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i 9 F 3 (R AR B oK & B MY BC & SRR 7
ERBIEER MR

MR Ayt AR EKEE K BORTFET
(VL PRLM R 2B OB BE 2B, T T 110866)

B OE., KRB G AR T 2 RE G N EA AN SR IEE G5B 031553 £ Kk
FoAo B ABRANBIE hEEmA R EABENNG Y h, AR W BT AR T K
FEOMEA AN TR SR BEEGROAER, RIERA 2x2 T REIFT 2ARE A
EaRAR R E (MR EGH A EREGN) SR A [ Fm(0.2%) FLiEm], KIEEIR
28 B#E K OxKE Ui w454 128 k , My H A N, B ANEL HNEEL 8 KM, 4
NRIE A5 A AR R G A R E G +8RA A 2R EGAf 2R E G +8 kA4,
R 21d, EREAV. D) EREOH+ERABMNG FH AR TR EFONAALEE £ F
(P>0.05), 2 REZEGH+8ek F M0 T3 B TR KT HIEEGMHA(P<0.05), 2) EREY
B +EEk A SR G AL R B FIKT IR & 04 (P<0.05) , A ARy AWK E L B
BERAOHDELRE ZF(P>0.05), EREOH+Ek A 2069 M AR L AR AR T =R BR
Fo X RRMAMNANLEYNEZFZ TEREAHL(P<0.05), 3) 2 REGH+Eok A 2009 o i
B E R EA KR F-1 432X 5 TE2REGHA(P<0.05), hiFk BIIEELTEM
JREAHEL R HFZEF(P>0.05), 4) 2 KEAH L ACE, Chaol #= Shannon 35 £k 5z /& , Simp-
son RS, ERAEZODANECRARA B ERARA LMY FELZG TLAL3I A, ik
HAstF BRI, LERABFRAR B RS WHEmE Rt . F SRR ENFEISF D6
LB TFAA3A, HTL, 2EREGHEE SR LA R EFHE oW 3 he by 545 523 F
S H ALK B A KRR B, TR AT R AR P AR 2 ORR G BB A Sk
F BRI LR A8,

KW MIEEGH; 2RE QN SRA B 178 £ K4k

FEHEKS.S828 XERFRIREG: A XEHE.1006-267X(2021)01-0150-15

Ji7 % % 4 83 ( dried porcine solubles, DPS) — F
PR SR 0 35 B I A 1 R T 3 3 152 P T D 4%
FERE TR R T B Bl W R P ORI AG Te e JEOR)
TR AFAE A A e 95 s 1 XU, i HE 7 3R 1 H ATk
IR A 1 O T, B AR s W v 2 1 o ke U 1Y
TR T & FUWE 5 T R A E AE JEHBE, HE

%5 H 87 : 2020-05-02
BEL£WA . BERAKRREHE 4 (31440082,31101253)

H 8 B A —Fh B —HE ) Pk 2 1 5o 5 A ) i
FHRESE B i IR AR M 7078 S FS & 2 O T
RAEH ., AW £, JL B E K& H K (com
gluten meal,CGM ) & H Jit % & 35 65% , H & A
ZRIJCHLER T YE A= R, v 8 S A 7 8 H O R
(ADG) FF4r LR 5] (umami enhan-
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cer) A LA i 4 (9 2R B A AR R MR RE , I i 18
G —E AR R T, [ B 6 B 590 T LA 2 5 015
M G R DXL ) T ol A2 39 5 2 A 494 | 38 7 A 1
JH o R A R S bt 9 A A, e i 6
(R0, (E F T OG0 AF R h OK
AR IC 5 o R fE 75 1 QU I R 1 R 1) BF 5T ¥
ARULARIE o R, A 4008 i 1 1w i 1A H
For 0 TR S R AR o R i R, 25 5O [ R
5 e ek JrAs Ao 218 P 5 e R 51 o W 403 4 24 P
RE 770 PR IR 2 WL AL 3 | L PR 46 bm I 3%
(E TRTRESS F4 B 52 W), LA IR R T 5% W 40 4 4% 1) A v
TR Ry A S R 5 BE R 2 AU IR Ry
PR

1 #MRlERZ*E
1.1 iR

o B8, A 8 % 3 % o B EE BT (CP)
53.00% . 45 0. 40% . B ® 0. 50% . 14 1k fE
4.00 MJ/kg M2 72 3.74% B AR 0.54% & &
e+ Bt 2 R 0.20% . 75 2 R 1.82% . {4 & &
0.50% FHE R 3.64% , FKE AR E IR G
J7:CP 53.90% .45 0.07% . B 0.44% . 14 1L fig
3.60 MJ/kg M2 W2 0.97% E AR 1.42% . E R
R+ bt & R 2.38% . 75 & R 2. 08% . {4 &
0.36% iz R 2.94% ., HF M) 3 o3 v IR K
il B 11 AFL ) KA R T T R R IO RN A R,
A RO SN A% , A ik — Ak,
1.2 KRBT E5RFEE

IR 2x2 HrE T, 2 ANHE RSB EA
JoT DR IR BRI (i B AR R N EOK B Ry ) R
BRFIL AN (0.2%) FMICH ], BEYLIEE 28 H
1% A 9 kg A2 MR F <K H ol 47 4% 128
3 Fe G AR R A B AR — SOy S BE AL
G384 Ak R B R L P R A+
BERF L | K B 0 2 AR B 1R + B DR
W, BHANEE, BANEL S LM, 521 d,

PRI E 1L 7748 BRI T 0 BH AR R 2= BB B g
Wit A7 iR T e, xR g S EAT T R s
VEFNTH B , 1255 10 0] i A7 W8T 7% A 259 7 A [m) 4% 8
TSR, TR AT o AL AR 3R H S 4 e i
R DR g U () R R BEAE 20~ 30 C, [AIEF R
R R A7 0938 KRG IR B 05 4758 B R R B R
K, i B H R R SO G R R Y A T AR 3R

LRSI NRC (2012) A i e ), H 20l &
FKFEIWFR L,
1.3 MELBREFE
1.3.1 AKHhE

3 TR 1 KA 21 K 0800 X4k A7
WEHATRRE IOV E (IW) FOR & (FW) | 84T
¥ ADG, R0 7 didsRaS A 51 AR 00 e AR AR 45
MARHEL 151 7 d FER & ITEEHYHRE
i (ADFI), # #ii ADG Fl ADFI i} 5 Kl & [t
(F/G) ., eI g e 15 15 O, 115 18 15 2% ( diar-
rhea rate, DR) . AR NT .

