Ann. Anim. Sci., Vol. 22, No. 2 (2022) 785-794

§ sciendo

DOI: 10.2478/aoas-2022-0005

COMPARISON OF RAW COW MILK MICROBIOTA IN TWO MILKING SYSTEMS: A FIELD STUDY

Po-An Tu!, Ming-Kuei Yang', Yu-Hsiang Yu?*

"Hsinchu Branch, Livestock Research Institute, Council of Agriculture, Miaoli 36848, Taiwan
*Department of Biotechnology and Animal Science, National Ilan University, Yilan 26047, Taiwan
*Corresponding author: yuyh@niu.edu.tw

Abstract
This study investigated the effect of different milking systems on the milk composition and microbial community of raw milk in a com-
mercial dairy farm. Raw milk samples from conventional milking system (CMS) and automatic milking system (AMS) were collected and
the microbiota on each was assessed by 16S rRNA gene sequencing. Results showed that the acetone (P = 0.031) and p-hydroxybutyrate
(P<0.001) levels in the raw milk of the AMS group were increased compared with the CMS group. Principal component analysis, un-
weighted and weighted principal coordinates analysis, and heat map of microbial community composition in the raw milk showed a clear
separation between two groups. AMS increased the abundance of the genera Acinetobacter (FDR = 0.004) and Staphylococcus (FDR =
0.004) in the raw milk compared with the CMS group. In contrast, the abundance of the genera Pseudomonas (FDR = 0.028), Lactococcus
(FDR = 0.015), Sphingobacterium (FDR = 0.004), Brevundimonas (FDR = 0.005), and Chryseobacterium (FDR = 0.042) in the raw milk
was reduced in the AMS group compared with the CMS group. The abundance of the genera Acinetobacter and Staphylococcus in the raw
milk was positively correlated with the B-hydroxybutyrate, acetone, free fatty acid, citric acid, and urea nitrogen levels. Furthermore, the
abundance of the genus Acinetobacter in the raw milk was negatively correlated with the somatic cell counts. The study demonstrates that
the introduction of AMS in the dairy farm can regulate microbiota composition in the raw milk and this modification may exert an effect

on reducing the somatic cell counts in the raw milk.
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The raw cow milk microbiota is known to harbor
complex microbial communities with a significant im-
pact on the hygienic, sensory, texture, and flavor quality
of milk (Wouters et al., 2002). The diversity of raw milk
microbiota also affects the safety and pricing of sub-
sequent development of dairy products (Quigley et al.,
2013). Several microorganisms involving milk quality
have been identified in raw cow milk (von Neubeck et
al., 2015; Porcellato et al., 2018). In addition, mastitis,
an inflammation of the mammary gland caused by in-
fectious and environmental pathogens, is the most im-
portant disease in dairy cows. The somatic cell counts
in milk are positively associated with the incidence of
mastitis in dairy cows. Several studies have demon-
strated that the specific microbial communities in raw
milk are correlated with somatic cell counts (Oikono-
mou et al., 2014; Rodrigues et al., 2017; Tong et al.,
2019). Therefore, controlling the microbial composition
of raw milk is particularly important to the dairy indus-
try in order to prevent mastitis and maintain the health
of dairy cows.

The automatic milking system (AMS) or milking ro-
bot is increasingly implemented in modern dairy farms.
Compared with the regular twice per day milking of con-
ventional milking system (CMS) management, AMS can

improve cow comfort and health, increase milk produc-
tion, and reduce labor for milking (Jacobs and Siegford,
2012; Hansen, 2015; Tse et al., 2018). Furthermore, the
risk of udder contamination during milking is expected to
be minimized in AMS compared with the CMS. There-
fore, the microbiota of raw milk is supposedly different
between AMS and CMS. However, information on the
raw cow milk microbiota of AMS is limited compared to
that of raw milk collected from CMS.

It has been reported that the somatic cell counts are
increased after milking with the AMS (Kruip et al., 2002;
Hovinen and Pyoraléd, 2011). The introduction of AMS in
dairy farms results in a decrease in milk quality compared
with the CMS (Klungel et al., 2000). The risk of clinical
mastitis in pasture-fed cows managed in an AMS is in-
creased (Hammer et al., 2012). It has been demonstrated
dysbiosis in the milk microbiome can occur during the
progression of mastitis by increasing opportunistic path-
ogenic bacteria and reducing healthy milk commensal
bacteria (Hoque et al., 2019). The distribution of domi-
nant and subdominant microorganisms in raw milk can
change the milk composition, thereby affecting the fla-
vor, taste, and texture of raw milk (Quigley et al., 2013).
The raw milk microbiota can be affected from a variety
of sources, including milking equipment. Whether altera-
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tion of raw milk microbiota by different milking systems
correlates with somatic cell count and milk composition
is still rarely investigated.

