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Difference Identification of Energy Metabolites in Pectoral Muscles of
Sansui Ducks with Different Body Weight Groups

WU Gemin, HAN Xue, WU Songcheng
(Institute of Animal Husbandry and Veterinary Science,Guizhou Academy of

Agricultural Sciences, Guiyang 550005, China)

Abstract: Energy balance and metabolic regulation affect food intake, protein synthesis, and fat deposition in livestock
and poultry, thereby affect body weight and slaughter traits. In order to study the correlation between energy metabolite content
difference and adult body weight of Sansui ducks, in this study, 44 female Sansui ducks were selected from 480 female Sansui
ducks according to their body shape and adult body weight phenotype to organize groups of high and low body weight. Targeted
metabolome technology was used to identify 32 energy metabolites in four energy metabolic pathways(tricarboxylic acid cycle,
glycolysis pathway, pentose phosphate pathway, and oxidative phosphorylation) in pectoral muscles of 160-day-old Sansui
ducks. R-package software was used to conduct quality evaluation, principal component analysis, and intergroup differential
metabolite screening of the metabolite content data. The results showed that the content of lactic acid was the highest in pectoral
muscles, followed by glucose 6 phosphate, oxaloacetic acid, and fructose 6 phosphate. Orthogonal partial least squares
discriminant analysis(OPLS-DA) was adopted and the significantly differentiated metabolites were reduced nicotinamide
adenine dinucleotide phosphate(NADPH) and Malic acid(MA). The results of intergroup comparison and analysis showed that
NADPH content in the high body weight group was significantly higher than that in the low body weight group, and MA
content was extremely significantly lower than that in the low body weight group.

Keywords: energy metabolite; Sansui duck; principal component analysis; targeted metabolome technology; nicotinamide

adenine dinucleotide phosphate; malic acid
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SR AL, ARk AR 70% L. 2021 4E K E
MRS ANE 25 41.042 K, A S {E 1 017.412
Je G R B N A — A b ARG SRR LA
W R 2 A S TR TR T A XU i A A R
A5 T) B B A R R G0 Rk T T A A 4
HBAER B 29 1 450~1 680 g%, = RIS py JH
B T b ot Ry Ak A 1 A5 R R, AR KRB
S TR R 5 i) = G R A 26 O K A5 R — RSk F
() EAR bR . b B R =R AR KRB SR
g HOR AL P ML LA O X,

A AR R T A A T S AR R 2
Jo AR A R A B K A 1 R A A AR R BRI
BREFBERN & MRS oty SR A ¢, fE
P 2 BB I 5 RE T AR A R R L B
Yy AILIAR 7 b T B HE S 7 B A R 2 R E W B A A T
sh. BE R B A SRR S R S B A
S W ORI FH A B AR D 1 28 1 5 R g 7 T AR
SR TS WA R AN SE MR . H AT, BT R
T RE A B BE A SR E I AET L RO &
R\ AR L 1 A A R o N R R
5 2 ity 2 A5 RS N 55 mTOR \MAPK %15
S B B SRR AR s T . Sh
AE I T FE FE R A TE LA 2L, LA XT3 o R
Mg REHET H o EEY, 5E g4 KR mE
SEMER B YIMOG . REERL R R, B R
Z A& MCSR ] RE i o 4 A AR S 58 LA 5%
AR K T AR b . 2 BB TOR L vk T e R
RO 88 T e A UL e i S 408 OC 5 il 7L 1R I = i
(LDH) . 3% ¥1 8 I & i (SDH) A1 5% 2R iR it =
(MDH) /% P 22 5, & B Fp 22 18] Bl 4 0 1 ¢ B
MG EE R

AT TR BE AR R A S A e RE . A
W E R e AR AT R E RS, AR
N R O N R Nl 1 125 R B R
1 22 S R4y F R 0 1 R BF g b o AR R R
A SE b 3 4 2 UMK N 3 TR 2T ) s B, DR AR T
PR 35 A% A5 LB SR AT A