ADG(g)= (RE-#IH ) /(5K KEx

IE A ESLEO
ADFI( g)= B FERHE/ (I K Hx
W SR

F/G=RFeRm/ B,
JETE 3R (% ) = 100x ( IG5 L Bx ik i/
Tl M R BRI Bk E0)

&1 ERiARAMREFRKE (RTEM)

Table 1 Composition and nutrient levels of

basal diets ( air-dry basis) %
e
WiH FEANERR FEAR R
Items DPS basal CGM basal
diet diet
JE Bl Ingredients
F2Kk Comn 48.34 48.28
FLIEK Whey powder 20.00 20.00
HEME Sucrose 5.00 5.00
4k K & Extruded soybean 15.00 15.00
ff#) Fish meal 5.00 5.00
[ B EE 14 DPS 4.00
FAREHH CGM 4.00
iR &5 CaHPO, 0.74 0.75
%5 Limestone 0.41 0.43
AR Lys (98% ) 0.44 0.53
HEAR Met (72%) 0.18 0.13
&R Thr (98% ) 0.29 0.28
47 % Aureomycin 0.10 0.10
S LAHTH, Choline chloride 0.10 0.10
ikt Premix" 0.20 0.20
A7 Enzyme preparation® 0.10 0.10
figfk 5 Acidifier 0.10 0.10
A1 Total 100.00 100.00




152 )/ = S = O 14 33 &
s 10 min J& , K, A 110 C 4 46 K i
A Py 3 2 /?:‘T]l y A=
GRELH TREAR 24‘h,(7i°ﬂ)§i5ﬁ~\ﬁ@ﬂ,H{)\Hi?ﬁuuﬁﬁﬂpim
5 H SERER LR oallle
Items DPS basal CGM basal KA E T EN & TiO, & ,105 CTHE
_ | : diet det AN TR (DM) & &, 8L S0k L CP
e D levls e i, 2R ECA v 0 B B (EE) ik, 2
1 He g : : 2y IR 22 A A B A S
WEM R CP 16.90 16.93 @E%SETA),%EI%{J\Um%%ag,%ﬂléﬁéﬁtt@%
AT AL EH DLys 1.30 1.30 WS
AR R TR R 070 AR AR 0 7 ) RN A e o O SR ) | Ak TR
DMet+DCys ' ' B AG 7R B i S SR AR R I L%
A AL SRR DThr 0.83 0.83 FUIHALE (% )= 100x[ 1-(FHF Tio, &/
D 0B 0w S0 TIO, ) x(JE1E T g bR A i/
1l Zl 22 R a . . P S L s A L
%EE Ca 0.85 0.85 o LEJ*EEFI}Z*EI$/]< =] EA) J o
4 TP 0.70 0.7 1.3.3 MG M EIER

1) TR B A BT 5 AL 2 fit The premix provided the
following per kg of diets;: VA 8 000 IU, VD, 1 228 IU, VE
151U, VK, 3.0 mg,VB, 1.3 mg, VB, 3.1 mg, VB, 1.2 mg,
VB,, 0.03 mg,Z i85 calcium pantothenate 13.4 mg, ¥ &
biotin 0.11 mg, MR niacin 25 mg, "2 folic acid 0.68 mg,
Fe (as ferrous sulfate) 20 mg, Cu (as copper sulfate )
10 mg,Zn (as zinc sulfate) 130 mg,Mn ( as manganese sul-
fate) 100 mg,I (as potassium iodide) 0.3 mg, Se (as sodium
selenite) 0.3 mg,

2) W3R B T 32 M 42 {1 The enzyme preparation
provided the following per kg of diets: — i ¥ M i B-glu-
canase 100 000 U, K EHi A xylanase 200 000 U, o—JE ) il
a-amylase 30 000 U,

3) THALRE R AT T AL B AL IR S 1508, Ho Ay o SEDEL,
DE and digestible amino acids were calculated values, while
the others were measured values.

1.3.2  FRor MR R L%

FIFH IR 7% 55035 D 2 75 3 R 28 5k 1R 2% WL T
B IR 14~ 21 K, 4 4R 56 1 R LA 4%0 L
A A LEK (TiO,) , i IR 45 R AT ESE 3 d LI
AEEWEEETRANEL P RERME, B R T
FAAIFE 1 IR, B UCR B FEME 30~50 g, %5 100 g
ZEMEIN 20 mL /Y 10% MG IR LAIEL AL, T -20 Tk
AT, W RAFER A B 5, CE 70 THE
Pt = e, SR AT N 24 h J5 R R
60 H i 725 M [ BP 45 45 2L A R AR A oy e ot
60 H i £

fifi I H 37. L-8800 4> H sh & FL R 7 B4, R
HMPRIE DN E 2 B R % e, 2R % = U Ky
440 nm , FoAl 2B R & B A2 3 K 570 nm,
HFRHL 0.02 g F i T /K& H  INA 6 mol/mL £
R 15 mL TR B ) 1 3 1E F BE TS 50, fh EL =S

