XA ERA

B 2015, Vol.36, No.05

8

305

VAN

% 7

[= ]

Xt 71 00 1 5 e lf S 0L

ik fm, BUNIE, X M
(FaR R Al 2R, TR 400715)

4k

i % RERPAIEERHRMARENERER R —, EREEHEHRSRRREER. R REEFRRT T
KM BRSPS M ERMAE MR A A SR, R, YIS Rm iR, IR R R A

R A9, AT SR AR S 0 S T T iR o AR SCERIR B & 2 B R Xt B TE I A D AL i S AR R R i, 5 E
NHE R TE M R i g R S %
REEHE: mOKLEY: EAR MR BIERMEY

A Review of the Influence of Major Dietary Macronutrients on the Gut Microbiota
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Abstract: Diet is one of the major and easiest factors to change or control the composition and metabolism of the gut
microbiota. The type, amount and balance of the main dietary macronutrients have a great impact on the population and
species of the intestinal microbiota. Meanwhile, the intestinal microbiota can affect the degradation of foods, other bacteria
and host health by producing particular metabolites according to substrates. This paper reviews the influence of main dietary

macronutrients on the gut microbiota, aiming to provide further understanding of how diet modulates the composition and

metabolism of the gut microbiota and new ideas to regulate them through diet.

Key words: carbohydrate; protein; fat; gut microbiota
HEES: TS201.4
doi:10.7506/spkx1002-6630-201505053

Fa il 2 N E 2 (AL R B, AR B S
FRE, I IS B ER B A E TR R A A A
RIS SR O T RAFIAET . BT AP i AR e R3S K AR
WP TR R S T AR, A AE
RGBT . 2T R, i AR
BRI BRI MRS SRR ARG H AT BERRET S X
PRk 2 SEBUR AL A AR VR o R 1 i i
AR A E RN 2 —, EEEFRITR (K
ey, EABAMIEND KR RS LT )
A RERW . AL EBH=KE TR HEMED Y
AT 4738, FFR B NS BRIt oL, DA
AR — B TSR —E S % .

1 [HiE s YRy 2 R B AR
N IE R AR E R HE 4, A RE LT A
W, G N AEYY, 81 mLP st 24100 Ak,

Weks H . 2014-04-02
(EEATP

VEGS: 1002-6630 (2015) 05-0305-05

EATS R AT e A EEFEWAZR, 5 A
T P EYR (superorganism) o BEE BT T A HESE &
ST EVBARN R RN, 355 R 505 B 1E AR
MRS A A T HEIRANRGR . BRI, AERW
AR ZE AR WL E R R AR A R, fEiE
F G IR AE Y VR AR e, B R R R K
Eckburg % "W 78 & B 8 U AE M IE A AT 43 @ T IR BE B 1]
(Firmicutes) « #IAFH ] (Bacteroidetes) « ZHHE ]
(Proteobacteria) . JZF ] (Actinobacteria) Pl iR
I'] (Verrucomicrobia) FIARATE ] (Fusobacteria) 75K
I, FCARUAT AR R ] 9 E B A R s —
W NRWE A KRB NN (Bacteroides)
KB (Prevotella) N9 BERE (Ruminococcus) 3 #, H
SR AL BERE” B AL, EILILEIE IR, BAFEAMARE
FHN B B AR R WARER R R, AR
ZE|— RHNRFHIFEM, WA R AR 75 34
FERGIFERA R . R A A A DR 5

kem (1990—) , 2, WiEREARAE, PR HONE M5 E 5. E-mail: xuanyuanjj@sina.com

SEAEIEH: X (1970—) , 55, #d%, W, W5 EOBoK e EMRE SR, frilE SR, E-mail: luxiong848@hotmail.com



