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Effects of fermented feed on body tissue fat content, fat metabolism-related
gene expression and cecal microbiota of laying muscovy ducks

REN Shanmao, TAO Yong, JIANG Hui, WANG Jian”

(College of Animal Science and Technology, Jiangsu Agri-animal Husbandry Vocational College, Taizhou, Jiangsu
225300, China)

Abstract: A total of 750 37-week-old black-feathered muscovy ducks of laying period were randomly and evenly
divided into 5 groups with 5 replicates in each group. Ducks in the control group were fed the basal diet, and ducks in
the experimental groups were fed the diet supplemented with 2%, 4%, 6% and 8% fermented feed, respectively. The
pre-trial period was 7 days, and the trial period was 37 days. The effects of fermented feed on production
performance, body fat content, fat metabolism-related gene expression and cecal microbiota of laying muscovy ducks
were explored. The results showed that there were no statistically significance in egg production rate, average egg
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mass, daily egg mass and feed-to-egg ratio between the different levels of fermented feed groups(P>0.05), but
addition of 4%, 6% and 8% fermented feed to the diet significantly(P<0.05) reduced broken(soft) rate of the laying
muscovy ducks. There were no statistically significance in fat contents in liver, breast muscle and leg muscle of ducks
with different levels of fermented feed(P>0.05). Compared with the control group, FAS and LPL genes expression in
the liver of the ducks within the 2% and 4% fermented feed groups and PPAR-y gene expression in the liver of the
duck within the 8% fermented feed group were significantly higher than those within the control group(P<0.05);
ATGL gene expression in the abdominal fat of the ducks within the 4%, 6% and 8% fermented feed groups was
significantly lower than that within the control group(P<0.05); and PPAR-y gene expression in abdominal fat tended
to increase(P=0.07). Sobs index of the 4% fermented feed group was significantly higher than that of the 6%
group(P<0.05), and Shannon index of the 4% fermented feed group was significantly higher than that of other
groups(P<0.05). 8% fermented feed significantly decreased the relative abundance of unclassified_o_Bacteroidales
(P<0.05), and 4% fermented feed significantly increased the relative abundance of norank_f_Oscillospiraceae
(P<0.05). In conclusion, fermented feed couldimprove broken(soft) rate and regulate the expression of fat
synthesis-related genes. Meanwhile it could increase the diversity of intestinal microbiota and improve the structure
of intestinal microbiota at the genus level. The optimal addition level of fermented feed in the diet was 4%.

Keywords: black-feathered muscovy duck; fermented feed; production performance; fat; gene expression; cecal

microbiota
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Table 1 Composition and nutrient levels of each experimental diet( air-dry basis)

TR I3 o 1%

ERAF

41591

ok Bk A IR ISR €05 B R

(ﬁﬁfbf) HLEE F1/% 45/% S BEI% £rhivo BURIRI% EEIRI%

FO 50.508.0026.80 0.00 0.00 8.90 0.80 5.00
F2 49.006.8026.95 2.00 0.55 8.90 0.80 5.00
F4 47.105.8327.11 4.00 126 890 0.80 5.00
F6 45.504.6527.25 6.00 1.90 890 0.80 5.00
F8 43.803.6327.36 8.00 251 890 0.80 5.00

10.56 1703 353 0.65 0.39 0.88 0.41
10.56 1703 353 0.64 0.39 0.89 0.41
10.56 17.04 353 0.63 0.39 0.89 0.41
10.57 17.04 353 0.62 0.39 0.90 0.41
10.57 17.04 353 0.61 0.39 0.90 0.41

BRR BT PA KRY et
1.4 MEFRIRETE

1.4.1 A= Haene

RIS B B K E R UE S B E RS E, JHids
WG . BRI ) &R, DRGSR
SRR, BERIC A S EE LT B TA R
Mok, HHASEYH R, P H S ER R RE
Fo. PR, B ERS,