Therefore, we hypothesize that raw cow milk micro-
biota can be differentially regulated between CMS and
AMS in the dairy farm and specific microbial communi-
ties modulated by different milking systems are associ-
ated with milk composition. The objective of the present
study was to compare the microbiota profiles of raw milk
collected from different milking systems, and to explore
the correlations between the milk composition and mi-
crobiota.

Material and methods

All experimental procedures were approved by the
Institutional Animal Care and Use Committee of Nation-
al Ilan University.

Sample collection

A total of 18 individual milk samples (9 samples
from CMS group and 9 samples from AMS group) from
Holstein-Friesian cows with similar average days in milk
were collected in November 2020 at a commercial farm
(Tainan, Taiwan), which operated CMS (herringbone
stall) and AMS (Astronaut A4 robotic milking system,
Lely, Maassluis, The Netherlands) for management of
100 lactating dairy cows (20 cows for CMS and 80
cows for AMS, respectively). All cows were housed in
a free stall barn. Cows in the CMS group were fed total
mixed ration (TMR) and milked twice daily. Milk sam-
ples from the CMS group were collected at 9:00 and
20:00 h. Cows in the AMS group were fed partial mixed
ration (PMR) in combination with pelleted concentrates
in the milking stall for encouraging cows to come to
the stall frequently for milking. Milk samples from
the AMS group were collected after cows were milked
voluntarily (twice or three times a day). The minimum
and maximum temperatures on the day of sampling
were 22.1 and 28.3°C. All dairy cows were considered
healthy and no antibiotic treatments were administered
during the sampling period. All samples after collection
were immediately refrigerated on ice and transported to
Milk Testing Laboratory (Livestock Research Institute,
Miaoli, Taiwan).

Raw milk composition analysis

Milk samples were analyzed in the Milk Testing Lab-
oratory (Livestock Research Institute, Miaoli, Taiwan).
Milk quality traits (fat, protein, lactose, urea nitrogen,
citric acid, total solids, solids-not-fat, casein, free fatty
acid, total saturated fatty acid, total unsaturated fatty
acid, acetone, and B-hydroxybutyrate) were assessed us-
ing Milko-Scan FT+ (Foss Electric A/S, Hillerad, Den-
mark). Somatic cell counts were determined using a Fos-
somatic FC flow cytometry somatic cell counter (Foss
Electric A/S, Hillerad, Denmark).

16S rRNA gene sequencing and data analysis

For the extraction of microbial DNA, a bacterial pel-
let was prepared from 200 pL of each milk sample after
enzymatic lysis and centrifugation. DNA was then pu-
rified using the magnetic bead-based method using the
MagMAX™ CORE Nucleic Acid Purification Kit (Ap-
plied Biosystems, Foster City, CA). The yield and pu-
rity of the extracted DNA were assessed with a Quibt 2.0
Fluorometer (Thermo Scientific, Waltham, MA, USA).
For 16S rRNA gene sequencing, the polymerase chain
reaction (PCR) amplification using primers targeting
the V3 and V4 region of the 16S rRNA genes (forward:
5'-CCTACGGGNGGCWGCAG-3'; reverse: 5'-GAC-
TACHVGGGTATCTAATCC-3") was employed. The
polymerase chain reaction temperature cycling condi-
tions were as follows: initiation at 95°C for 3 min and
followed by 30 cycles of 95°C for 30 s, 57°C for 30 s,
72°C for 30 s, and a final elongation of 72°C for 5 min.
The products were purified using the QIAquick Gel Ex-
traction kit (QIAGEN, Germantown, MD, USA). Se-
quencing libraries were generated using TruSeq Nano
DNA Library Prep kits (Illumina, San Diego, CA, USA)
and sequenced on an [llumina Miseq platform by a com-
mercial company (Genomics, New Taipei City, Taiwan).
After sequencing, the quality of raw reads was checked
with FastQC software (version 0.11.5). Raw reads were
processed following QIIME software (version 1.9.0) and
primers were trimmed using Cutadapt software (version
1.16). Low-quality reads with a quality score < 20 and
sequences below length thresholds were removed. The
sequences of 16S rRNA gene were then clustered into
the operational taxonomic unit (OTU) with a 97% simi-
larity threshold in Mothur software (version 1.39.5) and
UCHIME software (version 4.2). For minimizing the
effects of random sequencing errors, the original OTUs
were modified and clustered by removing OTUs contain-
ing less than 10 sequences. The modified OTUs were
used as a basis for subsequent analysis. The rarefaction
curves were used for sequence count normalization in
QIIME software. A Venn diagram was created using Venn
diagram (version 1.6.17) to compare the number of com-
mon and unique bacteria (genus-level) between groups.
Taxonomic analysis, alpha diversity (species richness
and species evenness), and advanced analysis (principal
component analysis, unweighted UniFrac principal co-
ordinate analysis, and weighted UniFrac principal co-
ordinate analysis) were performed in QIIME software.
The correlation matrix visualization was created using R
package corrplot (version 0.84).

