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 E. (09 ARFAERERLETERBYS GRS AMERRHGT . [7X] A G
REAAA R A CSTBL/6 N R R IERANAT A R BRI FTEFRBY, ¥ 25 ALA DR aH 54
AE % *F B 48 (Normal chow diet, NCD), -Zi@4d#4++10 g/100 g ¥ Z4L(NCD+BB), &hE44+4a
(High-fat diet, HFD), &Ag43#++10 g/100 g % %28 (HFD+BB), & /5843420 mg/100 g & %40
(HFD+ACN), 4475 10 B, BRI L RMWIBAE. HEBEAT AR T HATNE, FHEH DGGE
FEAT DR A ABREMTABTHSRN, [(ER] ETRARMWENETLLFH LR,
HFD+BB #84= HFD+ACN B4t 2R AT ¥ E 5 F NCD+BB 4. %A HFD+BB /K 3 Aok
AHEA R, 42 10 B R i HFD+BB 20K & 5 H b &40 1 R % £ F . M £ £ 369 347, HFD 20 . HFD+BB
4AF= HFD+ACN 4084 M % AL A R F 1k, HFD+BB 405 NCD 20H A £ F & K,
HFD+ACN #85 NCD 4838 # # DGGE B ARt 2 29 2 3 F HFD 40, st#H-Zinl 54
R ETIERAABEBZRLFT LIRS T RS KICAD X @ Firmicutes #93c%E., [448) &
FitFEE R TR ES SRR R MmEMA S KA, AT HEGESEH, LA BEGRE
HAE 6.

Influence of dietary wild blueberry and anthocyanins extract
on intestinal microorganisms in high-fat diet-induced mice
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Abstract: [Objective] The influence of wild blueberry and anthocyanins extract on gut microbiota of
high-fat diet-induced C57BL/6 mice was investigated. [Methods] The C57BL/6 mice were fed with
high-fat diet and supplemented with blueberry or anthocyanins extract. Twenty-five germ-free mice
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were divided into five groups: normal chow diet (NCD), NCD+10 g/100 g blueberry (NCD+BB),
high-fat diet (HFD), HFD+10 g/100 g blueberry (HFD+BB), HFD+20 mg/100 g anthocyanin
(HFD+ACN). During the ten weeks, food intake, caloric intake and body weight were measured
weekly, and dynamic changes of intestinal flora were monitored by DGGE. [Results] There was no
significant difference in food intake among these five groups. Average caloric intake was higher in mice
fed HFD+BB and HFD+ACN diets compared to the NCD+BB diets. Although body weight gain of
mice fed with HFD+BB increased most obviously, no significant difference in body weight was
observed between the groups at ten weeks. As the research went on, the diversity of intestinal
microorganisms in HFD group, HFD+BB group and HFD+ACN group changed dramatically. The
similarity coefficients of PCR-DGGE profile in intestinal flora between HFD+BB group and NCD
group was lowest. However, as for HFD+ACN group and NCD group, the value is higher compared
with HFD group and NCD group. The sequencing results of the dominant bands revealed that dietary
supplemented with blueberry or anthocyanins extract can significantly reduce the number of
obesity-associated Firmicutes. [Conclusion] Wild blueberry and anthocyanins extract can modify the
structure of the intestinal microbiota, simultaneously protect against imbalanced intestinal
microorganisms of the high-fat diet-induced mice, and ameliorate obesity and attenuate lipid
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accumulation potentially.