306 2015, Vol.36, No.05

E6oill

= XABIR

7Bk G X NN P L SN P N N E = 7 7T
HI100 5, BEARRARETIEE. S/ MNarkik, K
BT A 00 I B A3 E K P ERASUAE AT R . T 2 A
KIABE e dm i i) 2 WE B s, T HitEve ks JETER
% WE N L0 S5 B K Ak A 40 VA4 8 T 1 A P R B gk AT
K f# o BN Ruminococcus champanellensis & 45 iy b ) fik
YR BOS IR AT B B BRI (Ruminococcus
bromii) &R FEGUEVER 0 EZH A, XA L pE
RPN OB TR T BR S5 B g g B B A 0l 45
¥ ¢ i J52 S8 i JRE 248 284 B R PR FH . R T R M 11
FERRERE, WREMBENESSEERE, Ot
NERRGH T E . KBRS b &S A
RGeSk A I % 2 8 on 5 A BB 3 L0 L A 260 B T 2 1
BLUA RN AR . SR SRR S I SR AR S
KB, AR RIR, XS AT S i fa R AE
A W, FInESHRA e R, gimn
A B EUSIR R BRI AR o B B e 2 B AR5 . M
EE T8k A& WD IR R T, B o0t i £ I Jos AN B
PR = FERHNEERE~=DRIER I %
3, REHFERFP-DITRSSBHALNLES, 7
o MR KA. UK A R, gl
W 2ARWTE EWNIREY, Wil BIE % B AN i & B
U,

2 RSN HERMEDREN

J¥7 T T A ) L RS RN 5 4 B A AS (RN B TR > B
B IR TR R MAAEBOR 2 . I8 i iE A
Vg BNy e 5 5K G i XU OR (polymerase chain
reaction, PCR) HARBLA NS T B a il & o, KL
UG D7 A 3 R A oy R N P T P U B R
F AL, T DABE SR R Rl i N i I
BB AZ O E R LR AR T IR 1 B e 0 L i
TE YA A B A A T 3 5

TR XS B T ) s e BB ) L AR JE . WAl
REFLUEFRI B ) Lt Py LASUBEFF B AR 3ABE", Tae 7y WA
MEFRE) LimiE WAHEFRIR ZE AR (Clostridium difficile)
et v, ok S B S MR i R A <Y H RT AT
XA [R) MR 7 SR I 38 AR )k B AR ST 45 RAFAEIR 2
G, iR E NN LUE R TR IA . IR Bk
AR Fe B ok 50 38 S AR A I AR AR . IR R IR Y)
WMENENRBENENRES, ANRGIEMAEYRECE
FFh, B FE AT A RE S dZ R AESCE™, i
KA 2500 B 18 T A D A SR A R e R, W] R
SYBIGETE AR AN SRR B A B, K HH DL R
T 9 B 1 H A N i 38 v 246 B8 23 W i SR A 4 il 1)

TEEDY s WO A N RS R A X R 5 55 B A A
e VOV G El =N L E2 NS  EASIEIE 57PN
B I AE ISR AR ALY . 2 S 5 ke fe B A N\ i P
FrE . AR ECRD, O E ST R IEEN
TR ) LB P U7 R B ) L 28 i P UL B s 4 e A
%, BEEHIBMEEER ™, HPrevotella. Xylanibacter
HTreponema 3 Fh4H B ANAFAE THAEM LA N, EATHEIE
KO R L4 5y, 227 AR o 2 1A L B I 0 R AR 4
iH, BFFEN AN B VE 2 DA AR 4T 8 E MR &
JUTHRN i AL e i S5 A

AR R B g5 w2 5 B I T AR A S . HoE
FARWE B AR A0, R B 9 2 T 38 18 498 AR e s R
RERA AR . HET, ANSERE T 100 8 5 7 1 %Rt
BBz, BAZRAANRD. 2 EZ NERE, ST
T I TE AR S R LI A R, &
T — P A

3 BRSO X EE R Y AR

R KA 20~60 g 1Bt M e o AL S0 45 i 2
KAGE AT G rE E R TE AL BA S . SURRROKA S
DI EE N 5 S S B T B T S ol 2 e 57 4K Y T T AR
W) K AR =40 o
3.1 PuikiEs

PUEGENT (resistance starch, RS) BEWEEE /Mg
VA, Bk 25 W FEAE R A FH R R I = A i B TG
iR, SCEMIEMED, H AT A AN E R 5 i 1
AR FIELERN . TR THRS, 4
ZAF N F R mEEmEE IR EE, mKE
BERE (Ruminococcus bromii) ¥EIin 12 54 4H%Y,
N 18 e by B AR o R BN ], e AT AS IR E # 1R R
MBS, WEHAAKTiEEm E28A4 35, AF
I (B TE R X B R LB AN [F B4R . 7RIS IR S3 (1)
BT, 32 S A R (R AR AL, AR
B 1A B B BRI (Ruminococcus bromii) F1E 7 HAT H
(Eubacterium rectal) XRS3 M5 AU, PUHETEMR K
P AR 95%™ . £ FIRS2 ) 5 S 3 206 b A7 QR B BR A
ME B EMEAEH RIS, SHRSAMEREANE
XAF B (Bifidobacterium adolescentis) 55 FCEIHAT H
(Parabacteroides distasonis) & B, 20N
T B RN 5 25 SO B 2 N 2K B e o v e 1 32 22
WA, TR TSR R B, A IR B R AN
MR ZIEWAITE (Bacteroides thetaiotaomicron) FlE
J¥ FOAF B ST RS2FIRS3 R A B iy AR MV M, 1T J PR B B
SRAEXTRS2. RSIFEVERUK, (H W] A ROF & s AL 2 e by
AEFT R



