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Abstract: In order to clarify the effects of quercetin on the production performance, egg quality, sex hormone lev-

els and gut microbiota of quails, and to promote the application of quercetin in quail production, 288 seven-week-old

yellow-feathered egg-laying female quails were randomly divided into four groups and fed with basal diet, basal diet sup-
plemented with 0.02% quercetin, basal diet supplemented with 0.04% quercetin, and basal diet supplemented with
0.08% quercetin for 56 days. The production performance indices, egg quality indices and ovarian hormone levels of
quails were measured, and the feces of quails were sequenced by 16S rDNA. The effects of dietary quercetin on the intes-

tinal microbial community of quails were analyzed. The results showed that the dietary treatment with 0.04% quercetin

I %5 H #A.2023-12-07

supplementation could enhance the eggshell strength of

HETE 15T AHH% H % H (2022YFE0139500) quails. The dietary treatment with 0. 08% quercetin
VEER A W IEAT (1989-) , 4, B ITA G Wi+ BIFT R 5, £ 5 supplementation could increase the laying rate, eggshell
MY EF R AITFIE . (E-mail) cycao@ fosu.edu.cn specific gravity, eggshell strength and yolk specific gravi-

WBIFEE X FH, (E-mail) liuyang@ fosu.edu.cn ty of quails

, but had no significant effect on average egg
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weight, daily feed intake or feed-egg ratio. The diet supplemented with 0.08% quercetin could significantly increase the

concentration of progesterone (PROG) and decrease the concentration of prolactin ( PRL) in quail ovary. The dietary

treatment with 0.08% quercetin supplementation could reduce the relative abundance of harmful microbiota. In summary,

dietary treatment with 0.08% quercetin supplementation can improve the production performance and egg quality of quails

and reduce the relative abundance of harmful microbiota in the intestine and promote the health of the body.
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A A e (Amt) AR RA F]
1.3 KA E
1.3.1 XI5 TS0 288 1 7 A4S 59 58
FRAE 7 d J5  BEPLAY K 4 AL, A 72 B, CRAE
FEEY T3, 430 e R Al ARDEL (CKO) BRI 0. 029% it
K Z IR A EN(T2) (AN 0. 04% it Bz 2 191 A1)
BECT4) B 0. 08% 1 K 2= YR & 1R (T8) , H H
R FVROK ) SR A5 T B 15 Ry (2022) C L 2
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Table 1 Composition and nutrient levels of basal diet ( dry matter)

HiH Z Bl
JEte REEEH (%) 33.79
ERIEH T (%) 41.81
BRI (%) 8.80
ARy E (%) 3.98
T BRR & (%) 0.40
WERREE O it (%) 1.99
BB i (%) 1.99
FYER (%) 3.97
Ak FTRED S (%) 0.30
DL-EZ IR &1 (%) 0.40
FALITEE (%) 0.38
TMEE (%) 1.99
WAL TR (%) 0.20
A (%) 100.00
HIRAKT FRIHAE (MI/kg) 16.68
L A BT & (%) 23.81
P& (%) 0.91
B (%) 0.49

DY R R 1 kg FEREE AL K, PO, 10.6 g, NaH, PO, 2. 1
g,MgS0, + 7TH,0 1.6 g,NaCl 4. 6 g, ¥Rk 0. 9 ¢, KT 30. 0 mg, Mn-
S0, + H,0 0. 15 g,ZnCl, 20. 0 mg,CuSO, - 5H,0 10.0 mg,? 4EtE &
TORAER 1 kg TURURSEAE . BRI IE K 1.0 mg, 4EAEE B, 5.0 mg,
KHAER 75. 0 mg,iZ 1R 10. 0 mg, EEERMEISEE 3. 0 mg, LA 402. 0 mg, I
iR 1.0 mg,q?%;i 0.1 mg, 4% B, 0.012 mg, BRIR SN 1.6 mg,
D-TZ R4S 30. 0 mg, LB BEAFAMER TR 40. 0 mg, 4E4: 3 D5 8. 0 pg, 42k
% E 120.0 mg,

132 A& W -EHE ERE HRE
A MR BO TR AR S EE | H R E R AR
W, S FRPRIE T .

PR H 21.00 h HO SR AL B PR R R
A H 83 = H = A 8 2 5E < 100% , 15 H
PR,

Y e 0 ()R S = A 1021.00 bk
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/B ER TR S,

