos grunniens) and indigenous
cattle (Bos taurus) grazing on the Qinghai-Tibetan Plateau. J. Anim. Physiol. Anim. Nutr. 2019, 103, 969-976. [CrossRef]

3. Ding, X,; Jiang, H.; Zhang, R.; Chen, X.; Yu, H.; Zu, Y; Tan, S.; Wang, X.; Wang, Q.; Xu, W. Comparative analysis of nasal microbial
community between Tibetan sheep with different ages. Pak. Vet. ]. 2023, 43, 449—457.

4. Li, K;Mehmood, K.; Zhang, H.; Jiang, X.; Shahzad, M.; Dong, X.; Li, ]. Characterization of fungus microbial diversity in healthy
and diarrheal yaks in Gannan region of Tibet Autonomous Prefecture. Acta Trop. 2018, 182, 14-26. [CrossRef]

5. Fan, Q.; Wanapat, M.; Hou, F. Mineral Nutritional Status of Yaks (Bos Grunniens) Grazing on the Qinghai-Tibetan Plateau. Animals
2019, 9, 468. [CrossRef]

6. Garcia-Valle, ].; Ruiz-Ramirez, ].; Macedo-Barragan, R.; Lizama-Munguia, T.; Gutiérrez-Chavez, A.; Garcia-Valle, M.; Garcia-
Marquez, L. Seroprevalence and risk factors associated with sheep neosporosis in Colima, Mexico. Pak. Vet. ]. 2023, 44,
195-199.

7. Shehata, A.A.; El-Emam, A.; Mohamed, M.; Gouda, H.; El-Said, B.M.; Salman, M.B.; Abd-Elfatah, E.B. Molecular characterization
of cryptosporidium infection and analysis of hematological and biochemical changes in diarrheic pre-weaned calves in Egypt.
Pak. Vet. ]. 2024, 44, 135-140.

8. Schinwald, M.; Creutzinger, K.; Keunen, A.; Winder, C.B.; Haley, D.; Renaud, D.L. Predictors of diarrhea, mortality, and weight
gain in male dairy calves. J. Dairy Sci. 2022, 105, 5296-5309. [CrossRef]

9. Tras, B, Ok, M.,; Parlak, TM.; Ider, M.; Yildiz, R.; Eser Faki, H.; Ozdemir Kutahya, Z.; Uney, K. Can diarrhea affect the
pharmacokinetics of racecadotril in neonatal calves? J. Vet. Pharmacol. Ther. 2022, 45, 426-431. [CrossRef] [PubMed]

10. Sulehria, M.U.; Ahmad, S.S.; Ijaz, M.; Mushtaq, M.H.; Ahmad, S.F. Molecular detection and hematological changes associated
with the canine diarrheic viruses in Pakistan. Pak. Vet. |. 2023, 43, 732-738.

11. Wang, D.; Du, Y,; Wang, S.; You, Z; Liu, Y. Effects of sodium humate and glutamine combined supplementation on growth
performance, diarrhea incidence, blood parameters, and intestinal microflora of weaned calves. Anim. Sci. |. 2021, 92, e13584.
[CrossRef]

12.  Algammal, A.M.; Hetta, H.F,; Batiha, G.E.; Hozzein, W.N.; El, KW.; Hashem, H.R.; Tawfik, A.M.; El-Tarabili, R.M. Virulence-
determinants and antibiotic-resistance genes of MDR-E. coli isolated from secondary infections following FMD outbreak in cattle.
Sci. Rep. 2020, 10, 19779. [CrossRef] [PubMed]

13.  Soon, ].M.; Chadd, S.A.; Baines, R.N. Escherichia coli O157:H7 in beef cattle: On farm contamination and pre-slaughter control
methods. Anim. Health Res. Rev. 2011, 12, 197-211. [CrossRef] [PubMed]

14.  Gottlieb, T.; Nimmo, G.R. Antibiotic resistance is an emerging threat to public health: An urgent call to action at the Antimicrobial
Resistance Summit 2011. Med. |. Aust. 2011, 194, 281-283. [CrossRef] [PubMed]

15. Wu, H;; Tao, M; Liu, J.; Zhang, X.; Hu, J.; Ma, B.; Chen, P. In vitro evaluation of antibiotic-Matrine combinations against clinically
relevant bacteria. Pak. Vet. |. 2024, 44, 162-168.