Statistical analysis

The SAS package (Version 9.4; SAS Institute, Cary,
NC, USA) was used to analyze the significance of all re-
sults. Student’s ¢ test was used for intergroup compari-
son. A P value of less than 0.05 was statistically signifi-
cant and a P value between 0.05 and 0.1 was considered
a trend. The principal component analysis and principal
coordinate analysis were executed using UniFrac distan-



Effect of milking systems on raw milk microbiota

787

ces coupled with standard multivariate statistics in QIIME
software. For microbiota analysis, Benjamini-Hochberg
false discovery rate (BH-FDR) correction (FDR P value)
was used to adjust for multiple testing. The correlations
between milk bacteria abundance and milk composition
were measured by Pearson correlation coefficient. The
significance of the correlation FDR P value <0.05 was
the threshold to define significant correlations. Weak cor-
relation is in the range of 0.1 to 0.3, moderate correlation
from 0.3 to 0.6, and strong correlation from 0.6 to 1.0.

Results

Effect of different milking systems on milk compo-
sition and microbial diversity

The result of milk composition between two milking
systems is shown in Table 1. No significant difference
was found in major milk composition except acetone and
B-hydroxybutyrate levels. The acetone (P = 0.031) and
B-hydroxybutyrate (P<0.001) levels in raw milk in the
AMS group were significantly increased compared with
the CMS group. A trend of increased citric acid levels
in raw milk was observed in the AMS group compared
with the CMS group (P = 0.088). After stringent qual-
ity trimming of raw data, the averages of high-quality

reads from the raw milk of CMS and AMS groups were
29,500 (minimal high-quality reads: 23,429) and 22,782
(minimal high-quality reads: 18,698), respectively. The
average OTUs from the raw milk of CMS and AMS
groups were 3,594 and 2,167, respectively. The results
of alpha diversity of microbiota between two milking
systems are shown in Table 2. The bacterial species rich-
ness (Chaol and Fisher alpha estimator) in raw milk
was significantly reduced in the AMS group compared
with the CMS group (FDR = 0.004 and FDR = 0.007).
Similarly, the AMS significantly decreased the bacterial
species evenness (Shannon and Enspie estimator) of raw
milk compared with the CMS group (FDR = 0.004 and
FDR = 0.013). The Venn diagram illustrated an overlap
(87 bacteria, core) that was shared by two of the plotted
groups (Figure 1). In total, 318 and 19 unique bacteria
were found in the CMS and AMS groups, respectively.
Principal component analysis (PCA) revealed statisti-
cally significant discrimination between the two groups
(FDR = 0.004, Figure 2 A). Principal coordinate analy-
sis (PCoA) based on qualitative traits (unweighted Uni-
Frac distances) and quantitative traits (weighted UniFrac
distances) also indicated that the microbiota of raw milk
samples was clearly separated between the two groups
(FDR = 0.001 and FDR = 0.002, Figure 2 B and Figu-
re 2 C).