1.4.2 #HmiE

RIS, A A PEH 2 WS P BRI 1 i 451
HRAL AN IE . TG G R R AR AR R, e
F 2 mL S, SRR AR P A R I
F-80 °CLiAF, FHTIEFFRME; REME
WNEY TR, L EVE TRA A%, LU
B Z R E 5 SRAEFFNE . 2200 e ILARR AL
FEMTCTE 4%, 720 CRITKF AR, LI
KM G
1.4.3 G A= 6nE

BERPIE . M IUAIRR UL J il 25 BOXU TR A

PR FEARBTZR, SRJGHIE GB 5009.6—2016 {1/t
GREZRME BRI IE ) &R FRFEE

P ERE SRR & & BRSNS 3 IR, 4
RUARTFEP IR & 2R
14,4 R ARaAR X 2R B R A K2

T AR A AR DL I ) B A, e i
JIEFNRE NN TR & I ERE R (FAS) I8 25 IR 1Dy Ak
BRI(LPL) . BEWFZHZUH v — PR /K i i L K (ATGL)
Tk A A W Tl 1 ) VTG 52 1A T (PPAR—y) Y e K
JKF-. K TRI zol® Plus RNA Purification Kit 7]
(Invitrogen, £75- 12183)FEHUIFAEFINE LU RNA,
{56 A R Mk 38 57 & Super Script™ IIT First-Strand
Synthesis Super Mix for gRT-PCR(Invitrogen, %5
11752-050)%% & RNA %% 5% 4 cDNA, LI B-iLsh
B UL (B-acting Ry g, TR & Power
SYBR® Green PCR Master Mix(Roche , 1% %
4913914001) FH qRT-PCR #:(Quantstudio £
SERF G E = PCR Y, Life Technologies) e & 44T
PR FINAREEE . 51975103 2. PCR [
A Z 445 cDNA 1.0 pl. SDW 8.0 pL. Power
SYBR® Green Master Mix 10.0 pL, Forward Primer
(10 pmol/L) 0.5 pb, Reverse Primer(10 pmol/L) 0.5

P, EVAFHN 20 P, PCR R EAMRES S 3K,

#* 2 A PCR 5|¥F1& 4

Table 2 Real-time PCR primers and conditions

FEA SIS 151 (5-3) IR/ Mbp AR KGR EPC

FAS XM_027459847.1 TGGGATGAAAGGAGCCTATG 165 57
TGATGACAGGCTTTGCTTTG

LPL XM_027446391.1 TGAGGGAATCGAGAGCAAGT 197 57
ACAGAGCATCGACCAGCTTT

ATGL NM_001310387.1 GATGATGGTCCCCTACATGC 173 59
CTGAAAGGTGATTGCCCAGT

PPAR—y NM_001310398.1 TCAGAAATGCCTTGCTGTTG 201 55
CTCGCCTTGGCTTTAGTCAG

p—actin NM_001310421.1 GCAAGTACTCTGTCTGGATTGGAG 116 57

TTTGCGGTGGACAATGGA
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PCR #EFREAE R 95 °CHIAEME 1 min; PCR ¥4 40
GBS N 95 °C7EE 15 5, 63 °CIE A FILEAH 25 s
WL BER 55 °CBMiFHRE] 95 °C. 4RI
FERAIX B RN, SR 272205,
1.4.5 Eh W sl s e mE

BN RAEY N E T B EE A R
AR BR A AR WF R T E R S b,
XTP AT E 7y R BT (OTU) RS, IR T b
TR AT R UED) o 2RISR BT
TR FE S DL AR e S B T o

1.5 BIESZIT 9
iz SPSS 20.0 #ATHNEK T Z0Hr, HH

Duncan L 7 28 i, 223657 MEsAR IR0
HEE T, RAIAESEHGES Kruskal-Wallis H.
[HZE ANOVA (K FEA )RG5 1

2 HER59H
2.1 AEHMAN X FEEGE AR

¢ 3 A1, MR ] KSP & BE RE e R
MG =R SEREE TR . P H T R R R
LA A A Y 22 S 28 e g 200 L(P>0.05); 5% |
UM, 4%, 6%FI 8% K& el bl ALm (1) K
(P<0.05)F&AI% .