Keywords: Blueberry, Anthocyanin, Intestinal microorganisms
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fb. vl v UGS 2 EI R
(Anthocyanins, ACNWER—FRIAEHIEAER, Bk
FIAW, AR WA, 5 A REEIR
FRJREAE A 22 R OO LA , -t T Jnsie A3 4 LA PR

http://journals.im.ac.cn/wswxtbcn

AR BRSEIER, BRI P AR R ek
2 R IR E S R A AR RIS %, S nimiE N
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KW AR, (R R . EX TS R
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FHGE . N TR AL T R IR TS I RE
AMFFERERE CSTBL/6 HEME/INR T4, dlad 5
NRIAVEIR TR, [ b Fe i A o AL 7 B4R LY
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SCERTVER, TR e IR E LS, A
WAL REME B AL U — 2 ST T R B

1 HEt5h %

11w

111 MRFNRT: B AE W AE (Vaccinium uliginosum)
W B BT I 2 B 1L ™ S A R AR, RAET
=20 °C. MEE. 98%HmR, [E2j5Rb AR
/33 Amberlite® XAD-7HP KALFHIE, 5[ Sigma
ol 2SR ZH DNA $8BGAHI & . pGM-T FifE
A&, KRR AL AR AF s PCR 514,
KB TFHEEE . JRE . SOXTAE. 1xTE Buffer, |-
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gkt bt 3 ERHEA IR W] 5 Tug DNA il |
dNTPs Mixture, 10xPCR Buffer, T4 T FE(Ki%)
HRRAF]; AxyPrep PCR i A &, FEE Axygen
ONH] LB BRIRREFREE . LB WA 3R 5L, Jb ikt
HARAPRAF],
1.1.2 X 5i&&: 5424 H#EE L. 6325 PCR
%, 1% Eppendorf A H]; PL2002 HLF K-, Hit:
Mettler Toledo {Y#8 A RN F]; GelDocXR HEBE R
{¥. D-code System Hi}K{¥, E[F Bio-Rad A +];
Synergy2 ZIREREFRY, 3E[E BioTek A w]; Christ
Alpha 2-4 LD VR T44L, 78[5 Christ A7) ; CR21G
EE AR DHL,  H AR Hitachi 24 H] .
1.2 A%
120 FHHEESPHETHEMRER:. AT RS
Prior I, RVERCHE . B EEAE AR SR R )0
FEBTR TR AR, B 120 g BR, INA 1.8 L HIfE:
KR (85:15:0.5, AT EL), e 30 s, M 5 min,
ARG 2 Wk, SRR, #HE S min,
e 30 s, & 5 min, 5500 r/min 2.0 10 min, UL
£ FiE, A 1.2 L Bk I R(85:15:0.5, AR )
PEUL3-5 Ik, HEBREPEEATTRA IR, K
WS FIEWRIR G, wedGLuE, DIBREIRE, ef
R FBRW B BTG IRBORE A Amberlite®
XAD-7THP KA AEH, F 2-3 FAATH 0.5% Rk %
WA, FA 0.5%F BRI, e
R, TR LB, CIROTRAER 3 IR, LIBRE
Mg, hektzek, WHEAEF R, JHET-20 °C frff.
122 EBHHREBYIRERNNE: B & RRE G
I mL, JA 0.025 mol/L SAb#HZE M i (pH 1.0)5
0.4 mol/L BEFRENZE iAW (pH 4.5) 4 mL, 3% ALt
MJ5, HEAA-A WA R 7 HI L 520 nm A
700 nm A IO A A A

AR ERIEE A:

A=(As25=A700)p1 1.0~(A525=A700)pH 4.5 (D

AR EEF RS &

EH RS (mg/L)=(AxMxDFx1 000)/(ex1) (2)

Hrb, 4: WOBE, hX)IHEEE; M RE

550 R -3-O-FIA N BIAIRT /0 i1 (449.2 g/mol);
DF: iR T; e REEHOR-3-O-HA T H
JEF£8[26 900 L/(cm'mol)]; 1: HEAMLFEEL(L cm).
123 XRHMMYHL/BARERFEE: 11 AR
C57BL/6 /N A rf ERb2EBe SR s e b1
SIS BRI EAF]) 25 K, IKHE 22-26 ¢,
HTEE 18-25 °C, HIXHEE 50%-80% 51 T
%, HHOEM 120, &4 AHMEETRK.

