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B R A YA IME T X B R BRI 45T
KU, KEY, KB

TLINVETHAGE S R S o R F S S0 %, R KA B R WIS, 1195 Mt 210095

BE: [ By ] BEEE e IRINERER A, LIRS EY NS 0, TS5 S M e 45 i i st e /N
Fa A W A R AR AR 2R AR o [ 7 ] SRAR 4 Shfilt Bl 100 kg Ze A7 FE xR x RAASHE T E 1
S50 5 10 B BEAE MR, 4R T 10 mmol/L BRI 3R 5, 37 °CIAAMNESE 24 h, 3%
T B ILTR TR W 5 45 W BOE BEHE A I I 25 I B . [ 452 ) (1) ARIRGBUAE 9 LR 2 s i ok
KW, H A EERR TR K (21.9%) 2 & = T 451720 (16.7%) 5 71 17 41 (16.3%) (P<0.05). H #4lE SCFA
i E T4 S R 41(P<0.05), fEREE pH (E TR & B4 MCP - & & T4 5l
W4 (P<0.05); 76/ <5 NHe-N WE I, EnA 5454 8 E LT R4 (P<0.05). (2) PR
RIEYIARSINERE, TRV E, BB, JERER 1 e e Brdl a0 (B % 22 5 (P>0.05), AP I 1] i 7E

B EE; SANMEEABRIEYIXT AR, = MBS A nGE . JEREE &R TrH R
(P<0.05), MfIFFE )& B 7E 04 -5 X R 0] 22 5500 11 3% (P>0.05) . JE/KF I, E g med Kig

R a8 B {2 351K T 101/ 4 (P<0.05) , 171 22 IR T 8 AR T XIV Ja B /e 5 I L N2 I 4 44 i T I i 48
25 o B 21 A BUBCAF 850 JC 1825 26 57 (P>0.05) . [ 4518 ] LAEEZMON IR, RSN 708 H I s E Y &
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K. Da SFWFTERM, /N9l A Fe Qs
BERS AREME, AW . SRR
B, BRI I 1 B ) e A W v R A
G ES o iE S IS d VRPN 7PN 7L G|
XEHEAE % B RO U M AR, &
B R W WA v 5 2 R B AR A B T ' S SR TR
BRI . ARUFFOR A WA R B LU
A RAE NS, B T B S A
FERRA L, FF b L8 T ATRES SR
A B A TR DX 2R R

1 #A A %
11 RFESEMYRE

PR F: 32 7% Williams 2O Dai 201
RBCE . RiRILEFELE A CO,, EIWMTETE IR
W5, RIS 88 mL, RIEKKE. fEkk
fibE IR, A 100 mmol/L 2 R EEK 10 mL
VEREZIRIGFHE . SR ATINA 1 mL 428 RIF R
AL mbL R JEFRVER, IR IR IR AR 37 °C Fildk

I 3 SRR 6 A At x K< RE LM, K
SNl . BManhBENEY, 55

O e BE RS CO, MK F ML, PBS
SRR 10 9 lWENRS), 4 Z Mg
R
1.2 RSk

JEAREE IR 34 Ab B 43 51| Ry BRI IR R+ R 2
PRV R+ 1 fi B B i B BRI ) 5 X BB 2 —
Hh O A AL B SRR RN AR BRIV W X BREH 43 ]
Ry BRI 5+ B i sl W A W BRI .
ANTES , SmL SR YE ARG FREL, 37°C
5% 24 h,

ARACRE IR AR SR 24 h (0 R BERAE N 4
Fldiefh 10 mL, 37°C 537, 24h H—A0, &L:
%61t REIEEFRMNE 2. 4. 610/ 0 h Al
24 h BT
1.3  REEEE

W5E Oh 53535 24 h KRB pH {8 76 K BT
4. 8, 12, 16 i1 24 h, & Theodorou %" )7 ¥:
W PR, B2 Muftic J7 kB 24 h &
i U Y 24 A5 A (NHa-N) L FE 8 36 00 & R & A
(MCP)UJEE . {1 #% GC-14B RIS AR (B (H A
A E)IE 24 h R EERE IR (SCFA), &
% Zhang 2P )5 2 BUR BERESL 1 mL fin 0.2 mL
25% i B A L SRR (N AR, 100 mL il &
B SR 0.64640)1R 5 1 mL, 12000 r/min &5 .0
10 min, B EW 0.5 mL #4700 . A 110 °C,
PEFEIRLEE A 180 °C, Al 5L A 180 °C,