R =]

il =

2015, Vol.36, No.05 307

3.2 DIReMEARERNE

TIREMEAR M (functional oligosaccharide) & 2874
REWE NARBEAR . /N PRI AR SRS, T2 71
TERA A EATA] LLRIK K 7= A K B i B g D
AR AT FLURRAT G, MH A W1
RS EAFE AR R, MM LT, H
WG RIS R AR R TN 2 .

R A S 06 2 ARG SR E Re e P R R, IR
BIhiAd e . i SR e 4P 4 SR G 4P 4 (BTRifafic . B
R o, ARRERBER G A 2 MR iR, B
AR ZpHAE" . N RUR & S50 op 4 78 (1 45 0 5 IR R
B TR A 0 B A% S OSLBORE 1RT, JG HR T R WBUT BE A
Wh R W (Feacalibacterium prausnitzii) 35>, ¥H—
W RN, Fh TR RNE G, ST B A SR A
(Collinsella aerofaciens) HE™", 74 HIFLE L 7]
DI IREAT B (Eubacterium hallii) F1 (Anaerostipes
caccae) HEFHALNT . KEFAW (galacto-
oligosaccharides, GOS) &BFF.H—FhE 2k, F WL
AWFER0.12 gkg (MABETH) BUEREREIUAN &
R Ar A B TPl R A s 1 AR, IR IE E ALY . B
RIVF 277 Wk & B IR 200E, (HSEPr BIRCT7 9k A i
FLIRFR (1 B2 ) LIt 8 5 A0 B AR A B AN A AR
I 78 751) A % 0 POSBAT BR JG H  75 R X 11 AR R
BT (Bifidobacterium catenulatum) , WA RIEFRH:
T RENE R AR E (Faecalobacterium prausnitzii)
AR, %A BRI S R o

ISR LB AIG 2R~ LR R A A5 B S T Ty e A
TG E N, (RN T B A 2 S MRS R Ty 2R
WD, HSRas RAFE— € X G . A LT SR Ed
A FRIRYT I RE RGN 2 AE AR N W R i g XU A PR
&, B EREATREE TR, ERESRD.
AT 3 — T A0 AE 2 R B SR B AR VR 4.2 mg/mL GOS
Ja, AR OUKIS TPr A w2 E, RERE
EGOSHIBEE, AmMAEmEBEARE, BB
52 BB R ROANE], 65 5E AR 7 BRI B 5525 PR

4 REREQ B HE YR W

TFRRAF12~18 g [ vk NS g, XL
B A TUEFERE & E O RE AN g b I Es, bR
AR 1) B m AN E A R10%, HEIHRT &
MRS AR g . NI O S e kRS
AR EE e A EE OUILEB. fragilis) « RAT
WEPE S ENEFTE (Clostridium perfringens) « IR
(Propionibacterium) . BEBRE (Streptococcus) -
SEFIATE (Bacillus) A & BRE (Staphylococcus) .

WAL . 8, E R AR IT R M
BR, 2 IR T DA RELe AN T R B, 9 A AL ER B R
(Peptococcus)  BILTRERE JE (Acidaminococcus)
FRBRWJE (Veillonella) %5, 5l A ik AL A PR
A, s pHAE R F i, SRR I R BT LR N2 R
Ui R e B R

WA PR B TR AR B A A2 AL
B P2, G R TE 45 i v I 2 28 T A i S T s T
(BFEF TR 2-FETROMT LI AE; K
I3 VR 2RO IR, BRI AR A PR 2 B R HE H
77 B RE IR A R AR By A SR B, S
BERINERAIR . DR RSE 2 (5B #5148 J5 1 I AE AR
FCH,S s &5 M i B ALY R BE 5 5 TR 45 W 9% A
Ko FIETRABK A R FLAE o e g3, 45 R EoR
i P T 15 AR IR 2 A B A DGR, il — MR BRI B
BRNT HG SR IE S TE A 2 5 WA IE TR R, (BB A
R, REHEA AR 7 040 5 2 b
FE R PRI BT e LU A, B DA T8 A o0 A i
MR A FH 2 AT BRI o

