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Effects of feeding high-protein diets on cecal microflora of goslings

LI Manman, DING Xuedong, HE Mengchu, WANG Zhi, LI Yu, WANG Xichun, FENG Shibin, LI Jinchun, WU Jinjie
(College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China)

Abstract: [Objective] To study the effects of feeding the diets at different protein levels on the structure and
number of cecal microflora in goslings. [Method] Seventy-two one-day-old geese were randomly divided into
three groups, including group A, B and C fed with diets containing 16%, 20% and 24% crude protein,
respectively. On the 14th day, the cecum contents of six geese in each group were used for bacterial culture,
isolation and counting. The cecal contents of other three geese in each group were taken, and primer sequences
were designed according to the conservation of bacterial 16S rDNA. The V4 region genes of bacterial 16S
rDNA were sequenced based on the IlluminaHiSeq sequencing platform, and microbial species diversity was
analyzed based on the sequences. [Result] A total of 1 066 175 high-quality bacterial 16S rDNA sequences

were obtained from group A, B and C. The total number of operational taxonomic unit(OTU) shared by three
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groups was 1 013, the contribution rate of principle component 1 (PC1) to total microbes was 46.64%, and the

contribution rate of principle component 2 (PC2) was 16.46%. The dominant flora at the phylum level were

Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria, Verrucomicrobia and etc. The dominant flora at the

family level were Bacteroidaceae, Enterobacteriaceae, Lachnospiraceae, Ruminococcacea, and Rikenellaceae.

The dominant flora at the genus level were Akkermansia, Bacteroides, Corynebacterium and Lactococcus.

Comparing with group A, the number of Bifidobacteria in group C was significantly lower (P<0.05), and

the number of Escherichia coli and Salmonella in group C were significantly higher (P<0.05).

[ Conclusion] Feeding high-protein diet can change the diversity and abundance of cecal microflora in

goslings, reduces the number of bifidobacteria and lactobacilli, and increases the number of E. coli and

Salmonella.

Key words: high protein diet; gosling; cecum; microflora; high-throughput sequencing
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Fil QIlAamp DNA Microbiome Kit i&77] &% (Qiagen)
2R E A BV S5 4 DNA, | Nanodrop
AT DNA W FERI, K 514 515F(5'-GTGCCAG
CMGCCGCGGTAA-3") fll 806R(5'-GGACTACH
VGGGTWTCTAAT-3") #3440 16S rDNA J&[K]
V4 [Xo A 94 °C TAEE 300 s; 94 °C 21 60 s,
55 C iRk 45's, 72 'C EAH 45 s JEH 25 ¥k 72 °C &
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1.5 =SBENFSHh
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Table 1 Composition and nutrient levels of diets(Air-dry basis)

WiH 2H % 2H5 Group
Item Component A B C

JEORL 2 R 8 50 % FK Corn 46.00 42.00 36.45

Ingredient content /N K Wheat midding 15.00 13.90 13.79
KB Rice bran 20.00 18.53 17.06
¥ Albumen powder 0 7.35 14.70
T KM ZEHFT Corn germ meal 4.00 4.00 4.00
blih ccpe g kit 9.00 8.22 8.00
Distillers dried grains with solubles
Fi K1 Stone powder 0.72 0.72 0.72
T KE H¥ Corn gluten meal 3.00 3.00 3.00
TR Premix” 2.28 2.28 228
it Total 100.00 100.00 100.00

B BT R U % Y E R Crude protein 16.00 20.00 24.00

Nutrient content 4E Ca 1.10 1.10 1.10
%Wk Available phosphorous 0.65 0.65 0.68
H£F4E Crude fiber 6.80 6.60 6.40
HIK 45 Ash 9.00 9.00 9.10
FAAL4H NaCl 0.50 0.50 0.50
7K 4> Moisture 13.00 13.00 13.00
& # DL-Methionine 0.50 0.51 0.52