FIRIELEH K 0800, 5373 A3 40 1 R A
RVEHC L SRBL R A7 30 - R AR T
FRVKCR I 10 mL 2245, ## & 30 min 5 3 500 r/min
B0 10 min, K Y 9 0TS R T E O E T, T
—-20 CUKFALRAE RN, 13 B YLK & (ghrelin) |
fE B I B B2 i # & ( adrenocorticotropic hormone ,
ACTH) J#E S Z A KK F -1 (insulin growth fac-
tor- | ,IGF- 1) {5 b= J Joi 8 % B il = ( corti-
cotropin releasing hormone, CRH ) | lH #% It 45 &
( cholecystokinin, CCK ) . J& % ( leptin, LEP) | Jifi &5
MK Z A BK -1 ( glucagon-like peptide-1, GLP-1) Fl
FZ JF % (cortisol ) 7 SR FH XA A4 e o0 322 I 22 |, 37
R GV B AT AR R S RT3 AEY
BHE A PR R R
1.3.4  FEERFELHE

B E 21 KA, B 41280 5.0 g, Hl T 16S
rRNA & 8 I 5 70 A, 5 BURE i 5 DNA A1
1% B RO Fe HL DK X 4 2 1) 2 [ 4 DNA 47 K
M. FE5]%) 341F (5’ - CCTACGGGNGGCWGCAG -
3’) 1 805R (5’ — GACTACHVGGGTATCTAATCC —
3N ARSI bW Sk X V3~ VA SRR R BEiE AT
PCR ¥4 | I X1 H = Wy i 47 2k, o i fds — e
G 5 SC P A0 SC P R AT SC R RS, R A A
1Y 3C % FH Tlumina HiSeq 2500 ¥ & #6470 % 4347
1.4 HURAIEFSHT

K H Excel 2007 X £l 4700 20 8 8 15 56
K H SPSS 17.0 # 47 B A & J7 22 43 H7 ((one-way
ANOVA) , 2= 5 It ZE ] >k H Duncan [CiE 1T £
L, P<0.05 4 25 5 3, P<0.01 2 22 S 4



14 FERARAE WA DR P T K 8 A B SR R U R B A B 153

FLAERVUSE AR MEZE RN . SRR 2x2 W
R0 B HEA T 40 BT B AR
Xy=pta 4B+ (o) ;te,,
Ao X, LA o Ry SAASE 00 5 o, A
A 5 )RR JERL 2 AN B, A IR TR AL
(o) ;4 # F B i) R OB b 28 55 8 IR 57 /Y 22 H.3%
i 5, iR 2O

2 BR55H
2.1 #HEFES5AREEAQRABERAS X 7HF
EEK RN

Wk 2 FroR, ERAN A Hr s LR, i i
K LW 5415 1) K # | ADFIL il ADG ¥ i 2 5 T
FHRE R4 (P<0.01) ,E/G FETE SR 4% 5 #%
TEKEEA(P<0.01) , BB AIAS AT RIBK
ZPLE KT K B ADFI il ADG( P<0.01) ,#% i
AR F/G FETS 3 (P<0.01)

PRI R AT SRR B, £ KB R+ IR A 4
) ADFI 55 Jiz) B 85 11 By 4 G b 3 25 5% ( P>0.05)
TR I +EER T 4L ADG BT I & A
¥r4H (P<0.05)
2.2 HKRFESREEARABEMNAES T
FRFESRMWELEHE I

R 3 FR, ERAN A Hr s LR, i
YL W A7 5% CP 2 WL fL 26 ik & 35 v T 10K
E K4 (P<0.01) , DM Hl EE £ W IHLE D E &
TEAREFABH(P<0.05) , SERFAER AT 3%
= W 4756 9 CP R ILTH LR ( P<0.05)

LR R AT e R, B K -+ EF R 5 4
CP FMIH AR B E LT R B 4 ( P<0.05)
HAAFSFRWHARSHEEAMA T D EES
(P>0.05) .
2.3 #KFAS5AEEARARERAS 3T HF
REEBRIELENZIN

R A4 FoR, ERON 345 SRR g B
3 AL BT 541 1) 25 B BE TR 22 UL Fb R S B 35
TEKREEBA(P<0.01) , SEBRFHHYAS I AT B
T R R | 22 R RN R 1 W AR (P<
0.01) , &k 35 $2 /5 bR 5 2 R | 20 24 2 F0 i 201 A1 H:
AR F IR (P<0.05) ,

FLR R AT e BRI, B K O+ EF R 4

Wr s A4 B 1 2 R | 22 2R A0 2 IR\ S e 2 IR
AN BRI B ERG T EREAKA
(P<0.05) . XUk B F K PR BC A ff R 57 AT 42 &
RAEMM R R, BN T EREAB 5 WK
B Z E) ) 25180

24 SHKASAEERARAMERASETE T
35 I i B & 5 FR I 2 M

WK 5 fis, ERON B4 R KW, W i H
3 L W A28 1 0T B VLR 3= RN IGF- 1 & i ik
EFETEXREAMLA(P<0.01), Il 7% ACTH,
CRH ,CCK HI Bz 5t i & Bl B R T £ KR E A
20 (P<0.01) . HFEBRF PGS AT 5 25 52 5 B W3 474
(1M 3% B IUE R A1 IGF- T & & (P<0.05) , i ¢
{17 CRH & 4 (P<0.05)

FARIR A g SRR WY ORI M+ IR 5 41
Wr s A7 1) Il 3 B WL R R IGF- | & it i & T
TREABA(P<0.05) , 1MiE BIRR T2 50
JEEEE Ry 2 TC i 3 25 57 ( P>0.05)