Table 1. Milk composition of raw milk between two milking systems

CMS! | Awms SEM P value
Somatic cell count ( x 10* cells/mL) 26.17 11.60 4.72 0.126
Fat (%) 3.47 2.99 0.20 0.243
Protein (%) 3.41 3.21 0.10 0.329
Lactose (%) 4.92 4.93 0.05 0.853
Urea nitrogen (mg/dL) 12.24 12.96 0.57 0.552
Citric acid (mg/dL) 138.89 153.78 4.36 0.088
Total solids (%) 12.50 11.83 0.25 0.197
Solids-not-fat (%) 9.02 8.84 0.11 0.435
Casein (%) 2.63 2.49 0.08 0.394
Free fatty acid (mmol/100 g fat) 1.57 2.72 0.59 0.347
Total saturated fatty acid (%) 2.44 2.02 0.17 0.230
Total unsaturated fatty acid (%) 0.78 0.68 0.05 0.341
Acetone (umol/L) 2.00 a 71.00 b 0.016 0.031
B-hydroxybutyrate (pmol/L) 18.00 a 93.00 b 0.012 <0.001

'CMS = conventional milking system; AMS = automatic milking system.
a, b — different letters within a row are numerically different (P<0.05).
Table 2. Microbial a-diversity of raw milk between two milking systems

CMS! AMS! SEM FDR P value!
Chaol 1299 a 41.6b 16.00 0.004
Fisher alpha 15.6a 44D 2.15 0.007
Shannon 35a 25b 0.16 0.004
Enspie S5.6a 4.0b 0.34 0.013

!CMS = conventional milking system; AMS = automatic milking system; FDR P value = Benjamini-Hochberg false discovery rate (FDR) — corrected

P value.
a, b — different letters within a row are numerically different (P<0.05).
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AMS

Figure 1. Venn diagram illustrating the bacteria (genus-level) distribu-

tion in the raw milk between two milking system groups. Each ellipse

represents one group. The overlapping regions between the ellipses

represent the bacterial number that is shared between the conven-

tional milking system (CMS) and automatic milking system (AMS)

(n =9). The value of each region represents the number of bacteria
corresponding to the region

Effects of different milking systems on the bacte-
ria taxonomic composition and community structure
in the raw milk

The results of bacterial taxonomy in the raw milk be-
tween two milking systems are shown in Table 3. At the
phylum level, the abundance of the phylum Bacteroidetes
(FDR = 0.005) in the raw milk was decreased in the AMS
group compared with the CMS group. At the class level,
the abundance of the classes Bacteroidia (FDR = 0.003)
and Alphaproteobacteria (FDR = 0.004) in the raw milk
were reduced in the AMS group compared with the CMS

group. At the order level, AMS increased the abundance
of the order Bacillales (FDR = 0.003) in the raw milk
compared with the CMS group. The abundance of the
orders Lactobacillales (FDR = 0.006), Betaproteobacte-
riales (FDR = 0.021), Sphingobacteriales (FDR = 0.004),
Flavobacteriales (FDR = 0.021), Caulobacterales (FDR
=0.005), and Rhizobiales (FDR = 0.029) in the raw milk
was lower in the AMS group compared with the CMS
group. At the family level, the abundance of the fami-
lies Moraxellaceae (FDR = 0.004), Staphylococcaceae
(FDR =0.005), and Family XII (FDR = 0.004) in the raw
milk was higher in the AMS group compared with the
CMS group. The abundance of the families Pseudomona-
daceae (FDR = 0.021), Streptococcaceae (FDR = 0.021),
Burkholderiaceae (FDR = 0.021), Sphingobacteriaceae
(FDR = 0.004), Caulobacteraceac (FDR = 0.005), and
Weeksellaceae (FDR = 0.038) in the raw milk was lower
in the AMS group compared with the CMS group. At the
genus level, AMS increased the abundance of the genera
Acinetobacter (FDR = 0.004), Staphylococcus (FDR =
0.004), and Exiguobacterium (FDR = 0.004) in the raw
milk compared with the CMS group. The abundance
of the genera Pseudomonas (FDR = 0.028), Lactococ-
cus (FDR = 0.015), Sphingobacterium (FDR = 0.004),
Brevundimonas (FDR = 0.005), and Chryseobacterium
(FDR = 0.042) in the raw milk was reduced in the AMS
group compared with the CMS group. A heat map of the
35 most abundant genera in the raw milk is presented in
Figure 3. The results showed that AMS resulted in unique
bacterial community clusters in the raw milk compared
with the CMS group, such as the genera Acinetobacter,
Staphylococcus, Exiguobacterium, and Bacillales un-
classified. In contrast, some bacterial community clusters
were specifically increased in the CMS group, such as
genera Corynebacterium 1, Flavobacterium, Achromo-
bacter, Ignavigranum, Lactobacillus, Jeotgalibaca, Soli-
bacillus, and Sphingomonas.
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Figure 2. Principal component analysis and principal coordinate analysis of the bacterial communities in the raw milk. (A) Principal component
analysis plots of the raw milk of conventional milking system (CMS) and automatic milking system (AMS) (n =9). Principal coordinate analysis
plots of unweighted UniFrac distances (B) and weighted UniFrac distances (C) of the bacterial communities from CMS and AMS (n = 9)
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Table 3. Bacterial taxonomy within the raw milk between two milking systems