R RE/MI kg ") 2.70 2.69 2.70

Metabolic energy

1) TR A AT AR 4 FA 1.4x10°TU, 4 A4 D; 6x10° TU, 44 4%E 100 TU, 44 %K, 28 mg, 44 %B, 12 mg,
Ytk £B, 62 mg, 44 %Bg 18 mg, 44 By, 0.12 mg, 44 %Bs 100 mg, 44 4B, 3 180 mg, 4: 4 %B, 11.6 mg, 44 4B, 1.6 mg,
A2z 5 000 mg, Mn 900 mg,Zn 1 000 mg,Fe 1.3 g,Cu 250 mg, Se 4.5 mg,1 7 mg, M A 25 g,w (Ca) 9%, w (P)3%,

w (H,0) 12%

1) The premix provided the following per kilogram of diet: Vitamin A 1.4x10° IU, vitamin D5 6x10* IU, vitamin E 100 1U,

vitamin K3 28 mg, vitamin B, 12 mg, vitamin B, 62 mg, vitamin B¢ 18 mg, vitamin B, 0.12 mg, vitamin Bs 100 mg, vitamin

B; 3 180 mg, vitamin By 11.6 mg, vitamin B; 1.6 mg, choline 5 000 mg, Mn 900 mg, Zn 1 000 mg, Fe 1.3 g, Cu 250 mg, Se 4.5 mg,

17 mg,Lys 25 g,w (Ca) 9%, w (P) 3%, w (H,0) 12%

MR AE S T 3G 45 2R, 14 3& 24 19 DNA H T PCR Jx
N, TN V6 5| #)F1 PCR ER &Y. H QIAquick
PCR 4L iR 7 £ (Qiagen) 4lifk, PCR ¥, RI5 5
K& IR GRS, 75 20 'C 44 T F 30 min.
F QIAquick PCR 4fifb i 5 & 2l b K w12 B 1
DNA, 2RI\ A-Tailing Mix, 7 37 ‘C 444 F W%
H 30 min. &AL R R 3K DNA. $23k
FUESREY), 1216 C F4F T B EHE KM 12~
16 h. MBI 1725 ¢/L Bl HEEEIRZ) 2.5~3.0 h
DAk 4% 38 i 2% 7% 32 (1) DNA PLIEIU H A7 A BE.
QIAquick #E e H BUA T & (Qiagen) 24k &k i 36 1iF

S SCEEMN A Agilent 2100 42405 B A%
(Agilent DNA 1000 Reagents) i & “T- 3173 1 K JZ,
I3 5 Sz %€ B PCR(q-PCR)(TagMan Probe) %} 3
JEEHAT R . ARSI EELE cBot _FRETIBUR, LATETR
B (TruSeq PE Cluster Kit V3-cBot-HS, Illumina)
AR R . UK AL BN IE I HiSeq 2500 &
4t (TruSeq SBS KIT-HS V3, Illumina) I, SLELK:
J 90 bp.
1.6 EREEEFITH

FARUB AT 1 BS 157756 AT B 3k 5 1k 4 97 2
(LBS Bifli). F Bl B la 85 72 3L 40 4 Fh 1g B
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WEW), HEAT REFT B Bifidobacterium. FLERFT
Lactobacillus~ KI5 H Escherichia coli F1Y» 7]
IR Salmonella ()53 55 %7€, HUH 73 B JE BTN 9 mL
TEEKH, #R3% 20 min AR 40 5 L 5B 2
20~30 s B 107" MR- 75 A 1 mL Jo B W R
U107 FoBEV 1 mL B AEH 9 mL o /K
FRIRIY 3 UK, AR BRE S Y SR 107 Pk . K
L7 A R R 107°,1074.107°, 10°°, 1077 Al
107" 55— Z 510 B8 B2 1 T 0 A~ Aot 280 fd STl
R 7 AR B i AR R v S SR Ot v Gt LI
flivh, W8 2~3 N IEE MR, 43 07E 10 5B 38 F
BEL [E I, WA RS FE R 100 uL B T K1
LA, B AN FRREREA 2 AP, £E~FILEN 15 mL
A 46 C Mg FRENRRFREL, 3P, IR A
5o AR E TR RS TR BN 5 100 pL TG
BRI~ L AR 25 I o A B IR Bt 8] )5, A%
AR, B (36+1) C AR N IE IR (48+2) h, HUH 5 it
PR N R ECE , e DIRRRE AT £, RO 7545 v B 5
T3 R VE
1.7 HEsLE

