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Effects of different organic acids on anaerobically cultured
intestinal microflora in weaned piglets

WANG Lina', GAO Fei', ZHU Xiaotong', GAO Ping ', WANG Songbo', JIANG Qingyan',
XI Qianyun', ZHANG Yongliang' , WU Shilin®, SHU Gang'
(1 College of Animal Science, South China Agricultural University, Guangzhou 510642, China;
2 Guangzhou Wisdom Bio-Technology Co. , Ltd. , Guangzhou 510663, China)

Abstract ; [ Objective] A research model of piglet intestinal microbial flora regulation was established in
vitro. The effect of organic acids on intestinal microflora of piglets was studied. [ Method] In this study,
for each experiment, two 40-day-old Duroc x ( Landrace x large) weaned piglets were slaughtered, and
the mixed chyme of jejunum and ileum was aliquoted as 300 L every tube to 2 mL centrifuge tube, then
anaerobically cultured without or with 30 mmol + L™" organic acid (including formic acid, acetic acid,
propionic acid, butyric acid, lactic acid, fumaric acid, citric acid, benzoic acid, malic acid and sorbic
acid,respectively). Genome DNA in chyme was extracted after 4 h anaerobic culture, and the numbers
of the genus Lactobacillus, Bifidobacterium , Salmonella and Escherichia coli in the chyme were detected
using the method of absolute quantitative PCR. Then five organic acids (formic acid, acetic acid, butyric

acid, lactic acid and citric acid) which had a stronger antibacterial activity were selected for further study
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of its concentration gradient effects on antibacterial activities. [ Result and conclusion] The total chyme
anaerobic culture system was successfully established in vitro. As a result, formic acid, butyric acid, and
citric acid present dose dependently inhibited the proliferation of bacteria, but acetic acid had no obvious
effects on the number of total bacteria. As for probiotics, citric acid could significantly inhibit the prolifera-
tion of Lactobacillus and Bifidobacterium. However, the low dose of lactic acid (10 mmol - L™") could sig-
nificantly promote the proliferation of Lactobacillus and Bifidobacterium, and the low dose of acetic acid (15
mmol + L") could also promote Bifidobacterium proliferation. At the concentration levels of 10 — 15
mmol + L', all of the organic acids tested in this study effectively inhibited the proliferation of pathogen-
ic bacteria (Salmonella and E. coli). The results of this study provide a simple and effective model for

optimizing the species and optimal dose of acidifier used in pig production, and when microflora is regula-
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ted with single organic acid under the anaerobic condition, 15 mmol -+ L

mmol - L' lactic acids are good choices.

! acetic acid and 10 - 15

Key words :organic acid; weaned piglet; intestinal microflora; anaerobic culture
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SR P ) e S 0 9. AL AR 2R T T 3 S 24
P55 BE RN A TR T 24 M A TR R H 4 0™ B T AR 1Y)
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AU : R M AR, TR LR . & DR .
PR R H R SE R B AL AR, B o TN R AR
R A B F 77 i, A A At
1.2 ez fREEF

REREESE 2 3k 35 H IR ARFEBT 114 (4ERE ARl
REFER RS, FAEE iR R (R EC )y W2 1)
5 d )5, JBSE B Zs g Al g R BE A UK I B B
B, Rt st 115 8 T PR AR T Ao Gl I8 4R
FHARASR AR G UK DA AR 9 A<
JEIRBEETT R 39 C) IR R AT 4 B 300
pL BEE/HET 40 4 2 mL BLOAF . 40 MBSO Rl
BLAMAE 4 21, BIRBE FR 4 25 (1 7R 4 .5 mg - mL™!
ERNEEHEA (5 mg - mL™" AMP) #1 10 mg - mL™'
FREFHERA0 mg - mL™ AMP). Hor SRR FRA
FZS FEEFRALEN N 100 pL JC R A BER K, b R4l
WINAFFR A T H R R, BRI, R 3 4
BIRAR S 4 h )G BVE T - 20 CHAFE4& M. R A
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A0

PR 27 il 2 AT 4 W JE B BE , 43 3ok 30
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Tab.1 Diet formulations ( air dry basis)

okt JRE R % || B IR Ft S 4 %
ok 63.70 HEA 20.00
GXid 21.00 i 2 R 1.23
Lk 4.30 HEAMR + AR 0.68
A 8.00 BN 0.73
KA 0.70 @5 R 0.20
W R 0.33 KR 1.09
HAR 0.09 2HE R 0.46
TEm 0.10 SR 0.70
5% 0.02 =R 1.49
IR A 0.07 RINER 0.80
£1 8 0.36 RN 0.77
JEEN 0.30

