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Abstract

The microbial profile of milk can influence the quality of raw milk and milk products. To investigate whether the feeding styles of goats
affected their milk microbiota profile, two local goat farms with different feeding styles (pasture and indoor feeding) were selected. Milk
samples contained 10 colostrum samples (5 from pasture-raised goats and 5 from indoor-fed goats) and 12 mature milk samples (7 from
pasture-raised goats and 5 from indoor-fed goats) were collected. 16S rDNA sequences of these samples were amplified and further subjected
to alpha- and beta-diversity analysis, principal coordinates analysis (PCoA), linear discriminant analysis effect size (LEfSe) analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis. The result showed that pasture-raised goats showed higher milk microbial
abundance and diversity than indoor-fed goats. Specifically, Propionibacterium, Weeksellaceae, Lactobacillus, Cloacibacterium, and Yersinia were
enriched in colostrum and Betaproteobacteria, Pseudomonadales, Moraxellaceae, Lactobacillales, Brevibacterium, Acinetobacter, Alcaligenaceae,
Enhydrobacter, Brevundimonas, and Gluconacetobacter were enriched in mature milk of pasture-raised goats. In addition, the functional
metabolic genes of the milk microbiota differed significantly in goats of these two farms. Altogether, the present study analyzed the microbiota
of colostrum and mature milk of goats and suggested that feeding style could profoundly affect the composition of milk microbiota.
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Meraya Dayali Beslemeye Karsi Kapali Beslemenin Kecilerde Siit
Mikrobiyotasi Uzerine Etkisi

Oz

Suttin mikrobiyal profili, ¢ig sit ve sut Grlnlerinin kalitesini etkileyebilir. Kegilerin beslenme bicimlerinin siit mikrobiyota profilleri tizerine
etkilerini arastirmak icin farkli besleme 6zelligine (mera ve kapali besleme) sahip iki yerel keci ciftligi secildi. On adet kolostrum 6rnegi (5'i
merada beslenen ve 5'i kapali alanda beslenen kecilerden) ve 12 adet ergin hayvana ait siit 6rnegdi (7'si merada beslenen ve 5'i kapali alanda
beslenen kecilerden) toplandi. Bu érnekler, 16S rDNA dizilerinin amplifikasyonu sonrasinda alfa ve beta cesitlilik analizine, temel koordinat
analizine (PCoA), dogrusal diskriminant analizi etki blyukligu (LEfSe) analizine ve Kyoto Genler ve Genomlar Ansiklopedisi (KEGG) yolak
analizine tabi tutuldu. Merada beslenen kegilerin, kapali alanda beslenenlere gore sit mikrobiyotasinin daha bol oldugu ve daha fazla gesitlilik
gosterdigi saptandi. Meraya bagl beslenen kegilerde kolostrumda 6zellikle Propionibacterium, Weeksellaceae, Lactobacillus, Cloacibacterium ve
Yersinia tUrleri, ergin hayvan sttlerinde ise Betaproteobacteria, Pseudomonadales, Moraxellaceae, Lactobacillales, Brevibacterium, Acinetobacter,
Alcaligenaceae, Enhydrobacter, Brevundimonas ve Gluconacetobacter tiirleri daha fazlaydi. Ayrica, bu iki ¢iftligin kegilerinde stit mikrobiyotasinin
fonksiyonel metabolik genleri 6nemli dl¢lide farkhlik gosterdi. Bu calismada, kegilerin kolostrum ve ergin siitliniin mikrobiyotasi analiz edilmis
ve besleme tarzinin siit mikrobiyotasinin bilesimini ciddi sekilde etkileyebilecegi 6ne stirilmustar.

Anahtar sézciikler: Keci, Mera, Kapali besleme, Besleme sekli, Siit mikrobiyotasi

INTRODUCTION technologies and data analysis methods has challenged

this long-held notion by showing that there exists a
It is widely believed that the mammary gland is a sterile  complex microbial community in the milk ™3, In fact, the
organ. However, recent progress in culture-independent  presence of milk microbiota has been documented in
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many hosts including humans ™, cows ¥, goats ', sheep ©
and water buffalos ), with most studies concentrated on
humans and cows.