B BP0 R £ £ J50T I 38 AR A 2 R T ) A AT
MRD, T ERIEAE R AN FE J5 T - Dominika
SOV Ak 1 R 1 N A i B R AT T
Fi, FEMBI G E A RE R pE L AR AEK, UHR
FLIR T B AR BRT 17 45 B 2 35 4t vy, R B I I R /KT
L H2 o o MIiLs %5 POV F 50 0 44 4 I 37 1 28 1 i T
G5l R 45 I e A OB R B RS, I DR SR L i
HEEE IR, S5 5 SRR s A E A RS
T N TER P AR B ARIR AT R R R R 0k
JiF B B AR, BT R R LY AT B R kb RIS R
FENG I RR W B 25 R 1%, (HX IR BE IR R (short-
chain fatty acid, SCFA) 7K-FBREF. 3 —Tat 5%
— R B B R/N RE T, R A R
SAEER R A FOKIM L TRORE M FRERE 52 1 R R
B, 45 BTN I AR R DA ) S B B M K AR
s R il v T R BT B B PR ) R A R R
HEHK, HABEREARNAKFRES, E rectale.
Desulfovibrio pigerfllMarvinbryantia formatexigens®{ g i
MET FERW =7, W R LY B A ] B A
B DT R MR B, i v i T p HLAEL AR S I 7 R S
MW EE ;1 21 PO FE N BF S0 rh i Ak M A 0O Al 4k &
YR R B R BT Y.

H AT VR 2 42 44 ot B AR 55 7 2 R s i A
W, R A E R AR B i
FR o B G PIIAN 78 R AR 2R A0 B S, BRI R
SRR, AT FIRAE FACH A . Bl gt
PEVERY MR = 7SR AR IR IR S L IR



308 2015, Vol.36, No.05

E6mild=

XA EEb

TEAFAGTYISCEERRIIR . AR B i
PLAAR SR ACHE RE 08 22 25 2Kl o 8 1 -k AL S0 K
BT M, SEINZE I A RN R S R, R R A T
KR F = B RURR & Y LT a4 e, 2
PR A AR TR AR R T K S A A SR SR
BAT RS, AR

TF FEAIE 8 17 AT 3t 50 B SO B K A 15 9 45 B R T
BTeAs 1R B I o A ERE S A D AL R AR A
TG, MRBTIUA RN GER,  BLNE IR 7 38 5 i i
M B AR S DU S e

5 FERNRRG* it A Py R

i £ g B 3= AN TR, — TR AT B oR PO
0 11 1 £ AR T R 7 % M B 388 (6 HE A Y T £ R O X
NN 18 1 FE S0 B FAR S b . BRI A TR
AR B 00 R B IR DT TR MR 0 35 PRI, T TR IR B AT
AT T H R0 e e B M, I A b i D R B K
EYE R, KEDIREPmKOED S &R, bk
TG R X B AR W) T IR B 30 2 R, 1% SR
2 BE W 52 ) k26 W 21 I RNt Y e s 1 TR 22 TR B R
s e i, & BRI W KA EG4, TREE P
HWRAEA . BRI, SRR /N B E O B
(Bacteroides) ¥ =W E/>, E. rectale. C. coccoides
VE RS TR TE, T XOEFF B 30 345 k> Zhang
Chenghong Z: " 70 & B, 1% g I 13 175 /D BRUIE PP 3ot 72
H, HpEMEY RAE T BERE, HIXM R PSR
(), BPYKSE IR AR JE IR AR AE R A Ak, T G TE AR
X R EX A TE 2 = o BRIP4 7 & R IR T B HE N =
Ja, SEE/NRIERATE (Bacteroidetes) F& £ ETF,
FIEE (Mollicutes) "'FIE B EAFFH (E. reclate) "%
EIEK. AR DL Ny 1) = IR R (K sEn-3 15 i
R AEAXTE, 34T 7 kT min-6 2 A EAE IR K
TR Z /DN RIGIEMAES WA . SGRER, n6%
ANV NG 7 R AT AR a0 A B P S, A DL R AR R R
W TRI4H R B, 5lRZ2F/DRIBEHES KR, Ml
BIAI] “AEE” X, UK S TE I R R
R 51 T W TE B SORE [ B, A S B
(R EF I T P el A A R Al 1) e AR

