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WE: 2R B ERAIER T 4 5 64K (Dietary Fiber Complex, DFC) SHRE A E A BR LR We9AH. K& 104z
65~75 ¥ HHEAMEAR, MR E DFC FFIRINE BE T30, 4 RAIM, 2% RAngt) DFC A-FRECREL, H+Xotin Kmit
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Abstract: The regulatory effect of dietary fiber complex (DFC) on the representative human gut microbiota and derived metabolites was
explored. Faeces of 10 elderly people aged 65~75 years were collected, and in vitro fermentation of the DFC for intervention was performed
according to gender. It was found that the intervention effect of the 2% DFC addition was the best, and the relative expressions of
Escherichiacoily Bacteroides, Bifidobacterium and Lactobacillus for the female group were 52.76%, 43.40%, 249.79% and 232.99%,
respectively, of those in the control group. The relative expressions of of Escherichiacoil, Bacteroides, Bifidobacterium and Lactobacillus for the
male group were 44.02%, 53.14%,228.71% and 206.11%, respectively, of those in the control group. Among the significantly different gut flora
metabolites, the relative abundances of isobutyrate, propionate and formic acid increased significantly (P<0.01), whilst the relative abundance of
methionine, histidine, S-glucose, phenylalanine, threonine, alanine, aspartate, arginine and 1-methylhistidine decreased significantly (P<0.01) in
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the female group. In the male group, the relative abundance of isobutyrate, propionate, butyrate and formic acid increased significantly (P<0.01),

whilst the relative abundance of histidine, S-glucose, phenylalanine, threonine and aspartate decreased significantly (P<0.01). The underlying

metabolic pathways for both groups were histidine metabolism, and phenylalanine, tyrosine and tryptophan biosynthesis. The research results

showed that DFC has a significant regulatory effect on human gut microbiota and derived metabolites, and the changes in the potential metabolic

pathways are consistent across genders.

Key words: fermentation in vitro; macrobiotic diet model in Guangxi; dietary fiber complex; representative intestinal microbiota;

intestinal microbiota metabolism
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AT, ARRIERKAONF A AL, AQRMER BT
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SRATBIT TR B - P KRR SR L S &
R BA R EHATIEAK T PR IRE KT IE 525
ZHIERE. BRIbZAh, AR RIS A T
T 22 2 SN i B S A BT 7T

WU S L Ut & i AR 7% B AT
= R MR BRSSPSR R S
FH EE TS S I8 AR v 5 RS I S0 AR AR AN — 11
W, RSN ERAT T e AR, R
I EARARRAE SR e RIS IR], 25 5 1%
AR, R LT PRCR . RSN AL T L
BT E il S AR IR, RN T i e
VI SRR, ST IR R T I
TR T AT i e P e R AT 2 52, Bt
FEFMANEMEZ IO R

AW FAE I ART I ARSI b, ARSI A

FEHAR, IRITBE LT UET TR 2 NRE IS Fe(E
RIS SE R AL, B D it
FEER SO N 2t (52, PRAE T DI AR fr At
183 TR L 45 & 00 2 S R I SeE
TERL,  DADYF R R I (T AT i 5 248 N i
TR, (et B R B SR BRI .

1 MR5ERE
L1 AR 55

B GRS, M BN, S B0
AW BHSEIOK. k. 4. KRR, RS
REIR AR BSIRAR AT s, m it
STUREZK (A =99.9%), T &2l i ARG IR

asip
1.2 HEGEH

UP-FG-1 6 A HTEAL (ZEEERAD, Ll
RSz AE R AT ; RE-2000A Hijigitzkds, bifg
W ERAEAAXZE ;s T&J-Mini pod 500 mLx4 B! 7 A
AELSEN RS, WA/REY TR (R AIRA
] 905GP AR VKA, FEER W HH/REHEA TR A A
Light Cycler 96 SZi % Y52 & PCR X, P IGEE AU A%
3] JBruker Avance 500 MHz #REILHR G, 18
Bruker YA #F A F