16. Astorga, F; Navarrete-Talloni, M.].; Mir6, M.P; Bravo, V.; Toro, M.; Blondel, C.J.; Hervé-Claude, L.P. Antimicrobial resistance in E.
coli isolated from dairy calves and bedding material. Heliyon 2019, 5, e02773. [CrossRef] [PubMed]

17.  Ortiz, Y.; Cerino, B.; Moreno, M.; Yafiez, E.; Heredia, N.; Davila-Avifia, J.; Quezada, T.; Calle, A.; Garcia, S. Diarrheagenic
Escherichia coli with Multidrug Resistance in Cattle from Mexico. J. Food Prot. 2024, 87, 100257. [CrossRef] [PubMed]

18. Hill, C.; Guarner, E; Reid, G.; Gibson, G.R.; Merenstein, D.J.; Pot, B.; Morelli, L.; Canani, R.B.; Flint, H.J.; Salminen, S.; et al. Expert
consensus document. The International Scientific Association for Probiotics and Prebiotics consensus statement on the scope and
appropriate use of the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 2014, 11, 506-514. [CrossRef]

19. Mehmood, A.; Nawaz, M.; Rabbani, M.; Mushtaq, M.H. Probiotic effect of Limosilactobacillus fermentum on growth performance
and competitive exclusion of Salmonella gallinarum in poultry. Pak. Vet. ]. 2023, 43, 659-664.

20. Suez,].; Zmora, N.; Segal, E.; Elinav, E. The pros, cons, and many unknowns of probiotics. Nat. Med. 2019, 25, 716-729. [CrossRef]


https://doi.org/10.1016/j.scitotenv.2021.151653
https://www.ncbi.nlm.nih.gov/pubmed/34793809
https://doi.org/10.1111/jpn.13095
https://doi.org/10.1016/j.actatropica.2018.02.017
https://doi.org/10.3390/ani9070468
https://doi.org/10.3168/jds.2021-21667
https://doi.org/10.1111/jvp.13078
https://www.ncbi.nlm.nih.gov/pubmed/35706330
https://doi.org/10.1111/asj.13584
https://doi.org/10.1038/s41598-020-75914-9
https://www.ncbi.nlm.nih.gov/pubmed/33188216
https://doi.org/10.1017/S1466252311000132
https://www.ncbi.nlm.nih.gov/pubmed/22152293
https://doi.org/10.5694/j.1326-5377.2011.tb02973.x
https://www.ncbi.nlm.nih.gov/pubmed/21426279
https://doi.org/10.1016/j.heliyon.2019.e02773
https://www.ncbi.nlm.nih.gov/pubmed/31844709
https://doi.org/10.1016/j.jfp.2024.100257
https://www.ncbi.nlm.nih.gov/pubmed/38423360
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1038/s41591-019-0439-x

Animals 2024, 14, 2419 13 of 15

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Zhuge, A.;Li, B.; Yuan, Y;; Lv, L,; Li, Y.; Wu, J; Yang, L.; Bian, X.; Wang, K.; Wang, Q.; et al. Lactobacillus salivarius LI01 encapsulated
in alginate-pectin microgels ameliorates D-galactosamine-induced acute liver injury in rats. Appl. Microbiol. Biotechnol. 2020, 104,
7437-7455. [CrossRef]

Wang, Z.; Zhou, Y.; Luo, A.; Heng, X,; Liu, J.; Wang, H.; Chu, W. Lactobacillus salivarius CPU-01 Ameliorates Temozolomide-
Induced Intestinal Mucositis by Modulating Gut Microbiota, Maintaining Intestinal Barrier, and Blocking Pro-inflammatory
Cytokines. Probiotics Antimicrob. Proteins 2023, 15, 1079-1091. [CrossRef] [PubMed]

Wei, Z.; He, Z.; Wang, T.; Wang, X.; Wang, T.; Long, M. Lactobacillus salivarius WZ1 Inhibits the Inflammatory Injury of Mouse
Jejunum Caused by Enterotoxigenic Escherichia coli K88 by Regulating the TLR4/NF-kB/MyD88 Inflammatory Pathway and Gut
Microbiota. Microorganisms 2023, 11, 657. [CrossRef] [PubMed]