Gi—MFEIEF R 7 d 5, KRN 5
2,54 5 H, I X R 2H (Normal chow diet, NCD),
HEFEH10 /100 g TERFAL(INCD+BB)!' Y, gt
HBL4H (High-fat diet, HFD), =lEHFEH10 g/100 g ¥
41 (HFD+BB), mlE#EH20 mg/100 g fEHF R4
(HFD+ACN)! Horp i fab b [ 3 3 v s e
A BR TR, RIREAR R i B s S 5
WA BR TR AR HIE, PIRMREDR) =2E R i K
REm LK 1 IR 2. BIERRSIKITHE, U
10 g/100 g (& S m ks =g ERR A, B
TR T, H75 10 /100 g WG/ fa kA
10 g/100 g WitE/ BRIkl ARAEAETT R AL HURR
HEFFFRBORIATL, LA 20 mg/100 g BY& &5
NEFRHE S, M TR T8, H11% 20 mg/100 g
iyl (ke

R /N BUAE RSP A R, FELULU 3R
PiRAE 0. 5. 8. 10 /MR E (AR S, —80 °C
TRAEsE
1.2.4 #EFEMES DNA RYREL: FRICEIRREN
INERZEMEAE N, 180220 mg & 2 mL .0, &
Tk b, SRIGHE TIANamp ZE@ LK 20 DNA $EH
A SR BCEE TP 4 DNA, —20 °C {&1F.
1.2.5 3f16S rDNA E[H& V3 Xi#1T PCR 4/ 1&: 1)
PEHUAZEESLF 2 DNA A, RAANEE S 19
P2 (5'-ATTACCGCGGCTGCTGG-3")H1 P3 (i GC J&
+; 5-CGCCCGCCGCGCGCGGCGGGCGGGGCGG
GGGCACGGGGGGCCTACGGGAGGCAGCAG-3)!"!
X} V3 X Btk AP . PCR S WK £ 2.5 mmol/L
dNTPs Mixture 2.0 pL, 10xPCR Buffer (Mg>" Plus)
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2.5 pL, 10 pmol/L 51¥4 1 pL, 5 U/uL Taq M
0.125 pL, 42 DNA (80-100 mg/L) 1 puL, ddH,0
AMEARFIE 25 uL, PCR S 254447 : 95 °C 3 min;
94°C30s,55°C30s, 72°C 30s, 30 PMEF; 72 °C
10 min. JH 2%Z5 ki EE RS UK AN PCR 724, 3k
=290 200 bp H:FHF DGGE HLk T, B
F-20 °C ff47

*1 LEANMSERMEZEFRHIS R

Table 1 The main composition and energy of normal
diet and high-fat diet (g/100 g)

R

Main components Normal chow diet  High-fat diet
KA 9.20 8.60
Water content (%)

TR 22.10 18.80
Protein (%)

=il 5.28 16.20
Fat (%)
KAy 5.20 5.20
Ash content (%)
EaR 4.12 3.98
Fiber (%)
TRE B 52.00 45.20
Nitrogen-free-extract (%)
R 1.34 1.38
Lysine (%)
ERR+E AR 0.78 0.78
Methionine+Cysteine (%)
HHER 0 0
Anthocyanins (%)
Bt 100 100
Total

*2 LEERINSEEEEEYRERER

Table 2 The main energy materials of normal diet and
high-fat diet (kcal/100 g)