BN RN N NS AR =R R AR = s o TN
T WA ) A KPR BE AR 22 0] 9 A8 A ) 22
S, R LC-MS 1 ) ) 33 AR 35 20 46 0 2 R, 6 =
TG PR P =R R AIE I B B A IR AR W IR R iR A2
A AL B R Ak 4 Fh R B AR R AT ) AR
W (32 ) AT 4828 | B 78 i 3k 25 7 W 35 P e A

A, JF o A SEIhRE L O — R B B AU IR AL AL
PRAE ST $2 PR Sl

1 ARAR T

1.1 Kz

480 H =BG RERS Ok [ BB T B & SR
BoA B vl g 3, [ 600 Ak | ) 55 1) 7% 4% 14
TSR IREE T IR . 140 H WS I 4 35 74 289 41 351 07 ok
H A G 48— G BES 200 4% H o SR 5 AR 4 1R 5 = 4K
Wi, DL -0.5) X AR i 22 M An e, 3% Hh 22 Bk
M, 20 AR 1A 5 R 2H (SD) 5 LA CE 3 +0.5) X bR
WE 25 AR e, 22 FURETS 4] ke IR T AL
(SG) , FF Ji& & 52 i B i st AR G D0
1.2 AE=MHENE

M 5E = B8 42 56,170 d 1R I & (D42, D56
A D70) , 160 H % i & 52, W 52 /i 1% B & &
52 A A B S IR AR bR, R AR M LA A I E H
Koy HEAMBED & WE Tk S (RS
Az 7 P iR 4 TR R TR R B S e T vk i AR IR L
FE AR AT AR #E NY /T 823—2004)2, #1 fifg JyL
PIREAE B % 1.0 em X 0.5 cm X 0.5 cm B JER L %
MAQC-12 Ik At 57 Y I3 A%/ PR 5t B S0 5 e JUL 55
DA
1.3 gEERE RN

160 H i — TR & 52 i, 57 BPSR 42 3 A g v ]
AL 50 mg LAREA, L8 7 /KIEVE S , % T 5 mL
RURE R A B 5 4L A A T TR
A7 % . R Agilent 1290 Infinity LC #8 %5 2%
WA 0% 3R G040 B AR A SR LC-MS #8135 48
T 2R 0 B ARG R o AR T 4 CC A Bl i
FE A, AR 35 °CL W s A0 A i 50 mmol/L 5 &
MR B KW+ 1.2 S8, W B A 1%
T R TR 1 201G VW, Tl 300 pl/min, #F
FEd 2 pl o FEAS BB v g i) B — 22 2500 A 0 A
AU E 1A QCREA, T I FIFAN 2R 48 i A
PERERE M. R 5500 QTRAP i X (SCIEX)
e 57 B 11 T AT RS 40T, 5500 QTRAP ESI
TR R : Source temperature 450 °C, Ton Source
Gasl(Gasl) : 45, Ion Source Gas2(Gas2) : 45, Cur-
tain gas (CUR) : 30, Ton Sapary Voltage Floating
(ISVF)~4 500 V ;3% FH} MR M A& 2 AG 0 £357 0 25 7% .

JIT A RE A 2 R A A O BRAE AR SR X
HERE A o B %) R 1 RN I R M R AT PR AN . SR

+109-



W PGP Bl 22 2025 4R 45 53 55 6 1)

[F] 57 38 A b ik 1 A7 2 140 B, R AR U 5 7
4 w1 = BE LR DL K P B R R SRR D A 1Y
Ak
1.4 HESH

K H Multiquant 3.0.2 %K 4 $5 B (0 335 0 1 £ &%
T B . SR AT H AR W 5 b o S BT GE £ B
], FEAT A Y g o FEF RiE ST MetaboAna-
lystR A3 (V3.1.3)"V#E 47 5t & 97 | 3 184 43 7
2 AR Tk . 2R JH SPSS 22.0 #1417 B

A 2 T B ST
2 BREAHM

2.1 HREMEBEZEMHRNE

44 = FEG R[] H A T i A B SR R g R
MmELIFR,CHZEBEHEA S EES AR E
Ah HABPERAE FR SG B B35 /= T SD(P<C0.01),
U2 Z A AER SEEERERBE ATH T
B Wt .