Relative abundance (%)

CMS' | AMS) SEM FDR P value'
Phylum
Proteobacteria 65.5 60.7 4.62 0.739
Firmicutes 239 38.8 4.78 0.185
Bacteroidetes 83a 03b 1.20 0.005
Actinobacteria 2.1 0.2 0.46 0.126
Class
Gammaproteobacteria 59.4 60.5 4.51 0.901
Bacilli 222 38.8 4.58 0.136
Bacteroidia 83a 03b 1.20 0.003
Alphaproteobacteria 6.1a 0.1b 1.09 0.004
Actinobacteria 1.9 0.2 0.43 0.053
Order
Pseudomonadales 39.0 56.3 4.56 0.054
Bacillales 23a 35.1b 4.88 0.003
Lactobacillales 199a 3.7b 3.08 0.006
Betaproteobacteriales 114a 0.2b 2.41 0.021
Enterobacteriales 6.4 3.8 2.03 0.526
Sphingobacteriales 43a 02b 0.68 0.004
Flavobacteriales 37a 0.1b 0.76 0.021
Caulobacterales 35a 0.1b 0.62 0.005
Xanthomonadales 2.5 0.2 0.62 0.076
Rhizobiales 2.1a 0.1b 0.48 0.029
Family
Moraxellaceae 18.7a 51.0b 5.08 0.004
Pseudomonadaceae 202 a 53b 323 0.021
Staphylococcaceae 1.8a 222b 3.60 0.005
Streptococcaceae 16.1a 34b 2.62 0.021
Burkholderiaceae 11.4a 02b 241 0.021
Family XII 03a 12.5b 2.12 0.004
Enterobacteriaceae 6.4 3.8 2.03 0.526
Sphingobacteriaceae 43a 02b 0.68 0.004
Caulobacteraceae 35a 0.1b 0.62 0.005
Weeksellaceae 34a 0.1b 0.76 0.038
Genus
Acinetobacter 18.0a 51.0b 5.10 0.004
Pseudomonas 20.2a 53b 3.24 0.028
Staphylococcus 05a 22.2b 3.66 0.004
Lactococcus 109a 33b 1.50 0.015
Exiguobacterium 03a 12.5b 2.12 0.004
Delftia 8.5 0.1 2.35 0.090
Streptococcus 5.2 <0.1 2.54 0.345
Enterobacteriaceae unclassified 4.1 3.7 0.86 0.417
Sphingobacterium 37a 02b 0.66 0.004
Serratia 35 <0.1 1.80 0.345
Brevundimonas 33a 0.1b 0.62 0.005
Chryseobacterium 24a 0.1b 0.76 0.042
Stenotrophomonas 1.8 0.2 0.62 0.090
Rhizobiaceae unclassified 1.3 <0.1 0.45 0.102
Achromobacter 1.2 <0.1 0.56 0.254

'CMS = conventional milking system; AMS = automatic milking system. FDR P value = Benjamini-Hochberg false discovery rate (FDR) — corrected

P value.
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Figure 3. Species abundance heat map showing normalized values of dominant 35 genera of two milking systems. Samples from conventional
milking system (CMS) or automatic milking system (AMS) is plotted on the X-axis (n =9), and the Y-axis represents the genus
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Figure 4. Association analysis between the average bacterial abundance and milk composition. (A) Relationship among the dominant 10 genera.
(B) Relationship between the dominant 10 genera and milk composition. Positive correlations are displayed in blue, while negative correlations
are displayed in red. The values from +1 to -1 indicate the strength of the correlation
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Relationships between the average abundances of
the bacterial genera and milk composition
The abundance of the genera Sphingobacterium, Lac-
tococcus, and Pseudomonas were positively correlated
with each other (Figure 4 A). In contrast, the abundance
of the genera Sphingobacterium, Lactococcus, and Pseu-
domonas were negatively correlated with the average
abundance of the genera Staphylococcus, Acinetobacter,
and Exiguobacterium (Figure 4 A). The abundance of the
genera Staphylococcus, Acinetobacter, and Exiguobacte-
rium were positively correlated with each other (Figure
4 A). The average abundance of the genera Staphylococ-
cus and Acinetobacter were positively associated with
B-hydroxybutyrate, acetone, free fatty acid, citric acid,
and urea nitrogen levels in the raw milk (Figure 4 B).
The abundance of the genera Delftia and Sphingobacte-
rium were positively associated with solids-not-fat, ca-
sein, protein, total unsaturated fatty acid, total solids, fat,
and total saturated fatty acid levels in the raw milk (Figu-
re 4 B). The abundance of the genus Pseudomonas was
positively associated with solids-not-fat, casein, pro-
tein, and total solids levels in the raw milk (Figure 4 B).
The abundance of the genus Acinetobacter was nega-
tively associated with somatic cell counts, whereas the
abundance of the genus Streptococcus was positively as-
sociated with somatic cell counts in the raw milk (Figu-
re 4 B).

