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Abstract: This experiment aimed to investigate the effects of natural bee bread on the structure and diver-
sity of intestinal microorganisms in rats. After 60 days of continuous administration of three doses of bee bread
(80,400, 800 mg/kg) to hyperlipidemic rats, the rectal contents were collected and the structure and diversity
of the rumen bacterial community were measured with 16S rDNA sequencing technology.The result of Alpha di-

versity index (Shannon, Simpson) and the richness index (Chao, Ace) showed that the intestinal bacterial di-
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versity in the rats with hyperlipidemia had a downward trend. And the results of 16S rDNA sequencing showed
that according to the analysis at phylum level, Firmicutes, Bacteroidetes and Verrucomicrobia in the intestinal
tract of rats in five groups accounted for more than 94% of the total bacteria. Compared with the high-fat model
group, the Proteobacteria abundance in the intestinal tract of rats in the high dose bee bread group increased sig-
nificantly (P<0.05).The analysis at the genus level showed that compared with the blank control group , the abun-
dance of Bacteroides, Coprococcus and Paraprevotella in the intestinal tract of the rats in the three natural bee
bread dose groups decreased significantly (P<0.05).Compared with the high-fat model group, the Akkermansia
abundance in the intestinal tract of the rats in the three bee bread groups increased (P>0.05).

Keywords : natural bee bread ; rats ; gut microorganisms ; diversity
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113 E&5EBEEME5EE BB TER PR RA D F4 H 3 AL (D 5% AU480) .
1.1.4  ZResA#tE Ty 88.9% HAlHIEL . 10% B . 19% A [EREFT 0.1% $5 AR .

1.2 KEAHE

121 KRR 0B RE  KEOEN SR 4 dJ5IFEAIRE , Hodh2s 1 6] 18 41 1] 0350 SE R iRl k)
HAA ALV = AR R . KRR S AR AR A I i, 26 32 R ATk, 0 R 4 A S04, AL AR He &
FENAERE F 12 0.4 ¢/ (d-kg) (BRI 400 mg/(d-kg) )™, 537 3 4~ KSR W M a6 21 - TS AR I ARG 57) i 4
(BL), 80 mg/(d-kg) ; KRB 7] 5 2H (BM) , 400 mg/(d-kg) ; K AR AR 72 577 & (BH) , 800 mg/(d-kg) o
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rDNA V4 ] Z5 X PCR Y . >R Illumina HiSeq2000 il 4 A Xt 16S rDNA V4 [X PCR F=# AT 7 . 15
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0.05) 5 1M /2 7] & 1 4R ZH 119 Chao 38 B0 Ace 78 %1
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samples of rats in 5 treatment groups

#1 5AZE(ERR Alpha ZHMEIEH S (X+SE)
Tab.1 Alpha diversity index statistics of five groups of fecal samples (X=SE)

Wi H Items C M BL BM BH
Chao index 486.582+19.587"  447.976+7.922"  445.347+17.339"  433.724+31.491°  486.613=11.621°
Ace index 483.591+18.170°  443.570+7.245"  434.240+15.059°  423.648+32.190°  477.214+15.376"
Shannon index 4.193+0.162° 4.183+0.084° 3.482+0.443" 3.413+0.598" 4.013+0.419°
Simpson index 0.053+0.015° 0.039+0.008" 0.144+0.067 0.126+0.072° 0.077+0.050°
Coverage 99.88% 99.87% 99.86% 99.86% 99.88%

[R1%71) - REAH [ 268 22 A8 8 35 (P>0.05) , A 3R 24 57 1.3 (P<0.05)
The same lowercase letter in the same column indicated no significant difference (P>0.05) , different lowercase indicated no

significant difference (P>0.05)

2.3 RAMERIKRIZENRERFEEN R0

231 KAME @A TKRFEMy>H 5 AR IE S A 2] 8 F i 7], (45 R BE R[] Fir-
micutes AUFFE ] Bacteroidetes JEGE ] Verrucomicrobia S FE B 7] Proteobacteria JHRER 7] Tenericutes il
25 ] Actinobacteria W M E ] Cyanobacteria MTM7. 54 ZERES TP AT S 405 1] 28 Firmicutes .
Bacteroidetes Fl Verrucomicrobia , {5 2| T BT B9 94% DA I (F22) ., MNFE2FE S FFERTLIE T, 525 H X
MR A LY, v DB TR0 21 e b 12 79 o 40 K SR A T Tenericutes 1 8 35 T 2 (P<0.05) , SR . rhss) 20
K BN IE 1 Tenericutes 75 1t 25 5 AN 35 (P>0.05) o 5 = BEBEARIZH AH LL , SR 1 57 1 2 K BRI 18 1 Proteo-
bacteria “FJE 3 L F(P<0.05) ; BEARAIL | = 0 S 2 K BRI 1B 0 Firmicutes “FFEA T BEATEE(P>0.05) , 1%
KA E T (P>0.05) ;3R] 1 40 K U IE Y Bacteroidetes “F-JE A T B % {H 22 57 058
HEER SL(P>0.05) , [l Verrucomicrobia F A Tt #(P>0.05)
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F2 RRERXKRGEREEBEVKFHEEZN (X£SE)