Mounting evidence shows that milk microbiota has a great
impact on the seeding of an infant’s gut microbiota. For
example, Jost et al.® found several gut-associated obligate
anaerobic genera and members of the Clostridia were
shared between breastmilk and the related neonatal feces
over the first month of life. Supporting this finding, Murphy
et al® found identical strains of bacteria could be isolated
from the breastmilk and feces of the infant, with shared
genera between breastmilk and neonatal feces accounted
for 70~88% of infant fecal microbiota. In consistent with
this finding, Williams et al."® found that the milk microbiota
of breastfeeding mothers contributed approximately 4.9%
to the gastrointestinal bacterial communities of their
infants.

Recent studies also suggested that the microbial profile
of the milk is associated with the health condition of
the lactating animal and hence affecting the quality of
subsequent dairy products. Mastitis is a complex disease
of dairy animals and has brought great economic losses
to dairy industries worldwide ", Recent data suggest that
mastitis is not merely caused by pathogen infections, but
also by the consequence of intramammary microbiota
dysbiosis. For example, the development of bovine
mastitis was associated with decreased bacteria diversity
and increased abundance of opportunistic pathogens,
a phenomenon also observed in humans 224, |In water
buffalos, the development of subclinical mastitis was
associated with the decrease in the relative abundance of
genera Psychrobacter, SMB53 and Solibacillus in the milk '],
Accordingly, milk microbiota profile was suggested to
serve as an effective approach to distinguish cows with or
without mastitis 157,

The milk microbiota is not constantly stable but is a dynamic
ecosystem affected by various factors. It is commonly
recognized that both host and environmental factors
influence milk microbiota composition. For host factors,
the genetic traits, physiological status and anatomical
characteristics of the udder and lactation stage are
suggested to affect the milk microbiota of cows and
sows 29 |n humans, delivery mode is also an important
determinant of milk microbiota composition, with higher
bacterial diversity found in women with vaginal delivery
compared with those who deliver through cesarean
section “21, For environmental factors, the farming
environment plays an important role in affecting milk
microbiota. For example, Metzger and colleagues found
that the overall milk bacterial community was affected
by bedding types of cows, although the sample size is
relatively small in this study 2. In addition, feeding style
was shown to correlate with milk microbiota diversity
of cows. For example, high-concentrate diet feeding in
Holstein dairy cows could result in elevated mastitis-

causing bacteria in the milk 3, Other studies also showed
that total mixed ration with artemisinin or lactic acid
supplementation could remarkably affect the composition
of milk microbiota of dairy cows 2*?*], Pasture and indoor
feeding are two principle feeding styles of dairy goats in
China. However, it is unclear whether these feeding styles
have an effect on milk microbiota composition.

The aim of this study was to investigate whether feeding
styles of goats affected their milk microbiota profile. For
this purpose, outdoor pasture-grazing or indoor-fed goats
were selected and 16s rDNA of their milk microbiota was
sequenced and analyzed. The results showed that feeding
style could greatly affect the composition and functional
metabolic genes of milk microbiota.

MATERIAL AND METHODS
Description of Samples

A total of 22 goats (female; 1-year-old) were used in this
study. The milk samples contained 10 colostrum samples
(5 from pasture-raised goats; 5 from indoor-fed goats)
and 12 mature milk samples (7 from pasture-raised goats;
5 from indoor-fed goats). 16S rDNA sequences of these
samples were amplified and studied. All screened goats
were healthy.

DNA Extraction

For each milk sample, microbial genomic 16S rDNA was
extracted with a milk DNA kit from Omega Bio-tek (Norcross,
GA, USA). The DNA quality was examined through
2% agarose gel electrophoresis. The concentration was
measured with a NanoDrop Spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA). DNA samples were
kept at -20°C before further analysis. The analyzers were
blinded to all testing samples when the rDNA was further
analyzed.

