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Abstract: This study aimed to analyze the metabolic mechanisms of testicular tissue associated with
semen quality in ducks from a metabolomics perspective. Semen quality was evaluated in a duck
population. Twelve drakes (6 with significantly high semen quality and 6 with significantly low semen
quality) were selected, and testicular tissues were collected. Ultra-performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS) was used to analyze differences in testicular metabolites

between groups. Enrichment analysis of differential metabolites was performed to screen potential key
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pathways related to testicular semen quality. A total of 98 differentially abundant metabolites was
identified in testicular tissues of ducks with varying semen quality, including 15 significantly
upregulated and 83 significantly downregulated metabolites. These metabolites primarily belonged to
categories such as fatty acyls, amino acids and their metabolites, glycerophospholipids, nucleotides
and their metabolites, benzene derivatives, coenzymes and vitamins, and hormones. Correlation
analysis revealed the strongest positive correlation between fatty acyls and benzene derivatives, while
the strongest negative correlation was observed between carbohydrates/their metabolites and
aldehydes/ketones/esters. Semen quality parameters (e. g. , sperm motility and kinematic parameters)
showed significant positive/negative correlations (|R|==0. 80) with fatty acyls, glycerophospholipids,
and other metabolites. Enrichment analysis highlighted two critical metabolic pathways: fatty acid
degradation (P=0.000 59) and glycerophospholipid metabolism (P=0.012 76). This study
elucidated differential metabolites and potential metabolic mechanisms associated with semen quality in
duck testicular tissues through metabolomics. It identifies 98 differential metabolites dominated by lipids
(fatty acyls and glycerophospholipids) , characterized by significant downregulation of carnitines and
enrichment of hexadecanoic acid (FFA16: 0) and maltitol in the high semen quality group, and
identifies fatty acid degradation and glycerophospholipid metabolism as core pathways significantly

associated with semen quality. These findings provide key metabolites and pathway targets for

research on avian testicular function.
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Table 1 Comparison of body weight and sperm motility parameters in drakes

il &R /g
Group Body weight

WEE TE/A BTN/ % TR/ % ETIETR/ %

Motile sperm
count

Sperm Sperm Sperm

motility viability mortality rate

HERBTREAR A G_L
Low semen quality group (G_L. Group)
KW R 4 G_H 4
High semen quality group (G_H Group)

P{H P-value 0.408 00

1397.125+141.50 490.88+134.32 71.23+7.79 81.60=x5.27

1343.00+£109.75 892.694131.53 98.21+0.33 99.6440.07

18.40+5. 27

0.3740.07
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Table 2 Comparison of sperm kinematic parameters in drakes

HEHAR/ LR/ BAREE/ HREE/ pm

SN =

il (pmes™ ") (pmes ") (pmes ') Amplitude of  $FhHE  LMHE I\Tiiﬁgi EilEREz
Group Straight-line Curvilinear Path lateral head Wobble  Linearity il Straightness