Tab.2 Effect of natural bee beard on abundance of intestinal bacterial flora at phylum level of rats (X+SE)

'] Phylum C M BL BM BH
Firmicutes 0.432+0.029" 0.554+0.118" 0.467+0.135" 0.652+0.057 0.480+0.045"
Bacteroidetes  0.502+0.046" 0.360+0.130* 0.233+0.079" 0.148+0.065" 0.278+0.070*
Verrucomicrobia  0.048+0.028° 0.072+0.065" 0.283+0.151° 0.181+0.005" 0.190+0.113"
Proteobacteria  0.012+0.003° 0.013+0.003" 0.014+0.003" 0.012+0.006" 0.049+0.020"

0.003+0.001¢ 2.170x10*£7.307x107°" 0.002+2.001x107* 0.002+2.948x107** 0.001+2.079x107*"

Tenericutes

Actinobacteria  0.001+4.665x10™**  9.490x107*+4.539x10**  8.034x107*+4.579x10**  0.003+0.003" 7.436x1074+3.539x107**

Cyanobacteria

™7

Others 0 0 0 0 0

SRR F ORAR. FRAT R R RN 22 58 3 (P>0.05) Rl R 22 5 1 2% (P<0.05) , T I+]
“~"Tt means that the bacterial content is too low, The same lowercase letter in the same letter indicated no significant differ-

ence (P>0.05) , different lowercase indicated no significant difference (P>0.05).The same as in the following table

232 RAME @R BT LM I BIAERES DA IE— 2 0 A B8 K- 53 oK U 18 41 T A
TR BIEE R KB, R AR B FEAEAE v Ay AR 17 8 . HorP R TR R Others 3 v S & Ak-
kermansia \EUIR TR J& Oscillospira F &I 35 K (S J& Paraprevotella 3t 4 /1> 1 Jg £ JE (5 AR 1 80% LA I (%
3)c G2 X IRLLALL, i ot IR 3 AR 20 10K U 3 UK R Bacteroides JEBKTH & Copro-
coccus Fl Paraprevotella 7 & B 3& T [ (P<0.05) 5 = A % B8 20 K BRI 38 H 2 10 EQ TR Roseburia - J8 I 2% T
(P<0.05) , B R ARG ek 20 1 b ) B 1 K UM T Roseburia F A TS 22 R TS5 L (P>0.05)
SENeEAZAAR L, 3 R R U IE P Akkermansia F A LA BTG 24225 (P>0.05) .

R3 R AR E R R ERKTE N EERIN(XSE)

Tab.2 Effect of natural bee beard on abundance of intestinal bacterial flora at family level of rats ( X+SE)

J& Genus C M BL BM BH
Others 0.505+0.031° 0.544+0.023" 0.4710.132°  0.525+0.060'  0.473+0.085"
Akkermansia 0.048+0.028" 0.070+0.065" 0.280+0.151*  0.181+0.005*  0.191%0.113"
Allobaculum 0.008+0.004" 0.004+0.003" 0.003+0.002°  0.014+0.013"  0.010+0.004*
Bacteroides 0.014+0.004 0.004+0.002" 0.002+0.001"  0.003+0.002"  0.003+0.001"
Coprococcus 0.032+0.008" 0.008=0.003" 0.005+0.001"  0.008+0.003"  0.008x0.003"
Desulfovibrio 0.005+0.003* 0.00123.624x107**  0.003+0.002°  0.004+0.001°  0.018+0.006"
Lactobacillus 0.013+0.010" 0.004+0.001° 0.009+0.006"  0.039+0.036"  0.006+0.003"
Oscillospira 0.070+0.016* 0.173+0.052" 0.123£0.020°  0.143+0.086"  0.144+0.033"
Parabacteroides 0.006+0.003" 0.019+0.008" 0.012+0.007*  0.006+0.003"  0.011+0.003"
Paraprevotella 0.180+0.055" 0.030+0.010" 0.014+0.009"  0.017+0.016"  0.044+0.027"
Prevotella 0.043+0.010" 0.087+0.052" 0.018+0.008"  0.007+0.003"  0.016+0.008"
red—4 0.009+0.002° 0.010+0.003" 0.019+0.006°  0.009+0.005*  0.015+0.002°
Ruminococcus 0.044+0.010° 0.021+0.004 0.019+0.013*  0.017+0.009°  0.022+0.014"
Sutterella 0.004+0.001° 0.006+0.002" 0.010£0.004°  0.009+0.006°  0.009+0.002"
Dorea 0.016+0.007* 0.001+3.090x10™*"  0.004+0.004”  0.006+0.005"  0.002+0.001"
Roseburia 2.374x107+1.882x10™*"  0.012+0.004" 0.008+0.004"  0.011£0.006™  0.004+0.001"