1.3 R F =%

1.3.1 JERFHA a4 &5 00

W R A A BT AR SR VAR 4 R AP 4 K B 2R
JHERE . arsEt, BT, TSR, A0SR AT,
BERIET K. k. 2. KER 11 FEFTE 65 CT
BEIEHRTRE, 1t 60 HIfigH . Mtk 1 J2BURAE, R
L R SR SR B, A I D T I N 280K
TRE)G T5F AR AE R AT HOK IS BRI R R E], 2
BEEw G, WEIESE, T 10 000 r/min 20> 15 min,
DU AR T AT ARG & 2748 1IEW 65 C
HAWRGERIFAR 173, HZEBed, A 4 AR
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ToKZEE, 4 CHEHERDTSh, 8000 t/min &0 /EUNEE
UL R TG nT R T 4, d 2 2 $RES
i, FREGS TR BRI Tk, Pk EE R, N
NZEKIRIEIE 200 Hif, SRERAEE 1, I8
WHEATE A, 193 ETETR 1 RN 2, U 1 AEXTMN
BN I B RV LU 2R N FVERR B K AR, R)5 100 °C
KWK 10 min, 2R R pH [EZX N A4, B,
33 LIS 2 FIUTER), VHEE AT AR R
EMERE S 4, BIEW 1A B3EW 2 #4575 9F, 65 °C
FRAE R JFAAIR 173, HZRBM, oA 4 54
TR EE, 4 CHERTSh, 8000 r/min 205l
DUEA R TIRS T IS ERE 44 . FREU 57 /5 19 JORR
T, 7EE AR INEA 3 000 Ulg, & L 10:1 mL/g
A HEARKAE, S5 100 ‘C/K#KEE 10 min,
SRIGVRTT pHAEZ 9.0, #HTESC, 53] EIHHANIE
Y, VOENHATOG T EASRIANGEE G a4, g
W65 CHEHTWARIFMAI /3, HREEMF, A4
R K OB, 4 CHEREDT 8 h, 8 000 r/min &0
JEMCERTTIE AR TR T i M e 2 4,
FT 1 REERTHENIEIMEY
Table 1 Extraction conditions of dietary fiber from fruits and

vegetables
R AT £ BE mE/C B 14 /h
HE 24:1 70.00 4.00
iz 28:1 90.00 4.00
41 ¥et 30:1 80.00 3.50
£a))NG+] 21:1 80.00 2.00
FEE 22:1 85.00 4.00
TR 25:1 80.00 4.00
S e 23:1 80.00 2.50

2 T RERTHIRIEN
Table 2 Extraction conditions of dietary fiber from staple foods
ERAE . BEERE/(Ug) ARE  pH/E

Brk& Tk 24.00 1:15 8.80
A 40.00 1:15 11.00
¥k 110.00 1:10 9.00

VPRI 6 13 4 4 HE 250 i T e St
oM A KRR L R E A E KK
=1.00:1.22:2.26:2.36:3.03:3.63:4.82:5.66:7.75:7.69:29.86
PR G, REE4EILRY S 28K 1.9 KR
FEAE 100 r/min FHEEE 60 min, REFESAE TR
DFC. IR ECHN 0.5%- 1% 2%- 4% DFC
() M 26 2H 43 5 F) DECF 1. DFCF2. DFCF3. DFCF4
R, H LG4 43 F DFCM1. DFCM2. DFCM3.

80

DFCM4 %75, A 7N DEC 4R 53 4 %) FR 4
DFCFC. DFCMC %R,
132 ERFME AR EE

MR TS 10 4 65~75 &R, Hi
BN SN KR LGRS AREER
WROLRLF, A AR TR B R
LA FE S, B A IR ST R, 3
JANBE R AR A CsEZ . FEARE TR
B, ARG EEEmOEIE S, TR U
SEA NARSE(ERE A, BRI G ST RITBON TG 5 AP 1R &
KSR, RS2 Sie = T R 2,
A G5 N-80 “CUKFH R -

FEARSEIGHT,  LAAH A EEBIER 5 47 2ot AR FE
FEdn 25 g (BN 5 @) T KB AT 225 mL PBS ¥4
o, iR 250 g I EVRIFRRE GRS . 2 8 000 r/min
B0 1 min DAL FRAZEMERL, 32 SR A T /5
srpEfh, BRIy R e .