FR1 FRESEEMR
Tab.1 Body weight and slaughter traits

PR Trait SD SG Mtk Trait SD SG

D42/g 732.304+131.30a  882.564100.77b|BE A ikt /g Carcass weight 1009.35£59.95a 1 320.33+£87.25b
D56/g 925.584107.65a 1 159.37+£93.28b |PE& ke it /g Half bore weight  912.44+55.11a 1 197.20+95.87b
D70/g 1021.88+84.17a 1300.39+93.00b |4 bt Fitit /g Full bore weight 688.15+40.15a  856.284+70.11b
FHIG A /g Live weight 1099.08450.54a 1427.47+£89.69b RN /g Leg muscle weight  108.42+£12.29a  129.79+17.21b
HEE &/ % 85.0544.25a 83.0942.57a |MLITHE/ g 15.60+3.32a 15.97+3.40b
Crude protein content IPectoral muscle weight

SWi /% Fat content 6.4741.98a 9.17£2.29b |KAEFihE /g Sebum weight 27.1245.78a 41.20+8.78b

TE A EV/NG PR 7R % AR 0.01 7K b 28 S bl k25

Note: The different lowercase letters indicated extremely significant differences among groups at the 0.01 level.

2.2 HIBEBREEMNH

PR o a3 a0 B LTS , SAR I 4
O BT W AR BUXT FR , A5 AR R e e A R
m‘%o

100
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A 18] fmin
Time
E1 RERBILE
Fig.1 Chromatogram of standard product

2.3 KitmEEwRn

A O L e S G I ) 27 B e AR
B BRI A RN BERR .1, 6- R A0 (TN
TR PR 5% 30 M0k 0l il A\ 55 S AR B 7 AR UG 6 v
AR, RSN FEANSREREY NS
i, HEA AT 20 A A & = an & 2 BT, = ARG g
JWURE B AQ ) Hh LR B B s, LRI O 6 B 1R
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T4 W TR £ TR M 6 BAETR SR

100 —e — o
= FLE Lactic acid
. 6FERE & #F Glucose 6 phosphate
. EBEZE Oxaloacetic acid
6B R4 Fructose 6 phosphate
75¢ FHE Malic acid
FR#E —BEER ADP
FEHER Fumaric acid
© = BREF=ZBER ATP
HI]THH £ 50t TR B AR IR I ERPEER NADPH
<HI (3 3FES HEER 3-Phospho glycerate

B i citic acid
SR GMP
B T EEE R — 2 HE NADH
25¢ IRE—BE AMP
B ceuw=nn orp
BEEEEE X WEIER Phosphoenolpyruvic acid
[ smwmer—wm opp
RIFEER Isocitric acid
B s5mmes s NaD
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2 REFM0HREMEE
Fig.2 The percentage accumulation column of

metabolites in the top 20 contents
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10 B H PR 3 T, AR R A SD . SG R R X, B
’ - 2AAFTEW] B 22 5, W] SD . SG 4 8] /] REfE T
=i I S % 5 AR AL
§§ o Z% @mf CS%B - PL SD Xt BR 4] . SG A ik 5 41, >R H OPLS-
gm o oF e V. o DA ¥ % 5] 35 22 S A, 5 VIP A P A,
K2 s < 3 4% B kAR 4 OPLSDA 43 W 4 S L& 2. LA P
. - ANTF0.05. VIP KT 10 W35 22 509 % 51
~10 © i o
3 5 0 0 1 > 3 M 2 0] LU A7 6 2R Y B 3% 22 = AU
BRI (4.15%) P 24> 4 B S SR (Malic acid ) A1 AH 1 e
B SRR 1ASREAR 5 B0 A 2 0 R SR 24 R T Ji TR W A% H R W R (34 i A ) (Reduced nicotin-
13 {5 AF 54 45 9500 1 £ X 3 amide adenine dinucleotide phosphate, NADPH) .
Each point corresponded to a sample; The horizontal and ver- —-'%— M: E\%% 4 (SG) EF () 3R JE 70 4 ﬁ%ﬂﬂ i s ﬂé\:ﬂ‘z
tical coordinates were the values of the two factors with the
best discriminating effect. The ellipse marked the 95% of con- 12 9 12 (Reduced nicotinamide adenine dinucleo-
fidence region tide phosphate, NADPH ) & & &} 3 & F Ik /& Jit &
3 REMBEESMANSSE 41 (SD) (P<<0.05) , 3 R f& (Malic acid) % & . 3
Fig.3 Point cloud image of metabolite significant R FARA 4 (SD) (P<<0.01).