14 FERARNE

it A v SO A € %A (Agilent 1100)7 5
R AR . FEAMATALFE: 200 pL &R,
13000%g. 4°C &5.0> 10 min, ¥ 100 uL FiEmA
100 pL 1.5 mol/L ¥k HCIO,, IRAJJE A 50 pL
2 mol/L VK K,COz. T35 T, B CO,. 13000xg
4°C &0 10 min, 788 3G 28 1.5 mL 2.0
B 100 pL AESL, IARESSEH, FEA 100 pL
1.2% A H R, 100 pL f9f1 K,B,O7, 100 uL Pts,
1.4mL 7K. HPLC Al : A3354E: Cus, 4.6 mmx250 mm;
W, 1.1mb/min; FEE, 20-25°C; kil ,
Ex 340 nm, Em 455 nm; #FAf: 15 pL FF 5L IE R +
15 puL OPA ¥, i 1 min, JishiAd: JishAf A,
273 g =/KOREET 1.6 L K, fILA 96 pL
6 mol/L HCI, 180 mL HIfiE, 10 mL DU KNG, &
KR 2L (pH 7.2); WishtH B, 100% HEE,
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1.5 DNA #EHEUHI Real-time PCR E B HE R
DNA $2H(Z: 8 Zoetendal %1%, FIm;EE M
W, KRBV DT AE R, SERE i PCR ] Step One
Plus™ ¥4 . SYBR Premix Ex Taq {4 2 % & %
W R JERERT] . BRI TR R R AT A
LR . MR XIV FIBUSE A B 8 B4 7 2 R4 #
SIYIFHI I Lo 435I LI R 16S rRNA JE A
AR IV £5 AR TR R it AR i 2K
1.6 BilEGEHaHr
SAETRIN R R IR A ()T
Do (%) = [(AAG-AAz) A(PCo-PCo0)(NCo-NCyy /AL, A E (1)
Doy J 24 h IR ZRIH R, Alo. Alpy 2%

AEFEZE O h. 24 h YEEZRRUSE, PCo. NCo 43l
JEXTHAL 1 XFHAL 2 7 O h YR BBV, PCaq.
NCoq 3 HIJEXTHRAL 1. XFHRAL 2 7 24 h I EEATR
W

2 HERFpAH

2.1 PRHMNEEE 24 h B BRESEF pH EAE L
AN [7] g B ik 2B ) DL B B R Ol i ) A4 o e T
24 h ) SR L3 2, A YI7E 24 h 1Y
KB, BRPREAWE N, BR R EH
FEMMRICH BIGA . B S5 mA, HhEh
H 545 mAH RR R E B KT 541 (P<0.05).

= 1. SEFIEE PCR 3|4F%

Tablel. Primersused in this study
Target organisms Forward primer (5'—3') Reverse primer (5—3') References
Total bacteria GTGSTGCAYGGYYGTCGTCA ACGTCRTCCMCNCCTTCCTC [10]
Firmicutes GGAGYATGTGGTTTAATTCGAAGCA AGCTGACGACAACCATGCAC [11]
Bacteroidetes GGARCATGTGGTTTAATTCGATGAT AGCTGACGACAACCATGCAG [12]
Clostridium leptum subgroup GCACAAGCAGTGGAGT CTTCCTCCGTTTTGTCAA [13]
Escherichia coli CATGCCGCGTGTATGAAGAA CGGGTAACGTCAATGAGCAAA [14]
Clostridium cluster X1Va CGGTACCTGACTAAGAAGC AGTTTYATTCTTGCGAACG [15]
Bifidobacterium spp. TCGCGTCYGGTGTGAAAG GGTGTTCTTCCCGATATCTACA [16]

x2 HOMEEE24hWERTRET N
Table 2. Cumulative gas production during 24 h in
vitro fermentation (mL)

t/h Ileum Cecum Colon

4 1.35+0.33 2.50+0.43 2.40+0.41
8 5.85+0.48 6.000.15 3.95+0.91
12 13.75+1.14%  7.42+0.38" 5.57+0.76"
16 15.10£1.10°  8.87+0.34° 7.67+0.04°
24 20.87+1.11°  18.62+0.34° 16.12+1.03°

Values in the table are mean+SEM. In the same row, values with
no letter or the same letter superscripts mean no significant
difference (P>0.05), while with different small letter
superscripts mean significant difference (P<0.05). The same as
below.

actamicro@im.ac.cn

A RSN K % 24 h () pH 28 L3 3. %5
BAA541 24 h pH {H5 0 h pH (A L i R
(P<0.05); [z 0020 55 % BE4H 24 h pH {H G & 3%
25 (P>0.05), TMiEMmIAEd . 45iAma 5% a8
Ji7 BT R AL AH e 24 h pH {E 2 % R R (P<0.05).