133  RIMEMREE

R s TN T i . BUS N R
PSRRI, 20 AN FE ) 1) A BB 5 L 450 mL
H10.125 g IREAR/R A TIR T BTPUL 2 BN &4
A (gmL) N 0.5% 1% 2% 4% DFC,
NI DEC AHAE A%t BRZH 4 R 9 R G i R 2R 4L
JEON B K B AR 121 “CKTE 20 mins

B KA MR BERERON 37 CIEIRKBRT, %E
W IR 28558 9 150 r/min, 282 pH HBRAIE S,
ARG R E NS, AR AKIBRIIEE fa e
IS 1) R B RE SN 50 mL FE e R BRI pH
BN 6.2, PRFFFEMIRSNEEE 48 ho BFAM 3 A FATIR
55, FHAE 48 hoE SR FE TR T, BRI S Rp
TBAEAE-80 CHMGIR VKA T T a8 Hr .

134 RE#RAST DNA #9322 540

R DNA [IFEEZ B8 i AE 1) DNA 7
SR SEIGE UG I BEAR ORI DNA Y2 K4l
. FTCHE AR BEG: 3 AL, TREL 2 uL Helisz
MR URGE TR, Z )5 FH TE R 400 it 2%
M, KN 2 uL DNA RS IIAFE S AL T B LS
T, 183 2H AT 925 45 5 ODago/OD g0 1 NAE 1.80~2.0
Z AN . 56 A ) DNA F5 F/E RT-qPCR S M
(PIRBEAR o
13.5 K E&FTH DNA qQPCR R

ARG F i S T KA R A 1R
WU TR JE FIFLER AT B B L 5 MmiE RS 1Y, 514
FFAIInE 3.
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3 5 MBAERERRIS 475
Table 3 Primer sequences for 5 intestinal microbiota

AR 4 F5 (5-37) Lk
Wi F:5’-ACTCCTACGGGAGGCAGCAG-3’
05 R:5’-ATTACCGCGGCTGCTGG-3’

* % F:5'-GTTAATACCTTTGCTCATTGA-3'
#HHEB  R:5-ACCAGGGTATCTTAATCCTGTT-3'

BT F:5-CTGAACCAGCCAAGTAGCG-3'
H/% R:5-CCGCAAACTTTCACAACTGACTTA-3' 221
Bk F:5-TCGCGTCCTGGTGTGAAAG-3'

AFHE B R:5'-CCACATCCAGCAGTCCAC-3' =
Lk F:5-"AGCAGTAGGGAATCTTCCA-3'

AFHE B R:5'-CACCGCTACACATGGAG-3' [24]

83K 4 P~ BB, 5147). RNase-Free H,O
H12xSYBR Green qPCR Mix il & qPCR ik
o BCOFIERUERG L, 4283 5 0 qPCR VAT
W HE LightCycler96 SEi 7 e & PCR AL, EHLELM o

4 KFEHRHRE DNA [ oPCR R RI{AF
Table 4 gPCR reaction system of DNA in fermentation liquid

extracts

BRI F ARAR/IL
SYBR Green qPCR Mix 10.00
L34 0.80
TS| 4 0.80
DNA #E#R 2.00
RNase-Free H,O 6.40
Bt 20.00

<5 KEHRHREN4Y DNA [ oPCR R RIF2/F
Table 5 gPCR procedure for DNA in fermentation liquid

extracts
R BIESC  FEATRE] PRI
TR M 95 5 min 1
A 95 10s 40
1B KSR R 60 30s 40
ASSEEGR I 3k iy 8 &, tHE AT
Rx = 2—{(A1 Ay )-(43-44)} 4D

AP

Rx——AHAst £ A%

A——AFm 8§93 B 49 Cr1E;

A,—— A AR E 8 Cr 318,

A;——*TRR B 49K A 6y Cr ¥4

A——* TR ALK A G Cr ¥4,

Ct——¥ 38 = H 5 AT 538 BIR A9 5 BB I Pt 2
Y B EERE (K.