Discussion

It has been reported that the introduction of AMS in
the dairy farm does not alter the fat and protein levels
of milk, but significantly increases free fatty acid levels
compared with the CMS (Klungel et al., 2000). Here,
there was no significant difference in fat and protein lev-
els of raw milk between CMS and AMS group, which is
in agreement with a previous study (Klungel et al., 2000).
However, no significant difference in free fatty acid lev-
els of raw milk was observed between CMS and AMS
groups in the present study, which contradicts the pre-
vious study (Klungel et al., 2000). Studies have shown
inconsistent results regarding the effect of different milk-
ing systems on the somatic cell counts of milk (Klungel
et al., 2000; Berglund et al., 2002; Kruip et al., 2002;
Hovinen and Pyorilé, 2011). There are no differences in
somatic cell counts of milk between the CMS and AMS
groups (Klungel et al., 2000; Abeni et al., 2008). How-
ever, the somatic cell counts are increased after milking
with the AMS (Kruip et al., 2002; Hovinen and Pyoréla,
2011). In contrast, the introduction of AMS significantly
decreases the somatic cell counts of milk (Ipema and de
Koning, 1997; Berglund et al., 2002). Here, there was no
significant difference in somatic cell counts of raw milk
between the CMS and AMS group. This finding is in
agreement with the results of Abeni et al. (2008), who ob-
served that CMS and AMS in the same farm with similar
environment and management indicated no differences in

somatic cell counts of milk. Interestingly, the acetone and
B-hydroxybutyrate levels in the raw milk were increased
in the AMS group in the present study, indicating that
fatty acid metabolism and ketone body production were
regulated in cows managed in an AMS. It has been dem-
onstrated that the acetone and f-hydroxybutyrate levels
in raw milk are positively correlated with acetone and
B-hydroxybutyrate levels in the blood (Enjalbert et al.,
2001). The elevation of blood B-hydroxybutyrate concen-
tration above 1,200 umol/L is considered as subclinical
ketosis in dairy cows. Although the introduction of AMS
increased the B-hydroxybutyrate levels in the raw milk
in the present study, the level of milk B-hydroxybutyrate
in the AMS group (93 umol/L) was still far below 1,200
umol/L. Whether the introduction of AMS in the dairy
farm has a risk for subclinical ketosis in cows remains to
be investigated.

