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Abstract: To clarify the effects of grazing in different regions on the amino acids, fatty acids, and flavor of Tibetan sheep leg meat, an
experiment was conducted using Tibetan sheep as the research subjects. Sixty Tibetan sheep were divided into two groups, which were grazed
on natural pastures in either saline-alkali or non-saline-alkali regions. After 150 d, the triceps brachii and biceps femoris muscles were collected
from both groups. The amino acids, fatty acids, and volatile flavor compounds were then measured. The results showed that a higher total amino
acid content was observed in the foreleg meat of Tibetan sheep grazed in saline-alkali areas (48 905.77 pmol kg™), while a lower content was
detected in the hindleg meat (29 677.35 pmol kg™). Compared with the leg meat of Tibetan sheep from non-saline-alkali regions, higher levels
of N3 polyunsaturated fatty acids and lower levels of saturated fatty acids were found in the leg meat of sheep from saline-alkali areas. The
results of gas chromatography-ion mobility spectrometry indicated that a total of 41 volatile compounds were detected in the leg muscles of the
two groups of Tibetan sheep, with most volatile substances being present in higher amounts in the leg muscles of Tibetan sheep from
non-saline-alkali areas. Heptanal and nine other volatile compounds were identified as key flavor compounds in the foreleg muscles of both
groups of Tibetan sheep, while 3-methylbutanol and 11 other volatile compounds were identified as key flavor compounds in the hindleg
muscles of both groups of Tibetan sheep. The Pearson correlation analysis revealed that positive correlations were observed between heptanal,
hexanal, 1-pentanol and oleic acid, as well as between 2-methylbutanal and isoleucine. This study has demonstrated the differences in leg meat
quality of Tibetan sheep from different regions, providing theoretical references for the development of animal husbandry in saline-alkali areas.
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PAIF) S0 5 DRV A M X PR A7 AE 225, i, rpodis B e m ik A R AT e, R B H R
PR AR S RO, AN TR (. [FIRE, SERSESPILIRE . R =M HbIX A5 PO
TR, WRARHLMPZER, SRR AR A AR & &, GRS, T H OB RE
L. Ak, Ma SECURBLERHMIX AR PR AT, AT A K AT A SR BRbIX AT, SRR A TR P
pH fE T RSN, fEvRdnesizd, RIRLIA A RATEITRR IV & &5 M. Bk, AR B TEF= s, i
1 5 TH P 22 S S T 285 DAY ) T

XTI RET R, R P S BRI S ) 3 PR, SRTTT S~ KUK (K DR B 2 REAY, Jnk
£y AERY PR SR TR, SRR AR, SR A R AR R R R IR,
T IR A2 EH TR R AR TS M TR AR Ak GG ZR AR St S ST S R A T334 G SR A KU i s
M strecker PAfARRISEH S St Pk RIS (T B H Seikt™, - (RIS AS B U AR R O JXUsRReE, dndeene
Hk, Fnkaste, qu MR TEE LA T A B R AR BER. R R R KR RN A
SR EHPI PR . Wang PP IR G IR L R G S IR T 0 SRR 1 B o= A R e XU L A e
B BN, TR AAE &M R R () S BRI, 2 B0 DAY AR ) B B PR T, kP00
RIPIEF P R IDTR 52 PO RURAR DG, e SR M PR B OCHE . AT NE AN S IR ) AL R
REEREA SR IR B A oA,  BACKRE, AMEAIRRITIR b T8 A 20 Ay, AR
BRI VE P T BRBRAUEATIO, IR W, WS BT, Bhah, T 5P e 2 i s s )
R i 7 i K M PR RWR K A S SR B AT, 6 T AN A GBS RR A IR MR TR 544K 1t R )
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1.1 RIF R

PRI AT T I R VA NI EL (36282" N, 99916'26"E, R 3168.1 m) FIiia bk
FVAMIE 2 (3699'36" N, 100%553" E, #k: 3 111.0 m). EFANALL, 2 ARARE 60 K, BN 2
Ho FEPIAIR RPN 14 d NS, —4UEE TH A SR, WU, G T4K 8:00~18:00 H H
KB YA RIRER AR, AR X 2 (GO, 1A 3= EAaFEHZ (Puccinellia distans (L.) Parl.). #lfib3% (Salsola
ruthenica Iljin). F1%i (Nitraria tangutorum Bobr.). 4¢%%%2 (Ceratoides lateens). #% %% (Achnatherum sPlendens)
&, H—HECE T HIBEEZ AU, B ERE SRR, AR X H (HC), % 3 2 HE

(Gentiana). PEb4F>F (StiPa sarePtana varkrylovii). #i% (Leymus secalinus). FEFEHEHEE (Elymus nutans)-.
AR (Poa) %, PN FFREE Ty CRBAR S a3 AE R, a6 BAM AN AT MA], R 20K, 56
#i3t 150 d.

FEE, 5[ Fisher Chemical A l; £, [ Fisher Chemical Aw]; 2, 35E Honeywell AF]; HFREL,

H[H Sigma AF]; —HFE, #EHE Sigma AF]; IEJUBRHEE, 3£E NU-CHEK AF]; 1Ecbt, [E Sigma AF].