PCR Amplification of 16S rDNA

The illumine sequencing library was constructed with the
V3-V4 region of 16S rDNA, which was amplified with the
conserved primers 805R (5-GACT ACHVGGGTATCTAATCC-3')
and 341F (5'-CCTACGGGNGGCWGCAG-3'). Then the
different identifier codes at each primer were added. For
PCR analysis, a 50 yL reaction system containing 25 uL of
2 X Phanta Max Master Mix (Vazyme, Jiangsu, China), 16 pL
of ddH,0, 10 mM each primer, and 5 pL of DNA template
was set. The PCR program was first denaturation at 95°C
with 10 cycles for 30 s, then annealing at 55°C for 30 s
and extension at 72°C for 45 s, at last with an elongation
condition at 72°C for 5 min. A Quant-iT PicoGreen dsDNA
Assay Kit (Invitrogen, Waltham, MA, USA) was used to
estimate the quality of the PCR products for library
preparation. Barcoded samples were combined with the
same concentrations. An Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA) was used to measure
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the library concentration following the elution with Tris-
HCI (pH 8.5). The samples were then sequenced in MiSeq
Reagent Kit V3 (600-cycle) on a PE250 v3 instrument of
MiSeq Plateform (lllumina, San Diego, CA, USA).

Bioinformatics and Statistical Analysis

All sequencesin this study have been deposited to National
Center for Biotechnology Information (NCBI) database with
the accession number XC190402. The QIIME (Quantitative
Insights Into Microbial Ecology, v1.8.0, http://giime.org/)
was used to manage the raw reads and FLASH v1.2.7 was
performed to assemble the paired reads. Meanwhile,
QIIME was performed to screen and analyze the sample
sequences. Operational taxonomic units (OTUs) were
acquired by UPARSE 7.0 with 97% identity threshold.
After that, the whole OTUs were grouped to specific
taxonomic levels through Ribosomal Database Project
(RDP) classifier 2.2. R program Venn-Diagram package
was performed to make the Venn diagram corresponding
to the OTU information. The phylogenetic tree was acquired
following the sequences alignment by MEGA
5.2. MOTHUR was used to measure the microbial

OTUs composed approximately 56.28% of the whole OTUs.
As for colostrum, 686 and 425 OTUs were uniquely existed
in pasturing goats and indoor-fed goats, respectively
(Fig. 1-A). For mature milk, 934 and 561 OTUs were
uniquely existed in pasture-raised and indoor-fed goats,
respectively (Fig. 1-A). Interestingly, the observed OTUs in
pasture-raised goats were higher than that in indoor-fed
goats both for the colostrum and mature milk (Fig. 1-A).

Furthermore, alpha and beta diversities were measured
to estimate the quality of these sequencing data. Alpha
diversity index of colostrum diverged significantly between
these differently-fed goats (Fig. 1-B). Although there was
a similar trend for that of mature milk, the difference was
not statistically significant (Fig. 7-B). The Shannon-Wiener
values of colostrum from pasture-raised and indoor-fed
goats were 4.45 and 3.97, respectively (Fig. 1-B). And the
values for mature milk were 4.37 and 4.11, respectively
(Fig. 1-B). Within each group, Shannon index showed that
the diversity of goat milk microbial population in pasture-
raised goats was higher than that in indoor goats, although

community diversity, alpha diversity. To estimate (A)
the similarities of these samples, Bray-Curtis
distance was measured by R program vegan
package. OIIME was also used to obtain phylo-
genetic beta diversity. According to Bray-Curtis
distance, principal coordinate analysis (PCoA)
by R program was performed. A statistical
significance test was conducted by PERMANOVA
and student’s t test.

686

REesuLts
(B)

Description of the Sequencing Data

colostrum mature milk

1653 425 934 1701 561

group &3 P |

treat: colostrum treat: mature_milk

Milk was collected from pasture-raised or indoor-
fed goats. We retrieved 709.380 raw reads from
the sequencing platform and filtered 111.176
reads with an average of 417 bp in length for
further analysis.
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>
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Milk Microbiota is Affected by Different
Feeding Styles

Shannon index
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After filtering the raw sequences, 111.176 high-
quality available reads were left for further
analysis. Based on 97% sequence similarity, 2.339
and 2.078 OTUs were obtained from colostrum 3.51
samples of pasture-raised (P) and indoor-fed
goats (I), respectively. Meanwhile, 2.363 and

. -

2.262 OTUs were obtained from mature milk

P | P |

samples of pasture-raised and indoor-fed goats,
respectively (Fig. 1-A). A total of 5.960 OTUs
were detected from all milk samples, of which
1653 and 1701 were core OTUs of colostrum
and mature milk, respectively (Fig. 1-A). The core

Fig 1. The community composition and microbial diversity index analysis of
colostrum and mature milk. (A) Venn diagram showing overlap in OTUs of differential
abundance in pasture-raised (P) and indoor-fed goats (I). (B) Shannon index analysis
of colostrum and mature milk. Asterisks represent statistical significance (*P<0.05, **
P<0.01, *** P<0.001)
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the difference was not statistically significant for mature
milk (Fig. 1-B).