It has been demonstrated that short milking intervals
can flush bacteria from the udder more often, whereas
long milking intervals provide bacteria to colonize the
udder after milking (Bramley et al., 1981). For most of
the cows, milking frequency is increased in AMS com-
pared with the CMS (Hogeveen et al., 2001). The unique
OTUs and bacterial species richness and evenness were
reduced in the raw milk of the AMS group in the pre-
sent study, demonstrating that the introduction of AMS
can reduce the bacterial abundance and diversity of raw
milk. The results of principal component analysis and
principal coordinate analysis further indicate the micro-
bial community in the raw milk of the AMS group was
re-shaped. Here, the genus Acinetobacter is dominant in
the raw milk of the AMS group, whereas the genus Pseu-
domonas is abundant in the raw milk of the CMS group.
The genera Acinetobacter and Pseudomonas belong to
psychrotrophic spoilage bacteria, which flourish during
cold storage (Quigley et al., 2013). The abundance of the
genus Acinetobacter in raw cow milk is positively cor-
related with the standard plate count (Rodrigues et al.,
2017). The Acinetobacter strains isolated from raw milk
exhibit antibiotic resistance (Gurung et al., 2013). In hu-
mans, the genus Acinetobacter is prevalent in the milk
of the healthy group compared with the mastitic group
(Patel et al., 2017). The genus Pseudomonas can cause
severe clinical mastitis in dairy cows and milk spoilage
(Kirk and Bartlett, 1984; Ercolini et al., 2009). The abun-
dance of the genus Acinetobacter was inversely correlat-
ed with the abundance of the genus Pseudomonas in the
raw milk, implying that genus Acinetobacter (51%) may
control the population of genus Pseudomonas (5.3%) in
the raw milk of the AMS group. Furthermore, the corre-
lation result demonstrated that the abundance of the ge-
nus Acinetobacter was negatively associated (—0.5) with
the somatic cell counts of raw milk. Taken together, these
results indicate that the introduction of AMS in the dairy
farm reduces the microbial diversity and increases the
abundance of the genus Acinetobacter in raw cow milk.
The abundance of the genus Acinetobacter in raw cow
milk may have an impact on somatic cell counts.
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Previous studies have demonstrated that somatic
cell counts in raw cow milk are not correlated with the
abundance of genus Staphylococcus (Oikonomou et al.,
2014; Rodrigues et al., 2017). Here, there was a weak
negative correlation (—0.3) between the abundance of
the genus Staphylococcus and somatic cell counts in raw
milk. The discrepancy among the studies may be due to
the sampling population. The somatic cell counts range
from health to clinical mastitis in the previous stud-
ies (Oikonomou et al., 2014; Rodrigues et al., 2017),
whereas average somatic cell counts in CMS and AMS
groups in the present study are 26.2 x 10* and 11.6 X
10* cells/mL, respectively. The genus Staphylococ-
cus is one of the pathogens capable of causing mastitis
in dairy cows, particularly Staphylococcus aureus and
coagulase-negative staphylococci (Dufour et al., 2012).
The abundance of the genus Staphylococcus in the raw
milk was increased in the AMS group in the present
study. In addition, a strong positive correlation (0.8) be-
tween the abundance of the genus Staphylococcus and
the acetone and B-hydroxybutyrate levels in raw milk
was found. The acetone and B-hydroxybutyrate levels in
raw milk in the AMS group were also higher than in the
CMS group. It has been reported that the elevated serum
B-hydroxybutyrate levels predispose the cows to masti-
tis (Janosi et al., 2003). However, based on somatic cell
count results, the cows in the AMS group are not con-
sidered as subclinical mastitis although the abundance of
the genus Staphylococcus and B-hydroxybutyrate levels
in raw milk is high. Therefore, the effect of increased
abundance of the genus Staphylococcus in raw milk of
the AMS group on cow health still remains to be eluci-
dated in the future.

The genus Lactococcus, a class of lactic acid bacteria,
is naturally present in raw milk and cheese (Gaya et al.,
1999). Lactococcus species, such as Lactococcus lactis,
exhibit antibacterial activity against Listeria monocy-
togenes, Escherichia coli, and Staphylococcus species
through the production of antimicrobial peptides (Alegria
etal., 2010; Ortolani et al., 2010; Perin et al., 2012). In the
present study, the abundance of the genus Lactococcus in
the raw milk was reduced in the AMS group, whereas the
abundance of the genus Staphylococcus was increased.
Furthermore, a weak negative correlation (—0.3) between
the abundance of the genera Lactococcus and Staphylo-
coccus were observed. These findings partially support
the results of Perin et al. (2012), who demonstrated that
Lactococcus species have an impact on the growth of
Staphylococcus species. Since the Lactococcus species are
able to ferment lactose to lactate, thereby decreasing the
pH value in the raw milk (Fortina et al., 2009). Here, the
abundance of the genus Lactococcus was also negatively
correlated (—0.3) with the lactose levels in the raw milk.
These results further confirm the relationship between the
abundance of the genera Lactococcus and Staphylococcus
or lactose levels in the raw milk.

The raw cow milk microbiota is highly associated with
milk quality due to microbial enzymatic activity (Quigley