HRER. MR — %5 H21.00 h #1474 4034
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1.3.4 Mg FEk-Faw RS RS H 7205
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T, R B EAL TR 5 BB B S 41 21(45 s) , 2.0
e W B 1 Y7 YA, I P IR 2 W o 3 Yk A 0 e 71,
Z (PRL) fEOPWIE (FSH) fEE A K (LH) M
TRE(E,) FIZEE (PROG) VR
1.3.5 #5% DNA 425 PCR ¥ 3¢ % &8 = 0| 5
RIGHAZE AT 1 d, >R B0 5 A R B 08
280 A B 4 DNA BT 4% 18 Omega Stool
DNA Kit B38BT 5 347, K 42 BRI A9 i 4= %) DNA
5 FH 19 Byt B 28 Jie Hi K R 56 B0 43 OOl B ok AT
DNA [t 5 v BE R, AR AR RS & 48 J5 T -20 C
PRAFE . MRS X 8L, A Barcode MY %F
SEESIYIYHE 16S rDNA V3~ V4 X, L5197
51} 5'-ACTCCTACGGGAGGCAGCAG-3', R 5%y
F %)k 5'-GGACTACHVGGGTWTCTAAT-3", Fi| F
PCR P=a @i W Z2 e v 03 SC%E , ) lumi-
na Miseq PE300 &y 2 77 5 #1700
1.4 HESH

4 Barcode J7 8 K P53 HEAS, fdi FH Pear X1
NP 4 3E 47 0 98 RN PR, B Vsearch K 1)
Denovo 7 1 25 B 5 13 9 Rt & K 3 51 45 3] i o
L) P31, ffiH Vsearch #4358 B AR B (H
N 97% xR (BT P94 OTU (484E 7328
FI0) B, R Blast BEEF R R S GenBank
ETCRAZTR T 5 BUHE PE (NT) #E 47 L X, 3R A5 B4
OTU Jrxf i i #h 43 2645 B . S8 5 AT QUIME #%
TEHATHI R o 2453 BT (4345 Observed-species |
Shannon ., Simpson il Chaol 538%%) . MR FhERE
FFXT F2 BE RO EE 0 , (R AR 77 11K g K
SERIRN A R B BT, T QUIME #4355 B 2
BEVE T R A AT A8 BRHT (PCoA ), LA
T B T5 A A 22 S M SO . A Mothur
BAESEAT Metastats 21 0] 25 5 4341, i 1 Phython #X
P EAT LEfSe 43H7

iz GraphPad Prism7 X 4 2 i & k-, fd
SPSS 13.0 K MAE47 B 2 07 2250 B (ANOVA) |, %
FH LSD (dRe/Mi PR 25 57 ) WA T R 22 540 #T
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2.1 MR EF AR

ik Bz R VR I S 5 AR 7 R BRI RE e AN 3R 2
MRo RN 0.08% it Bz 3R AL B &5 3 7 R N
94.60% , I, CK 1 8.23% , 34 hn i 3, i v AR M Bz
RSN (0.02% ,0.04%) AL FL T, #5387 AR5
CK T #2225, AFEMERRMELET, HRE
W OFEE BEY S CK BREES,
22 MEEEEBERROIME

At b ZRUN o X S 3 2R R ) S A AN 2% 3 BT
AT LI W VRN 0. 089 i Fz 22 b 38 114 15t 26 7 7
7 LB R 2R LU 43 0l He K 3 34 10. 679% M
11. 22% , i HF IR 2 2295 5 (0. 02% i 0. 04% ) 4b 2E
TS EER I GIRER LGS CK TREER, 5
CK AHEL, WS 0 0. 0491 Kz 2 AL IRFNHAS SN 0. 08% Mt e =

R3 WEEMEBERREHE
Table 3 Effects of quercetin on the egg quality of quail

ACFRAESEREE NI CK #2585 27. 14% 1 25. 71% ; R
I 0. 0496 it e F AN 0. 08% it Ke 22 AbFRIT) 2B e 58
EE TN 0. 029 Bz ZRALER, AN B R B
ARES IR R IR A P B B R B
5 CK TR#H %S,