HEEY 5 e Al e

Energy materials Normal chow diet High-fat diet

r=lin 90.46 70.87

Protein

U =] 212.96 170.55

Carbohydrate

i} 48.58 137.58

Fat

it 352.00 379.00

Total
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15 min, EHE YL, R & F Kk, i8id GelDocXR
BERE UG RS HA 08, FH Image Lab #4rEE
1.2.7 DNA [l FEREFNNF: FHK ] A EE
PESAFEITR, 0N 1.5 mL 0T, A
30 pL 1xTE Buffer, ¥ &0 T 4 °C &%, M
R, DAHCAHBR, SRR GC R I45H1 Pl
(5'-CCTACGGGAGGCAGCAG-3)" 1 P2 # 17
PCR #"1, 2[R 1.2.5. PCR =1 2% bt
Jied B PR AGIN , P AxyPrep PCR 3 75 150 A b1 14l
k. fiAb)E = iERE R pGM-T ik, #1L3K
JkF i DHSo B2 A0 (A HD T, 7ESA X-gal.
IPTG M 75 % (Amp)f) LB 4 |47 LB
Tk, Pk B A Amp (19 LB AR 32 Kbt
w iR, H TIANamp SR MR SR BUT R,
I TRFDIIUE, R R B T AR TR AR
554 B2 R o
1.2.8 HIEREGAE: HdaRA] Origin 8.0 fEK
AT SPSS 16.0 Biit Ak FiE1 75381 . DGGE $84(
&% 1 Quantity One 4.6.2 #/4F:, % UPGMA i
TR IR T o
2 GRE#®
21 HHEESMEFSREDS DR |IEAN
EMAENZIN

1E 10 JA gy sesad # b, & H %) 5 41 C57BL/6
INERAT BRI @ A . SRR I AR . SR
BE EEREDINE R LA SRR INIE R R, 4K
KRR B 1A BoR, /NREYBRARITE &M
#5, WfER 1B #, NCD 41 . HFD+BB 4 #l
HFD+ACN 212 g i A B2 % F NCD+BB
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35%fE R IR TN 45% =g iakL, (H 0 k4
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35% s Bkl

C57BL/6 /NRAKEWNE 2A Fiw, mTREHLS
MBI ARG IR E, WERIIFIATT, HFD+BB 415 i
FACTHAL 4 20, HIK 2B F52 HED+BB 41/ iUk
TR AR I, AR
HFD+ACN 2R dE— B fw, {HA] RS2 PR 2R a8l

A
CINCD
7 == NCD+BB
Z2HFD
6 a a == HFD+BB
a a HFD+ACN
=5 a
=
o0
PE Y
- 4
<
E3
el
g
L2
1
0

SR WG, 55 5 RIS 9 FE T S 2 /N Rl
B . FIHS 10 AR, NCD+BB 41k ]
WAKF HFD+ACN 201 HFD 4, HA B EMEER
iR Eon, R U I A HFD+BB 411
NCD+BB 41 5 1E % % 8 NCD 2H/)N A G i 2 4E
Z5 . WNEA#EHCKE , NCD+BB 4 iR s fin
EEUET A4, HFD+BB 4B A W,
B 10 &K HFD+BB 4IRS 5 H &4 0 B & 2%
5, UL EE AR AR E T SR A B/ MR B AR, B
AP ARG LSS0 s Sk PR, AT e R R A
B 2R R ARG AT, SRR N A
R, D T RE R

1 C57BL/6 NRBRMBAEMHEERAE
Figure 1 Food intake and caloric intake for the male CS7BL/6 mice

T EARTRERORZE S HAR B ) 2 #E 25 5.(P<0.05).

Note: The means marked with superscript letters are significantly different relative to others (P<0.05).
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Figure 2 Changes in body weight and the mean of body weight gains for the male C57BL/6 mice
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22 HHEESMEFRERMNNRBERR
EZ =3 0bA T
R TR B TE B RS A AR A T s S M

A3 AT B A R AL T R IR BN R R L
FEVERISEM, A0S Xie st 00 5. 8.
10 JEZEEFE S AR PR AR LT DGGE 43#T.
C57BL/6 /U E #i#E 16S rRNA JE[H V3 [X DGGE
Kl S b e 3 FnEk 3, 45K, o
JEmE, 5 AR LS, SLRSMEY 2R
BohFE ., 35 JEnf, NCD+BB 401 HFD+BB 41
S B L, U BRE R T AR TR I e
Y kErE, FRPH AT AN EIER . M L5
#3847, HFD 41. HFD+BB 41l HFD+ACN 4%
B B, SRR, (R S S
T HFD 4, Uil EAR SRR EREY £
BV R AR AR, (RIS Al AE T R T EGE s