Compositional Analysis of the Milk Microbiota of
Different Goats

The matrix of Bray-Curtis distance was calculated based
on the OTU abundance of all samples. According to these
distance matrices, the similarity analysis of unweighted
Unifrac reflected that the difference between these two
groups was significant (PERMANOVA, P<0.01) (Fig. 2).
The principal coordinates analysis (PCoA) showed that
all colostrum and mature milk samples were scattered
into two clusters, and there were significant differences
between the milk microbial compositions of goats with
different feeding styles (PERMANOVA, P<0.01). Specifically,
the milk microbiota from indoor-fed goats were mainly
grouped in cluster A, while those from pasture-raised
goats were mostly aggregated in cluster B (Fig. 2). Of all
explained variances, the principal component accounted
for 85.7% (PC1) and 5.9% (PC2) for colostrum, and 66.9%
(PC1) and 19.7% (PC2) for mature milk.

Top Genera and Taxa Level Analysis of the Milk
Microbiota of Different Goats

The relative abundance of the top genera of colostrum and
mature milk from different goats were further analyzed
(Fig. 3-A,B). Furthermore, linear discriminant analysis (LDA)
effect size (LEfSe) was carried out to identify the most
differentially abundant taxa with a log LDA value >2.0
and P value <0.05 (Wilcoxon test). The taxonomic differences
of colostrum (9; 7 phylotypes) and mature milk (14; 36
phylotypes) from pasture-raised and indoor-fed goats was
shown in Fig.4. Specifically, for colostrum, Propionibacterium
were significantly abundant in pasture-raised goats while
Brachybacterium were enriched in indoor-fed goats (Fig. 4-A).
For mature milk, the relative abundance of Betaproteobacteria
was higher in pasture-raised goats while Firmicutes were
enriched in indoor-fed goats (Fig. 4-B).

In addition, the predominant microbial genera of the
colostrum of pasture-raised goats were Weeksellaceae,
Lactoobacillus, Cloacibacterium and Yersinia.ln comparison,
thoseforindoor-fedgoatswere Dermabacteraceae, Bacteria,
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Fig 4. Linear discriminant analysis effect size (LEfSe) analysis of colostrum and mature milk microbial taxonomy. Different
taxa levels were measured using linear discriminant analysis (LDA) with effect size algorithm. For colostrum (A) and mature milk
(B), histograms of linear discriminant analysis of 16S rDNA sequences were performed with |LDA score| >2 (log10). Pasture-
raised goats-enriched taxa were shown with negative LDA values (red), and taxa enriched in indoor fed goats were displayed

Brevibacterium and Herbaspirillum (Fig. 4-A). The predominant
microbial genera of the mature milk of pasture-raised goats
were Pseudomonadales, Moraxellaceae, Lactobacillales,
Brevibacterium, Acinetobacter, Alcaligenaceae, Enhydrobacter,
Brevundimonas and Gluconacetobacter, while those
for indoor-fed goats were Clostridiales, Veillonellaceae,
Peptococcaceae, Desulfovibrionaceae, Turicibacter, Micro-
bacteriaceae, Campylobacterales, Bogoriellaceae, Georgenia,
Pophyromonadaceae, Sanguibacter and Herbiconiux (Fig.
4-B). The relative abundance of milk microbial taxonomy
of these differently-fed goats estimated through LEfSe was
significantly different (P<0.05).

Functional Characterization of Milk Microbiota from
Pasture-Raised and Indoor-Fed Goats

In order to detect the roles of milk microbiota in different

farms, the Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States (PICRUSt) program
was performed to predict the metabolic functions of
microbial genes. Base on the Kyoto Encyclopedia of Genes
and Genomes pathway (KEGG, http://www.genome.jp/
kegg/pathway.html) database, the metabolic pathways
were sorted into six categories, including genetic information
processing, cellular processes, metabolic pathway, meta-
bolism, environmental information processing and organism
systems and human diseases.