Zhang, L.; Wu, X,; Yang, R.; Chen, F; Liao, Y.; Zhu, Z.; Wu, Z; Sun, X.; Wang, L. Effects of Berberine on the Gastrointestinal
Microbiota. Front. Cell. Infect. Microbiol. 2021, 10, 588517. [CrossRef]

Song, D.; Hao, J.; Fan, D. Biological properties and clinical applications of berberine. Front. Med. 2020, 14, 564-582. [CrossRef]
Kumar, A.; Ekavali, C.K.; Mukherjee, M.; Pottabathini, R.; Dhull, D.K. Current knowledge and pharmacological profile of
berberine: An update. Eur. |. Pharmacol. 2015, 761, 288-297. [CrossRef]

Li, L.; Chang, L.; Zhang, X.; Ning, Z.; Mayne, ].; Ye, Y,; Stintzi, A.; Liu, J.; Figeys, D. Berberine and its structural analogs have
differing effects on functional profiles of individual gut microbiomes. Gut Microbes 2020, 11, 1348-1361. [CrossRef] [PubMed]
Jin, Y,; Khadka, D.B.; Cho, W.J. Pharmacological effects of berberine and its derivatives: A patent update. Expert. Opin. Ther.
Patents 2016, 26, 229-243. [CrossRef]

Chen, Y.; Zhou, J.; Wang, L. Role and Mechanism of Gut Microbiota in Human Disease. Front. Cell. Infect. Microbiol. 2021, 11,
625913. [CrossRef] [PubMed]

Fan, L.; Xia, Y.; Wang, Y,; Han, D.; Liu, Y,; Li, J.; Fu, J.; Wang, L.; Gan, Z,; Liu, B; et al. Gut microbiota bridges dietary nutrients
and host immunity. Sci. China Life Sci. 2023, 66, 2466-2514. [CrossRef]

Yu, S.; Sun, Y,; Shao, X.; Zhou, Y.; Yu, Y.; Kuai, X.; Zhou, C. Leaky Gut in IBD: Intestinal Barrier-Gut Microbiota Interaction. J.
Microbiol. Biotechnol. 2022, 32, 825-834. [CrossRef]

Qiu, P; Ishimoto, T.; Fu, L.; Zhang, J.; Zhang, Z.; Liu, Y. The Gut Microbiota in Inflammatory Bowel Disease. Front. Cell. Infect.
Microbiol. 2022, 12, 733992. [CrossRef] [PubMed]

Chen, Y,; Feng, S.; Li, Y.; Zhang, C.; Chao, G.; Zhang, S. Gut microbiota and intestinal immunity—A crosstalk in irritable bowel
syndrome. Immunology 2024, 172, 1-20. [CrossRef]

Li, K.; Zeng, Z.; Liu, J.; Pei, L.; Wang, Y.; Li, A.; Kulyar, M.E,; Shahzad, M.; Mehmood, K,; Li, J.; et al. Effects of Short-Chain
Fatty Acid Modulation on Potentially Diarrhea-Causing Pathogens in Yaks Through Metagenomic Sequencing. Front. Cell. Infect.
Microbiol. 2022, 12, 805481. [CrossRef] [PubMed]

Zeineldin, M.; Aldridge, B.; Lowe, J. Dysbiosis of the fecal microbiota in feedlot cattle with hemorrhagic diarrhea. Microb. Pathog.
2018, 115, 123-130. [CrossRef]

Liu, J.; Wang, X.; Zhang, W.; Kulyar, M.E,; Ullah, K.; Han, Z.; Qin, J.; Bi, C.; Wang, Y.; Li, K. Comparative analysis of gut microbiota
in healthy and diarrheic yaks. Microb. Cell. Fact. 2022, 21, 111. [CrossRef]

Li, W.; Zhang, L.; Xu, Q.; Yang, W.; Zhao, J.; Ren, Y; Yu, Z.; Ma, L. Taxifolin Alleviates DSS-Induced Ulcerative Colitis by Acting
on Gut Microbiome to Produce Butyric Acid. Nutrients 2022, 14, 1069. [CrossRef]

