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Chaol #l1 ACE #6844 (P<0.05) . M1l 1 Al &3 PIRSERE,
BRGER TR 5 20 5 of B 2 B4 26 08 T 1 45 4 T I 2R g
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Table 1 Effects of dietary betaine hydrochloride supplementation on fecal microbiota alpha
diversity of sows during pregnancy and lactation
SH YR 105 K Day 105 of pregnancy L5 21 K Day 21 of lactation
2
Homs o B AL Rk 41 o B AL R Al
Control group Betaine hydrochloride group Control group  Betaine hydrochloride group
ACE 48#{ ACE index 1 624.1£96.5 1 583.1+67.1 1 257.6+85.1 1 694.6+£64.5"
Chaol #5%% Chaol index 1 514.7+88.1 1 516.0+60.3 1 240.9+85.1 1592.5+61.1°
Shannon 5§ %%
. 7.23+0.22 7.48+0.19 7.66+0.26 8.00+0.12
Shannon index
Si 5%
impson #f 4 0.94£0.01 0.96+0.01 0.97%0.01 0.98+0.01

Simpson index

WEHRER 105 K, n=8;MFLE 21 K, n=16, * FKx G A %R BF (P<0.05), &R,
Day 105 of pregnancy, n=28; day 21 of lactation, n=16. * mean significant difference compared with the control group
(P<0.05). The same as below.
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Effects of dietary betaine hydrochloride supplementation on fecal microbiota beta
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diversity of sows during pregnancy and lactation
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Fig.2 Effects of dietary betaine hydrochloride supplementation on fecal microbiota

composition of sows during pregnancy and lactation

24 BHEEERHFHSENTH B ( P<0.05) .

22 2 Al SXFIRAAR L, TESEmiEh b4l 2.5 DREGFEREHSEEKRBTYHEXYE
RERE IR 105 RFEH b 7 e & i 33 n (< & 5 AT, B R A S b & B, SR
0.05) 2R LB (P=0.054) HARRHR(P=  VFHRER EEAIEE R AME AT EE .
0.075) FLEL SCFA(P=0.09) i 2 T m % mi IRERIRIE AR Y 1R 5 I8 E B g A 4 £ 5 5
FLES 21 REBMAPEH WM MEBE R R SR D E DR SRE R EIEME(P<0.05) 557 A |



9 11 Ty FRAE Y~ L SUY GRDRR S0 SR P e T R A MR T A 2L S B A 0 i ) R ) 4935

AR S AT T 5 RE R B R
AIOCHT B8 Ja AR S 3 B2 55 0 i 5 i 52 W 3% IE A R

p_Elusimicrobia p_Actinobacteria

e 0.00015 0.008 —_
3 S
3 )
£ 2 0.006
= * =
T 000010 —_— 2
0 &
z o
g z
= E 0004
= &
E;l; 0.000 05 i
pust H# 0 0.002
z ®
z
0.000 00 0.000
A EER R A SR R AR SR AL
Control Betaine hydrochloride Control  Betaine hydrochloride
group group group group
g_Coprobacillus o Cupriavidus
0.000 20 - 0.006
= B
3 * 3
2 g
g 000015 E
2 £ 0.004
2 2
£ 000010 E]
e 2
@ 0.002
E;% 0.000 05 H#
= 7
= z
0.000 00 0.000
XA BRI R4 XA HER R A
Control Betaine hydrochloride Control Betaine hydrochloride
group group group group

(P<0.05) , JRAAUFAAR JE X E B 5 SR f 2 T
MR 7 it 5 3 UAH G (P<0.05)

p_Synergistetes &_Synergistes

0.000 15. 0.000 5.

0.000 47

s S

] ES

E . -

& 0.000 10, . 2

2 ©  0.0003

- k-

5

= - & 0.000 2

o 0.000 05, i

* #*

® & 0.0001

= 7 I

0.000 00 00000 MM F 1
MR EESE R 4L XTRREEL SR 2 W k4
Control Betaine hydrochlotride Control Betaine hydrochloride
group group group group
g¢_Dorca

0.006.