Significantly differed pathways of colostrum microbiota
from the two groups of goats contained transport and
catabolism (P=0.0005), metabolism of terpenoids and
polyketides (P=0.0006), signaling molecules and interaction
(P=0.0007), lipid metabolism (P=0.001), transcription (P=0.001),
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Fig 5. The major categories of the functional analysis according to the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways. Relative abundance of microbial genes was compared between pasture-raised goats (P) and

metabolism (P=0.002), membrane transport (P=0.002),
carbohydrate metabolism (P=0.002), metabolism of other
amino acids (P=0.002), infectious diseases (P=0.003),amino
acid metabolism (P=0.003), excretory system (P=0.004),
biosynthesis of other secondary metabolites (P=0.006),
environmental adaptation (P=0.007), enzyme families
(P=0.007), nervous system (P=0.008), signal transduction
(P=0.008) and energy metabolism (P=0.008) (Fig. 5-A). The
significantly differed pathways of mature milk microbiota
contained replication and repair (P=0.01), nucleotide
metabolism (P=0.01), amino acid metabolism (P=0.005)
and membrane transport (P=0.003) (Fig. 5-B).

DiscussioN

Beyond providing abundant nutrient substances for
neonates, mammalian colostrum and mature milk also
contain plenty and diverse bacteria that play an important
role in modulating the gut microbiota colonization
and maturation of the offspring, influencing the health
condition of a lactating animal, and affecting the quality
of dairy products ©1916171 Factors from the host and the
external environment both critically affect the composition
of the milk microbiota 8202223 However, it is currently
unclear whether pasture and indoor feeding, two major
feeding styles of goats, have an effect on milk microbiota.
This study analyzed the milk microbiota profile of goats
with different feeding styles. The results suggested that
pasture and indoor feeding affected milk microbiota
composition profoundly and differently, reflected by higher
milk microbial diversity and composition in goats from
pasturing goats.

Several studies have reported that the animal husbandry

practices and diets could influence the rumen and fecal
microbiota of goats 5?7, Consistent with the finding of
our study, an earlier study showed that Proteobacteria and
Firmicutes were the major phyla of goat milk microbiota .
Interestingly, Proteobacteria and Firmicutes were also
reported to be the predominant phyla in human
breast milk 28, In our research, different feeding styles
significantly influenced the major phyla and genera of
goat milk microbiota. Firmicutes and Brachybacterium
are the largest phylum of colostrum and mature milk
microbiota of indoor-fed goats, while Propionibacterium
and Betaproteobacteria are most enriched in that of
pasture-raised goats (Fig. 4). Firmicutes, Proteobacteria
and Propionibacterium are also the most abundant phyla
of cow milk microbiota, although their specific function is
yet to be investigated %, Supporting these findings, Zhao
et al.B% indicated that Proteobacteria and Firmicutes were
the predominant phyla in camel milk.

The genus Lactobacillus in the colostrum was significantly
higher in pasturing goats (Fig. 3-B). This genus contains
phylogenetically diverse strains of bacteria and many
of the species are commonly used as probiotics. In fact,
emerging evidence suggests that supplementation with
Lactobacillus has multiple benefits, including promoting
energy harvesting BY, stimulating the immune system 52,
defending against infections 33 and combating fatigue 3%,
The reason why lactobacillus is enriched in pasture-raised
goats is not clear, but this finding provides good evidence
that milk from pasture-raised goats may be more beneficial
from a probiotics point of view.

PCoA clustering analysis showed that the bacterial structure
of goat milk is different between goats with different
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feeding styles (Fig. 2). This result displayed that all samples
were clustered in two different groups, suggesting that
the milk microbial community of goats of the same farm
were highly conserved. This phenomenon may be caused
by the fact that these goats have adapted to their living
styles, including different diets and living environment.
Besides, several other factors could also impact the milk
microbial community, i.e., genetic specificity, geographic
location, lactation stage, feeding and milk transportation
and storage B°. Thus, the microbial community of the milk
is the comprehensive activity of all the influencing factors.
However, the present study could not rule out influencing
factors other than feeding styles.