difference analysis

®2 BRPWOPLSDAAHER
Tab.2 OPLSDA differences of metabolites among groups

R SD FH 1/ (pmol/kg) SG ¥/ (pmol/kg) VIP Pl

Metabolite SD mean SG mean VIP value P value
EHER Malic acid 7.56 4.42 3.45 <0.01
NADPH 1.84 2.62 1.89 0.01
ATP 4.78 5.41 1.73 0.11
FEHHREE  Fumaric acid 3.38 3.02 1.51 0.15
HEZ R Oxaloacetic acid 9.71 8.20 1.03 0.29
AMP 1.21 1.34 0.89 0.48
ADP 4.78 5.41 0.86 0.15
BEHIME  Succinic acid 0.12 0.13 0.71 0.52
GMP 1.71 1.84 0.62 0.68
GTP 0.56 0.52 0.62 0.42
BRI EE N BN R Phosphoenolpyruvic acid 0.46 0.49 0.52 0.95
53/  Cis-Aconitate 0.05 0.04 0.50 0.75
i E A WEER  Thiamine pyrophosphate 0.03 0.03 0.49 0.52
GDP 0.24 0.24 0.34 0.68
SeRrBERR - Tsocitric acid 0.24 0.23 0.32 0.75
o i) — R o«~Ketoglutaric acid 0.03 0.02 0.32 0.42
3-WEfR H iR  3-Phospho glycerate 2.27 2.14 0.24 0.70
B-6-Mi R 4L M B-Fructose 6 phosphate 7.12 8.04 0.24 0.58
NADP+ 0.08 0.074 0.19 0.98
FL#2 Lactic acid 731.35 694.43 0.18 0.81
FrEER  Citric acid 2.15 1.99 0.14 0.82
NADH 1.40 141 0.13 0.91
cAMP 0.003 0.003 0.11 0.85
NAD+ 0.12 0.14 0.06 0.82
6-WE MR 4B  Glucose 6 phosphate 12.64 13.21 0.03 0.84
WE PR Flavin mononucleotide 0.012 0.012 0.02 0.85
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AR B R I LC-MS H Ji) ) 3% A 35 4 A% ) 4
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NADPH F13¢ 52 . NADPH J2& 41§t N & % 1 4
fitf , 2 588 5 R 53 289 B i ) 4 KR 43 4
BB JF 3. NADPH J2 41 g 4 Py 5 22 ) o {3t
,2 5% & DNA & LW W55 5w A [ m
SR A TR A RN B R oy A A R
MR R SR R L7 2R il 2 R
W 2R 45 19 4 L4 % NADPH #9714 FE fig 5%
B BRI & B, o F IR 4 NAD Y
ppnK FEP AT $28 NADPH 77 & , I 48 & # 2 1R il
K AR A R, B IR A B T UL 4121
R UOH . NADPH 2 8 i 18 & ni i 72
Hh T I BT E— SR IR, 2 i T TR £ I O B ]
2, BI040 i b A L NADPH K £ T4 Ui 1y
fig >, NADPH i R {2 ik 3 J5 A 23 bk H ik i 42
WA AZ AT TR AN 22 Fh bt S A B ) A2 . R R R
1 B A Jo e P 4 K B B, NADPH X T 2 5
W2 Mg Wi PR % R A W BT I AR BEAE L X T
AEMAEKREXEE, [, NADP+/NADPH /Y
{2 17 2 40 R A= i 0% B I AR AR 2 — L BFgE R
B, 3 2Rk A ) NADPH £ 2 5 i, 0 20 i {6
] T3 KRS i NADPH & AR B, 40 i A= K il
Sy Az A 40 M 8 TR 2. NADPH
B Sy 35 B H R AR, 52 ) A AR A G I 15 5
O . TR MR A, A SNEM NADPH
A LA KB AMPK/mTOR 38 85, mTOR {5 5
W BTSRRI 40 R Ak L BR 7 A L
7] A H5E HOR A1 A 50 1 it NADPH & vf DA
WG5S T2 5 R W BAIR R, Q058 7R 50
FR M, 48 1 Xk S wEALEE AT g /E  NADPH (1
VR T R o = N | B S v R R N 3
o, R B R4 b NADPH & & 3 5 TR K
#4101 685 NADPH i JF & 3L 8 g I R A0 A% 1
B2 S5 WA N, OB VR N A5 B A M A K
Far Ak A5 5 38 B sl ast 1% U8 45 55 D e A G, AT 52
M) = el S A < 3 R D S R I