1% HiEEL" 1.00

1) &+ %A 4. Cu 60 mg, Fe 51.6 mg,Co 0.5 mg,
Mn 25 mg, Zn 27.2 mg,1 0.039 mg, Se 0.03 mg, 4 4 % A
11 269.7 kIU, 44 % D, 2 372.6 kIU, A % E26.7 1U, 44
% K;2965.7 mg, 464 % B, 2965.7 mg, 44 % B, 5934. 1
mg, 44 % By 3 558.9 mg, 44 % B, 29. 7 mg, A24% 50. 0 ¢,
YA BR 29 657.2 mg, iz 1 186. 3 mg, ;2 B2 45 14 828. 6 mg, £ 4
% 148.3 mg, B AALFA) 59. 3 mg;2) H AL (H HAE) A 14. 60
MJ - kg

FPEERR R H R CSERR AN AL R B SR BB 4 h. >R A
B 1 PCR AN A AL IR X £ B PN T2k 40 T 1) 52
Bl E BN R TG PR ) R L TR . T 1R VFLIRR AT
BEIR , 5 Fl A HLIR 43 0 i & 5.10,15.,20,25 F1 30
mmol « L™V REMEE | BFFFT3K S6 A AL I 51 0 1 11 v
JERBERON. AR S BB A TR R4 h 5
SLEPE T -20 CRAES . AR 10 A
1.4 5|¥igit

HRAE NCBI v GenBank & 3% (1 5 [ )3 41,
Primer Premier 5. 0 /1% i1 A6 # & 16S rRNA 1Y
LRSI (R 2) 519t At R A R
AR FA B
1.5 Z0E DNA g1 EX

BEEMRR G, & AR 300 mg T LA A
A S0 pL g, BRI IR S, T 37 COKIB i E
30 min, BfiJ5 M A 40 wL 59 0.1 g - mL~"SDS FI 10
pl G K,65 °C /K% 20 min J5HMIA 5 mol «+ L™
NaCl 100 pL F* 65 C /K 10 min. 3R 1/ = H
ot/ % B 1k B B DNA. i 1% DNA R R B 20 5k
75% WITRVE £ BEUE B ULTE I T4, B o T & A 48
T 20 pg - pL™' RNAase [ K% TE Buffer ¥
FRUTTE , T 37 COKIHIEE 30 min. fT13 DNA F 5
BT 20 CRAA%M.

£2 WHEEPCRIIM—K
Tab.2 Primer sequences used in real-time PCR analyses

H Y1 8 )3 51 F1F5" (5'—3") tyy/C KB /bp
SR T F:GCAGGCCTAACACATGCAAGTC

R:TGCTGCCTCCCGTAGGAGT 60 34
KU FF 1 8 A 557 F:CGCGTCYGGTGTGAAAG

R:CCCCACATCCAGCATCCA 60 244
FUTH R A 51 F:GAGGCAGCAGTAGGGAATCTTC

R:GGCCAGTTACTACCTCTATCCTTCTTC ol 126
W TR A 75 F:AGGCCTTCGGGTTGTAAAGT

R:GTTAGCCGGTGCTTCTTCTG 8 7
KIGERA I 75 F:CATGCCGCGTGTATGAAGAA o o

R:CGGGTAACGTCAATGAGCAAA

)F #= R o AR & L5 s T o5 4.

1.6 16S rRNA EE2 45

K F Mx3005P 71 52 1) 52 o 5 PCR AL AT 4™
H53H1,20 pL VAR R AL G R 41 DNA 1 L,
FLUF#ESI (10 pmol - L") 1 plL, RealtimePCR
Master Mix( % 29¢ 644} SYBR green) 10 uL,ddH,0 8
wL. SN FRT A :95 CHIAEHE 1 min;95 CASPE 15 s,
58 ~61 CiE Kk 15 5,72 CHEAH 30 s, 3L 40 MEH G
4590 PCR P e InT WU A EAR e R 4. 4 15 45 R

Mx3005P AU S5 i PCR AT /3 B I F il ERR
HERNZE. A0 TR ECE (LAPE DU ) R 9 A6
o € %x6.023 3 x10%mol '
MR =5 660 x 10° g + mol™!
A, € R & HE AR PE AR v th £ 15515 2 9 DNA
VR, AL g - w75 S SRR B 5L 41 DNA
fRE i PCR WM BBEE V3278 DR o o B 56
HERIUT) DNA VAR, BT .
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Kotk ] SPSS19. 0 B AF AT S8 120 M, K561k
0 B5CHHE 0 L 2 0 A M, X A [] Ak 3 2 ) %) B R AT
PN E 7227 87 ( Analysis of variance, ANOVA) FlJit
A7 t ¥ % ( Independent samples ¢ test). Z0{H 1 F 15
1B+ FrifEiRER.