Chen, X.; Kong, Q.; Zhao, X.; Zhao, C.; Hao, P; Irshad, I; Lei, H.; Kulyar, M.F,; Bhutta, Z.A.; Ashfaq, H.; et al. Sodium
acetate/sodium butyrate alleviates lipopolysaccharide-induced diarrhea in mice via regulating the gut microbiota, inflammatory
cytokines, antioxidant levels, and NLRP3/Caspase-1 signaling. Front. Microbiol. 2022, 13, 1036042. [CrossRef]

Parker, A.; Romano, S.; Ansorge, R.; Aboelnour, A.; Gall, G.L.; Savva, G.M.; Pontifex, M.G.; Telatin, A.; Baker, D.; Jones, E.; et al.
Fecal microbiota transfer between young and aged mice reverses hallmarks of the aging gut, eye, and brain. Microbiome 2022,
10, 68. [CrossRef] [PubMed]

Abellan-Schneyder, I.; Matchado, M.S.; Reitmeier, S.; Sommer, A.; Sewald, Z.; Baumbach, J.; List, M.; Neuhaus, K. Primer,
Pipelines, Parameters: Issues in 165 rRNA Gene Sequencing. mSphere 2021, 6, 01202-01220. [CrossRef]

Chen, S.; Zhou, Y.; Chen, Y.; Gu, J. fastp: An ultra-fast all-in-one FASTQ preprocessor. Bioinformatics 2018, 34, i884-i890. [CrossRef]
Dubois, B.; Debode, F; Hautier, L.; Hulin, J.; Martin, G.S.; Delvaux, A.; Janssen, E.; Mingeot, D. A detailed workflow to develop
QIIME2-formatted reference databases for taxonomic analysis of DNA metabarcoding data. BMC Genom. Data 2022, 23, 53.
[CrossRef] [PubMed]

Dong, Y.; Xu, R; Chen, X; Yang, C,; Jiang, F; Shen, Y.; Li, Q.; Fang, F; Li, Y.; Shen, X. Characterization of gut microbiota in adults
with coronary atherosclerosis. Peer] 2023, 11, e15245. [CrossRef]

Li, B.; Du, P; Du, Y.; Zhao, D.; Cai, Y,; Yang, Q.; Guo, Z. Luteolin alleviates inflammation and modulates gut microbiota in
ulcerative colitis rats. Life Sci. 2021, 269, 119008. [CrossRef]

Li, L.; Wang, E; Liu, Y,; Gu, F. Intestinal microbiota dysbiosis in children with recurrent respiratory tract infections. Microb. Pathog.
2019, 136, 103709. [CrossRef] [PubMed]


https://doi.org/10.1007/s00253-020-10749-y
https://doi.org/10.1007/s12602-022-09955-z
https://www.ncbi.nlm.nih.gov/pubmed/35639268
https://doi.org/10.3390/microorganisms11030657
https://www.ncbi.nlm.nih.gov/pubmed/36985229
https://doi.org/10.3389/fcimb.2020.588517
https://doi.org/10.1007/s11684-019-0724-6
https://doi.org/10.1016/j.ejphar.2015.05.068
https://doi.org/10.1080/19490976.2020.1755413
https://www.ncbi.nlm.nih.gov/pubmed/32372706
https://doi.org/10.1517/13543776.2016.1118060
https://doi.org/10.3389/fcimb.2021.625913
https://www.ncbi.nlm.nih.gov/pubmed/33816335
https://doi.org/10.1007/s11427-023-2346-1
https://doi.org/10.4014/jmb.2203.03022
https://doi.org/10.3389/fcimb.2022.733992
https://www.ncbi.nlm.nih.gov/pubmed/35273921
https://doi.org/10.1111/imm.13749
https://doi.org/10.3389/fcimb.2022.805481
https://www.ncbi.nlm.nih.gov/pubmed/35402298
https://doi.org/10.1016/j.micpath.2017.12.059
https://doi.org/10.1186/s12934-022-01836-y
https://doi.org/10.3390/nu14051069
https://doi.org/10.3389/fmicb.2022.1036042
https://doi.org/10.1186/s40168-022-01243-w
https://www.ncbi.nlm.nih.gov/pubmed/35501923
https://doi.org/10.1128/mSphere.01202-20
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1186/s12863-022-01067-5
https://www.ncbi.nlm.nih.gov/pubmed/35804326
https://doi.org/10.7717/peerj.15245
https://doi.org/10.1016/j.lfs.2020.119008
https://doi.org/10.1016/j.micpath.2019.103709
https://www.ncbi.nlm.nih.gov/pubmed/31494301