2.2 {RSMNRBE 24 h iy SCFA =&

AN TR) s BERCEE W) LA 2R 0BRSS AR Bk & T
24 h ) SCFA F=ig W3 4. HH4l & SCFA F= it i
F T 45 4 5 87 40 (P<0.05) 5 [81 )7 20 PN R A%
B4, I E BS54 M T R i
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#* 3. MAINEEE 240 9 pH K
Table 3. Changes of pH value during 24 h in vitro

fermentation

Met Control 2
Segments Oh 24h Oh 24 h
lleum 6.79+0.01° 6.51+0.01° 6.76+0.02* 6.54+0.01°
Cecum  6.76£0.02° 6.47+0.03" 6.74+0.02* 6.67+0.02*
Colon  6.80+0.01*° 6.55+0.01° 6.79+0.01*° 6.63+0.02*

T4 AEIBEMEDIKRINLEE 24 SCFA =2

(mmol/L)

Table 4. Concentration of SCFA after 24 h in vitro

fermentation (mmol/L)

Items Ileum Cecum Colon
Acetate - 2.81+0.28° 1.46+0.16"
Propionate  4.91+0.03%  3.11+0.17° 2.62+0.17°
Butyrate 0.62+0.09°  2.40+0.11% 2.02+£0.12°
Valerate 0.40+0.06°  0.060.01° 0.0120.01°
Isobutyrate  0.07+0.03 0.05:0.01 0.05£0.01
Isovalerate  0.03+0.01 0.06+0.02 0.060.03
Total BCFA  0.10+0.04 0.11+0.03 0.11+0.04
Total SCFA  4.64+0.40°  8.50+0.48° 6.22+0.20°

o HENRWITR S T R 5 SRR AE = 4l rh ™ iR
R, HILREER,
2.3 {RHNEEE 24 h [ NHe-N F1 MCP ¥R

A T 1 B A 0 LA B A R R IS AR Ok K T
24 h ) MCP 5 NHs-N i85 5 LK 1. 5 4l MCP
P R R T R A S 554 (P<0.05), [l S
i ERARE . B SEHA NHe-N W&
JiF AR T 01 17 20 (P<0.05), 1 M 4H 545 i 4 1] 22
¥ NTE
2.4 RSNREE 24 h MERRIEAE

AR B AR e IR AN R T 24 h 5 BEIR T %
UL 2, F A AR 2k % W3 5 T [l i 41 F0
451720 (P<0.05), [81fi7 2H 5 45 i 24 [B) 2R S BRI 2R 2%
P N TE
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Figure 1. Concentrations of NH3-N and MCP after
24 h in vitro fermentation. Values are the mean+SEM.
Values with different letters (a, b) are significantly
different (P<0.05).

o 25 -

N a

g

o 20 + b b

8

E 15+

<

2

= 10 -

4

=2

2 S5t

v

(]

=

x 1 1
Ileum Cecum Colon

Intestinal segment
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Figure 2. Rates of disappearance (%) of Methionine
after 24 hin vitro fermentation. Values are the mean+SEM.
Vaues with different letters (a, b) are significantly
different (P<0.05).
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2.5 {RHNEEE 24 h AL

WHNKEE 24 W s, KRR ETE . JERE
FORUFFBR 1T A0 40 36 5. LU 2R AR, B
JERERH || S RS W Be L o) B 22 5, BT
NI REE AR .. 5 AME R X

Il

m

N

B

P2

YIEbAE, 3N ABORIR AL R | JERER T S
e TR IR (P<0.05) , AU A 11 % et A il a0 4
%) R 1) 22 S A B 2 (P>0.05) .