25 KA ES5AEEARERIERSASE BT
FIEEERE SR

2.5.1 BRI AN [F] 2R 1 o iDL R 2H % W )
ARG 2B BT oo Z2 R 0 52 )

2 6 /s, 4 240 ACE F1 Chaol 5%kt /& %)
TR HE AR A < W B 2R 1R 20 > B K B R + £
IR 7R 2H > i 5 AR M+ DR R 4 > FOR R By 4 . 4
20 Shannon F8 45 i = BRI HEFAR KON . EAKREA
K3+ R TR 2H > i J5E 28, 11 A 2 > 1 S8 28 10 0y + B IR )
H>FEKRBEAMA, 4 4 Simpson F5 £ =1 2K AY
HE KR R« 5K B M 4 > i 2R 19 09 4 i B 2
B+ R 7 4 > 6 OK B PRy + B R 7 4
2.5.2 SR AN [F] 2R 1 B ARDRL R 2H 50 T
1 2 5 TR R 45 4 1) 52 i)

W1 s, ok 0 s A AR T s L 4 A4
TEJR 7K P B AR 32 B i 1% 19 A I IRAF & &
( Barnesiella) B LW & ( Clostridium sensu stric-
to) U B & ( Oscillibacter) % 55 K i J& ( Prevo-
tella) | %5 W2 i€ /K 1 J& ( Treponema) V& ' K # )&
( Ruminococcus) 2 B J& X IV a ( Clostridium X IV
a) RS [ )8 ( Holdemania) . 310 T T @
( Terrisporobacter) 1] ¥kt [ B J& ( Collinsella) Fl
BH BN ( Clostridium V) , T K& H M 4AH ) E K
T TRT S 12 MR T A T i A X = R e v T AR 3 A
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Table 6 o diversity indexes
" i RS 2 P + S R R £ FOREE FOB+EERR I
i H 7)1 % 4=k el , EAREAR ,
DPS+umami CGM+umami
Items DPS group CGM group
enhancer group enhancer group
ACE #58%{ ACE index 302 994.8 212 874.0 208 574.9 218 041.8
Chaol #§%% Chaol index 101 014.7 74 164.5 72 998.5 84 316.3
Shannon #§%% Shannon index 5.400 858 5.229 069 4.528 422 5.481 960
Simpson #§%% Simpson index 0.018 656 0.016 467 0.064 897 0.016 426

%4547 B Distribution barplot

100 : s : .
m Unclassified m Subdivision5_genera incertae_sedis
@ Barnesiella @ Blautia
@ Clostridinm sensu strict ® Megasphaera
@ Oseillibacter ® Bulleidia

30 @ Prevotella ® Schwartzia

= @ Treponema ® (Catenibacterium

@ Ruminococcus @ Roseburia
® Clostridhum X Va ® Merthanobrevibacter
@ Holdemania @ Anaerobacter
m Terrisporobacter ® Chlamydia

60— m Collinsella m Alloprevotella

HXF=E & Relative abundance/%

@ Clostridnum [V

@ Eubacterium

@ Sporobacter

@ Psychrobacter

® Lactobacillus

@ Acetanaerobacterium
@ Mitsuokella

@ [ntestinimonas

® Saccharibacteria_genera_incertae_se

@ Buyricicoccus
® Gemmiger
® Ruminococcus2

® Pseudoflavonifractor

@ Dorea
@ Oribacterium
@ Erysipelothrix

@ Olsenella . @ Paraprevotella

@ Phascolarctobacterium @ Senegalimassilia
m Faecalibacterium B Acidaminococcus
® Lachmospiracea_incertac_sedis @ Allisonella

® Coprococcus @ Peptococcus

® Holdemanella 8 Other

A B C D

Unclassified : A43-2% ; Subdivision5_genera incertae_sedis : i & A & B[] 5; Barnesiella ; I [CFT T8 J& ; Blautia ; 15 55§57 K
W J& ; Clostridinm sensu strict: ¥ 78 X /R & ; Megasphaera . FL BRI & ; Oseillibacter ; % %€ [ AT B ; Bulleidia . P} 7% 22 # &
Prevotella ; 3% 5 K [CH & ; Schwartzia . i L% K & ; Treponema ; %W €K& ; Catenibacterium ;5% B ¥ J& ; Ruminococcus .
% H BRI & ; Roseburia : % [RH & ; Clostridhum X V a: MR ZEMATH X V a J& ; Merthanobrevibacter . 1 /R 5 i 17 [G A 1 )&
Holdemania ; & /RE 2 [CH & ; Anaerobacter . KRB NT H & ; Terrisporobacter . W A ¥ 1 J& ; Chlamydia ; A< JEAK & ; Collinsella . ]
M E ; Alloprevotella . 0% 35 IR W )& ; Clostridnum IV . R ZEHFT 1 IV & ; Saccharibacteria_genera_incertae_se . — B AN
SE VAL TR ; Eubacterium . BLFV T8 & ; Buyricicoccus : i IR AT T ; Sporobacter . {1 ¥ J& ; Gemmiger . 254 Wi J& ; Psychrobact-
er . T @ ; Ruminococcus2 . 73 B BRI 2 J& ; Lactobacillus ; LB FT 7 ; Mitsuokella ; Y6 X B J& ; Oribacterium . J&. A= T J& ; Erysip-
elothrix : P} EEFF 2 J& ; Olsenella . X [ifi 7% [C & J& ; Phascolarctobacterium . 7% Hi T 18 J& ; Faecalibacterium ; 2 ¥ 1 J& ; Acidamino-
coccus ; BILBRFRTE & ; Lachmospiracea_incertae_sedis : N € VU Y) J& ; Coprococcus ; 2 ¥R J& ; Peptococcus . THALFR & ;
Holdemanella . B I/RTES K,

AW EEE K41 DPS group; B I B R K+ 14 57 41 DPS+umami enhancer group; C: E K& ¥4l CGM group; D
TR E A +EERF 41 ; CGM+umami enhancer group, I [l[] The same as below

B1 JEEHEH(EKTE)

Fig.1 Microbial structure of each group ( genus level)
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U 3 7R, TR B A + B R R0 4 N g 5 2R
B2 09 T A D BE A 9 AL, BOK B A B 4L A R
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TR SE TR MBI K AL 5 W 093 i 55 A8 B RO
PRGSHE T A2 T RE L35 T HR 3 41, B R 3 4

