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Vitamin E alters the fecal microbial community in dairy cows
with subacute rumen acidosis induced by a
high-concentrate diet

WU Ke, XIAN Zhenyu, XIONG Haoming, WU Zibin, ZHANG Jiahao, SUN Baoli*,
GUO Yonggqing’

College of Animal Science, South China Agricultural University, Guangzhou 510642, Guangdong, China

Abstract: [Objective] This study aims to observe the changes of the fecal microbial
communities in the dairy cows with subacute rumen acidosis (SARA) induced by a
high-concentrate diet and modulated by the addition of vitamin E (VE). The potential effects on
the metabolism of dairy cows were evaluated to provide data for exploring the physiological
mechanisms of SARA. [Methods] Seven multiparous Holstein cows with rumen fistulas were
selected for this trial which was carried out in three phases of 18 days each. The first phase was
the control (CON) phase, with a concentrate-to-forage ratio of 50:50 in the diet (dry matter
basis). The second phase was the induction (HG) phase, in which the forage was replaced with
wheat flour at 15% of the diet (dry matter basis) to induce SARA. The third phase was the
regulation (HGE) phase, in which VE was added at 12 000 IU/d/cow on the basis of the diet in
the HG phase. The feces samples were collected on day 18 in each phase, and the microbial
communities in the samples were examined. [Results] The fecal microbial community structure
showed significant differences between three phases and the Shannon index in the HG phase
was lower than that in the CON phase (P<0.05). The HG phase had higher relative abundance
of Proteobacteria and Blautia and lower relative abundance of unidentified bacteria,
Euryarchaeota, Desulfobacterota, Rikenellaceae RC9 gut group, and Alistipes than the CON
phase (P<0.05). The relative abundance of Blautia in the HGE phase was higher than that in the
HG phase (P<0.05). The functional prediction results showed that SARA caused metabolic
disorders in the dairy cows, while VE regulated the intestinal microbiota and health by
improving the stability of microbial growth and promoting microbial reproduction.
[Conclusion] The SARA induced by a high-concentrate diet led to reduced intestinal microbial
diversity and metabolic disorders in dairy cows. VE can regulate intestinal health and maintain
intestinal homeostasis by promoting the proliferation of beneficial intestinal microorganisms.
Keywords: dairy cows; subacute ruminal acidosis; vitamin E; feces; microorganisms
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TR L 4TES H R (total mixed ration, TMR)FE 2
TN, B SR FROK B H BF105(06:30 il 17:30)
F5EME(07:00 F1 18:00) 2 X, TMR L E S
AR 1,
1.2 #mXE
1.2.1 EERHIREM pH BNE

BHPIES 18 KRR ARG 3. 6. 9h

Fz 1 REIARBRREFKEFIRESM, %)
Table 1

12 hiEE EEEREREEE . b SR
B, HHIESA, &28EKED 4 28500
J& , M RE ) -FE ) £ FE28-Standard pH 11137,
BRI pH B JF ST RE S 12 h IR H pHEAIK
T 5.8 fBIE], DUFE sk H RO o5
Wik R4 SARA, Ml A RIIKIGEE R, 7 KU
FHIET AT SARAN,

Composition and nutrient levels of experiment diets (dry matter basis, %)

Items CON HG HGE
Ingredients

Whole corn silage 24.32 16.78 16.78
Alfalfa hay 13.75 9.69 9.69
Oat hay 11.45 8.32 8.32
Corn 17.00 17.12 17.12
Wheat 0.00 15.19 15.19
Barly 3.00 3.03 3.03
Soybean meal 13.41 13.50 13.50
Whole cotton seed 5.23 5.27 5.27
Wet brewer’s grains 4.93 4.14 4.14
Cane molasses 2.65 2.67 2.67
Rumen bypass fat 0.39 0.40 0.40
Mineral-vitamin premix" 0.84 0.84 0.84
Calcium hydrogen phosphate 0.36 0.36 0.36
Limestone 1.12 1.13 1.13
Sodium bicarbonate 0.81 0.82 0.82
Potassium chloride 0.07 0.07 0.07
Magnesium oxide 0.31 0.31 0.31
Salt 0.36 0.36 0.36
Nutrient levels®