* 3 AIRTREIKF LB AR = REROAE =11 RE

Table 3 Production performance of laying muscovy ducks fed different levels of fermented feed

Eibl A% PR I H P E F g KL T () /%

FO 41.44 81.65 34.89 5.96 4.32a

F2 41.90 80.18 33.58 6.10 2.74ab

F4 43.92 84.27 35.89 5.54 1.60b

F6 44.24 80.82 35.77 5.39 1.77b

F8 43.42 83.09 36.01 5.49 1.75b
SEM 2.01 1.28 1.67 0.43 0.70

P 0.81 0.15 0.82 0.72 0.05

[RIBAN R T BE7R 4 0 22 57 e 2772 L (P<0.05) .

2.2 KBEERIY = EEFMATREAAABER & 2/
A1)
H 2 4 AT, TRMOR R K & B ks r-
F* 4 ARTEKE AR EEFSATAEFIAL
HEEEE
Table 4 Fat contents of liver and muscle of laying muscovy

ducks fed different levels of fermented feed

RS & 5%

iR

JFIE iEalilIn JB&AL
FO 26.54 5.11 22.01
F2 30.64 8.05 20.81
F4 29.21 6.04 23.81
F6 21.79 6.62 22.34
F8 28.74 5.28 21.16
SEM 1.81 0.47 1.03
P 0.58 0.31 0.90

WSS Y FEIEE e SRR AL s 55 2 2L ) g 22 542
geit 2 L (P>0.05),

2.3 EEHAR T EEBERRHEXEERIE

Al

R 5 ATAl: SXREZIAHLEL, 2% 4% K& iR
BLH P~ BTN PIE FAS, LPL R AOAH N 22k Y
8 2 (P<0.05) 34 i1, 8% & M il ket 4 ™= 2 75 G JH ik
PPAR-y Jit [Kl (1) FH X} e 1k 1 I 3 (P<0.05) ¥4 i, &
T RL2H P R AT ATGL JEH Rkt L
(P>0.05)54k; 4%. 6%FN 8% A FimlkHAS InZH ™ i
FHGHERE ATGL R F AT ik it i 2 (P<0.05)%
fiX, REEREHE - BRI ENE FAS 1 LPL JEA 1Y
FHXS 3k i B R A 2% (P>0.05) 21k, HIENE
PPAR—y SE[E HAHXS 235 A B N1 4 #(P=0.07).
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Table5 Expression levels of metabolism-related genes in liver and abdominal fat of laying muscovy ducks fed different levels of fermented feed
w5 JHERR 15 AR AR DG HE B ) Fe 1k K T NG REAR W ARH AR DG L ] 1) 26 15K T
FAS LPL ATGL PPAR—y FAS LPL ATGL PPAR—y

FO 1.00b 1.00c 1.00 1.00b 1.00 1.00 1.00a 1.00

F2 2.62a 6.28a 1.20 1.12b 1.10 2.64 1.21a 1.45

F4 2.27a 5.15b 1.29 2.15b 0.80 2.20 0.37c 1.73

F6 0.69b 1.80c 0.81 1.14b 0.96 0.70 0.49hc 1.24

F8 0.36b 1.21c 1.03 3.46a 0.87 1.73 0.70b 2.85

SEM 0.26 0.29 0.20 0.37 0.23 0.88 0.09 0.40

P 0.00 0.00 0.53 0.00 0.92 0.43 0.00 0.07

[FIFIAS R PR 2 7 22 58 Gt 243 X (P<0.05)

2.4 HBEARN BB E I Y H. Shannon $§%§ i # (P<0.08) i T H-Ath 25 411 5

M 6 TR, A% A DAL 2 G i A 2
Wi E ) Sobs 185U % (P<0.05) % T 6% 41,

Simpson. Ace $5%F1 Chao $5 %545 40 11] 22 3 58
247 L (P>0.05).