Helicobacteraceae
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P53 WA T B IR R B 45 )0 A BRI A A SR IR AT R T, e A AR A8 A N R A S s 3K
¥ R A ZE L VA, T g R A ) R ) 2 1 — 20 0 E MILAAR B v R IR AR ARG e R, v Rk
HECZH R 3 A e 751 o 2 R U o T W v R R 60 d IS L 38T UG IR AL, KRR 38 PP TR BE TR 1] K-
micutes 5= & 3575 1 ik B 3 4 501 Ry 25.93% .8.10% .50.93% A 11.11% . 3 4~ W i 751 #2211 JULAF B
I'] Bacteroidetes = J& i 3 IL T 25 [ X BE AL (P<0.05) , /& I8 X BR 2 AR 4 125 6 BR 2 1) 98 1 o 28.29%
(P>0.05) ,3X 5 Kallus SF2 I BF 58 A — 300 S 303 P R0 R 3= B2 228 09 J5 R T GRS AT I T 1 2Rl e = 5
g 55 A B A A 5 4 A A ) TR 170 35 R L R R ) S A B /D2 LA T R B A K B IR e, WA
W Z R JEREE [T S 50 X RIS I e R RmE T e 2 & IERE RS, AKX
YRR T T TE TR RS AL o R v R a4 K BRI 1 T AR JE T ] Proteobacteria = B i 2% 1 (P<0.05) ,
MARE R & i B IR R GL A bR R, b, R 8 7 o 20 X B 3 v 3B T[] Tenericutes %5
SR T S AR LU S R B (P<0.05) , 45T R MR BB 2 /K F- o 33k 3R I ey A7) 2 T B A ey L X L
14 1 3 TR R 45 A8 WA R B i VR o 5 R IR AL 2 A L, R | b ) o 2H K B OB P Fir-
micutes £ A T FHH(P>0.05) , FEIE 5110 15.70% F113.36% . 13 42 W1 K AR e AR AT RE 2 9 42 185 5 1
SiE K U IE 1 Firmicutes B8 T 1E 5 7KF (B BAR LS A fr ik — 2D BF5E . AR b 70) i 20 5 iR
I e A AR L, K B IE H Firmicutes £ 2 & (P>0.05) , X AT fig 2 K RS IAR I 2 58 ) 22 55
JIr & LAY

NS0 3 20 R S 7T b2 23T, e R BRI 3 A bR e 2 R BV 3 TP A T R R R TR
#(P<0.05) o 53 A~ 2 K (U7 38 T 3L 9 2 R Akkermansia 5 R IR X BRZLAR HE B 1 THE 3
(P>0.05) . Akkermansia W] F| FH iz 18 - K 40 MO R5 RS2 i A 35 88 AR S LR s R U, DA 3 2o 5 A IR
i A2 IBUAR B T Akkermansia TEFE AR R N, 2B HH — Fh RO JEE NG TR —— LR
BB A B B VR IR, BIFSR R, 25/ N BRUHE B TG 1Y Akkermansia 40T , BEISTEAN S I AR 00 A
TR R FHENERES S Akkermansia [R]85 7 18 vh fe oy 32 5 IO RE IR AH TR, H RN & S 30l 8
RO RS, T B E R Re s AL I E T A A EYE S R ANE . BRI R E R
INLAE AR B i 1) B8 35 PR N Akkermansia 5 523 T FEAR . IR P & 75 1) 22 B0 %) Akkermansia A 2542
TURANE . 2 el AR T R b B N2 AR 4 L i oAk, 7= A= B, DA TT A Akkermansia B FFH: BY
K fit 17— RAFFREE,

£545 Alpha ZAEPE 7 38 4058 17K SF-F0 g K SF- AT R0, w55 B I oK B 38 TR A 0 2 e 1 SR IR
Wi B i A I DR BRUPE T 15 A0 L v ) B MRRR S L HCRR 0 T TR R T BE e R A AR HLRE R T S BOIE B
0 JEERE TR 1) 0 =5 B2 T 1E 9 /K [ I BB v A3 4 1 38 5 2 B 1 3, KPR A o LG Fr ik — 20
W%

Sk

(1] Z5dm, AW, Sl , 45 3 R0 2 ) v I I /s RIS AR 355 22 PPARy ATGL £ mRNA F ik 52 [J ], [ i 2
1%,2015,15(9) :9-14.
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