In conclusion, this study analyzed the microbiota of
colostrum and mature milk of pasture-raised and indoor-
fed goats and showed that these feeding styles could
profoundly influence the abundance and diversity of milk
microbiota.

ETHicAL APPROVAL

Not applicable.

ACKNOWLEDGEMENTS

The authors would like to thank Mrs. Li Wang of NWAFU for
her technical assistance.

FINANCIAL SUPPORT

This research was supported by National Natural Science
Foundation of China (31902282), Basic Research Plan
of Natural Science of Shaanxi Province (2020JQ-270),
Key Projects of Science and Technology Coordination
in Shaanxi Province (2020ZDLNY02-06) and Qinghai
province Major R&D and Transformation Project (2021-QY-
211,2018-NK-125).

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

AuUTHOR CONTRIBUTIONS

W.M. and D.C. proposed and supervised this study. T.J. (Tian
Jing), X.Y,, H.F. and F.C. analyzed the data. T.J. (Tiantian
Ji), J.D. and X.Y. wrote the first version of the manuscript.
H.Z., TW. and X.C. edited the manuscript. All authors
have reviewed the final version of this article. All authors
have read and agreed to the published version of the
manuscript.

REFERECES

1. Niyazbekova Z, Yao XT, Liu MJ, Bold N, Tong JZ, Chang JJ, Wen Y, Li
L, Wang Y, Chen DK, Ma WT: Compositional and functional comparisons
of the microbiota in the colostrum and mature milk of dairy goats.
Animals, 10:1955, 2020. DOI: 10.3390/ani10111955

2. Rainard P: Mammary microbiota of dairy ruminants: Fact or fiction?

Vet Res, 48:25,2017. DOI: 10.1186/513567-017-0429-2

3. Du B, Meng L, Liu H, Zheng N, Zhang Y, Guo X, Zhao S, Li F, Wang
J: Impacts of milking and housing environment on milk microbiota.
Animals, 10:2339, 2020. DOI: 10.3390/ani10122339

4. Hermansson H, Kumar H, Collado MC, Salminen S, Isolauri E,
Rautava S: Breast milk microbiota is shaped by mode of delivery and
intrapartum antibiotic exposure. Front Nutr, 6:4, 2019. DOI: 10.3389/
fnut.2019.00004

5. Taponen S, McGuinness D, Hiitio H, Simojoki H, Zadoks R, Pyorala
S: Bovine milk microbiome: A more complex issue than expected. Vet Res,
50:44,2019.DOI: 10.1186/513567-019-0662-y

6. Esteban-Blanco C, Gutierrez-Gil B, Puente-Sanchez F, Marina H,
Tamames J, Acedo A, Arranz JJ: Microbiota characterization of sheep
milk and its association with somatic cell count using 16s rRNA gene
sequencing. J Anim Breed Genet, 137 (1): 73-83, 2020. DOI: 10.1111/
jbg.12446

7. Catozzi C, Ceciliani F, Lecchi C, Talenti A, Vecchio D, De Carlo E,
Grassi C, Sanchez A, Francino O, Cusco A: Short communication: Milk
microbiota profiling on water buffalo with full-length 16S rRNA using
nanopore sequencing.J Dairy Sci, 103 (3): 2693-2700, 2020. DOI: 10.3168/
jds.2019-17359

8. Jost T, Lacroix C, Braegger CP, Rochat F, Chassard C: Vertical mother-
neonate transfer of maternal gut bacteria via breastfeeding. Environ
Microbiol, 16 (9): 2891-2904, 2014. DOI: 10.1111/1462-2920.12238

9. Murphy K, Curley D, O’Callaghan TF, O'Shea CA, Dempsey EM,
O’Toole PW, Ross RP, Ryan CA, Stanton C: The composition of human
milk and infant faecal microbiota over the first three months of life: A pilot
study. Sci Rep, 7:40597,2017. DOI: 10.1038/srep40597

10. Williams JE, Carrothers JM, Lackey KA, Beatty NF, Brooker SL,
Peterson HK, Steinkamp KM, York MA, Shafii B, Price WJ, McGuire
MA, McGuire MK: Strong multivariate relations exist among milk, oral,
and fecal microbiomes in mother-infant dyads during the first six months
postpartum. J Nutr, 149 (6): 902-914, 2019. DOI: 10.1093/jn/nxy299

