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3B R BN, IRA), Fra. HERERR
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K15 min,
1.2 EREHE

PRAEG I3k R ol 45 2 2 Dai S W 5 ik o 1y
FEAFELEACO,Z06 h, BIFWREIHEIREOS,
32588 mLEIMIEM, 115 °CKE15 min, ZILRR
B SR TR 10 mL g0 R BE VR R A I 3 I v fif 28
WeFE 10 mmol/L, FEFIREIE | mL4EA: 2% W
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M IAT AE Y Bl I ] O FE K 7 S
ETF, HI8 hWAEE I NGNS, 8 h e K EE S
RORIGIN,  H [R5 B G R R ) 7 S B
TRl 05 75 e S SE TR X AR b & I 7™ U2 il
AN E . W B B X AR I 35 (P<0.05),
H 12 hPUJF 23 B E 50 (P<0.001), Hrimlfg
PR R, BAMEGRERR . B ST
T R S HE R R 45 B[] 4 Al o 28 BAE
(P<0.05), 16 hDlJ5 2 Bk 2 #0922 B AEH
(P<0.001), HA[mpnTrp i, 45mTyrd &
%, PR E9H72.97 mLFI44.70 mL. 45 5H4%

AN, BB AN]SR 5 A 2 R i R AN —
3, Phe. TyrMITrpAi 77 X ZE AR
2.2 KA EEE24 hfGNH,-NAIMCPYR BE 384k
HR2ATLIE 1, BRBA SN, HBRET
NH;-N¥ B2 S 3T B RS (S5 1 h Phe L1141
MCPHJEIE 2 T . NH;-NllELZS R, B
iR S L TR N 855 352 VR P NH ;- N 5 25 Ak 5w (i 3
(P<0.001), Tyrdl &4k % B HNH;-Nk B ARk
K, TrpdlfEH, Phedlf/ly, HZEWHPhe 15T
HINH;-NIK B THE 17569 mg/L. Wi xd 175 32 b
NH;-NV AR Al 25 (P<0.01), BG4
B FE T HMUL(P<0.05), il flDy & ik & ik
i Xof 15 U NH ;- N B AR A0 A 1) W 35 1 28 BLAR
H(P<0.001), HA 257 TyrdH A Trp2H HNH;-N
JEAREE R, RO FR24 WG K B T NH,-N
FEA3 SR I 122,18 mg/L#120.12 mg/L.

*1. FRIBRSERRERFIMNRELE~SELL

Table 1. Cumulative gas production of aromatic amino acids in different intestinal segments during in vitro

fermentation
Gas production/mL
Segment Amino acid
4h 8h 12h 16 h 24 h

lleum Phe 0.63 10.97 27.77 46.47 65.07

Tyr 5.77 16.37 33.33 52.30 72.97

Trp 1.93 13.30 30.63 50.47 69.60
Cecum Phe 7.00 14.46 23.67 35.30 58.07

Tyr 2.50 7.56 15.37 24.10 45.17

Trp 4.10 9.53 17.13 26.57 47.70
Colon Phe 2.37 7.57 16.03 27.33 50.13

Tyr 2.50 7.83 15.20 24.37 44.70

Trp 2.07 11.60 20.53 29.43 52.53
SEM 0.353 0.343 0.374 0.437 0.600
P-value AA 0.649 0.843 0.716 0.294 0.154
P-value Segment 0.102 0.023 <0.001 <0.001 <0.001
P-value AA x Segment 0.027 0.026 0.025 0.008 0.001

In the same column, values with different letters mean significant difference (P<0.05).
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R2. FEEEEBRIEIN S EE24 WENH;-N FIMCPRIRE L
Table 2. Concentrations of NH3-N and MCP of aromatic amino acids in different intestinal segments during in vitro
fermentation after 24 h

NH;-N"/(mg/L) MCP""/(mg/L)

Segment SEM P AA SEM P AA

Phe Tyr Trp Phe Tyr Trp
Ileum 1237 —14.89™ —12.00" 0.41 0.055  70.61* 094" 3567 3.71 0.001
Cecum —0.94"  —16.28™ -13.15™ 0.57 <0.001  3456™ 8.56™  4533" 342 0.012
Colon 569 22,18 —20.12™ 0347  <0.001  104.94" 74.83™ 91.44™" 428 0.074
SEM 2.68 1.16 1.32 1088 1203 920
P-value Segment <0.001  <0.001  <0.001 0.002  <0.001  0.002
P-value AA x Segment <0.001 0.009

"A positive value indicated that concentration of NH;-N increased, and a negative value indicated that concentration of NH;-N decreased
in vitro fermentation after 24 h; = A positive value indicated that concentration of MCP increased in vitro fermentation after 24 h.
Capitals indicate significant for the same substrate with different segments; small letters indicate significant difference between
intestinal segment with different substrates. Values with different letters mean significant difference (P<0.05).