Z1 R Composition

AR Similarty

WIS RR

= [A] RNA processing and modification

o [B] Chromatin structure and dynamics

@ [C] Energy production and conversion

@ [D] Cell cycle control, cell division, chromosome partitioning
@ [E] Amino acid transport and metabolism

o [F] Nucleotide transport and metabolism

8 [G] Carbohydrate transport and metabolism

= [H] Coenzyme transport and metabolism

@ [I] Lipid transport and metabolism

@ [J] Translation, ribosomal structure and biogenesis

® [K] Transcription

o [L] Replication, recombination and repair

@ [M] Cell wall/membrane/envelope biogenesis

o [N] Cell motility

& [O] Post-translational modification, protein turnover, and chaperones
= [P] Inorganic ion transport and metabolism

e [Q] Secondary metabolites biosynthesis, transport, and catabolism
@ [R] General function prediction only

@ [S] Function unknown

@ [T] Signal transduction mechanisms

o [U] Intracellular trafficking, secretion, and vesicular transport
® [V] Defense mechanisms

® [W] Extracellular structures

® [Y] Nuclear structure

® [Z] Cytoskeleton

0.0e+00 2.0e+06 4.0e+06 6.0e+06

8.0e+06 1.0e+07

1.2e+07

[A]:RNA TS5 @&HMi; [ B] Q@RS 30 Sy [ C REVRA ™ AN [ D] - 40 A 30 P ) 2 g o 2R e (A 2y

2 E]AAEM s 5N [F) IRz S [ G ok & Wiz S0 [H] HliieFe iz 5100 (1]

IR

SR [T] B ARG S AR B0 (K st (L] W A [ M] . 2R/ /G I AR 08 [N - 4R iRz
;[ O] BIFEE A (3 SR AR [ P TEHL R 77608 S0 [ QJ - ik A AR A= W5 1l iy A 20 A AX38 s [ R ] AR
BR— RN BETII s [ S ] RAMIIEE; [ T] AR S UG [ U] ANzt > WAz [ V] B DHLH [ W] A

RO ATMIANES Y S [ Y ] AR 5 [ Z] AL 3R

T K The same as below,

B2 ETCOCHHMAHRRENSHEKEASGSTE

Fig.2 Combination analysis chart of COG based multi-sample cluster tree and bar chart
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A] RNA processing and modification
] Chromatin structure and dynamics
] Energy production and conversion
D] Cell cycle control, cell division, chromosome partitioning
] Amino acid transport and metabolism
F] Nucleotide transport and metabolism
G] Carbohydrate transport and metabolism
H] Coenzyme transport and metabolism
1] Lipid transport and metabolism
J] Translation, ribosomal structure and biogenesis
K] Transcription

L] Replication, recombination and repair

N] Cell motility
O] Post-translational modification, protein turnover, and chaperones

P] Inorganic ion transport and metabolism

Q] Secondary metabolites biosynthesis, transport, and catabolism
] General function prediction only

S] Function unknown

] Signal transduction mechanisms
U] Intracellular trafficking, secretion, and vesicular transport
V] Defense mechanisms
W] Extracellular structures
Y] Nuclear structure

] Cytoskeleton

B3 ET COG WINREFE EME

Fig.3 Heatmap of COG based multi-sample functional abundance

3.2 #HKFESAREEARABEMAS T
FRAESMEEBRRIE LR M

AR R 43 45 R W i R R A
AT TR UM 4L W7 54754 1) CP R SE R =
WL Ak 2 2 4 v [R]I DM AT EE 28 W3 1k %
WER, X S EEE RS R -, X2
F T RS 2R 1R 119 78 R EE 3 0 A 9 1 WAL o 5
W IR A ST R T, 5 B A Sk B A
(RN INEOL T @ T - S VO = 1 =90 [N L=
BRARAS T WD, 7 LBk T T S A SRR 2 (R

A L 4 ) %) W SO T 7 A A I e
VS TI0 82 T 590 T 2D A DB 7 s g S 3R R S
o 240, B g 1B ST A A RE J) , B3 B R A
SR F W Ak R, [R] i w2 i ML AR 2 1 5 )
R, DT 388 J00 DRI 43 7 5 A A ) AR IR 32 5%
I A AT 5 SR A 2R B A n e A R0 T B o U 4% A 5
) DM ,CP B FIFR /- B e ) R 2, T
ek A 7R BB 6T /0N i 41 B 1) o B Ty e A 3] i 3 FAE
VR I 57 B D e B A | JHG 3 55 ) o 15 e 35 1Y
fE 1k B | PRIt i R ) AT B T A 1R 3R 40



14 FERARAE WA DR P T K 8 A B SR R U R B A B 161

TR

PR AT A AR W, BOK B Ry + R R 4
MR 2R | 22 2 IR 451 2 TR | v 50 24 R AR N IR
FUHEARY B ESG T EREARL, WL, &
K EE PR BC A 8 R 570 AT LA S B X B AR Ry CP
FE BE TR 77 43 3 WL 1k 2 5 T 3 o0 B AR AR 5%
o3I AL T 5E AR E .
33 #KEASARELKRARIERAE X E D
FHEMEHEIERA M

BV R AE AT 5, kN i 2 Ak
Y F Y1 SZARVEHIAE i W 2 6e 06 1k, 2F WA 2 sh )
RN CCK M NRIRAE 5, RIS IR 1Y Kk G
B U IBESZ 1A B 2%y M DA S L At R S i 28326 T 1Y
B R sh it g Ems" otk
KRBT IGF- 1 J&— 2 B A 4 54 F 3 58 2
RERIZ K, B FT DL AR T T ah Wik 20, e if &
BRAG A R A A A 22 4