BAPLZEE R, SRR EE AR R
J, s R BRI R ZH AR A CLIR G A (RIS L F mT A T P
B, AU TS P A4S R AR B R L

YRR, =R EwoOKE IR E
Xof N AR Agte J5E (1) 7 T 352 e ] DA @ 3 9 0 2 A e AT 003
SEUSERH, A HE AR s N AR SR AR ATk A
M AP (Bifidobacteria spp.) WIEUE, ¥ 5% & bEmT

B, BIRRRMEETRIREY. BRKE S8 KE
(Roseburia) ¥ G, MHHESAERERMN, H
] P2 TSR LA 2 T 7 B W WSO A A DG R R 1 IR A7 7E S 35 A
FHIE, JBIEIIABTRAAAR R P IKE 2 R R, Bl
MHEEEA R, JAER TR Z B,

6 & i

VSEE Al E E L ATE S AL bR P S |
TR KA SRR R AR i TE A e S A i, X
KA SR LA RE S5, BEEMI RIS g, IF IR
7 S TR RN R R R AR T IR N RE 8
e 2t fip T v 2 R PR B RIS A TR (M A R B
M pHAE, AW BT o

Pl A S 5 N RS B ARG, W DUE R T
TN HBAT A ROR Y . R E SRR R 4, &
BB MEMEER —EER, 5 AR RN
FUAT I S HOR AR T RIHL U0 0T . MRS 2R
BRI D VLS IR 5 e loe . R AR
AR ERR AN, RIS EMAESRA A
BE— 2B MR, 0 R 5 M T R AR LA D A B 2
IS A o

EEpa N

[1] LAPTHORNE S, PEREIRA-FANTINI P M, FOUHY F, et al.
Gut microbial diversity is reduced and is associated with colonic
inflammation in a piglet model of short bowel syndrome[J]. Gut
Microbes, 2013, 4(3): 212-221.

[2] CLARKE S F, MURPHY E F, NILAWEERA K, et al. The gut
microbiota and its relationship to diet and obesity new insights[J]. Gut
Microbes, 2012, 3(3): 186-202.

[3] QIN Junjie, LI Yingrui, CAI Zhiming, et al. A metagenome-wide
association study of gut microbiota in type 2 diabetes[J]. Nature, 2012,
490: 55-60.

[4] BENGMARK S. Gut microbiota, immune development and
function[J]. Pharmacological Research, 2013, 69(1): 87-113.

[5] SCHER J U, SCZESNAK A, LONGMAN R S, et al. Expansion of
intestinal Prevotella copri correlates with enhanced susceptibility to
arthritis[J]. eLife, 2013, 2: e01202. doi: 10.7554/eLife.01202.

[6] QIN Junjie, LI Ruigiang, RAES J, et al. A human gut microbial gene
catalogue established by metagenomic sequencing[J]. Nature, 2010,
464: 59-65.

[77 ECKBURG P B, BIK E M, BERNSTEIN C N, et al. Microbiology
diversity of the human intestinal microbial flora[J]. Science, 2005,
308: 1635-1638.

[8] ARUMUGAM M, RAES J, PELLETER E, et al. Enterotypes of the
human gut microbiome[J]. Nature, 2011, 473: 174-180.

[9] POP M. We are what we eat: how the diet of infants affects their gut
microbiome[J]. Genome Biology, 2012, 13(4): 152-154.

[10] HOOPER L V, LITTMAN D R, MACPHERSON A J. Interactions
between the microbitoa and the immune system[J]. Science, 2012,
336: 1268-1273.

[11]  YATSUNENKO T, REY F E, MANARY M J, et al. Human gut
microbiome viewed across age and geography[J]. Nature, 2012, 486:
222-227.

[12] CHASSARD C, DELMAS E, ROBERT C, et al. Ruminococcus



XA ERA

E6mill=

2015, Vol.36, No.05 309

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

champanellensis sp. nov., a cellulose-degrading bacterium from human
gut microbiota[J]. International Journal of Systemtic and Evolutionary
Microbiology, 2011, 62(1): 138-143.

ZE Xiaolei, DUNCAN S H, LOUIS P, et al. Ruminococcus bromii is
a keystone species for the degradation of resistant srarch in the human
colon[J]. ISME Journal, 2012, 6(8): 1535-1543.