XA 4T TIluminaMiSeq XK 4 7 2 J5
XA YIHEVE 16S IRNA WUl 7 45 R kAT AEW1E B2
53 H7s k1% Clean data, 135 30 bp & KL, 2k
& TR 46 read KB 75% 1) reads, 2:Br$eki5 4
reads, EFR& N [ reads, £FRIKE & reads, it
Illumina “F & (Hiseq) 14T Paired-end 7. 15 F #&
f FLASH 1.2.11 #4TFe8IH% .. A% USEARCH
7.0.1090 ¥ PHE LTI Tags WA NEEE D L8
(Operational taxonomic unit, OTU). 13| OTU {3
31 J5, it RDP classifer 2.2 #{F¥ OTU /£ 7
F 5 5048 B 7 AL, AT R R, BAS R A
WHE N 0.6, il QIIME % fff MOTHER1.31.2
BAFXT OTU #HATF L1, 1H5H Alpha ZFE1E,
& Chaol. ACE. Shannon 1 Simpson & #{ 17 i
o MRAEFES OTU HE vh 5 AR S AR =
B, R 3 {5 Bk 47 Beta Z R34, 4% OTU
1= B3 73 M1 (Principle component analysis, PCA)
HRE i [ P b 2H e SR 2 40, I R 3.1.1 BAF 2l
R4 HTE, JE i QUIME 1.80 %, R A IEMRE
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WFEEMZES, A K IE (False discovery
rate, FDR) PPAl 22 5 (1 08 38 1 . AR 56 245 IR v i ok
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2.1 EBMHERNFERBIFHZEME ST

2.1.1 /A5 % OTU %&it M AB.C3 HHAERER
FEA TR EERTT 1066 175 2= 240 16S rDNA
75, BEAFE S BEHLIE R 11 846 /N7 5138 L i &
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Table 2 Sequencing results of gosling cecal samples

15 Fin Fr 3%k OTU #&
Group Sample No. Tag number OTU number
A Al 111781 602
A2 102 142 671
A3 108 681 691
B Bl 100 069 265
B2 104 458 337
B3 101 674 306
C Cl 107 051 331
C2 111202 353
C3 119 030 234

£ 97% WIAHLLEE T, 452 17 &AM FE M OTU A

%, FIH Venn EIF LR ZREMILE A& BRA
OTU % H, WIEF M OTU WESHN. 445
OTU FrARZR M Hh, W LR tHAS [F) PR o A% o il
AW, AVB Al C 4354 OTU #H A 1013 1, ALB
A C HFA OTU #4r Alh 461,32 F1 75 4, A il
B H3tH OTU 318 4>, A Fl C 3 OTU 369 1,
B 5 C #ILH OTU 246 1>,

2.1.2 Alpha %4454 Alpha ZF LRI
%3, HHABHEFHART 0.999, BB T %M 45 R
CLEE A7 S5 FEA I 2 P 1, A B0 2508 LA A 4
P£. Alpha ZFEH% 0 HT 278 A 44 OTU #( & . Chaol
B4 ACE fe 83 % =T B C 41, B 4141 C 4 (1)
TREER, UH A AP ZHMES B.CHA R
EER.
2.2 Beta ZHEMSHT
22.1 PCA 4 #7 PCA s 2 MMl 4
PEAR e DL D N B BAR B — M 2 on st
M @I AT ASRIFE i OTU ZH R ] DA s it
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Table 3 Alpha diversity analysis of microorganisms in gosling cecal samples
2H 51 OTU ¥ & Chaol 153 ACE 1531 Shannon &% Simpon 5% HE 2%
Group OTU number Chaol index ACE index Shannon index Simpon index Coverage rate
A 654.67+46.69a 698.25+38.89a 700.13+£39.33a 3.34+0.29a 0.12+0.07a 0.99+0.00a
B 302.67+36.12b 341.69+43.91b 338.68+45.62b 2.98+0.13a 0.12+0.03a 0.99+0.00a
C 306.00+63.32b 330.09+82.27b 335.48+87.89b 2.93£0.15a 0.14+0.02a 0.99+0.00a
1) B3 46 R RN B FH AT 27 %% (P<0.05, Duncan’s %)
1) Different lowercase letters in the same column indicated significant difference (P<0.05, Duncan’s method)
T Vil P 2 S5 R, B SR P I R o B BRI, TR ] A2
ANIX PN it 1 2 BGERE ALL o A3
MRAE&AHE A OTU HAHE &+ iR Al
FEG AN INAL UniFrac #R &Y, JEHE T 00, XPRE S BEAT
T PCA 4 W7, 4 Rt 1 B, PCI XK IEIf 4 N
AEM AR TR 46.64%, PC2 TTRRE N
16.46%. 3 AN O AR REWS 1 54 5, A 419 v