H R AT 5 B AR R 76 W 05 A7 4 1035 3R
TR 520 R DL I, 78 A IS rh = 800 40 A 46
SR i B B M 2EAH 38 T 5 OK 2R 1 Ry 4 B %
RGNS B LR E A IGE- 1 S B,
%% ACTH,CRH ., CCK Fl f¢ i fE & 2t B &
R

F 5T 3R W, S 6 1 551 i 6% 38 o ol L A7 4 1l
5 E YUK E A IGF- 1 & &, B IX GLP-1 fil CCK
Fra Y A SO S M A R R W S £ R
ST I8 2 v T A0 A I Y B VLR R A IGF- 1
B ERIKMTE CRH & &, 5 Ao 45
RV, MERFIP YR B S SR 2RI
BT IS B0l B YU R 1 mRNA R84 o
B R B UK A4, R A B IURE A 2
P A RKISE (GH) B 53 Wb, P35 A2 76 7 i B AR
FEXF ,GH 143 W X2 %F IGF- 1 # 238 #5451,
AT IE] 43 30 T IGE- 1 43 b i34

BAIR ZR A AT 4 AR W, FOK B Ry + B IR R 40
W5 A7 ) 1035 B UL R RN IGF- | & it i & T
FOREAM A, HEtnl W, K& A8 ECA &k
FIAT AIEAFRE s B VUK ER & & L2 2 AU R
BEE M, 72 MW IGE- 1 & & 3% 7 B 8 g I 2R
HA
34 SHEFNSAEEBRABERAS I
FREFERRHEEHNZN

R R, Y W iE W2 FEE D), 51

P R B A R k2 38 m ifii Shannon Al
Simpson T8£S H & W AE 2 FE R E A bR, 0
PATE R PR B0 7, TR T X 2R 1 7 Al sk e o 18
IR AR, TR R R 41 A Shannon $5 %L
/K, Simpson 8 £ fix 5, Ui B K K A 0 41 T R
ZoFEE B AIG 5 T K OK 2] 8 + £ 1K 57 241 Shannon 5
B, Simpson F8EURAR , 16 BH K 85 By + e
FIAEBE 2R . X RV EKRE AR RS &
WS RE 3G 0 W 0 A7 4 W 38 TR ) Z R TR, N TTTIE
B — -4 1T 52 2% 1) B R R AR R T AR T
XS BT 05 A7 4 W 18 B PR B4R T, R AR K
AE I 25 R b 48 = WA T 34 H O3 i AT e T A
Z—,

FEAR IS v, T 7% A7 4 28 0 i oK F TR A 45 4
e, TOKER R A A BT AT R N I R R
TR 28 W A TR e ARG 3 B e v, T R OK AR R+
WA 1) 2H A 35 195 T oK B R 21 19 L IR T s
WEE A T T A X 5 B 18 R AIC 5 T 43 4 5 i 1 R
TR 1 285 R A DL B O 10 5T %) i B R, IR
H] T K AR OB TG A 6 AR AT LA R AP BB 4073 A 8
IR BY S E 1Y T 78 XU, 33K B UE T i SC A i R )
(RN N B85 B I BT 3 A7 48 P IR TE R 2598, B2 IG
FrE R N TC 2R AN s gl FfevE IR A 22 R (a
B /INFE B, Borewicz 451 7652 i R U 1T FFF 1A
TR B A 5T T A B, 32 SRS TR R AR T R T
M, HL a8 N A T AT T A 3 BE A R & 1
AT RE R R 2 N8 PR e B AT T B e e
R R B R RE T R B — 8, B g iE Ik,
NGy 26 0, TE K VR PR 04 R 952 e A 8 MR E 4R 2 3 3
WA &4 . Karlsson ™ A9 45 ), 7E5E 10 %%
Tt jz Jk 15 9 v AR A B IR ER R = 5, BT g
A BN BUR I EEAEH

3 2ok A A R DX Dy e O T LR B, EOKR R A
TR R 1 2 3 R AN B K Ak B W 1 3z i S T
FHIE AW AR 235 4 R e 3% 55 ) e 366 TR 7 A 6 = B
T LAY 3 41, T KR 18 -+ i R ) 4 7 T )
FEJE PRURE O 3 B e, 5 W M2 1 b 4 o R T g
R DRUAE X 3= B e AHARL, 33K A BV IR T 6 R 7] A9 S
AT DASR o T 5 A7 4 1) 5% 40 R 2 R T Ak R M A K
HREMIZE IS,

4 % it
TR R Y L 5 6 R R B A 5 A R



162

I Y/

S

P T34 T SR 0 BT A AR e A
REAGVE T PRI, 7 W 405 A 4% A AR v 1 6K 2R
B E 5 S R 0] 2R AU R A 2 T AT Y

SE W

[1]

(2]

(3]

[4]

[5]

(6]

(7]

[8]

CHO J H, LINDEMANN M D, MONEGUE H 17, et
al.Feeding value of dried porcine solubles for weanling
pigs[ J].The Professional Animal Scientist, 2010, 26
(4) :425-434.

5L A TR ROK EORE AR A
0 TR TR AT 0 R T A RE (AL 2 [0 ] 4t
Tlk,2000,21(10) :29-31.

GUO L,LI D F,XING J J, et al. Determination of por-
cine digestibility of soluble substances in corn corn
protein powder rapeseed meal and corn distiller’ s
grains[ J]. Feed Industry, 2000,21(10) :29-31. (in
Chinese )

R R WA A TR K B AR 4RI GE
X Z A B R [ T] R R S R Tk, 2001
(4) :34-36.

GUO L,LI D F,XING J J, et al.Effects of dietary fi-
ber and energy of corn protein powder on nitrogen me-
tabolism in pigs [ J ]. Food and Feed Industry, 2001
(4) :34-36.(in Chinese)

LERNER A B,TOKACH M D,DEROUCHEY J M,
et al.Effects of monosodium glutamate on nursery pig
performance[ J ].Journal of Animal Science, 2018, 96
(Suppl.2) ;113.