11. Ruegg PL: A 100-year review: Mastitis detection, management,
and prevention. J Dairy Sci, 100 (12): 10381-10397, 2017. DOI: 10.3168/
jds.2017-13023

12. Polveiro RC, Vidigal PMP, Mendes TAO, Yamatogi RS, Lima
MC, Moreira MAS: Effects of enrofloxacin treatment on the bacterial
microbiota of milk from goats with persistent mastitis. Sci Rep, 10:4421,
2020. DOI: 10.1038/541598-020-61407-2

13. Patel SH, Vaidya YH, Patel RJ, Pandit RJ, Joshi CG, Kunjadiya AP:
Culture independent assessment of human milk microbial community
in lactational mastitis. Sci Rep, 7:7804, 2017. DOI: 10.1038/s41598-017-
08451-7

14. Boix-Amoros A, Hernandez-Aguilar MT, Artacho A, Collado MC,
Mira A: Human milk microbiota in sub-acute lactational mastitis induces
inflammation and undergoes changes in composition, diversity and load.
SciRep, 10:18521,2020. DOI: 10.1038/541598-020-74719-0

15. Catozzi C, Sanchez Bonastre A, Francino O, Lecchi C, De Carlo E,
Vecchio D, Martucciello A, Fraulo P, Bronzo V, Cusco A, D’Andreano
S, Ceciliani F: The microbiota of water buffalo milk during mastitis. PLoS
One, 12 (9):e0184710, 2017. DOI: 10.1371/journal.pone.0184710

16. Kuehn JS, Gorden PJ, Munro D, Rong R, Dong Q, Plummer PJ,
Wang C, Phillips GJ: Bacterial community profiling of milk samples as a
means to understand culture-negative bovine clinical mastitis. PLoS One,
8 (4): 61959, 2013. DOI: 10.1371/journal.pone.0061959

17. Oikonomou G, Bicalho ML, Meira E, Rossi RE, Foditsch C, Machado
VS, Teixeira AG, Santisteban C, Schukken YH, Bicalho RC: Microbiota
of cow’s milk; distinguishing healthy, sub-clinically and clinically
diseased quarters. PLoS One, 9 (1): e85904, 2014. DOI: 10.1371/journal.
pone.0085904

18. Zhang F, Wang Z, Lei F, Wang B, Jiang S, Peng Q, Zhang J, Shao Y:
Bacterial diversity in goat milk from the Guanzhong area of China. J Dairy
Sci, 100 (10): 7812-7824,2017. DOI: 10.3168/jds.2017-13244

19. Derakhshani H, Fehr KB, Sepehri S, Francoz D, De Buck J, Barkema
HW, Plaizier JC, Khafipour E: Invited review: Microbiota of the bovine



648
Feeding Style and Milk Microbiota

Research Article

udder: Contributing factors and potential implications for udder health
and mastitis susceptibility. J Dairy Sci, 101 (12): 10605-10625, 2018. DOI:
10.3168/jds.2018-14860

20. Chen W, Mi J, Lv N, Gao J, Cheng J, Wu R, Ma J, Lan T, Liao X:
Lactation stage-dependency of the sow milk microbiota. Front Microbiol,
9:945, 2018. DOI: 10.3389/fmicb.2018.00945

21. Cabrera-Rubio R, Collado MC, Laitinen K, Salminen S, Isolauri
E, Mira A: The human milk microbiome changes over lactation and is
shaped by maternal weight and mode of delivery. Am J Clin Nutr, 96 (3):
544-551,2012. DOI: 10.3945/ajcn.112.037382

22. Metzger SA, Hernandez LL, Skarlupka JH, Suen G, Walker TM,
Ruegg PL: Influence of sampling technique and bedding type on the
milk microbiota: Results of a pilot study. J Dairy Sci, 101 (7): 6346-6356,
2018.DOI: 10.3168/jds.2017-14212