5.5 B.C AT, B 40 C Az 85I, 384
W A] — B 1 5B 40 B DR, A PN TR A 0 T 2
AR

04

02

PC2 (16.46%)

702 —

—0.6 = | 1
0.5 0 0.5
PC1 (46.64%)

AR BRI E 45 5 A 0 BT A% 2 B R i ZE S TURR S I
RABREAFE . 4L MO ET AABAICA

The percentage in parenthesis on the coordinate axis indicated the

contribution rate of the principal component to the sample difference; The
points in the figure represented each sample. Red, blue and green colors
represented samples belonging to groups A, B and C respectively

1 HREMERETHEY OTU FEMEMS I
Fig. 1 Principal component analysis of gosling cecal samples
based on OTU abundance of microorganisms
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Fig. 2 Clustering analysis of gosling cecal samples
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Euryarchaeota. 22 JE 1 [ '] Proteobacterias JEHll & [ ]
Verrucomicrobia 1 TM7, 5 B #4250 98% LA L,
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B AWNTHITRE ST ALCH, BRI RERA
B3, 5 A AT B.C H. BRI &
K- 8 5T AT DU SRS & W A E VDB T TR AR AR A
232 14 BEESAKF LEHMAEMFE A
B A5G iz 38 T AE P = B A s WLk 4. ARG 3E
A 9 KA B EL 43 71l 2 A # B Bacteroida-
ceae. M i £} Clostridiaceae. it fiit Y i £} Desulfovi-
brionaceae. I+ % £} Enterobacteriaceae. 12 & £}
Lachnospiraceae. FLAT B £l Lactobacillaceae ERH
£l Rikenellaceae. HEf# 1% £t Ruminococcaceae F155
RERE Bl Veillonellaceae, Hip A ZHAR B R} A B
B e R TR R E A B E S T B C 41,
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Table 4 Species abundance of gosling cecal microbes at phylum, family and genus levels

%

K 5] 2H5 Group

Level Classification A B C

Il LB Actinobacteria 11.97+8.13a 0.2140.12b 2.83+3.23b

Phylum W Bacteroidetes 6.01+4.61b 50.01+11.32a 26.20418.24b
JEEER ] Firmicutes 60.12£17.37a 25.70+7.21a 44.50+31.43a
Wi#E ] Cyanobacteria 0.78+0.39 a 0.0050.00b 0.060.56b
Wi kAT ] Deferribacteres 0.06+0.04a 0.00+0.00b 0.00+0.00b
] 17] Euryarchaeota 0.07£0.07a 0.000.00a 0.69+1.18a
AF T 1] Proteobacteria 5.50+3.48a 10.59+8.03a 4.09+0.22a
PER ] Verrucomicrobia 14.73+24.32a 12.56+16.07a 21.05£17.15a
T™7 0.11+0.08a 0.00+0.00b 0.001+0.00b