et al., 2013). Microbial proteases and lipases can reduce
the nutrient and economic value of milk by the hydrolysis
of protein and lipid during the milk processes (Quigley et
al., 2013). The psychrotrophic bacteria are able to cause
a 10% loss of milk fats and proteins, particularly genera
Acinetobacter and Pseudomonas (Hantsis-Zacharov and
Halpern, 2007). It has been demonstrated that proteolytic
and lipolytic activities of genus Acinetobacter contrib-
ute to the spoilage of raw milk (Hantsis-Zacharov and
Halpern, 2007). In the present study, the abundance of
genus Acinetobacter was not strongly associated with
major milk quality parameters (protein, fat, lactose, sol-
ids-not-fat, and total solids), but moderately negatively
correlated with somatic cell counts (—0.5) and positively
correlated with B-hydroxybutyrate levels (0.6). Interest-
ingly, the abundance of the genus Pseudomonas was
weakly positively correlated with protein (0.3), casein
(0.4), and solids-not-fat (0.3). This result contradicts the
findings of another study, notably research published in
Hantsis-Zacharov and Halpern (2007). In addition, it has
been reported that the genus Pseudomonas is not the ma-
jor bacteria responsible for the degradation of milk prop-
erties (Li et al., 2018). Therefore, the impact of genus
Pseudomonas on milk quality still needs to be confirmed.
The genus Delftia has been reported as a member of the
raw cow milk microbiota and shows high proteolytic ac-
tivity (Hantsis-Zacharov and Halpern, 2007; Oikonomou
et al., 2014). In this study, the abundance of the genus
Delftia was moderately positively correlated with several
milk quality parameters (protein, fat, solids-not-fat, and
total solids). This is the first report demonstrating a cor-
relation between the abundance of the genus Delftia and
milk quality. In addition to milk microbiota, it has been
reported that gut-associated microbes may transfer from
rumen to mammary gland, thereby affecting milk micro-
biota (Ted et al., 2014). The phylum Firmicutes is a com-
mon bacterial community in the rumen of lactating dairy
cows (Tong et al., 2018). These species were also found
in the milk microbiota of two milking systems in the pre-
sent study. This finding is in agreement with the results
of Tong et al. (2019), who also observed that Firmicutes
bacteria was presented in raw milk. The abundance of
the genus Streptococcus (belonging to Firmicutes)
strongly positively correlated with somatic cell counts
(0.8) in raw cow milk. This finding is in agreement with
the results of Zanardi et al. (2014), who also observed
that the abundance of the genus Streptococcus is associ-
ated with high somatic cell counts in raw cow milk and
prevalence of subclinical mastitis. The abundance of the
genus Exiguobacterium of the phylum Firmicutes was
weakly negatively correlated with lactose (—0.3), protein
(-0.3), casein (—0.3), and solids-not-fat (—0.3). Similarly,
the abundance of the genus Staphylococcus of the phy-
lum Firmicutes was moderately negatively associated
with total saturated fatty acid (-0.4), fat (—0.4), and to-
tal unsaturated fatty acid (—0.4). Taken together, genera
Pseudomonas and Delftia in raw cow milk may have
a positive effect on milk quality. Raw milk microbiota
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may partially originate from the entero-mammary path-
way, particularly phylum Firmicutes. These bacteria
(Streptococcus, Exiguobacterium, and Staphylococcus)
may have an adverse effect on milk quality. Raw milk mi-
crobiota and gut microbiota may interact with each other
and affect milk quality. Whether gut microbiota is also al-
tered between two milking systems and has a direct impact
on milk quality remains to be investigated in the future.

The microbiota in raw cow milk has been shown to
vary by geographic region and season (Kim et al., 2017;
Nguyen et al., 2020). For instance, the families Methy-
lobacteriaceae and Moraxellaceae are prevalent in raw
cow milk of cool season, whereas the families Staphy-
lococcaceae, Bacillaceae, Ruminococcaceae, and Veil-
lonellaceae are abundant in hot season (Nguyen et al.,
2020). The abundance of the genera Corynebacterium,
Pediococcus, Macrococcus, and Acinetobacter in the raw
milk vary in different geographical locations (Kim et al.,
2017). In the present study, it is the limitation that all
raw milk samples were collected in November and at the
same farm. Whether the introduction of AMS in the dairy
farm in different geographic regions and the seasons also
cause a similar effect on the raw cow milk microbiota
remains to be elucidated. Thus, further research is re-
quired to clarify the effect of geographical and seasonal
differences on raw cow milk microbiota between CMS
and AMS.

Conclusions

These findings demonstrated that the introduction of
AMS in the dairy farm can modulate the raw milk com-
position and bacterial community. The modification of
milk microbiota by AMS is associated with the somatic
cell counts and milk composition. The milking process
is completely different between CMS and AMS, such as
milking intervals, teat cleaning, and procedures for teat
dipping. The difference in the milking process can affect
raw milk microbiota directly. The current findings pro-
vide novel insights into the effect of AMS on the raw
milk microbiota and the correlation between the bacterial
community and milk composition.
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