23. Zhang R, Huo W, Zhu W, Mao S: Characterization of bacterial
community of raw milk from dairy cows during subacute ruminal acidosis
challenge by high-throughput sequencing. J Sci Food Agric, 95 (5): 1072-
1079, 2015. DOI: 10.1002/jsfa.6800

24.GaoJ, LiuYC,WangY, Li H, Wang XM, Wu Y, Zhang DR, Gao S, Qi ZL:
Impact of yeast and lactic acid bacteria on mastitis and milk microbiota
composition of dairy cows. AMB Express, 10:22, 2020. DOI: 10.1186/
513568-020-0953-8

25. Hou K, Tong J, Zhang H, Gao S, Guo Y, Niu H, Xiong B, Jiang L:
Microbiome and metabolic changes in milk in response to artemisinin
supplementation in dairy cows. AMB Express, 10:154, 2020. DOI: 10.1186/
$13568-020-01080-w

26. De Jesus-Laboy KM, Godoy-Vitorino F, Piceno YM, Tom LM,
Pantoja-Feliciano IG, Rivera-Rivera MJ, Andersen GL, Dominguez-
Bello MG: Comparison of the fecal microbiota in feral and domestic
goats. Genes, 3 (1): 1-18,2012. DOI: 10.3390/genes3010001

27. Cremonesi P, Conte G, Severgnini M, Turri F, Monni A, Capra
E, Rapetti L, Colombini S, Chessa S, Battelli G, Alves SP, Mele M,
Castiglioni B: Evaluation of the effects of different diets on microbiome
diversity and fatty acid composition of rumen liquor in dairy goat. Animal,

12(9): 1856-1866, 2018. DOI: 10.1017/51751731117003433

28. Moossavi S, Sepehri S, Robertson B, Bode L, Goruk S, Field CJ, Lix
LM, de Souza RJ, Becker AB, Mandhane PJ, Turvey SE, Subbarao P,
Moraes TJ, Lefebvre DL, Sears MR, Khafipour E, Azad MB: Composition
and variation of the human milk microbiota are influenced by maternal
and early-life factors. Cell Host Microbe, 25 (2): 324-335.e4, 2019. DOI:
10.1016/j.chom.2019.01.011

29. Li N, Wang Y, You C, Ren J, Chen W, Zheng H, Liu Z: Variation in
raw milk microbiota throughout 12 months and the impact of weather
conditions. Sci Rep, 8:2371,2018. DOI: 10.1038/541598-018-20862-8

30. Zhao J, Fan H, Kwok LY, Guo F, Ji R, Ya M, Chen Y: Analyses of
physicochemical properties, bacterial microbiota, and lactic acid bacteria
of fresh camel milk collected in Inner Mongolia. J Dairy Sci, 103 (1): 106-
116, 2020. DOI: 10.3168/jds.2019-17023

31. Chen YM, Wei L, Chiu YS, Hsu YJ, Tsai TY, Wang MF, Huang CC:
Lactobacillus plantarum TWK10 supplementation improves exercise
performance and increases muscle mass in mice. Nutrients, 8 (4): 205,
2016. DOI: 10.3390/nu8040205

32. Galdeano CM, Perdigon G: The probiotic bacterium Lactobacillus
casei induces activation of the gut mucosal immune system through
innate immunity. Clin Vaccine Immunol, 13 (2): 219-226, 2006. DOI:
10.1128/CVI.13.2.219-226.2006

33. Reid G, Burton J: Use of Lactobacillus to prevent infection by
pathogenic bacteria. Microbes Infect, 4 (3): 319-324, 2002. DOI: 10.1016/
$1286-4579(02)01544-7

34. Makino S, Hemmi J, Kano H, Kashiwagi M, Hojo K, Asami Y: Anti-
fatigue effects of yogurt fermented with Lactobacillus delbureckii subsp.
bulgaricus OLL1073R-1 in healthy people suffering from summer heat
fatigue: A randomized, double-blind, placebo-controlled trial. Nutrients,
10 (7): 798, 2018. DOI: 10.3390/nu10070798

35. Gomez-Gallego C, Garcia-Mantrana |, Salminen S, Collado MC:
The human milk microbiome and factors influencing its composition and
activity. Semin Fetal Neonatal Med, 21 (6): 400-405, 2016. DOI: 10.1016/j.
siny.2016.05.003