JEACE b, RIGFFE . RBARE . BRE XIV
FIOUSFF B A B0 I 6. 5 4 A& i 4 K kT

*x5 WINEREE2AhHERE. BERE). IWEIIHE
Table5. Copy numbers of total bacteria, Firmicutes and Bacteroidetes after 24 h in vitro fermentation [Lg(copies/mL)]

Items Group Segments SEM P value
lleum Cecum Colon

Total bacteria Met 11.34% 11.372 11.13° 0.06 0.20
Control 2 10.62° 10.60° 10.72° 0.05 0.21
SEM 0.17 0.27 0.22
P value <0.01 <0.01 <0.01

Firmicutes Met 10.65% 10.88% 10.68? 0.05 0.18
Control 2 10.31° 10.20° 10.28° 0.05 0.21
SEM 0.05 0.20 0.18
P value <0.01 <0.01 <0.01

Bacteroidetes Met 9.93%8 10.00% 9.68° 0.06 0.07
Control 2 9.96 9.87 9.86 0.04 0.58
SEM 0.04 0.11 0.12
P value 0.85 <0.01 <0.05

Values in the table are mean+SEM. Values in the same row or column, which do not share the same small letter or capital letter are

significantly different (P<0.05), respectively.

R 6. (KINAEE24h KIAHFE. BRATE. FREE. RE XIVEE
Table 6. Copy numbers of Escherichia coli, Bifidobacterium spp., Clostridium Ieptum subgroup, Clostridium
cluster XIVa after 24 h in vitro fermentation [Lg(copies/mL)]

Items Group Segments SEM P value
Ileum Cecum Colon
Escherichia coli Met 10.65"2 7.76°° 7.93%° 0.47 <0.01
Control 2 10.50"° 8.06°2 8.40% 0.38 <0.01
SEM 0.04 0.07 0.08
P value <0.05 <0.01 <0.01
Bifidobacteriumspp. Met 8.99 8.90% 8.87% 0.05 0.64
Control 2 8.96" 8.128° 8.18°° 0.14 <0.01
SEM 0.02 0.14 0.11
P value 0.60 <0.01 <0.01
Clostridium Met 8.2782 9.5143 9.11%2 0.20 <0.05
leptum Control 2 7.62%° 8.145° 8.44%° 0.12 <0.01
subgroup SEM 0.10 0.20 0.12
P value <0.01 <0.01 <0.05
Clostridium cluster Met 10.2552 10.76"2 10.54"B2 0.09 0.05
XlVa Control 2 9.278P 9.594P 9.66"° 0.07 <0.05
SEM 0.16 0.17 0.13
P value <0.05 <0.01 <0.01

Values in the table are mean+SEM. Values in the same row or column, which do not share the same small letter or capital letter are

significantly different (P<0.05), respectively.
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P A i KT [ 4 (P<0.05), 1M 32 3R 1 )&
AR XIV JEECR A 5 A s a1 34 T+l
£ 5 2% 1 B TR AU AT T Al i G 1 2 2 5+ (P>0.05) .
SRINEZRRIEY X B by, KInFF s
E 18] W i e 20 3 2% v TR RE A, TAE B W S
TG 2H ) I8 1K T X B 41 (P<0.05) 5 BUEE T 7 & 4%
TEEE WA i B 2 B 2 R TR IR 4 (P<0.05),
T 7E 7] A3 06 41 5 ek BE 21 I 2% 22 = (P>0.05) ; 2%
O R MR B XIV RS 7E 3 M Bk gl 1y
I 25 15 X I 4 (P<0.05)

3 it
31 ARG BMAYRINE SR R BESE LA

pH X 17 B A W) B A A AT 5 R RE ]
W% E N TSRS W pH 5205 i a3
KIGAEY B RiE pH — Bk 6.5-7.5 2247 . EM
Wi N, SCFA Fl NHa-N &3] 0 pH (i 28
b AT PR IRIA pH 7E 24 h B3R v &
R MRA RS, 3k 5 S e A A 1 o A P
B B ALLAE 24 h R LR 5 0T BRZE AR LT R
&%, RWEMNRNYZi - ERRE, XY
H RSN K T S SCRA 77 i e v i 45 SR A
W4