12345

I 4 5
:' mER

RET R IE AR

C57BL/6 /NEUATEHIRE 16S rDNA FEpR 3 17
Y1 DGGE I35 R A FIAH LR £ UL IR 4 F3R 4,
P SCHR[ 141 TR LT, 0 JARs, HofthabHZe
SRR NCD SRRy hSE AR B AR, 1R 5
BRI, 4 IE R SRR R . SR
YEF73) 8 JEIE, NCD+BB 5 NCD A, [HH},
HFD ., HFD+BB 5 HFD+ACN = £f {] M2 &5 ig ) #eh 2.
B R RN, 10 2K HFD+BB 415
NCD AEHf 2 S mA, i HIR HFD+BB A HE
HHMAHTE 25, (HHIE A & R
¥, WEIGKGREI, SRR R A B
1k, 1 HFD+ACN 45 NCD 41 %iE Wi #f DGGE [¥
TEAIME R R AT HFD 41, UiBHfER 2xth

IR B 175 S (0 A AR LA T R 1 1

B3 0REA). 5EM®). 8 EC). 10 E(D)B C57BL/6 MR IFIEEEE 16S rRNA E F #1274 DGGE [&ig
Figure 3 DGGE profile of 16S rRNA gene amplified products of intestinal flora of C57BL/6 mice at 0 week (A), 5 weeks (B),
8 weeks (C), 10 weeks (D)

Note: 1: NC; 2: NC+BB; 3: HFD; 4: HFD+BB; 5: HFD+ACN.

%3 C5STBL/6 MR EEMHETHETWL

Table 3 Change in bands of intestinal flora in C57BL/6 mice

Tim:q;ljjeeks) NCD NCD+BB HFD HFD+BB HFD+ACN
0 22 21 22 20 o
3 20 23 22 27 o
8 10 20 19 21 o
10 22 21 17 19 o
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A B
0.61 0.70 0.80 0.90 1.00 0.50 0.60 0.80 1.00
2 2
5 1
o6l 4{0.76
3 0.52 3
.69 59
0.6 i 0.59 5
4{ 0.80 —‘ 0.63
1 4
C D
0.I67 0.3;0 0.:)0 1.{00 0.48 0.60 0.80 1.00
2 2
0.83 0.66
1 1
0.67
s 0.48 ;
0.79 4 0.65 .

.—|O.82 3 4‘0-76 4

El4 0EA). 5E®B). 8 E(C). 10 FE(D)Et%| C57BL/6 /NRIZE R EE 16S rRNA EE 1774 DGGE Elig B
o
Figure 4 DGGE profile cluster analysis of 16S rRNA gene amplified products of intestinal flora of CS7BL/6 mice at
0 week (A), 5 weeks (B), 8 weeks (C), 10 weeks (D)

% 4 C57BL/6 /MRFEEEER PCR-DGGE Bt B9fEILIE R 2]

Table 4 Similarity coefficients of PCR-DGGE profile of intestinal flora of C57BL/6 mice