REZAEI R,KNABE D A, TEKWE C D, et al.Dietary
supplementation with monosodium glutamate is safe
and improves growth performance in post weaning
pigs[ J].Amino Acids,2013,44(3) :911-923.

XS AR, R e, A A K S SR [T ] 7Y
ERZZWR (HARRIER) ,2016,35(3) :21-25.
LIU Y,ZHAO Y Q,ZHOU Y M, et al.Research pro-
gress of umami peptide[ J ] .Journal of Xihua Universi-
ty ( Natural Science Edition) ,2016,35(3) :21-25.
(in Chinese)

R ALAE . R S 4E AR 1, A R 8, 1 AR A
WA A L R RE R S [T ] V8 B ARl AE 4R
2006,19(5) :949-952.

ZENG L H.Evaluation of SPC,DPS SDPP in diets on
performance of early-weaned pigs[ J ].Southwest Chi-
na Journal of Agricultural Sciences, 2006, 19 (5) :
949-952. (in Chinese)

A B RIS, SR, A5 AN [RDR B R R FLAT
WA RE MBS | B B RO S e [T ] A

(9]

[10]

[11]

[12]

[13]

[14]

[15]

% ,2011(4) :5-8.

SI MA B F,CHEN D W, WU D, et al.Effect of dif-
ferent feed type group feeds on growth performance,
diarrhea and skin condition of sucking and weaning
piglets[ J].Feed Review,2011(4) :5-8.(in Chinese)
JONES C K, DEROUCHEY J M, NELSSEN J L, et
al.Effects of pepsoygen and dried porcine solubles 50
in nursery pig diets [ J]. Report of Progress, 2008
(10) :52-61.

W, BRACSC, ok, 2. /N IR 32 1A (PepT1 Al
PepT2) WF 5% it & [ 1] 4R K Tk, 2007,28 (1) : 11—
15.

FAN C,CHEN D W, YU B, et al.Progress in research
on PepTl and PepT2 small peptide transporters| J].
Feed Industry,2007,28(1) :11-15.(in Chinese)
ZHANG J,YIN Y L,SHU X G, et al.Oral administra-
tion of MSG increases expression of glutamate recep-
tors and transporters in the gastrointestinal tract of
young piglets[ J]. Amino Acids,2013,45(5) :1169—
1177.

T I NTA) Sl A R R T A R
NERCRBEGE [ D] A5 22 118 3. 5 &R 5% B i
Al K2z, 2009.

YAO X B.Effect of different animal protein sources
on early weaning piglets diet[ D |. Master’ s Thesis.
Urumgqi: Xinjiang Agricultural University, 2009. (in
Chinese )

R, E AR N ICE FRBIETEHE T - S X /N IR %
WO AR C /7 v ARl 228 B 2 2 DR 22
Tl Z IR A AR R e S AL st
B ARl 22 5 22, v AR T P 2x , 2012,

LI Y,WANG Z H.Progress in the study of small pep-
tide nutrition ; absorption and tissue utilization of small
peptide in animals [ C ]//Proceedings of the 9th aca-
demic exchange meeting of feed economics committee
of China Forestry, Animal Husbandry and Fishery E-
conomic Society. Beijing: China Forestry, Animal
Husbandry and Fishery Economic Association, China
Feed Industry Association,2012. (in Chinese)

LIN M,ZHANG B L,YU C N, et al.L-glutamate sup-
plementation improves small intestinal architecture and
enhances the expressions of jejunal mucosa amino acid
receptors and transporters in weaning piglets[ J].PLoS
One,2014,9(11) :e111950.

WA A PR 8 X W LA A A R A
FIRIESE [ D] 1 22 A0 S0 A U IR AR Mk R 2
2013.



FERARAE WA DR P T K 8 A B SR R U R B A B 163

[16]

[17]

[18]

[19]

[20]

[21]

CHEN G. Effect of glutamate on protein and fat me-
tabolism of suckling piglets [ D ]. Master’ s Thesis.
Changsha: Hunan Agricultural University, 2013. (in
Chinese)

TR RS X 22 A SR iR 2 WA
5 Wl S e e B O3 O PR AE [ C L7/ vh B 3
BE2g 2 s W8 IR o o 2 5 L P L RDRLE JR R
WFT 2 RN - b B s O PR 2 2 s W) B FR ey 2
2014.

REN X R,ZHU H L,LIU Y L,et al.Effects of gluta-
mate on intestinal immune barrier injury induced by li-
popolysaccharide in piglets[ C]// The 7th China feed
nutrition symposium, Animal Nutrition Branch of
Chinese Society of Animal Husbandry and Veterinary
Sciences. Zhengzhou: Animal Nutrition Branch of
Chinese Society of Animal Husbandry and Veterinary
Science,2014. (in Chinese)

WITTEN P J A, VAN DER MEULEN J, VER-
STEGEN M W A.Intestinal barrier function and ab-
sorption in pigs after weaning: a review [ J |. British
Journal of Nutrition,2011,105(7) :967—981.
ASAKAWA A,INUI A,KAGA O, et al.Ghrelin is an
appetite-stimulatory signal from stomach with structur-
al resemblance to motilin[ J ].Gastroenterology, 2001,
120(2) :337-345.

A B fa K AR WA 2R B AT A I S o
(] EAT B2 RE,2003,12(2) :239-240.

SHI H L,ZHANG J F.Advances in the study of cho-
lecystokinin and regulation of food intake[ J ].Chinese
Journal of Behavioral Medicine, 2003,12(2) :239—
240. (in Chinese)

DELAFONTAINE P, SONG Y H, LI Y X. Expres-
sion , regulation , and function of IGF-1 |IGF- I R,and
IGF- I binding proteins in blood vessels[ J]. Arterio-
sclerosis , Thrombosis, and Vascular Biology, 2004, 24
(3):435-444.