0.004

0.002-

HIXtF B Relative abundance/%

0.000
TERAL AR AR sl
Control  Betaine hydrochloride
group group

p_Elusimicrobia: £ £ ] ; p_Actinobacteria; iLZE 7 ] ; p_Synergistetes : &3 ZE IR FT#i 1] ; g_Synergistes: HIFH & ; g_
Coprobacillus ; 26 ¥ @ ; g_Cupriavidus . U & ; g_Dorea . 2 /R K H & .
* FeR -GN 22 7 0 ¥ (P<0.05) ., NHEEl, * mean significant difference compared with the control group ( P<0.05).

The same as below.
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Fig.3 Effects of dietary betaine hydrochloride supplementation on fecal differential microbiota

relative abundance of sows at day 105 of pregnancy
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Fig.4 Effects of dietary betaine hydrochloride supplementation on fecal differential microbiota

relative abundance of sows at day 21 of lactation
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Table 2 Effects of dietary betaine hydrochloride supplementation on fecal metabolite

contents of sows during pregnancy and lactation

S5 i %4l IR Bk s 4
Items Time Control group Betaine hydrochloride
group
N7 YRS 105 K Day 105 of pregnancy 7.41£0.59 9.58+0.84
Acetate/ (mg/g) THFL5E 21 K Day 21 of lactation 11.58+1.61 8.97+0.80
] YRS 105 K Day 105 of pregnancy 3.00+0.29 3.44%0.16
Propionate/ ( mg/g) T FL2H 21 K Day 21 of lactation 4.14x0.71 3.76+0.52
TR YRS 105 K Day 105 of pregnancy 1.14+0.13 1.29£0.10
Butyrate/ ( mg/g) IFL5E 21 K Day 21 of lactation 2.23+0.27 1.89+0.91
MR YRS 105 K Day 105 of pregnancy 0.31+0.04 0.33+0.03
Valerate/ ( mg/g) TFL5E 21 K Day 21 of lactation 0.62+0.07 0.53+0.08
ELHER IR EYRES 105 K Day 105 of pregnancy 11.87+0.98 14.64£1.05
Straight-chain fatty acids/(mg/g) I FL2E 21 K Day 21 of lactation 18.57£2.55 15.15£1.65
T RS 105 K Day 105 of pregnancy 0.35+0.04 0.36+0.03
Isobutyrate/ ( mg/g) IFLEE 21 K Day 21 of lactation 0.59+0.07 0.52+0.07
SRR RS 105 K Day 105 of pregnancy 0.58+0.07 0.57+0.07
Isovalerate/ ( mg/g) TFLEE 21 K Day 21 of lactation 1.09+0.13 0.94+0.16
KRR TR UEYREE 105 K Day 105 of pregnancy 0.93x0.11 0.93£0.10
Branched-chain fatty acids/(mg/g) T FL2H 21 K Day 21 of lactation 1.69£0.20 1.46+0.23
S EE PR TR TEHREE 105 K Day 105 of pregnancy 12.80£1.07 15.56£1.07
Total SCFA/(mg/g) I FL2E 21 K Day 21 of lactation 20.26+2.55 16.61+1.82
o e IEPRSS 105 K Day 105 of pregnancy 0.27+0.03 0.33+0.02
Tryptamine/ ( pg/g) I FLZH 21 X Day 21 of lactation 0.27+0.03 0.37x0.05
Ji W EYRES 105 K Day 105 of pregnancy 1.47+0.22 1.25+0.09
Putrescine/ ( ug/g) THFL5E 21 K Day 21 of lactation 0.76+0.06 1.44+0.20"
J7 YRS 105 K Day 105 of pregnancy 1.65+0.28 2.56+0.26
Cadaverine/ (ng/g) THFL5E 21 K Day 21 of lactation 0.65+0.12 0.90+0.20
ik e YRS 105 K Day 105 of pregnancy 0.08+0.01 0.08+0.02
Tyramine/ ( ug/g) IHFLEE 21 K Day 21 of lactation 0.56+0.18 0.28+0.06
A e YRS 105 K Day 105 of pregnancy 1.42+0.22 1.79+0.24
Spermidine/ ( ng/g) I FLEE 21 X Day 21 of lactation 0.56+0.11 1.08+0.09 *
5| e YRS 105 X Day 105 of pregnancy 3.91+0.58 2.97+0.44
Indole/ ( pg/g) THFLEE 21 K Day 21 of lactation 6.34+1.75 5.83+1.52
HERE YRS 105 X Day 105 of pregnancy 3.31%0.72 3.08+2.89
Skatole/ ( pg/g) I FL2E 21 K Day 21 of lactation 12.17+2.07 6.11+1.11°
A=Wl LRSS I A W R e B BAL B W7 R PR IR S R R Ak 1 G T AR IR AR 105
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Fig.5 Correlation between fecal differential microbiota and their metabolites in sows during pregnancy and lactation
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Fig.6 Difference of fecal microbiota function of sows during pregnancy and lactation
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Effects of Dietary Betaine Hydrochloride Supplementation on
Fecal Microbiota Composition and Metabolites Contents of
Sows During Pregnancy and Lactation