CARBONERO F, BENEFIEL A C, GASKINS H R. Contributions of
the microbial hydrogen economy to colonic homeostasis[J]. Nature,
2012, 9(9): 504-518.

SCOTT K P, GRATZ S W, SHERIDAN P O, et al. The influence of diet
on the gut microbiota[J]. Pharmacological Research, 2013, 69(1): 52-60.
RFEuh, M, W), 55 a5 A g R STk R ],
TriRLE, 2013, 34(15): 337-341.

FAVIER C F, VAUGHAN E E, de VOS W M, et al. Molecular
monitoring of succession of bacterial communities in human neonates[J].
Applied and Environment Microbiology, 2002, 68(1): 219-226.

AZAD M B, KONYA T, MAUGHAN H, et al. Gut microbiota of
healthy Canadian infants: profiles by mode of delivery and infant diet at 4
months[J]. Canadian Medical Association Journal, 2013, 185(5): 385-394.
DAVID L A, MAURICE C F, CARMODY R N, et al. Diet rapidly
and reproducibly alters the human gut microbiome[J]. Nature, 2014,
505: 559-563.

HEHEMANN J H, CORREC G, BARBEYRON T, et al. Transfer of
carbohydrate-active enzymes from marine bacteria to Japanese gut
microbiota[J]. Nature, 2010, 464: 908-912.

YATSUNENKO T, REY F E, MANARY M J, et al. Human gut
microbiome viewed across age and geography[J]. Nature, 2012, 486:
222-2217.

POWER S E, O’'TOOLE P W, STANTON C, et al. Intestinal microbiota,
diet and health[J]. British Journal of Nutrition, 2014, 111: 384-402.

de FILIPPO C, CAVALIERI D, di PAOLA M, et al. Impact of diet in
shaping gut microbiota revealed by a comparative study in children from
Europe and rural Africa[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2010, 107(33): 14691-14696.
ABELL G C J, COOKE C M, BENNETT C N, et al. Phylotypes
related to Ruminmococcus bromii are abundant in the large bowel of
humans and increase in response to a diet high in resistant starch[J].
FEMS Microbiology Ecology, 2008, 66(3): 505-515.

WALKER A W, INCE J, DUNCAN S H, et al. Dominiant and diet-
responsive groups of bacteria within the human colonic microbiota[J].
ISME Journal, 2011, 5(2): 220-230.

MARTINEZ I, KIM J, DUFFY P R, et al. Resistant starches types
2 and 4 have differential effects on the composition of the fecal
microbiota in human subjects[J]. PLoS One, 2010, 5(11): e15046. doi:
10.1371/journal.pone.0015046.

KOECHER K J, NOACK J A, TIMM D A, et al. Estimation and
interpretation of fermentation in the gut: coupling results from a
24 h batch in vitro system with fecal measurements from a human
intervention feeding study using fructooligosaccharides, inulin, gum
acacia, and pea fiber[J]. Journal of Agricultural and Food Chemistry,
2014, 62(6): 1332-1337.

RAMIREZ-FARIAS C, SLEZAK K, FULLER Z, et al. Effect of
inulin on the human gut microbiota: stimulation of Bifidobacterium
adolescentis and Faecalibacterium prausnitzii[J]. British Journal of
Nutrition, 2009, 101(4): 541-550.

TANNOCK G W, MUNRO K, BIBILONI R, et al. Impact of
consumption of oligosaccharide-containing biscuits on the fecal
microbiota of humans[J]. Applied and Environment Microbiology,
2004, 70(4): 2129-2136.

XU Qiang, CHAO Yonglie, WAN Qianbing. Health benefit application
of functional oligosaccharides[J]. Carbohydrate Polymers, 2009, 77(3):
435-441.

KLAASSENS E S, BOESTEN R J, HAARMAN M, et al. Mixed-
species genomic microarray analysis of fecal samples reveals
differential transcriptional responses of bifidobacteria in breast- and
formula-fed infants[J]. Applied and Environment Microbiology, 2009,
75(9): 2668-2676.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

DAVIS L M G, MARTINEZ I, WALTER J, et al. Barcoded
pyrosequencing reveals that consumption of galactooligosaccharides
results in a highly specific bifidogenic response in humans[J]. PLoS
One, 2011, 6(9): €25200. doi: 10.1371/journal.pone.0025200.
LADIRAT S E, SCHUREN F H J, SCHOTERMAN M H C, et al.
Impact of galacto-oligosaccharides on the gut microbiota composition
and metabolic activity upon antibiotic treatment during in vitro
fermentation[J]. FEMS Microbiology Ecology, 2014, 87(1): 41-45.
WINDEY K, de PRETER V, VERBEKE K. Relevance of protein
fermentation to gut health[J]. Molecular Nutrition & Food Research,
2012, 56(1): 184-196.