*6 MIRTEIKFABAMNTEEZNEMNTUERDN o ZHMHER

Table 6 The a diversity indexes of cecal contents microbiota of laying muscovy ducks fed different levels of fermented feed
20 5 Sobs 5%k Shannon 5%k Simpson F§%1 Ace F55 Chao #5 %k
FO 501.80ab 4.54b 0.03 598.40 600.80
F2 507.80ab 4.48b 0.02 590.90 606.60
F4 604.20a 5.17a 0.04 683.30 685.10
F6 417.60b 4.30b 0.04 510.50 520.30
F8 502.80ab 4.51b 0.03 591.10 612.90
SEM 37.00 0.14 0.01 49.38 54.60
P 0.05 0.00 0.18 0.25 0.37

[RISIAN R TR 7R L] 22 5 A7 GE 27 75 L (P<0.05)

1 RTHEL, TR B, JERETR ]
(Firmicutes) . #1#T I '] (Bacteroidetes) . Ji{t £k B[]
(Actinobacteria) . Jii#k#T 1] (Deferribacterota) 4 4
P RS il e L LAEY I Ear 7/ B PO oY
BRI, HLLERERE T VR 5t e o
Gt IR A T K B2 53800
et L (P>0.05). MIEl 2 AIAl, JEACE I,
¥ B J& (Bacteroides) . I iff i Bl RC9 Jiz i ¥
(Rikenellaceae_RC9_gut_group) . 7 WL /)N Bk i &
(Subdoligranulum) LA & i #2 i€ 7 J& (Mucispirillum)
NEHEFRN NS VRS TEE . 5 S
2y AT T N S ) 22 5 TR T AR B L3R
7. W 7 AIAL, SXTREAIAELL, W 2% 8%k
B% 1) B A B 3% (P<0.05) MK T unclassified_ o
Bacteroidales [AHXS 3232 ; %S i 4% K EIDELS 122
(P<0.05)#2# T norank_f__ Oscillospiraceae A%

FHE BN 2% % B EHE B2 (P<0.05) 4 & T
norank_f__Erysipelotrichaceae HJFHNTF2JE .
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Fig.1 Relative abundance of cecal contents microbiota at phylum level

E1

of laying muscovy ducks fed different levels of fermented feed
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Fig.2 Relative abundance of cecal contents microbiota at genus level of laying muscovy ducks fed different levels of fermented feed

xR7 ARAEKELBRAN~EEVERAS
MESERIEFERE
Table 7 Relative abundance of differential bacterial genus in
cecal contents of laying muscovy ducks fed different

levels of fermented feed

HEXF = E 1%
2415 unclassified_o__ norank_f__ norank_f__
Bacteroidales  Oscillospiraceae Erysipelotrichaceae
FO 4.6a 1.1b 0.7b
F2 1.1b 1.9b 2.0a
F4 2.6ab 4.6a 0.9b
F6 2.8ab 1.0b 0.5b
F8 1.8b 2.1b 1.2ab
SEM 0.8 0.5 0.3
P 0.05 0.00 0.01

[ISIAN ) TR 2 ) 22 AT BE 458 X (P<0.05),

3 Fie5ifie

TR BRI RIS . KRR | i
FEE BT . OF5E A AR L SR 845 2 05 i
Wi, A P A As X 2l g A 7 P BE S M A A9F S 4 R 5
AgEe—E0, BRI, KRR P B E
HE PR RE B BB OCR , AT i vy 7 A DOTAN
Hy- e, BB Lo, ARBTE AR, Bk
AR M GE T SR RS AR () d R, (HR
SN A A P PERESR R . R I IR RS () FE R 114
A AT BRI T R DR R IR pH o {EL(4.29)
AT REARE BRI, M AR T 85 1 A
M, ks 7 ESCRBTRE, R TS SRR ()