velocity velocity velocity  displacement angie
MW RRA G_Ldl  21.35+ 44.23+ 31.274+ 12. 95+ 0.85+=  0.49+ 389.004  0.69=+0.06
Low semen quality 3.34 4.96 3.51 1.45 0.05 0.05 6.28
group (G_L Group)
MW mA G_ HA  28.51+ 66. 07+ 46.72+ 19.35+ 0.96+  0.42+% 909. 144+ 0.60=£0. 05
High semen quality 6.58 6.92 4.90 2.03 0.03 0.04 137. 89
group (G_H Group)
PfE 0.02010  0.00001  0.00001 0.000 01 0.00033 0.00741  0.000 00 0.006 63
P-value
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Fig.1 PCA and OPLS-DA analyses of differential metabolites in testicular tissues with varying semen quality
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Table 3 Top 30 significantly differential metabolites
JT— o2 o
RGO wR Lt ot ‘
Primary classification . VIP P-value  log,FC
Substance Compound Formula
of substances
IS T imm FFA(22:7) Cy,Hs50, 2.3326 0.0001 —0.3828
Fatty acyl classes P, C20:3 Carnitine C20:3 C,H,NO, 2.3028 0.0008 —0.8304
TN BEIR FFA(16:0) CH;,0, 2.2407 0.0036  0.8496
R C24:5 Carnitine C24:5 C5H; NO, 2.1022 0.0049 —0.7555
R Bk C18:0 Carnitine C18:0 C,sH,NO, 2.0887 0.0033 —0.6849
A C22.4 Carnitine C22:4 C,H,NO, 2.0677 0.0012 —0.8143
A C20:2 Carnitine C202 Cy;HyyNO, 2.0585 0.0109 —0.8311
A C20:1-OH Carnitine C20:1-OH Cy;H5NO4 2.0278 0.0291 —1.1130
A C20:1 Carnitine C20:1 C,;H;NO, 2.0265 0.0035 —0.7378
A B C18-OH Carnitine C18-OH C,sH, NO; 2.0220 0.0237 —0.9460
Ak C17:0 Carnitine C17:0 C,,H;NO, 2.0095 0.0083 —0.8077
A B C18:2 Carnitine C18:2 CysHysNOy 2.0004 0.0213 —0.7605
IR KA L-#1 & R - 1L - 0 & R Lys-Thr CH,N,O,  2.5726 0.0001 —2.9082
Amino acids and N
metabolites i R - 58 E R Pro-Leu CyH,N,O5  2.0199 0.0042 —0.5749
KR H AT 4-FAILRHER 4BR  Ethyl-4-Methoxycinnamate C,H,0, 2.2766 0.0003 —0.2734
Benzene and 2,6- T 1,4 2,6-di-tert-butyl-1,4- CuH,0,  2.0718 0.0016 —1.1896
derivatives S benzoquinone
(NS 7N Bl I Hexadecanamide C;H,,NO 2.3768 0.0003 —1.8475
Alcohols and
amines classes
R B E IR Hyodeoxycholic acid CyH,0, 2.2943 0.0005 —1.0516
Bile acids
A4 A R J-13,14- I All-Trans-13,14- CyH5,0 2.4705 0.0157 —3.1566
Coenzymes and Dihydroretinol
vitamins (Z) -1 /R w1 R (7)-Guggulsterone C,H,0, 2.1864 0.0005 —0.4647
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Primary classification . VIP P-value log,FC
Substance Compound Formula
of substances
HmBEAR V% I T4 A T 22 R _ LPS(20:1) CysHi NOP 25664 0.0002 —2.9301
Glycerophospholipid LPS(20:1)
classes LPE(O-18:2) LPE(O-18:2) Co,HisNOP  2.2272 0.0003 —0.5436
LPC(O-16:1) LPC(O-16:1) C,,H, ,NOP  2.1935 0.0013 —0.7587

W R M AR 5-PRHEER B R (APS)  5'-Adenylyl sulfate (APS)  C,,H,N;O,;PS 2.0742 0.0041 —0.4655
Nucleotides and
metabolites
PR KR AR G T 7~ i IR [ 7-Ketocholesterol CyHL0, 2.4623 0.0000 —1.2950
Hormones and
hormone-related 20, 26- " F2 FL i jr 20, 26-dihydroxyecdysone C,,H,,04 2.1348 0.0040 —0.5879
substances MR
LIRS 55 _SPH (d18:0) SPH(d18:0) CsH:xNO, 2.0437 0.0087 0.5107
Sphingolipid classes
(NN S 2-IG I -3- IR L -2- TN 2-Pentyl-3-phenyl-2- C,H; ;0 2.4968 0.0000 —0.8709
Aldehydes, ketones I T propenal
and esters classes
AR A W B AR % B Maltitol CpH,O,  2.5738 0.0002  2.8634
Carbohydrates and
metabolites
A ML B AT A 2-¥ O TR 2-Hydroxyadipic acid CsH,005 2.3150 0.0003  0.3064

Organic acids and
derivatives
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Pearson Correlation Plot of G H vs G_L
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