Animals 2024, 14, 2419 14 of 15

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Hu, S.; He, C.; Li, Y;; Yu, Z.; Chen, Y.; Wang, Y.; Ni, D. Changes of fungal community and non-volatile metabolites during
pile-fermentation of dark green tea. Food Res. Int. 2021, 147, 110472. [CrossRef]

Kim, B.; Kang, N.; Kim, S.; Kim, D.H.; Kim, H.; Kwon, O.].; Huh, H].; Lee, N.Y.; Jhun, B.W. The lung microbiota in nontuberculous
mycobacterial pulmonary disease. PLoS ONE 2023, 18, e0285143. [CrossRef]

Mahmoudiandehkordi, S.; Arnold, M.; Nho, K.; Ahmad, S.; Jia, W.; Xie, G.; Louie, G.; Kueider Paisley, A.; Moseley, M.A;
Thompson, J.W.,; et al. Altered bile acid profile associates with cognitive impairment in Alzheimer’s disease—An emerging role
for gut microbiome. Alzheimer’s Dement. 2019, 15, 76-92. [CrossRef]

Fan, Y;; Zhao, Q.; Wei, Y.; Wang, H.; Ga, Y.; Zhang, Y.; Hao, Z. Qingjie decoction attenuated E. coli-induced diarrhea by regulating
energy metabolism and alleviating inflammation based on network analysis and metabolomics. J. Ethnopharmacol. 2024, 318,
116806. [CrossRef] [PubMed]

Kolenda, R.; Burdukiewicz, M.; Schierack, P. A systematic review and meta-analysis of the epidemiology of pathogenic Escherichia
coli of calves and the role of calves as reservoirs for human pathogenic E. coli. Front. Cell. Infect. Microbiol. 2015, 5, 23. [CrossRef]
[PubMed]

Gomes, V.; Barros, B.; Castro-Tardén, D.; Martin, C.; Santos, F.; Knobl, T.; Santarosa, B.; Padilha, L.; Hurley, D. The role of anti-E.
coli antibody from maternal colostrum on the colonization of newborn dairy calves gut with Escherichia coli and the development
of clinical diarrhea. Anim.—QOpen Space 2023, 2, 100037. [CrossRef]

Vanjari, H.; Mohan, M.; Saudagar, P.; Guthale, G.; Dalvi, M. Protective effect of SKB_Gutbiotic against castor oil and E. coli
induced diarrhea in laboratory animals. Microb. Pathog. 2020, 143, 104078. [CrossRef] [PubMed]

Hidayat, D.F.; Mahendra, M.Y.N.; Kamaludeen, ].; Pertiwi, H. Lycopene in Feed as Antioxidant and Immuno-Modulator Improves
Broiler Chicken’s Performance under Heat-Stress Conditions. Vet. Med. Int. 2023, 2023, 5418081. [CrossRef]

Liu, Y,; Li, Z,; Li, H.; Wan, S.; Tang, S. Bacillus pumilus TS1 alleviates Salmonella Enteritidis-induced intestinal injury in broilers.
BMC Vet. Res. 2023, 19, 41. [CrossRef]

Kwon, M.J; Kim, J.H.; Kim, K.J.; Ko, EJ.; Lee, ].Y,; Ryu, C.S.; Ha, YH.; Kim, Y.R.; Kim, N.K. Genetic Association between
Inflammatory-Related Polymorphism in STAT3, IL-1beta, IL-6, TNF-alpha and Idiopathic Recurrent Implantation Failure. Genes
2023, 14, 1588. [CrossRef] [PubMed]

Ouyang, W.; Rutz, S.; Crellin, N.K; Valdez, P.A.; Hymowitz, S.G. Regulation and Functions of the IL-10 Family of Cytokines in
Inflammation and Disease. Annu. Rev. Immunol. 2011, 29, 71-109. [CrossRef]

Arbaga, A.; Hassan, H.; Anis, A.; Othman, N.; Kamr, A. Clinicopathological and electrophoretic pattern of serum protein
alterations in acute pneumonic sheep. Pak. Vet. J. 2023, 43, 303-308.