T A W T DL S AT 25 A TR A e R B TS
HE I Z RGPS Y, nTh e PEARSRNE . A VLR |
ANIK L BEERAEAK . ZEBERARAE, M T AR B4
PREI R BACIH N ) 52 27 S X SE A TR s
T 30% 11 & TR A5 T kL, BRAR T SC B R 1 B
R AR SR A AT AR AR P S A ) 5 A L
AT FRY), YUk 0.3%F1 0.5%i 5%
T AFI PR R, DL ERRSE R, Rk
FLERFF IR 15 37 90 vl B AR R AR R . AR 5T
o, TR IR IR T AR TG AR R A R
fb, X ATRES K rRDR R R R DR R 2 A B
TS BRI RIS SR R R A

PRAEZENALE 76 = H XA M 10% 7R
KBTS R (R A DU T . FLER T . 2R AAT
B JGAANER . BERER S, RO K &
Koy KRS M TRl 2 Bty T LR ATLAIL A g 1
i, TR PHAEMSIZE P RS SR RAR TSI 5%F0
8% & WM, 05 T A LA ULAE I & i
ZHAO 21O 5 % B, VI T FRAR TR #5518 42
d B RS LRI BE LU BRI & i, s
ERIEHIAR A5, AR, ARRKE R BRI
X e R AR L IR e A R, X
LIU SEUZEG Rt BERS SER IR R ES D 0.3% & T
7 - (EESS ZE AT T R ) AR 45 SR — 8. ARTR)R
95k T ARDEE T LN BRI 5 s e 1 25 SR AT g
REERY) . R IR IR LR K e R Rl 25 AN
EEESS
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P 5 AR, U2 3] 64 H 555 P A XS HFIE LPL
B E F T R EERAZ5 S B 0%~30% 4
PR RN A SE g DT 202 ATGL JE AR X 2R3k
T ARAFARZEIONAT LIU 2755550 25 TR AT XS FIBE RS 5]
MEFLRR TR A R TR R AR AT, & 25 R
Ik T LPL 1 FAS JERRAHXT RIS, 55 Bk
T PPAR—y BERIARX KA. M AT I, A
L REX i 15 A5 A O 35 PR 2 3k 1 1 5 i e — 24
HIZEie, HAEHE R I mRME FI 0 sl A= 3 B
RN . REERRE DR RE RS A . xR
Vi A 5 5 DR 3 58 AT IR 45 4 FE %) P LRk T
e I8 1) & Rl A SR W) (N FLER T B 2R 0)
KRN AL (A e 2 4 o A i A i 4G
PR OCHE N By Feak B TR, NI RS A s R & 1k
e . AR 4% Kk R B 2
RGO G R Rk i, — AT RES &
FEmbBL A A DG 5y — T AT BB S FE AR rh s
T B iR AR A O . TR R AR B A
Y0 [ PN G I AT AR 5 IR T AR DG B IR, A
FASPOA PPAR—[EIRZIAAF- o AWFTEr, K
TR FH SRR & A DG R R 4 = T, (B2
JEREFIILN AR & AR B AL, SRR L
PR AL RS 2 5k AT X6 i 105 A A G 5 R 11 7 9
5, WA (R B BRI, XA T —

10 15 B 7 45 K a4 R AR B B R K
B I E A Y A BT R, RS
o, A% IR RN P B Y H A i AE 1iY Shannon
FRBURE T HAAS AR, RS ek
TR E A 2k s 4% Kk BRI EHA
ERME N H norank_f__ Oscillospiraceae it
AR B T HA & 4H Ay, norank_f__ Oscillo-
spiraceae I T ERENYIIIGIE, AT im0 AR
AR R R K A S PRI SR 24, X e T
TP AT i AR A R M X Al K AR A ) R SR

IR FHRE T1 o A% % B T AL 4L i A F R DG S R
TR AR N AT REARL 5 R B R A S norank_f__
Oscillospiraceae AHXJ =B g R A ¢, R IERERT
W AR GV E R, — TR TR A S 25 T
R A 25, nFLBR A . 2R I A
I3 — 7 TH Al BeAS g5 T R B AR v AR B UE AR
B R oA, ik B R (AT & FE LA R AT B
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