2 #ERS5HMm

2.1 WFEBERBEREERUREE
o5 4 h REEIEIR G, BLBE B R A4S B R 1 B

RGN, AN S F110 mg « mL T &N HEE A
AR S S VD T R e R K M e A R R (R
3) . RN R R FUAT B A SO s A
AR RT AR S A . IR A SRR IR
S IR R] T S
22 AEMEFANBRMFEEREEFERME
WE BT

TR LEEY 10 AT LIRS ol A 4y A 0 52 i
R4 PR, BRI X AL L, 30 mmol - L7
HIR R NIR . T R FLER AL RLRR BE P ws FLAF 1

F3 WIMTFREBEREEMREEFHR"

Tab.3 The construction of in vitro anaerobic culture system for total chyme from the small intestine of weaned piglets

L3 SR FUT R A XUBCHT e s 2/ U B % PN7E i
(10" g™") (10" g™") (10°g™") (10" g™") (10°g™")
KIEF 2.06 +0.26 0.54 0.07 0.11 £0.03 1.63£0.15 0.64 £0.04
25 [ 110.26 +16.71 12.63 0.70 2.78 0. 15 45.11 £1.48 15.11 £2.76
5mgeml ™ AMP  2.440.15" 4.90£0.21" 2.3020.16° 1.86+0.11" 0.57 £0.05"
10 mg - mL~' AMP__ 1.39 £0.09 " 1.350.07" 1.49 £0.07 0.06 £0.01 " 0.020.01"

IDRCEIE-€::0=2 N

JEFCE 2 A5 DL TR ELER AL LB AR i A R
AP B AR 1.4 ~ 2.0 fi5. X T IR, Ar i L
2 BRI BR R B X K A o A VD 1] B 4%
SR AP ERIAKNE. 5 % BEALAR EL, iR IR L LR
W2 T RN FLERAL FRAL VD 1T B A A 43 3 A ot B2 )
5.2% 7.8% .10.0% .10. 1% .12.6% F1 17.4% , K Ji%
A5 A4 B R X BR L 5. 5% 11.2% ,12.7% |

sk R R TG GIERME FL0.05.0.01 49 2 FRF (1 ).

16. 1% 20. 2% F1 40. 0% . [H 30 mmol - L™"FiL T
CREATIA B i B A T R AR, H R AN &
W T A A s LT T A DA S P P 20,
XERUB T A S 25 I e bV s AT AR IR X A R
AT B AN (EUR A i B B A AR

A TRRAMFLIRREREE A S e vE A 45 1 51, 3L RE
B R A A

x4 FREMEBHNBRINMFEZHINEG D REIEFMEDHEN 2
Tab.4 The effects of organic acids on intestinal bacteria profiles in vitro anaerobic culture system

5 MR AT B 5 WU FF B I H/ WITw B %/ K57
) (10" g™") (10" g™") (10°g™") (10° g™") (10° g™

X} HR 11.03 =1.67 1.26 +0.07 2.30+£0.16 45.11 +1.48 15.11 £2.76
Mz 1.77 +0.07 " 3.29 £0.12" 2.45+0.39 3.51£0.58" 1.69+1.10"
LI 1.37+0.09" 2.59+0.16" 2.02 +0.21 4.50+0.50" 1.92+0.07"
] % 2.07 £0.22" 2.67+0.13" 2.35+0.22 10.22 +1.14" 5.60 £0.45"
TR 1.54 £0.14" 2.59£0.22" 3.51£0.29" 5.68£0.71" 3.05£0.27"
Awe 2.29£0.27"° 2.45£0.15" 3.25+0.59" 7.85+0.98" 6.04 £0.28"
FriR 0.17 £0.01" 0.17 +0.01" 1.05+0.05" 2.35+0.18" 0.83+0.03"
SRR 0.36+0.02" 0.21+0.01" 2.90+0.10" 4.54+£0.06" 2.44 +0.34"
BB 1.05+0.23" 0.49 +0.03" 1.92 +0.08 7.24+0.39" 2.54+0.26°
R 0.51+0.07" 1.08 +0.06 2.96 £0.18 4.54+0.24" 2.87+£0.55"
IR 2.11£0.37" 2.44 £0.33" 4.77 £0.37" 14.82 £1.48" 4.520.32"