F PUFFE R Bacteroidaceae 57.76+7.42a 43.99+14.51a 37.72+12.31a

Family MR} Clostridiaceae 1.91+1.27a 0.18+0.15b 0.08+0.03b
[ AR I E L Desulfovibrionaceae 0.50+0.87a 5.54£6.46a 7.13+4.05a
JYFT & # Enterobacteriaceae 6.90+5.43a 0.14+0.09b 0.06=0.03b
EHRTAF} Lachnospiraceae 2.01£1.39b 8.48+2.62a 9.56+3.45a
FUFFEEF} Lactobacillaceae 0.64+0.78a 0.01£0.01a 0.05+0.05a
R #} Rikenellaceae 1.23+2.12b 6.92+3.16b 12.53+6.06a
PER B Ruminococcaceae 11.45+2.43a 5.82£2.41b 5.39+1.01b
FHRIRFEF Veillonellaceae 6.55+3.75a 0.02+0.01b 0.06+0.04b

J& IR B Aerococcus 1.83+1.10a 0.001=0.00b 0.29+0.44b

Genus UK EJR Bacteroides 2.85+2.46b 29.5246.61a 9.79+7.56b
5 REIRHE 8 Blautia 0.32+0.13b 1.33+0.65a 0.39+0.37b
W& JF Clostridium 0.97+1.11b 1.57+0.66b 1.98+0.67a
Gallicola 0.63+0.41a 0.002+0.00b 0.05+0.08b
FLERH & Lactococcus 5.91+3.482a 0.00120.00b 0.07+0.09b
B E & Megamonas 1.07+0.45a 0.000.00b 0.07+0.11b
AT I 8 Rikenella 0.0010.00b 0.47+0.352a 0.51+0.43a
% IR 8 Rothia 3.77+2.56a 0.005+0.00b 0.07+0.09b
/WNEREJE Subdoligranulum 0.06+0.04b 0.05+0.04b 0.25+0.03a
45 I8 Sutterella 0.09+0.07b 0.77+0.38a 0.21+0.25b
Turicibacter 7.79+6.53a 1.32+2.09b 0.06+0.04b

1) T8 E R R DB F84 A 7 £ 7 2% (P<0.05, Duncan’s %)

1) Different lowercase letters in the same row indicated significant difference (P<0.05, Duncan’s method)

B 1 C A BIRE AL & & T A 4, C AR R
BEEET AB A, A AT E R B3R
KT B.CH, BHIEEZ5F; A @B IE RN T
B.C4, HEREZER.

233 14 BEEEEKF LR MM ESFE W
A FR, HERSE T FE 0 B AE A JE KPR
12 FhAR #1718 N K # & Aerococcus W &
Bacteroides 57 ¢ IR # J& Blautia. R J& Clos-

tridium. Gallicola~ LB W J& Lactococcus B 5L
J& Megamonas- ¥ J& Rikenella. %' i KB J&
Rothia. /NERTH J& Subdoligranulum- 545 # )& Sut-
terella 1 Turicibacter. A WS ERWE & Gallicola.
FLREE B REE. P B RE @M Turicibacter
W T B C 4L EWHE R WA KT B. C 41, C 4l
(RIAR B 8 A /N ER B & 2 25 = T AL B 40, B AU
WE. PR B A R REE R E & T AL C 4.
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x5 EWEPANSATE. LBITE. KBRAEMDIIKEHRE"

Table 5 Numbers of Bifidobacteria, Lactobacilli, Escherichia coli and Salmonella in gosling cecum

2H 51 KU AT B /(< 10" mL™) FLERAT /(< 10" mL™) KGR H/(x10* mL™) VIR /(x10° mL™)
Group Bifidobacteria Lactobacilli Escherichia coli Salmonella
A 31.38+21.52a 10.15+£3.42a 4.13£0.92¢ 2.60+1.59b
B 20.58+13.03a 5.95+2.01a 6.58+3.83b 5.39+4.74b
C 10.82+8.11b 5.20+2.61a 13.95+3.93a 15.50+7.60a
1) A7 3% E R R DB FHERFERF R F (P<0.05, Duncan’s %)

1) Different lowercase letters in the same column indicated significant difference (P<0.05, Duncan’s method)
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