07 T T B FE R R 55 7 - MC PV JBE 722 Ak 52 il
W 25 (P<0.001), K224 h), PheZHMCPHk ¥ A8
i K, TrpZAMCPH EEZSALfE i, TyrfH 28 fb i
IN o W TE B SR TR MC Pk B A8 Ak 5 Wi b 3
(P<0.001), Zimd & TR ME WA
(P<0.05), HPheZH"AN[FfpmiE kiE, HMCPHE
BIAS AT A i 25 25 57 (P<0.05), F7& 25>l >
BWo Wil oy & iR d LR MCPR AR (A7 7E
W B3 HAEH(P<0.01), 45 PheZH FTrpZH 1Y
MCPH A K, 405 T+ T 104.94 mg/L A
91.44 mg/L, [IZTyrsHMCPHk b/, L |
J+70.94 mg/L, NH;-NHIMCP ) 5 45 5158 W
Phe. TyrflTrpi il I AR IR R EE 22 5
23 [, B. SEEINERPH AT EREER
WERESHSHE

DGGERIE(E) Wos T 25 & G & 3L MR 1 5
REEMAEYREBNE 222, Phedl, Tyrd M
TrpAI i EE RV 20 554, AR TR
B, [IZPhed M Tyrdd . 254 TyrdH M Trp2H A9 4H
WIPES> 9 7514 87.9%F180.5%, H.Ial g fE b
PheZ] A Tyrd HA & m AU, X AT RE S5 34

MU BERS 52 i Phe i) Tyrf4 b A 56 . (H R IEMR
M T — 2 R4, dRIDGGERE
RS TEA S . RE R LA RS,
PheZH AL 35457043 Xl T Tyr 2l Ml Trpdl . B A
e AMEM A BRER, BRE, HiM
WA TS B B35 (P<0.05), Tyrdl e B W
gk i A 2 I BRI IKF . X e EE LR IR
[vi) % i S S TR 1) 8 i o] LA | g 3 4 o A 7 45
A 25 5

B A R A 38 o T A BT R R S TR A
i, R WOR T R IR A SR N 18 Y Re 8 W
S B FE T B R RO (P<0.05), HirP Trp2H s A
B i E K T Phe M Tyrd, 457 B H SR E
ST A SEMH ., F—Z R IR B
WP R, RATrpd % B i &
(P<0.05), &S BEAFE R <E <4k
o WBEXPhe I Tyrf M EH#(P<0.1), [Fl—%
BIRFRS B R AR PR g, M AAL B Trp4]
M B ERT 5 HEAAL(P<0.05); M
gElgrhPhed] . Tyré 5 TrpH A BEECR A B
EMEZER(ERS).
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1. FEREERAIMEFR24 WA ERERMEYDGGEEEA). BEAIMBRERIEH(OMETL
Figure 1. DGGE profiles (A), cluster analysis (B) and Shannon-Wiener index (C) of microbial community in
different intestinal compartments after 24 h cultivation of aromatic amino acids. A: M, marker includes different PCR
products of five bands excised from a previous experiment; 1-3, represent triplicate samples from each group. C:

columns with different letters mean significant difference (P<0.05). Phe: phenylalanine; Tyr: tyrosine; Trp:

tryptophan.
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3. M ABEASEREERAE T AR SENRE
[Lg(copies/mL)]
Table 3. Copy numbers of total bacteria of aromatic
amino acids during in vitro fermentation for 24 h

[Lg(copies/mL)]
AA P-value

Segments SEM AA
Phe Tyr Trp

Tleum 9.163"  9.197° 8.643™ 0.059  0.02

Cecum 9.161 9236 9058° 0.058 0.52

Colon 9557 9512  9352° 0.051 024
SEM 0.069  0.051  0.043
ISD;;rlrllléflt 0.093  0.086  0.020

P-value
AAXx Segment 0.172

Capitals indicate significant for the same substrate with
different segments; small letters indicate significant difference
between intestinal segment with different substrates. Values
with different letters mean significant difference (P<0.05).