1.3.6 KB 7= Az ik 3 P AR K 04 ) -

A7 T-80 CUKFEH IR BB i, 725 °C
I MR 30 min, BETEOERIINIIK, WWHE 30,
AERAIRA 1 mL A T30 2 mL GBSO, I
A 500 uL 7 tmsp HKFIBERR Ehoz i (5 EKEL
%1 10%, K;HPO,/NaH,PO,, pH 18 7.4, JFi&434% 0.9%
NaCl [fJ 100 mmol/L WEREE), #lE 15s, FMERE
AUER-MRE=IR. BHREGYIAIR 60 s, SRIGTE 4 C.
8 000 r/min N &> 6 min. WHL 35 T2 mL TCHE &
O, FIRTUEMIIN 500 uL 7 tmsp /K (IR
BRI, WAIE 15 s, FIREUR TR VR-IRR =K.
BIRAEWIIR 60s, SRIGTE 4 C. 8000w/min | EC»
6 min, &2 IRPILIEWRTE 4 °C,. 12 000 r/min 2614
NESO 10 min, AR BAGHERHEL SS0uL 1 EIFWN
AZE 5 mm NMR &35 WU .

137 A B 4HEsee/ HNMR 490 % 75 ik

F¢ NMR Bk B =R A (e 298 K. 'H JLR
i 500.13 MHz (% AR IE A T NMR Bl
e {8 I ARifE Carr-Pureell-Meiboom-Gill (CPMG)
kT B R D=90°-(t-180°-t)n-ACQ] A — 4 i, [
B SR FH TR Rl K g . RESECN: R
NS=64; KHFfs5 %5 TD=65 536, it % SWH=10 000 Hz,
Ih§% LR RD=2 s,

1.3.80, & B = Mt e TH NMR A2 34 04 4t 22
So#r

8 MestReNova 14.1 %44 (Mestrelab Research
S.LOX 'H BRI ARBAEREAT AR BN I, LA tmsp
MM 0 ppm BEAT @R, SHMLZEM R IXE o
0.00~9.00 ppm X3 L 6 0.001 ppm HEAT 43 BRy,
FBIKILIRIX 5 4.64~5.10 ppm T ALK A5 S50, #4
FROME S N Excel FMs AT HR AL,

{8 SIMCA-P 14.1 (Umetrics, Sweden) #f4-i3
T2 68t o o K FH 3 4> 0 ( Principal
Components Analysis, PCA) JFIJ5g ZH[A] & PR it e A
SAtEDL, A EAS e —3RHIHI 4T (Orthogonal
Partial Least-Squares Discrimination  Analysis ,
OPLS-DA) ffie B B2 (Variable Importance
for Projection, VIP), Kf] VIP>1. P<0.05 H&4
KILE (FC>2) Mgk imig b 2 AR, A
YME B 22T — R s A et 5 ) 2 AR
IO IR AW ip il
1.3.9 ZIBEHT

KH SPSS 25.0 AT IRIGE I G704, F
F Origin 2021 F1 Excel # A Giit M HAE R . Xt
TRBERACHYIN ZE TR, A6 AR FHBC
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SEREA ¢ K56, JF 1E & A0 i E 8 K G R
Wilcoxon IEZHe 1, &3 MK N P<<0.05.

2 ZER5iHp
2.1 1 [ DFC 44 xR & A7 § A+

FEHE W R

FIFH gPCR M5E AN DFC 204 R EHK 48 h e
FRUAE TR (AR 2k &, BRFEAN[FER LA (1) DFC T+
N R FEEER ORI RE. X0
R JE AT B AR 8D AR RA A &
Wik 1 fR.