WilpiEh SCFA J& A L WEn) £ 5457 )
22— RS RS b AT 94.4%-97.6%
Py SCRARY, 2 FiFAl SCRA 7= Ak T30k A
LFLE LAY R 5 ok AT & IR M
R A RACH 2 SCRA Ry BRI,
AR, BB ERE, HOm®. K.
TR S SCRA i fRAL T A= K-, X
N TR AT B W s A oxr 88 e i R F e
1E 3B feit o

32 ARHBEHAYERINES: NH-N. MCP
Ho R

NHa-N B85 — @ R b ] DS B S 2 )
I3RS BB P A NHe-N - Bt HEA5E BOR) FH ) 4%
B, EHUAZACHICE Y R 2 s bR — 2 — i
BUA N I8 N 2 R AR, SRTITTE HORLEE 1 Bk fin
(0 T B s A B 8 e 2 i 25 T e P e
(1 2 T A BRI P s A, AT i R R
AITEBL T, NHa-N 234 95 B MCP 1) 2R
MCP i B2 Sz WL A= WA T NHa-N | 235 IR 25 IR )
BREEEBEE S . AW, [H4H NHe-N 7
hAEBESTEBHSE A, WA IE R
MCP B &/, $oRBlia N2 wE K £
HERAE A —A A L BRI T
NHa-N, T H] NHa-N A4 AH 40 . AR,
H W A W R R s R AR A R WG L T B 1Y
MCP, #&/Rill, d5laia9, JmE AR
B F2 AU 25 B S AR W B S SR
33 KBMEY S/ MNGMAEY N EARRB R
HoA

R R, AN B A Pyt 1 ] — ik
R B4 ) FEAT A i B A S 1282 SR T L TG A F 5
K/ M A YA BRI B2 AR K
W, BHHREERIER R EE S T mH 54
e, (RIS [a) i Be v A= # 41) FH aE  ie As 2 i AR
WY AF R BOR 22 57, s A [ B S wi
BRI, 8 SRR A R AR YA
A AN
34 ARIGEMEYNEERABEREX R

A5 E M, Clostridium, Bacteriodes &
Peptostreptococcus J& il F 75 K il /0 & e
SRR AN, DA — R S R N AU P e 20
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7] -t S 2B T AN o 2 R R 40 ) % B A 1) R M
B . RIAFFR NS 22 R E R, e
PO AN G I SFEAT A Se PR . B S8R
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Metabolic characteristics of methionine by in vitro fer mentation
with bacteria from different swineintestinal segment

Kaifan Yu, Fuzhe Zhang, Weiyun Zhu'

Laboratory of Gastrointestinal Microbiology, Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal Health, College of
Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] This study aims to study metabolic characteristics of methionine by caecal and colonic
bacteria compared with ileal bacteria from pigs using in vitro fermentation. [M ethods] We took ileal, caecal and
colonic chyme from four DurocxLandracexYorkshire hybridization pigs as inoculum, and fermented in vitro
separately. Control group 1 was without adding the chyme and Control group 2 was without adding methionine.
[Results] Methionine disappeared 21.9% in the cecum group, significantly higher than that in the ileum group
(16.3%) and colon group (16.7%) (P<0.05). The cecum group had the highest amount of short chain fatty acids
(P<0.05), with the highest decrease of pH value. Moreover, the cecum group had the highest concentration of
microbial crude protein, compared with the other two groups (P<0.05). Nevertheless, gas production and ammonia
nitrogen (NH3N) concentration in the ileum group were significantly higher than those in the cecum and colon
group (P<0.05). At the phylum level, total bacteria and Firmicutes population were similar among all groups
(P>0.05), and the counts of Bacteroidetes was highest in the cecum group. At the genus level, Escherichia coli
counts in the cecum and colon group were significant lower than that in the ileum group (P<0.05), whereas the
counts of Clostridium leptum and Clostridium cluster XIVa in the cecum and colon group were both higher than
those in the ileum group. Bifidobacterium counts were similar among all groups (P>0.05). [Conclusion] In vitro
fermentation using methionine as a substrate, the utilization rate of methionine by caecal bacteria is higher than that
by ileal bacteria from pigs, accomplished with altering other fermentation parameters and producing microbial
protein. Compared with in vitro fermentation of ileal bacteria, the counts of Clostridium leptum and Clostridium
cluster XlIVa are higher, whereas the Escherichia coli countsislower after fermentation of the large intestinal bacteria.

Keywords: in vitro fermentation, large intestinal bacteria, methionine, pigs
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