K2 WEENEBES RN

Table 2 Effects of quercetin on production performance of quail

FEE OTWEER  AREE

R @) (o) (1) I
CK  87.41:2.57b  11.40£0.04a  21.52+2.11a  2.20+0.22a
T2 86.45+4.44b 11.49+0.29a 20.33+1.81a 2.00+0.18a
T4 88.89+1.98b 11.51+0.11a 22.28+2.33a  2.15+0.23a
T8 94.60+1.45a 11.55+0.16a 20.86+£0.99a 2.08+0.10a

CK T2, T4, T8 435I Ay {7l W FL i AR B 80 0.029% #it Bz 25 19 IR A1)
AL BN 0.04% 4 Bz R TR A 1R BN 0.08 %04 K2 2 1 TR & 1R RHY
ABR R =B SR AR R/ING AR R AR PR R) 22 53 1 3 (P<0. 05) ,

HT LA HE LA

HICRE

HFeHmE HARE

b5 Lot L2 (ot s (e o I
CK 9.93+0.62b 1.28+0.06a 30.13+£0.93b 0.30+0.02a 1.40+0.14b 2.83+0.31a 57.93+1.90a
T2 10.08+0.73b 1.26+0.03a 32.02+0.90b 0.32+0.05a 1.47£0.13b 3.13+0.21a 58.20+4.92a
T4 10.25+0.19b 1.28+0.02a 31.68+2.37b 0.32+0.01a 1.78+0.14a 2.77£0.29a 62.50+2.62a
T8 10.99+0.25a 1.26+0.06a 33.51+1.84a 0.31+£0.01a 1.76£0.04a 2.93£0.15a 62.10+1.01a

CK T2, T4 T8 4333l Ay fr B IERIARD AR} A5 0.029% 1 Kz Z ARG RPN 0.049% 1 B2 Z ARG R A0 0.08 % Mt K2 3R B9 IR & TR A AL 2, [+

—FNET G AR RN Rk R Ab B ] 25 55 18 3 (P<0. 05)

2.3 MR EX LI E MM RN

i g 2R A e ) 45 28 B SR PR B R EE 1Y
AR 4 s, 5 CKAHLL, 3 M B R A Ak 21
F14 5 25 BT SRLE X BTV R R i B AR R o

R4 WEEXEAIPEEHEHZMm

Table 4 Effects of quercetin on ovarian sex hormones in quail

WHRER) S CK G 25 . MREE B K A iy
&I, 58 O EAE LR B PR R B R R, IR
T 0. 0891 Kz 2% b B f) i L 38 o ok 3 e IR T
CK, 17T 27 Bl o e 2 . 25785 1 CK

fb g e o R fROP IR A PRB RS & i P VR B 2 5 £ vk BE
(pg/mL) (mlU/mL) (mlU/mL) (ng/mL) (ng/mL)
CK 92.41+4.83a 3.62+0.75a 2.80+0.09a 33.85+3.68a 4.60+0.57b
T2 81.74+7.36a 3.34+0.28a 2.88+0.43a 30.76+2.50a 4.58+0.34b
T4 81.61+6.34a 4.11£0.26a 2.89+0.53a 30.18+3.49a 4.41£0.36b
T8 89.84+5.64a 3.67+0.23a 2.94+0.13a 28.13+1.73b 5.56+0.65a

CK . T2 T4 T8 435I Jy Tl LRI AL AN 0.029% 4 Bz R TR A AL AN 0.04% 4 B2 R TR AL 8N 0.08 %4 e 2 TR A B AL B[R]

— ST G ARG FRE RS AR B E] 22 57 8. (P<0.05) .