B 1 BT %n, 2ot HAEAN RN I LG DFC -7
T Rt O SAT TR JE FIAUT B 1 AR
TP AR IRIUN T, XUSAT B a8 AL AT 1 & 1
TR T RHRH ISR . KA B R AR R
L&KL, DFCF1 418 DFCFC 211 74.27%, &3
BT 25.73% (P<<0.05), DFCF2 %1} DFCFC 4t
60.89%, MK T 39.11% (P<<0.01), DFCF3
4N DFCFC 41 52.76%, MR ERRT 47.24%

(P<<0.01), DFCF4 #H >~ DFCFC #4111 60.60%, %%
FREIL T 39.40% (P<<0.01). fUFFEE @A #ikiK
VI, DFCF1 41> DFCFC 41f¥] 74.89%, .25 F#{K T
25.11% (P<<0.05), DFCF2 414 DFCFC 4117 68.83%,
W3 BRAK T 31.17%(P<<0.01), DFCF3 41y DFCFC
ZH 1) 43.40%, HREZE B T 56.60%(P<<0.01), DFCF4
20 DFCFC #41ff) 52.88%; W BT 47.12%

(P<0.01). KJptt#E SRR 7E DECF3 +i
A RREIREE IR . S R B A X s AT L,
DFCF1 #H24 DFCFC 4 163.37%, tREEE T
63.37%(P<<0.01);DFCF2 214 DFCFC 4 1] 182.00%,
W5 THE 7 82.00%(P<<0.01), DFCF3 41}y DFCFC
M 249.79%, TBZE T 149.79% (P<<0.01),
DFCF4 #1°4 DFCFC A 254.34%, thEEE T
154.34% (P<0.01). FLEGF B @ HX RIS K L,
DFCF1 #14 DFCFC 4 151.64%, tREEHE T
51.64%(P<<0.01), DFCF2 24>/ DFCFC 41 1] 189.25%,
W R T E T 89.25%(P<<0.01), DFCF3 41y DFCFC
M 232.99%, BEFE T 132.99% (P<0.01),
DFCF4 4124 DFCFC 4 225.09%, tEE & T
125.09% (P<<0.01). HH WU & 7E DFCF4 17
Hrh TR ROK, 155 DFCW3 T4 ZEAR K,
FUERFF I8 JE 7 DFCF3 T b b i ik

82

a lL2r Ot

1.0 - w1k

0.8} b

0.6 — sd g —
04l [ | [

I A e
|
I

0.2}

0.0

DFCC  DFCI DFC2 DFC3  DFC4
FiE Fr e A S A PRI 77 58

b 30
O . .
Il_lgl 2.5F | PEris ] L =
® o201 be d cd .
B 0y p
= 15f -
E 1.0 b= ﬁ
iz
= 05}
0.0 1 1 1 1 1
DFCC  DFCl DFC2 DFC3  DFC4
FE B4 4E 2 BRI T =
c l2r . Otk
B b
0.8 b b,
x ] ) o
2 0.6} € e e
I g IR — =
i@ 0.4} (-
=
= 02}
0.0 1 1 1 1 1
DFCC  DFCl DFC2 DFC3  DFC4
MR A4 BRI INTT =
3.0
d Ot
w25+ WEH e e
K = ¢ OO f
Li;ﬂ 20} L — —
= 15 = b -
% a a -
e 10— 1l
S
= 05|
0.0