MA Cui'® GAO Qiankun' ZHU Qian'* SONG Mingtong' GENG Meimei'
HAN Qiang® KONG Xiangfeng'*"

(1. Hunan Provincial Key Laboratory of Animal Nutritional Physiology and Metabolic Process, Key Laboratory of Agro-
Ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sciences,
Changsha 410125, China; 2. University of Chinese Academy of Sciences, Beijing 100049,

China; 3. Sunwin Biotech Shandong Co. , Ltd., Weifang 261000, China)

Abstract; This experiment was conducted to study the effects of dietary betaine hydrochloride supplementation
on fecal microbiota composition and metabolites contents of sows during pregnancy and lactation. Forty preg-
nant Bama mini-pigs with three to seven parities were used and randomly allocated to two groups with 20 pigs
per group, and fed individually. Sows in the control group were fed a basal diet and others in the experiment
group were fed the basal diet supplemented with 3.5 kg/t betaine hydrochloride. The trial period was from day
3 after mating to postpartum day 21. At day 105 of pregnancy and day 21 of lactation, the fresh fecal samples
of sows were collected for microbial 16S rDNA sequencing, as well as the determination of short-chain fatty
acids, bioamines, indole and skatole contents. The results showed that compared with the control group, dieta-
ry betaine hydrochloride supplementation significantly increased the fecal Elusimicrobia and Coprobacillus rela-
tive abundances and cadaverine content at day 105 of pregnancy ( P<0.05) , and significantly increased the fe-
cal microbiota Chaol, ACE indexes, fecal Anaeroplasma relative abundance and putrescine, spermidine con-
tents at day 21 of lactation ( P<0.05). The Pearson correlation analysis found that the fecal Anaeroplasma rela-
tive abundance was positively correlated with spermidine content ( P<0.05), and was negatively correlated
with isobutyrate and isovalerate contents ( P<0.05). The KEGG pathway analysis showed that compared with
the control group, dietary betaine hydrochloride supplementation up-regulated the nucleotide metabolism, gly-
can biosynthesis and metabolism and enzyme families pathways at day 105 of pregnancy, as well as xenobiotics
biodegradation and metabolism, metabolism of terpenoids and polyketides, metabolism of other amino acids
and lipid metabolism pathways at day 21 of lactation. In conclusion, dietary betaine hydrochloride supplementa-
tion can alter fecal microbiota composition and metabolites contents of sows during pregnancy and lactation,
and then improve the host’ s metabolism.[ Chinese Journal of Animal Nutrition, 2021, 33(9) :4931-4942 ]

Key words: microbiota; metabolites; Bama mini-pigs; pregnancy and lactation; betaine hydrochloride
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