2.4 BEENFHBEEREESIT
HEEAAE 16S rDNA I J5 15 2 BP0+ 91

MR 1 7R o BT HRT LA 00 B e i 19
R FEREEHE420.1~440.0 bp STEIFER,
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Fig.1 Length distribution of sequences with high quality
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Mt R 2% X5 46 38 iz 20 T AR (52 0 . CK AT 0. 08% H
Fe ZusnAb B G #S 29 ig E Jt = A 374 4 OTU, H
W2 AL PR S A B OTU $E o 245 4, CK 45
A1 OTU Kty 59 4, 0. 08% il Kz 75 kb R4
A1) OTU £k 70 1~ (# 2)

CK T8

59 245 70

CK T8 435I A f R SERBARDRL TR I 0. 08% 1t e 22 AR A 1R K
b, Eh S OTU $it
2 HBIESEKEBIT(O0TU) 57 Venn E

Fig.2 Venn diagram of operational taxonomic unit ( OTU)

distribution

2.6 MFEFEE o« SHEES

S IE R o ZAPERRENER 5 R, R
H AT LA Y, 0.08 % i i 28 75 fim A B ) 468 35 iy 1 TR
BE=E & B 45 20 ( Observed-species $8 % F1 Chao 1 1§
BO) N AEPEFE B0 ( Simpson 5 %01 Shannon 35 %)
5 CK ZAWE
2.7 MEEEB SEMESR

JV T8 B E S AR R 2 BT (PCoA 434 25 R an &l 3
Jrs . MEH AT LUF 1,3 A F i (PCL,PC2 F
PC3) I BTRRR 20 R 33. 64% (12. 60% F1 12. 17% |,

0. 0890t Kz 2 VS A B A 22 [ fy 85 AH X 383
FWZAC PR N BT, 1 CK FEAR Z 8] 1Y iR
BRI s i, 1 CK M4 N R 2%
SRR 0. 08%Hit e RN INAL S CK HEAR Z [H] Y
PSRN 38, B 0. 08% il iz X R I Ak 3 5 CK
(R ZE ) 25 S5, BRI 2 A Ak 3 1 sl 2 W ol e 5 ) 2
SERER 2 B b oy B AT

®5 BEEE o SR

Table 5 Analysis of alpha diversity of gut microbiota

i H CK TS P1H
Chao 1 54K 119.95£19.15a 136.55+22.28a  0.383
Observed-species 164 94.33£10.02a  88.00+14.00a  0.559
Shannon 54X 2.43+0.27a 2.34+0.48a 0.789
Simpson 5% 0.72+0.05a 0.67+0.08a 0.441

CK T8 4351 4y el WEERIRDE NS I 0.089%6 M K 2 TR A TP EHIAL

PC2 (12.60%) T8_1
8.5
CK_5
- T3 182186
CK_2 T8_4
CK_4CK_6
CK_3
. CK_I

33.64%
PC3 (12.17%) PC1 (33.64%)

CK_1~CK_6.T8_1~T8_6 435Il A il M LAt 1 L ALER AN 0.08 % it
K Z MR AR,
3 ZHIEMNELIRDHT(PCoA) R

Fig.3 Results of three-dimensional unweighted principal co-or-

dinates analysis ( PCoA)
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Hor JERER T N EE 93% , 6 B T 1T A 4 %
Pt 42 W 1 TR RE S AT 0 R X = B 0 A7 A ]
50, M RT DU ) AS [m] Ak 248 29 gy 38 1 #f
PIFLRRAT R ek A2 R AR R K
FRA BB ICEE | K G E < RFF B JE | gk
W E U E R EE ERATEE AT R

1001
90r
80
70
60r
50r
401
30r
20r
10r

AR BE (%)

HE, HhI A EE ek s SRR s FLER
B RIS IR R 5 80% L) b i
FAODC TR o 4850 ol T A R X 2 B R )
SPHT (LDA) (437 G 1EL 6 JIT7R . 0.08% it K2 2 Vs i
A PR A AT B B ( Enterobacterales ) (FUZEH B ( Acti-
nomycetales) MR & ( Clostridium sensu_stricto_10) |
& & A Bl ( Hydrogenophilaceae ) #X%f F= B H CK A &
e M AT B ( Campylobacterales ) | % 45 Bk
Gl ( Turicibacter) . AT E R ( Helicobacter) ) FH X
FERERT CK,

0
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FEAR
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Fig.4 Distribution histogram of microbiota in the level of phylum
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Fig.5 Distribution histogram of microbiota in the level of genus
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W& B (Hydrogenophilus)

W& 4 14 £t (Hydrogenophilaceae)

T 8 _sp_ HKU31(Actinomyces_sp HKU31)
TR & (Actinomyces)

LR FH Actinomycetaceae)
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MR AU B SR D B RG FRECT _2¢3 1
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F I 5 B R (Selenomonadaceae)
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