DFICC DFICl DFIC2 DFIC3 DFIC4
[ B 4 55 G Rt n 75 =X
& 1 K[E OFC FHEKFMEMEREEEXRILE
Fig.1 The relative expression of representative intestinal
microbiota after different DFC intervention
E: BARBALOARRNEFHERATEAZERER
(P<0.05). DFCC X% DFC #hm&# 0 695188 20; DFCI ARk
DFC 408 # 0.5%#9 523628; DFC2 4X4& DFC #4084 1% 5%
340, DFC3 4X%& DFC Mg 2%49 5 5040; DFC4 K& DFC
TImEH A% 55040,
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BHHAEAFRINELS] DFC TR, KBRS
K TV BT AU B 8 P 2 A R T R ZH 355 300
R RE, SBUSO BE AN LR AT 1R 1) 2 AR TR R
HIRIWA BT RIGH FE RN R EEKT L,
DFCMI1 % DFCMC 41 71.08%, &K T
28.92%(P<0.01), DFCM2 41> DFCMC £H ] 55.01%,
W BEL T 44.99%(P<<0.01), DECM3 415 DECMC
M) 44.02%, REFEFFEICT 55.98% (P<0.01),
DFCM4 A5 DFCMC 41 45.42%, HREEFKT
54.58% (P<<0.01). UK J@AH X R =K L,
DFCMI1 45 DFCMC A1) 73.22%, REEFKT
26.78%(P<0.01), DFCM2 41> DFCMC #H 1] 65.72%,
W BRIL T 34.28%(P<<0.01), DFCM3 415 DECMC
M) 53.14%, REFEFEIKT 46.86% (P<0.01),
DFCM4 15 DFCMC A1) 54.10%, AREEFKT
45.90% (P<<0.01). Kt e 53WH 8 I 1E
DFCM3 T-PilZH b R Rl A e K. BUBOH B R AR R
IEEKF L, DFCM1 414 DFCMC 2111 148.35%,
ETHE T 4835% (P<<0.05), DFCM2 #14 DFCMC
H 177.80%, WEZEFE T 77.80% (P<0.01),
DFCM3 414 DFCMC 4111) 228.71%, WEEF T
128.71% (P<<0.01), DFCM4 %14 DFCMC 41
221.68%, WRETET 121.68% (P<0.01). FLEZHF
BN RIE R E, DFCMI 415 DECMC 411
141.77%, S3EFrE T 41.77% (P<<0.05), DFCM2
1 DFCMC 4110 172.20%, SEFET. 72.20%

(P<0.01), DFCM3 414 DFCMC #H111206.11%, 1%
BETHE T 106.11%(P<0.01), DECM4 %14 DFCMC
I 209.98%, WEEF R T 109.98% (R<<0.01).
HoAr QU JE A DFCM3 -2 FH b b B A K
FURH BB /E DFCM4 T Hidlh EAEER K, 5
DFCM3 TR AHZE A K.

IS RG24 5 A AR R AT B 40
AR FHES PEZRAS R, R FUFERT & 4 £ F LM 2R A
5, RS B T AL R T 1 3 M e 70 s M 2R AR
K, DFC #IIEN 2% f8CR Heil. TPl
BORBAE L 4E LN 2% KI5 B 4F 4] o) iz iE
B AR . ARG RS PRSI
SERAHML,  BERAMR AN R BRI I & AT 4E R I AN S
2RI .

2 A BAHT BRI 5T R B P K IR i e
(I 4T el AR RN RBA RIFPisE s ml,
AT RIMAEAR I KBS, | P K FF R B TR
SINECARESHT G, 2F BT R

AR OSUBTAT B J -5 FLRAT T SR A & B hn 2, K
JUAT A 5 DA G SR AR X 5 B 3 0 o AR A e
IR T, FEEh AR A B (e et a7 i,
PR FR TR » X2 PR R AT 8 e AU 1 o 25 25
FEL, 2R OUBCT o AL BRAT e S5 2k P AT
FHE, R SUEEPTIRIA T CNK) AT
PR K AT A 25 I A, HL Bk
JEARASE o e A O v f € £ AR TR £ AT AR AER
U B 0% - Daniel 2515 b G F 90 R UG & £F
YET-T0, e SRR AR IR UM T 8 e XU AT
PR R AL BRAT 11 R (10 S 4258 o AW TT5 RS 5K
e FRIAIT T AH BN R AT B8 A SRAT T T PO R ik i
AT TIE, EILE B EEERE] T DFC XK
P AT iR ATULAT 1 B3R 11 L AT 5 Daniel 1
WETOR LE A ROM AR TP KA R A 3 10
DFC T JF UL B R0 AR b & FUAR X A B S
o ZHIT T KGR T T I R LT R A ik
IRV 8/ SRR RE:73 = et /L VD AN EF N LR 3

TR
22" KRS 'HNMR [E 4R %

Shok FERORE i BIREAT TH-NMIR PR3 s b B
Iy SUMELRE LB 2, RIS A S A
SEEREME, AL RTIRIE ST A AR 5
Y52 (HMDB; http:/www.hmdb.ca/) K& &L T
41 PRI o

1000 -
900 | 8 31 [[36 33
800
2 700}
8 600t
g 500
=]
g 400r 320 lBs2e 29 24
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