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Untargeted Metabolomics Analysis of Metabolite Differences between

Mutton from Different Regions
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Abstract: To reveal the metabolite differences in mutton samples from different regions, specialty muttons from the Chaka, Yushu, and
Qilian counties of Qinghai province, Sichuan, Inner Mongolia, and Ningxia were subjected to untargeted metabolomics analysis, using
ultra-performance liquid chromatography-quadrupole time-of-flight-mass spectrometry (UPLC-QTOF-MS), multivariate statistical analysis, and
pathway analysis. Using the VVIP=1 and P<0.05 criteria, 176 differential metabolites, including amino acids, amino acid metabolites, benzene,
substituted benzene derivatives, organic acids, organic acid derivatives, heterocyclic compounds, nucleotides, and nucleotide metabolites, were
identified in muttons from Chaka, Yushu, and Qilian. Furthermore, 88 metabolic pathways, including the histidine metabolism, metabolic,
D-glutamine and D-glutamate metabolic, and cofactor and amino acid biosynthesis pathways, were annotated. Using the VIP=1, P<0.05, and
FC=2 or FC<0.5 criteria, 50 differential metabolites, including amino acids, amino acid metabolites, glycerophospholipids, fatty acids,
alcohols, amines, benzene, and substituted benzene derivatives, were identified in specialty muttons from the six regions. In all, 24 metabolic
pathways, including metabolic, purine metabolism, tyrosine metabolism, ferroptosis, and arachidonic acid metabolism pathways, were annotated.
Therefore, broad metabolite differences between mutton from different regions can be revealed using untargeted metabolomics analysis. The
findings of this study have paved a path for the identification of specialty muttons from different regions and the assessment of their quality.
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Table 1 Information of mutton samples in different regions
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Table 2 Significantly different metabolites in three regions of Qinghai province

Rt 4 A £5] VIP {& P&
4-Pentyn-1-ol Hpe 213 0.000 010
2,4-Diaminotoluene FABARATAE M 211 0.000 666
Dicapthon EX DX 2.09 0.004 596
N-Acetyl-Asp-Glu HABRB AT A4 2.09 0.006 645
Metanephrine A A AR KA S 2.09 0.000 357
DL-2-Aminocaprylic Acid A AR B IAT A 2.08 0.012 454
Matairesinol RigFEAF2E 2.07 0.001 083
2-Phenylacetamide KB RAT A 2.05 0.002 683
Creatinine HABR R AT A 2.03 0.000 599
Firefly luciferin H AR B AT A 2.02 0.003 899
Benzamidine R ARET A 2.02 0.006 202
N6-cis-p-Coumaroylserotonin ehE. feak. &F 1.99 0.005 500
(-)-Medicarpin ES 3 1.99 0.001 097
1-Hydroxy-2-(3-pyridinyl)ethylidene bisphosphonic Acid e 1.97 0.009 045
N,N-Bis(2-hydroxyethyl)glycine RAEFRA ARG 1.96 0.001 710
Urocanic Acid HAER R IATA 4 1.96 0.000 549
Albendazole-2-aminosulfone KB RAT A 1.95 0.011 167
Secoisolariciresinol AIgEAARLH 1.94 0.008 458
Rufloxacin ES 3 191 0.026 961
Acadesine R AR 1.90 0.005 367
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Table 3 Significantly different metabolites inside and outside Qinghai province

it 2 AR K3 VIP{EL P& FCia &b
All-Trans-13,14-Dihydroretinol Bl A 238 0011128 0.028278 TFif
Val-His BIABA AR 2.20 0.003001 0438222 T
1-O-Palmitoyl-2-O-acetyl-sn-glycero-3-phosphorylcholine Hib AR 214 0.015761 0.092993 TiA
lle-Glu-His-Lys FABARHH 212 0008366 0160670 TFiA
Glu-Ala RBIABRA AR 212 0.016 610 4.479837 LA
LPC(18:3/0:0) Hib AR 2.09 0.019154 0104710 TFA
Anacardic acid FAaBARAT LA 2.08 0.003581 0.183373 T
20-HETE i 203 0.007086 0.250494 T
N(6),N(6)-Dimethyl-L-lysine SAREMA LRSS 199 0004777 3970077 kiR
11,12-DHET Jig o B8 1.89 0.040056 0251227 TFA
Lys-His-Ala-Val-Ser R B AR 1.89 0.027793 0140225 T
Isopentenyl pyrophosphate BE, BR. BF 186 0.020183 2.806655 _Lif
Indole-3-lactic acid 2 A 183 0.015478 0417902 TFiA
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Fig.10 Hierarchical clustering heat map inside and outside Qinghai province
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Table 4 KEGG pathway annotation results in three regions of Qinghai province

Raptidsg 1D Rt 2 AR EFR#EMIE P&
ko00340 Histidine metabolism 7 0.001 267
ko01100 Metabolic pathways 39 0.005 628
ko00471 D-Glutamine and D-glutamate metabolism 3 0.010 485
ko00330 Arginine and proline metabolism 5 0.045 886
ko04964 Proximal tubule bicarbonate reclamation 2 0.048 766
ko00290 Valine, leucine and isoleucine biosynthesis 2 0.048 766
Vitamin digestion and absorption |- P-value Vitamin digestion and absorption |- Poval
Valine, leucine and isoleucine biosynthesis [ o g 1.00 Vitamin B6 metabolism - -value
Proxinal tubule bicarbonate reclamation |- 0.75 Vascuiar smooth muscle contraction |- e 1.00
Oxidative phosphorylation |- . Tyrosine metabolism |- o 0.75
Nitrogen metabolism |- 0.50 Thiamine metabolism 0.50
Metabolic pathways @ 0.25 Terpenoid backbone biosynthesis |- - .
Histidine metabolism |- . | 0.00 Starch and sucrose metabolism 0.25
Glutamatergic synapse |- . : Serotonergic synapse |- -()'()0
GABAergic synapse Retinol metabolism
D-Glutamine and D-glutamate metabolism | Purine metabolism |-
Biosynthesis of cofactors - o Insulin resistance |-
Biosynthesis of amino acids - . Glycerophospholipid metabolism |-
beta-Alanine metabolism - Count Glucagon signaling pathway - Count
Arginine biosynthesis - 010 Galactose metabolism - .
Arginine and proline metabolism Ferroptosis - [ ]
Antifolate resistance - '120 Diabetic cardiomyopathy |- @2
Amyotrophic lateral sclerosis [~ @30 Carbon metabolism -
AMPK signaling pathway - @40 Caffeine metabolism - .
Amino sugar and nucleotide sugar metabolism [~ Arachidonic acid metabolism - [ ]
2-Oxocarboxylic acid metabolism L | | AMPK signaling pathway - L. | | |
04 06 08 1.0 0.25 0.50 0.75 1.00

Rich Factor

11 HBEA 3 MXERNIFY KEG ZHRIEHE

Fig.11 KEGG enrichment pathway diagram of three regions in
Qinghai province
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Fig.12 KEGG enrichment pathway diagram inside and outside

Qinghai province
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