Bhatia, R.; Sharma, S.; Bhadada, S.K.; Bishnoi, M.; Kondepudi, K.K. Lactic Acid Bacterial Supplementation Ameliorated the
Lipopolysaccharide-Induced Gut Inflammation and Dysbiosis in Mice. Front. Microbiol. 2022, 13, 930928. [CrossRef]

El-Shiekh, R.A.; Elshimy, R. Therapeutic effects of Stemmoside C against Salmonella enterica serotype typhimurium infected
BALB/c mice. Steroids 2023, 199, 109296. [CrossRef]

Xu, X.; Duarte, M.E.; Kim, S.W. Postbiotic effects of Lactobacillus fermentate on intestinal health, mucosa-associated microbiota,
and growth efficiency of nursery pigs challenged with F18* Escherichia coli. J. Anim. Sci. 2022, 100, skac210. [CrossRef]

Li, Q.; Peng, X.; Burrough, E.R.; Sahin, O.; Gould, S.A.; Gabler, N.K.; Loving, C.L.; Dorman, K.S.; Patience, ].E. Dietary Soluble and
Insoluble Fiber with or without Enzymes Altered the Intestinal Microbiota in Weaned Pigs Challenged with Enterotoxigenic E.
coli F18. Front. Microbiol. 2020, 11, 1110. [CrossRef]

Wang, D.; Zeng, J.; Wujin, C.; Ullah, Q.; Su, Z. Lactobacillus reuteri derived from horse alleviates Escherichia coli-induced diarrhea
by modulating gut microbiota. Microb. Pathog. 2024, 188, 106541. [CrossRef]

Peng, W.; He, C.; Li, R;; Qian, D.; Wang, L.; Chen, W.; Zhang, Q.; Wu, C. Zanthoxylum bungeanum amides ameliorates nonalcoholic
fatty liver via regulating gut microbiota and activating AMPK/Nrf2 signaling. J. Ethnopharmacol. 2024, 318, 116848. [CrossRef]
Tung, T.; Tung, Y.; Lin, I; Shih, C.; Nguyen, N.T.K,; Shabrina, A.; Huang, S. Fish Oil, but Not Olive Oil, Ameliorates Depressive-
Like Behavior and Gut Microbiota Dysbiosis in Rats under Chronic Mild Stress. Biomolecules 2019, 9, 516. [CrossRef]

Zhang, ].S,; Li, S.; Cheng, X.; Tan, X.C.; Huang, Y.L.; Dong, H.].; Xue, R.; Zhang, Y.; Li, ].C.; Feng, X.X.; et al. Far-Infrared Therapy
Based on Graphene Ameliorates High-Fat Diet-Induced Anxiety-Like Behavior in Obese Mice via Alleviating Intestinal Barrier
Damage and Neuroinflammation. Neurochem. Res. 2024, 49, 1735-1750. [CrossRef]

Li, X.H.E; Xin, T.C.J.; Hui, C.W.; Li, Y.X.; Zhi, ED.; Rui, L.Y.; Xu, H.L. Irisin attenuates inflammation in a mouse model of
ulcerative colitis by altering the intestinal microbiota. Exp. Ther. Med. 2021, 22, 1433.

Zhang, J.; Zhao, Q.; Qin, Y.; Si, W.; Zhang, H.; Zhang, J. The Effect of Epimedium Isopentenyl Flavonoids on the Broiler Gut
Health Using Microbiomic and Metabolomic Analyses. Int. . Mol. Sci. 2023, 24, 7646. [CrossRef]

Liu, W.; Xiao, M.; Yi, J.; Li, Y,; Kudinha, T.; Xu, Y. First case report of bacteremia caused by Solobacterium moorei in China, and
literature review. BMC Infect. Dis. 2019, 19, 730. [CrossRef]