DOMINIKA S, ARJAN N, KARYN R P, et al. The study on the
impact of glycated pea protein on human intestinal bacteria[J].
International Journal of Food Microbiology, 2011, 145(1): 267-272.
MILLS D J S, TUOHY K M, BOOTH J, et al. Dietary glycated
protein modulates the colonic microbiota towards a more detrimental
composition in ulcerative colitis patients and non-ulcerative colitis
subjects[J]. Journal of Applied Microbiology, 2008, 105(3): 706-714.
FAITHJ J, MCNULTY N P, REY FE, et al. Predicting a human gut microbiota’s
response to diet in gnotobiotic mice[J]. Science, 2011, 333: 101-104.
WINTER J, NYSKOHUS L, YOUNG G P, et al. Inhibition by
resistant starch of red meat-induced promutagenic adducts in mouse
colon[J]. Cancer Preventive Research, 2011, 4(11): 1920-1928.

le LEU R K, BROWN I L, HU Ying, et al. Effect of dietary
resistant starch and protein on colonic fermentation and intestinal
tumourigenesis in rats[J]. Carcinogenesis, 2007, 28(2): 240-245.
SANCHEZ J I, MARZORATI M, GROOTAERT C, et al.
Arabinoxylan-oligosaccharides (AXOS) affect the protein/
carbohydrate fermentation balance and microbial population
dynamics of the simulator of human intestinal microbial ecosystem[J].
Microbiology & Biotechnology, 2009, 2(1): 101-113.

GABERT L, VORS C, LOUCHE-PELISSIER C, et al. "C tracer
recovery in human stools after digestion of a fat-rich meal labeled
with [1,1,1-"C3 Jtripalmitin and [1,1,1-"°C3] triolein[J]. Rapid
Communication in Mass Spectrometry, 2011, 25(19): 2697-2703.
BRINKWORTH G D, NOAKES M, CLIFTON P M, et al.
Comparative effects of very low-carbohydrate, high-fat and high-
carbohydrate, low-fat weight-loss diets on bowel habit and faecal
short-chain fatty acids and bacterial populations[J]. British Journal of
Nutrition, 2009, 101(10): 1493-1502.

CANI P D, AMAR J, IGLESIAS M A, et al. Metabolic endotoxemia initiates
obesity and insulin resistance[J]. Diabetes, 2007, 56(7): 1761-1772.
ZHANG Chenghong, ZHANG Menghui, PANG Xiaoyan, et al.
Structural resilience of the gut microbiota in adult mice under high-
fat dietary perturbations[J]. Multidisciplinary Journal of Microbial
Ecology, 2012, 6(10): 1848-1857.

TURNBAUGH P J, BACKHED F, FULTON L, et al. Diet-induced
obesity is linked to marked but reversible alterationsin the mouse distal
gut microbiome[J]. Cell Host & Microbe, 2008, 3(4): 213-223.
MAHOWALD M A, REY F E, SEEDORF H, et al. Characterizing
a model human gut microbiota composed of members of its two
dominant bacterial phyla[J]. Proceedings of the Naltional Academy of
Science of the United States of America, 2009, 106(14): 5859-5864.
GHOSH S, MOLCAN E, DECOFFE D, et al. Diets rich in n-6 PUFA
induce intestinal microbial dysbiosis in aged mice[J]. British Journal
of Nutrition, 2013, 110(3): 515-523.

NEYRINCK A M, POSSMIERS S, DRUART C, et al. Prebiotic
effects of wheat Arabinoxylan related to the increase in bifidobacteria,
roseburia and bacteroides/prevotella in diet-induced obese mice[J].
PLoS One, 2011, 6(6): €20944. doi: 10.1371/journal.pone.0020944.
CANI P D, NEYRINCK A M, FAVA F, et al. Selective increases of
bifidobacteria in gut microflora improve high-fat-diet-induced diabetes
in mice through a mechanism associated with endotoxaemialJ].
Diabetologia, 2007, 50(11): 2374-2383.