TE [a] 46 1] 5% 25 A1 1, w8 R T i 41 NADPH
o 3 TR R R & 4L, B 5 NADPH A s
FAH X, NADPH WA AL HE 24, k&
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WA, AR RS B NAD, NADH # i fi# /£ NAD
1 NADH % £ # W 1k , 4= 5 NADP 1 NADPH,
NADPH 1) & 132 250 F b i S DR 427, Fok
NADPH A] 76 A [a] i AR i 42 b ™ A, A 46 B 1R 1
B R A . = R W OGS AR R ]
B TR COME IR AR T Y 6 B T A A B S R 6 B
i 7 % W5 R B8 0 B84 FH 7~ A= NADPH 2 s 17k N
NADPH 4= i i) 32 23k 42, {5 76 AS 6] 40 ff opr | H 7=
AR AEAE 22 5, ANAE AR W 2B 7 4 il NADPH
() 7 A B 2 IR T — SR TR MG B v ) S A A TR I
SR AN SR Rl A, AR b E R TR g
NADPH & & i 2 & TR B 41, 7T g 5 NADPH
A R Y O B G NADH 5Bt i R 6 %5 B i A
ity 7 A IR e Al RSP R R il AR T 25 MR R A
K, T ZEXF NADPH & A O 1 B X i % B 7 5
TS A T 11 DG IR D0 T R R AR

SERR R CRRIG I EE P ), 5
IE0 2 A0 R A D 1) AR B G L SRR
FEUCE B & A Mk B N BURE AR AIOR A
ERE A EEAEM . PR R 7R A4
A H R S o — 2 i A S SR R R D o L T
AR RCRS 7E T RR XS SE Ak B R b A —
SE A S SRR T LA v S M RE RN A T
SRR AT LA A BRI - R L E R R
AT 1 Y FE N #2315 F NADPH 1% 18 5085, 5
v JFF I ORE A IS 4 G BRI RE A A RO, AT
P N Bz ghge i, AR b, [ — 4 3R A4 0
A T A 2 P SR R R O A S R AR, TR
SRR R BRGSO 7E SE R
(Malic enzyme 1, ME) B 46 T, fifr st 2 4 45010
FRAR R EE 2R R PR A: NADPH™ 32 5L fify
SRS R R Y 1A G AR B 0T 3 S R 1 1) 1) ik
WO a7 — 2oy, & ISE R G S
JI 10 440 L v #9070 RRU DD G IR . IR R
AL PR I 1 (Malic enzyme 1, ME1) & & 7 LR #F
3T3-L1 4l ffd Ji A 43 4615 AE Bk 20 4% 1) MET 36
2 i TR AR e U B D R [ Y AR
], MEL 3% PR 47 75 22 5 5 S R IR I (ME) & &1 1l
Bl AR B R M R 1 = B AR R, ARG
SERIR O R 0 E RRAK, T AR R SRR A S R R
it 1) 4 AL P2 4: NADPH (9 80CR A % . AR &
BE , s R N NADPH A Ll i i 52 18 8 12
w6 Tl R A 4 R R S RN 6 B TR R 2 B IR B A
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