I AL NCD NCD+BB HFD HFD+BB HFD+ACN
Time (weeks) Group

0 NCD 100.0

NCD+BB 57.7 100.0

HFD 61.7 59.2 100.0

HFD+BB 79.5 63.2 72.0 100.0

HFD+ACN 71.0 63.5 76.1 72.9 100.0
5 NCD 100.0

NCD+BB 45.1 100.0

HFD 55.8 50.9 100.0

HFD+BB 55.6 53.5 60.1 100.0

HFD+ACN 46.0 52.0 57.9 63.0 100.0
8 NCD 100.0

NCD+BB 82.6 100.0

HFD 70.2 73.4 100.0

HFD+BB 61.1 64.6 82.2 100.0

HFD+ACN 68.4 65.7 80.2 77.8 100.0

10 NCD 100.0

NCD+BB 66.2 100.0

HFD 42.7 44.7 100.0

HFD+BB 40.2 52.1 68.6 100.0

HFD+ACN 50.7 56.1 61.5 76.3 100.0

http://journals.im.ac.cn/wswxtbcn



140 A=Yy~ 8 Microbiol. China

2015, Vol.42, No.1

%5 DGGE £%HHEHIEZEHME 16S rRNA EEER S FE5IHREUE ELES

Table 5 Similarity between partial 16S rRNA gene fragments of dominant bacteria from DGGE bands and those
published in GenBank

Al R

AR

BERS

Band Closest relative Identity (%) Accession No.
1 Uncultured bacterium 100 JX012758.1
2 Firmicutes 99 GU954564.1
3 Helicobacter pullorum 100 AJ876513.1
4 Clostridium sp. 100 KF931641.1
5 Uncultured bacterium 99 KC856777.1
6 Uncultured bacterium 100 JX509396.1
7 Uncultured bacterium 99 EF701791.1

2.3 DGGE ${E4 KRS

X} DGGE Kl H AR 45 DR T e oA
13, 1.2 F1 4 5454177 8 JARIT HFD . HFD+BB,
HFD+ACN =l i g B G st i)/ U 18 v 7 572
s, Ul RIS BE TR AT X 3 MR TE N7 1 N Y
ZaE, MPEREN, 1 55 mIE B
i) Uncultured bacterium AR 99% (55 5), FH5
RIEMERI A . NERE . 10 B0 s S A QB AT G
2 5 4 55 Firmicutes #1 Clostridium sp AT
A 100%F0 99%, HiH Firmicutes, J& T IEREER ]
o 8 RS 3 EgmkB T Firmicutes 515
S 1 10 AR HFD+BB 2 Al HFD+ACN 41
fF9mss, Wk, 58 FREHAHE, PR/ E
B RREE ARG . Hdae ™, FERE e A
Bacteroidetes/Firmicutes FAELFEAR , 1 S 4 AR B %
BF, ZIEF R, BIHTERERIIE T 2 P AL 5l
WIERERED Firmicutes it , T EATVETE R
REHEAETIRE . WEAb, Clostridium sp. AHAR ZEFEAT I
J&, Liszt UKW, A EXEBEN
Clostridium cluster 1V BB WAL, ASSZ50H E AR
HFD+BB ZH - ¥ 1A o 38 i it de v, (HiZ 4 v
Clostridium sp. 25 {55 b HFD 4155, #t—33%
B R AR LA IR O IR B 1A R Dh RE, (H
HFD+ACN %K & i %, 5 3CE S RA—
B AYTRAWITE . 10 JA K NCD 4471 HFD+ACN
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.

A Helicobacter pullorum & ar MBS WG w,
DX 2H /N BT BE AT RAEPERA A, W RE AR I
i, FES, NCD 41 6 54517, NCD 4ifl
NCD+BB 411 7 55547 BUE S 1, A T&R 2
A IR B 28 Hh 43 2 H 1Y Uncultured bacterium,
FRLEST 51K 100%F0 99% , SR e S A RE Y 6 R
AR — LIRS .
3 s

AWFFEIEN] ,  35% i B DR JCIAE F 0 N 3R
JININEIE CSTBL/6 /N AL, (HHAT I 255 M 17
EMAEY 2R, FBHERMAESRE, FEEE
KD I A FIAE T R SR HUY AT ] AR S A DG 4
W Firmicutes WAL, DTN i R IR 2 1RIPR /N BRI
W E AR BIBRRTER, SR iEREAE S &R
BA AR I6E
S & X #f
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