NE. MJ/kg) 6.67 6.97 6.97
Crude protein 16.62 16.63 16.63
Neutral detergent fiber 35.81 29.22 29.22
Acid detergent fiber 22.60 17.41 17.41
Ether extract 4.43 4.25 4.25
Starch 21.97 31.28 31.28
Calcium 0.89 0.82 0.82
Phosphorus 0.39 0.41 0.41

D: Each kilogram of premix contained the following, VA: 1 380 000 IU; VD: 386 400 IU; VE: 9 940 IU; Cu: 2 400 mg; Zn:
20 000 mg; Mn: 15 600 mg; Se: 100 mg; I: 300 mg; Co: 240 mg. »: Net energy of lactation is a calculated value, while the others
are measured value. CON: The control phase; HG: The induction phase; HGE: The regulation phase.
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Figure 1 Venn diagram of microbiota under high
concentrate induction and VE modulation. CON: The
control phase; HG: The induction phase; HGE: The
regulation (HGE) phase. The same below.
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Figure 2  Effect of high concentrate induced SARA and VE regulation on alpha diversity of fecal microbiota in
dairy cows. A—D: Box plots of Shannon index, Simpson index, Chaol index, and ACE index. *: P<0.05; Each
box plot represents the maximum, minimum, median, and interquartile distance.
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Figure 3  Effect of high concentrate induced SARA and VE regulation on beta diversity of fecal microbiota in
dairy cows. A: PCoA analysis based on Weighted Unifrac distance. B: NMDS analysis based on Bray-Curtis

distance.

<l actamicro@im.ac.cn, & 010-64807516



RATEE | Y2k, 2024, 64(1)

245

&2 MRPP HiEER S
Table 2  Analysis of period variance of MRPP
Period A

Observed-delta Expected-delta Significance

CON-HG 0.087 0.379 0.415 0.001

HG-HGE 0.004 0.412 0.345

CON-HGE 0.064 0.357 0.007

1.00

0.75

0.50

e <
II -
o0 =
—_— W

tive abundance

0.00

CON HG

Group name

HGE

1.00

075

0.50

all

|

Relative abundance

0.25

0.00

CON

HG
Group name

4 FEEMEVREEN

HGE

UCG-005 & 2 A PL 34w e, A% = 43 5l
H16.51%. 16.05%7F0 20.84%. 5 CON X} 1,
HG ) Rikenellaceae RC9 gut _group £ Alistipes
HEXT B (B R AR(P<0.05),, A1 5545 [ 77 8 (Bl autia)
FEXS 2 B 58 35 T 5 (P<0.05) . 5 HG #A4H 1, HGE
W11 Blautia AHX 2 i 2 T 55 (P<0.05)

Others
= Desulfobacterota
= Verrucomicrobiota
» Cvanobacteria
= Euryarchaeota
Unidentified_bacteria
= Spirochaetota
» Proteobacteria
* Actinobacteriota
* Bacteroidota
» Firmicutes

Others = Alistipes
[Ruminococcus]_torques_group = Blautia
Weissella = Clostridium sensu_stricto 1
= Erysipelotrichaceae UCG-003 = Succinivibrio
= Methanobrevibacter = Bacteroides
UCG-009 = Treponema
w Succinivibrionaceae_UCG-001 = Prevotellaceae UCG-003
Saccharopolyspora = Rikenellaceae RCY_gut_group
« Bacillus = Bifidobacterium
EMP-GI18 = UCG-005
= Prevotella
= Lachnospiraceae_ AC2044 group

* « Ruminococcus

Paeniclostridium
= Faecalibacterium
= Roseburia
= Christensenellaceae R-7_group
= Turicibacter
= Romboutsia
Monoglobus
Agathobacter

Figure 4 Structural composition of fecal microbiota. A: Structure of fecal microbiota phylum. B: Structure of

fecal microbiota genus.
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Figure 5 Structural variability of fecal microbiota. A: Linear discriminant analysis (LDA) bar graph shows
species with LDA score>4. B: LEfSe evolutionary branching graph.
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BElo SHERIEIH SARA K VE BIEMNNF#E KEGGIEERTT  A: 240 B: 3%
Figure 6 Analysis of the difference between high concentrate induced SARA and VE modulation on fecal
KEGG profiles of dairy cows. A: KEGG level 2. B: KEGG level 3. *: P<0.05.
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