TR A AR INAEAT 4 o T8 04 e iz A &L ]
WFFE[ D] 2 a8 30 AL st b E R B R
2013:46-51.

ZHANG J.Studies on the transport and metabolism of
glutamate in the gastrointestinal tract of piglets[ D ].

Ph.D.Thesis.Beijing: University of Chinese Academy

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

of Sciences,2013:46—51.(in Chinese)

LEE S,KIM Y, LI E D, et al. Ghrelin protects spinal
cord motoneurons against chronic glutamate excitotox-
icity by inhibiting microglial activation[ J ].The Kore-
an Journal of Physiology and Pharmacology,2012,16
(1) :43-48.

SATO T, KUROKAWA M, NAKASHIMA Y, et al.
Ghrelin deficiency does not influence feeding perform-
ance[ J].Regulatory Peptides,2008,145(1/2/3) :7—
11.

GUO X,XIA X,TANG R, et al.Development of a re-
al-time PCR method for Firmicutes and Bacteroidetes
in faeces and its application to quantify intestinal pop-
ulation of obese and lean pigs[ J].Letters in Applied
Microbiology,2008,47(5) :367-373.

SHEN J,ZHANG B R, WEI G F,et al. Molecular pro-
filing of the Clostridium leptum subgroup in human fe-
cal microflora by PCR-denaturing gradient gel electro-
phoresis and clone library analysis [ J]. Applied and
Environmental Microbiology, 2006, 72 ( 8): 5232 -
5238.

ABRAHAMSSON T R, JAKOBSSON H E,
ANDERSSON A F,et al.Low diversity of the gut mi-
crobiota in infants with atopic eczemal[ J].Journal of
Allergy and Clinical Immunology, 2012, 129 (2) .
434-440.e2.

WANG M, KARLSSON C, OLSSON C, et al. Re-
duced diversity in the early fecal microbiota of infants
with atopic eczemal J].Journal of Allergy and Clinical
Immunology,2008,121(1) :129-134.

FORNO E,ONDERDONK A B,MCCRACKEN 17, et
al.Diversity of the gut microbiota and eczema in early
life[ J . Clinical and Molecular Allergy,2008,6(1) :
11.

BOREWICZ K A,KIM H B, SINGER R S, et al.
Changes in the porcine intestinal microbiome in re-
sponse to infection with Salmonella enterica and Law-
sonia intracellularis [ J ]. PLoS One, 2015, 10 (10) :
e0139106.

KARLSSON F.Treponema spp. in porcine skin ulcers
[ D].Ph.D.Thesis.Uppsala; Swedish University of Ag-

ricultural Sciences,2014.



164 EZ/|

i

£ ¥ W 33 &

A Study on Dietary Corn Gluten Meal with Umami Enhancer Instead of
Dried Porcine Soluble of Weaned Piglets

SHAN Mingwei LI Fangfang® LI Mengliang ZHANG Ruiyang ZHANG Yong ZHU Yujing ™
( College of Animal Sciences and Veterinary Sciences, Shenyang Agricultural University, Shenyang 110866, China)

Abstract; The purpose of this experiment was to study the effects of corn gluten meal with umami enhancer in-
stead of dried porcine soluble on growth performance, apparent digestibility of nutrients and amino acids, ser-
um hormone indexes and fecal microbial structure of weaned piglets, and to evaluate the possibility of using
corn gluten meal with umami enhancer to replace dried porcine soluble. In this experiment, a 2X2 factorial de-
sign was used. The two factors were types of protein feedstuff ( dried porcine soluble and corn gluten meal )
and umami enhancer [ addition (0.2% ) and no addition]. A total of 128 Large WhitexLandrace weaned pig-
lets were randomly divided into 4 groups with 4 replicates in each group and 8 piglets in each replicate. The
four experimental groups were the dried porcine soluble group, dried porcine soluble+umami enhancer group,
corn gluten meal group and the corn gluten meal+umami enhancer group. The experiment lasted for 21 days.
The results showed as follows: 1) there was no significant difference in average daily feed intake between corn
gluten meal+umami enhancer group and dried porcine soluble group ( P>0.05), and the average daily gain of
corn gluten meal+umami enhancer group was significantly lower than that of dried porcine soluble group ( P<
0.05). 2) The crude protein apparent digestibility of corn gluten meal+umami enhancer group was significantly
lower than that of dried porcine soluble group ( P<0.05), and the other nutrients apparent digestibilities were
no significant differences compared with dried porcine soluble group ( P>0.05). The apparent digestibilities of
lysine, serine, valine, isoleucine and phenylalanine of corn gluten meal+umami enhancer group were signifi-
cantly higher than those of corn gluten meal group ( P<0.05). 3) The contents of ghrelin and insulin growth
factor- | in serum of corn gluten meal+umami enhancer group were significantly higher than those of corn glu-
ten meal group ( P<0.05), and the serum ghrelin content was no significant difference compared with dried
porcine soluble group (P>0.05). 4) The indexes of ACE, Chao 1 and Shannon of corn gluten meal group
were the lowest, and the Simpson index was the highest. The relative abundances of Barnesiella and Trepone-
ma of corn gluten meal group were higher than those of other 3 groups, the relative abundance of functional
gene was the lowest, and the transportation and metabolism, translation, ribosome structure and transcription
function of amino acids and carbohydrates in the bacteria were lower than those of other 3 groups. In conclu-
sion, the combination of corn gluten meal with umami enhancer can improve the feed palatability, increase the
nutrients digestion and absorption of weaned piglets, and improve the growth performance. Therefore, it is fea-
sible to use corn gluten meal with umami enhancer instead of dried porcine soluble in weaned piglets, diets.
[ Chinese Journal of Animal Nutrition, 2021, 33(1) :150-164 |
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