JR, HEGRHYEE, 824 WMEAINEFR, KBER
H IR R TR, AR SRR A A R
EHEE N
3.2 FHEBEEMREI RN NH-NFIMCP
WAL

R P NH-NJE IS R E S 5 2B b &
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i, Zad24 Wi, AR AR 2 MINH;-N
W R B (45 B Phe ZH R 1) . MCPYE B B TR
A, HERFWRRERR TR, HAEZH
MoK LGRS R L, a7 =
PR AFAE I BEAS 1) FHNH,-N 55 75 i S JE 1R &
MCP, AR A4 NH;-NAK AR A%, 57 5
BOR R PNH;-NS =L, MCPEEF . X
SRR PRI R FE A —EL. Piepers"”
MWilliamsZE" 96 F H AR BB 58 AR TIERA T
I SR A0 %) A T 2 Rl R L A3 ) 5

AHEFE R, R NH - N BE AR fb
MCPYR AR LA A B, RDNH;-NIR BT B 80

H: Phedl<TrpZH<Tyr4l, MCPYJE FFH£ M
. PheZll>Trp4>Tyrdl . A5k HBradfordik
e E R L LR B Yokt 5 2R 5 P
PR IR (el & Arg) F D5 i i S SE TR 3% L 11 245
FUL W, X—ERRN T HEREARRS S
MCP& B EAFE—E W ZES, ([ 613 B
Phe A Trp AR BB I HLIA B 075 2L 0R , 17
HA A E AN EZEH AN . S5Pheflt,
TyrHITrpZ 54 MMCPH &AM, X 5PhefE 4
KNI EALA . L-PheZ 38 N & R S AL B L
AT A BL-Tyr, MR & e it skt
H WA 5Y  Gertsman%5 ST &
Trp AR HFH B2 AR & U e, (R
A% B ) B A AR
3.3 FHEGEREMRKENGEX ZE T

AW 5T P i T W E W B RSN K PR . NH;-
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FINH,-NFEE & THEp S8 mAE, g
MCPWFE fie i o HOJ RN [R] i B BEHE b i
()8 TR Lo L B E R RS TR . /NI RITR
Jo PR LA FRO)RE RN N AR AR TR] . HAR R A IE AR
AR X EACRHE . /N EZE T R T8 5%
Y B TE AR R (LA BRIV E R O ), K
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Metabolic pattern of pig hindgut bacteria on aromatic amino acids by
an in vitro fermentation method

. . . . *
Meilei Ma, Xiangyu He, Weiyun Zhu
Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal Health, Laboratory of Gastrointestinal Microbiology, College of

Animal Science, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] This experiment was conducted to study different metabolic patterns of pig hindgut bacteria on
aromatic amino acids by an in vitro fermentation method. [Methods] Ileum, cecum and colon chyme in Duroc,
Landrace and Yorkshire goods hybridization pigs were taken as inoculum. The single aromatic amino acid
concentration was kept 10 mmol/L in fermentation flask. Then the fermentation flask was incubated at 37 °C for 24 h.
Gas production was measured at 4, 8, 12, 16 and 24 h, and samples of fermentation collected at 0 h and 24 h were
used to measure ammonia nitrogen NH;-N and microbial crude protein (MCP). Denaturing gradient gel
electrophoresis (DGGE) and real-time PCR were used to monitor and quantify the development of bacteria
community in zymotic fluid. [Results] The concentrations of NH;-N and MCP were significantly affected by aromatic
amino acids and intestinal segments (P<0.01). Intestinal segments also affected gas production (GP) significantly (P<
0.01). NH;-N, MCP and GP were affected by interaction of aromatic amino acids and intestinal segments. DGGE
analysis showed bacteria of aromatic amino acids shared amount of bands together, especially similarity analysis of
DGGE profile of Phe and Tyr in ileum, Tyr and Trp in colon were 87.9% and 80.5% separately. Shannon diversity
indices analysis revealed that aromatic amino acids in cecum and colon varied significantly (£<0.05). Real-time PCR
results showed that the quantity of total bacteria were affected by aromatic amino acids and intestinal segments
significantly (P<0.05). [Conclusion] The potential as proportion of different aromatic amino acids are different.
Compared with Trp and Phe, the diversity of bacteria utilizing Tyr in cecum or colon is low; compared with Tyr and
Trp, a large number of Phe participated in synthesizing bacteria. The fermentation pattern of specific aromatic amino
acids in different intestinal segment was unique. Compared with ileum and cecum, much more aromatic amino acids
participated in the synthesis of bacteria in colon.
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