1) B A ABR AR IEH 30 mmol « L™ + A5 R I3 B £ F B F(P<0.05,1 #%5).
2.3 ENBREAEFEEREEFEEZRMEYEEE R, 00 E 6 DU I T Ik gs R K
HIFI =2 1 s, HER T R Rk 165 R e 52 B0 7] 40 i 4 s 0
Ry itE— WA MR VR 45 58 R B A R T AR R BGBE, T £ R R e TR R s el AN R (T 1A) .
FEN, IR IR . R TR ILIR A XIS WE 5 , 7 45 IR e 52 35 00 ) L AT 15 & A RUE;
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WK% #) W3 sE (B 1D 1K) . L, RSN A
Rige 1 F o — A HLRR B & R N fd R 24
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15 mmol + L™ ¥R HAEH 2 5 mmol - L',
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S [INTrec (Nege (N BB NG te [N
oUINEA el [INEZ Bt [INE B [INE Ll [N ]
%R Zm Tl Fm PR
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IR | o« R S0 I 28 5 25 (P <0. 05,0 K5 ) -
BT R BEA HLIRR X W 07 4 4 B BE B SR AR R B E
i
Fig. 1  The effects of different levels of concentration on organic
acids on intestinal bacteria profiles in vitro total chyme an-

aerobic culture system

ZF Tk IR ANR B 72 4 N FH s — A AL
TR E 5 24 ) B BE, 15 mmol - L™' Z iR 1 10 ~
15 mmol « L™"FLERJE B (1 e £

3 iitsse

3.1 AEENBRMFEEERENZN

ZHRWTE RN A HLRAE A i o 1 95 )2 1 (R
BT T e A A S R O
(19 10 FhER T FHH B 4 30 mmol « L™ 4654 Al i 2 43
BUR S5 530 SCHR P 45 A — 5 P e
TAVRNE HRBOR B 22 5, FE R4
FEAMURFN A [E] S ISR A 7R 25 5. A2
A LB SR IR LR A 2 A5, B e
SEAMURHL 2577 2R I &R, AT LAGE S B AR b
pH A1 /0 4 T A OO, A LR 7E e 26 57 (1Y
B T 422 20 A 200 TR 1) 248 L AT A1 o) o =2 B A
LB A LR T, T ITIR R SR A
BEIR SRR A FLIR 2Ll i pH SR A, i
MR TR N TR I 1L B R 25 U ] LA A A0 B N, AT
R BAMFN AN . A SCH i R R 2 R 25 % K
BAs R ANYD T A IR T P B 2 T LR A ED R
& UL R TN R 55 HAR S INTE AR S TR B
AR (] IR 3 38 1 7 T8 A [] AL o & 43 4 B R
T80 5 A BB 6 . AN, LR W B S
A A5 %k G A1 TR I M LA S W] 9 52 M. Gauthier
ST UK R TE AN 43k pH USRS (K R A B A )
1 pH AEEUERA (FLIRFF AU ) - WF5E 3R 9,
A BARZS B A LR BB 8 27 175 i 26 200 T 1Y) 4 i B
TEAH T PN A 2R A 15, Rk th S0 R B B 1. 4 i
W pH AL, Jork it 52 4 M &b pH 28 46 1Y pH BUER
RN W) 23 B T 1A i RE B IR 4E 45 1R % pH 1Ml
PR K Al A, B AR R A pKa {2
K REOR B BE 22 RO B AR, DA AT 6B 7 A= B 5 1Y)
T
3.2 AEBENMBNFHEBERZERNZN

AR SO ST 45 2R B, % e i 017 1 A 7L TR B 2%
PR FLAT BB BT, 1 TR | 7L IR AR 1) I D o i
A1 438 B A P S P A 8 o s o g ik
S B, B AL f5 , 8l vh FLER AT I L DR A
B it BIhES B IR s, FLER A T b
Z EF M H 28R E W S — A PR
HEmAR G, miE NIRRT HEESE ETHE
O X R T pH R, A
WG S R BB, T AR A 2 T A ph AT
D AN T B 248 FTE LU 1 2 A 790 0 A 488 M T Bl A= 4 IXC
R FZ A AR [H].

H R LR B BIF5E K 2 02 i i sl il 56 1)
ORI T, B8 I A A HIL IR o 305388 4 AN W] A9 T2 5 5K
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PEATIN AR B, 5 FH 4 A0 A4 T 2 W R R
B AR A IR B S5 H A, i B T2 it
R AR A TR B A 52 B ZR 2 i, HL 22 B
AEAS BB A 35 e, DA T 3 S5OAS () AR 5 #1445 T 79
2R SRR AR SGE S ARSI TR, 0 5 th R
PR 14 e A A B e 52, IS DAy 2 7 S92 Bk v A 0 79 4 1Y
BEFAR IS A = S B a0 o BB R AR
(LH 5 RS N TEAT % R, R AR Dt o, e i ft

FRAA Rz
3.3 #it

25 L, A6 R FAT 0 12 BE s IR IR A G 7
TR WSS A R HLER X 7 18 1 A ) T B 1 S i), 5
WA T i 7 T AR B 85 75 45 1 T {8 T B — A Bl
PR E 5 2 W B B, 15 mmol - L™ ZER AN 10 ~ 15
mmol « L ™" FLER AU M e 4. WSS 45 51 Jy itk — 41
PAF5E FHA LB I A B L BB T A .
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