Chen, X.; Zhao, X.; Zhao, C.; Ashfaq, H.; Fakhar-E-Alam Kulyar, M.; Bhutta, Z.A.; Ali, M.M.; Mansoor, M.K.; Li, K. Cryptosporid-
ium infection induced the dropping of SCFAS and dysbiosis in intestinal microbiome of Tibetan pigs. Microb. Pathog. 2023,
174,105922. [CrossRef] [PubMed]

Lee, Y,; Li, K,; Wang, P.; Huang, H.; Chen, M. Alleviating chronic kidney disease progression through modulating the critical
genus of gut microbiota in a cisplatin-induced Lanyu pig model. J. Food Drug Anal. 2020, 28, 103-114. [CrossRef] [PubMed]


https://doi.org/10.1016/j.foodres.2021.110472
https://doi.org/10.1371/journal.pone.0285143
https://doi.org/10.1016/j.jalz.2018.07.217
https://doi.org/10.1016/j.jep.2023.116806
https://www.ncbi.nlm.nih.gov/pubmed/37460028
https://doi.org/10.3389/fcimb.2015.00023
https://www.ncbi.nlm.nih.gov/pubmed/25815276
https://doi.org/10.1016/j.anopes.2023.100037
https://doi.org/10.1016/j.micpath.2020.104078
https://www.ncbi.nlm.nih.gov/pubmed/32142870
https://doi.org/10.1155/2023/5418081
https://doi.org/10.1186/s12917-023-03598-0
https://doi.org/10.3390/genes14081588
https://www.ncbi.nlm.nih.gov/pubmed/37628639
https://doi.org/10.1146/annurev-immunol-031210-101312
https://doi.org/10.3389/fmicb.2022.930928
https://doi.org/10.1016/j.steroids.2023.109296
https://doi.org/10.1093/jas/skac210
https://doi.org/10.3389/fmicb.2020.01110
https://doi.org/10.1016/j.micpath.2024.106541
https://doi.org/10.1016/j.jep.2023.116848
https://doi.org/10.3390/biom9100516
https://doi.org/10.1007/s11064-024-04133-9
https://doi.org/10.3390/ijms24087646
https://doi.org/10.1186/s12879-019-4359-7
https://doi.org/10.1016/j.micpath.2022.105922
https://www.ncbi.nlm.nih.gov/pubmed/36462579
https://doi.org/10.1016/j.jfda.2019.10.001
https://www.ncbi.nlm.nih.gov/pubmed/31883598

Animals 2024, 14, 2419 15 of 15

71. Dejean, G.; Tudela, H.; Bruno, L.; Kissi, D.; Rawadi, G.; Claus, S.P. Identifying a Novel Bile Salt Hydrolase from the Keystone Gut
Bacterium Christensenella minuta. Microorganisms 2021, 9, 1252. [CrossRef] [PubMed]

72. Wu, Z.; Zuo, X.; Wang, X.; Shi, M.; Zhu, H.; Cao, C.; Liu, X.; Liang, W.; Yao, Y.; Wang, L. The probiotic Lactobacillus casei
Zhang-mediated correction of gut dysbiosis ameliorates peritoneal fibrosis by suppressing macrophage-related inflammation via
the butyrate/PPAR-~y/NF-«B pathway. Food Funct. 2023, 14, 6840-6852. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/microorganisms9061252
https://www.ncbi.nlm.nih.gov/pubmed/34207623
https://doi.org/10.1039/D3FO01518A
https://www.ncbi.nlm.nih.gov/pubmed/37417308

	Introduction 
	Materials and Methods 
	Experiment Design 
	Detection of Oxidation Resistance and Inflammatory Factors in Yaks 
	Intestinal Microbiota Sequencing of Yak Calves 
	Sequencing Data Analyzing of Yak Calves 
	Statistical Analysis 

	Results 
	Lactobacillus salivarius and Berberine Reduced Diarrhea in Yak Calves 
	Lactobacillus salivarius and Berberine Increased Oxidation Resistance and Dropped Inflammation Levels in Ruminants 
	Lactobacillus salivarius and Berberine Mediated the Microbial Community in Yaks in Different Taxa 
	Distinguished Species among Yak Calves in Different Groups 

	Discussion 
	Conclusions 
	References