12 PHEH5&%E

QT-1 whEdi, FIHRE AT IEA AR IP-100 #EFHAAL, PRI BE TR & A R A A 5430R B0,
185 Eppendorf A]; 1290 Infinity S RGRAH IR, SEE Agilent A]; 7890B-5977B “AH 4 ii- T B I X,
[ Agilent A7]; FlavourSPec®AH & TR, EE G.ASAH.
1.3 R

131 #H&ERE
WRIGLERS, 4r BNTALRE FBEHIPE L 6 K, ZEE MBS, FH—RR—EEgh, R
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HIPIREFIFET A 24 h, 2K 2 h JGRSEFTAE RS . 2 iREEGRENE =Sk (Q) RISk (H), 3%
EERRHE A RTBEPIRE S, (GCQ) EhB st fE AR ARES: (GCHD. AEEhARH - RTBRAIRE S (QHC) PAKZAREZEAR
HOEE R RRAFES (HHC), FrE RS G AA(ESRE0 % -80 ‘CUKFaH, LARRE—B oM.
1.3.2 B RABRN T

W BRI S BNES Liu ZPTEFMIE B0, HEFFREL 60 mg BEAN 50 uL /K, e 60s JE A
400 uL HEE ZHEEWHR (L), 0 50 L FIAL R NAMB AT, IRiE 60 s JERH T IR A, BHK 30 min,
BFEABTE-20 ‘CHUE 1 h AUTIEEH, 285 4 °C, 14 000 g &0 20 min, HX_EJEBIIANBERER, SKF 1290 Infinity
UHPLC #1 6500/5500 QTRAP Jii S A ek 1= i PR i R . B At it ACQUITY UPLC BEH
Amide (1.7 pm, 2.1 mmx150 mm column), HaIFEERIERE R 4 C, iR 35 °C, Wahtd A25 mM 1) FERE: 0.1%
FR/KVATR, AN B:0.1% P L VAW, Wi 300 pLmin™, #EEEE 2 pl. WAHBREE: 0~1 min:B #A 85%:
1~11 min:B #H M 85%%Zk 1448 1k, 4% 50%; 11.1~12 min: B AHZEFFLE 40%; 12~12.1:B AH M 40% 384k %% 75%; 12.1~19 min:B
FHYERRAE 75%. i setth: IEE T R0, ESIVE, MRM . KA Multiquant 3.0.2 3/ FEEL (ki
THIRAFI R I ), I bRAE SRS IECR B 18], AT e e BT o
1.3.3 BN

FEITTR & B E 2% Liu S 7 R k. FREGEERERIIA 5 mL —50 k- FERAm (2D,
BEIRE], N 2 mL 4K P, BUR ZE Rt B 2 mL IECbE, IAWAR: BRI R (>98% GC),
FEGR(L 30 min. ZRJEFFINA 2 mL 467K, BL 2000 uL EiERESKT, FEIIAIE QKRR B BRI,
SKH 7890B AU MY (SE[H, Agilent) A1 5977B Uik Y (SEE, Agilent) A5 EBEPIRE L B FEIGTR -
O ISR B 19091S—433UIHP-5ms (30 m>250 um>0.25 um), #EFEE 1 uL, 23kt 10:1, %
TR, FEFTHER: WIAAIEE 80 °C, L 20 'C-min™ JHE A 180 ‘CH-4EHR: 8 min; FELL 5 'C-min™ FHEZ 280 “CH4k
FE3min. BN, BAUE LOmLmin®. FHESM: HHRECIRE 280 'C; B TURIESYE 230 °C; (EHLRIRE
250 ‘C. EIJ5, SIM 9=, H7HEE 70 eV. FH MSD ChemStation % H B (o i AR AR B 7], 3
PRAER I IECREE I (8], HEAT 5 e T
1.34 FRL MRk im 2

K FlavourSPec® “SHH 213 A8 1 A6 5k = FR AR it P PRI 1 XA« HERFEFREX 5.0 g B T+ 20 mL 17
25, TR HERESE: 60 CHEAL 15 min, 3EFEEN (PALRSI S H, 1 mL %% iR 85 °C, HEREAFH 500 uL,
AoritRe; SR IS MXT-5 B41E AR (1.0 pm, 15 m>0.53 mm), ikl 60 °C; EF5%
AONEATET (=99.999%); AT IE] 20 min; BERETIRAE 80 °C; FEFFTHE: WIUGEMIAE 2 mL-min™, R
2 min J57E 8 min NP Z 10 mL-min?, 'S5 7E 10 min 2RI EE 100 mL-min™.

14 Fitair

K1 1BM SPSS Statistic 26.0 Zi it 0 &R NRWTRRAMHE A AE KA BB T AL REAR T 4556, 45580
SR HEZE R IR, P<0.05 FR Bl 2 7 B2 ol ] VOCal #k N B 11) NIST Al IMS $is FEHEAT W5 e Mo
i, fiiH] RePorter fif4GEE KM 12 7K, Gallery Plot flfFAE RS g . KA SCIMA14.1 82
3. OPLS-DA #5784, 4k, {#F OmicStudio T H: Chttps:/Aww.omicstudio.cn/tool) XFZFERR . g iR AIE & 11 X
R 54T Pearson AHIGHE ST

2 #ER51Te

2.1 AR I & R SR B At AT

ANTFT b XGRS P P P R R A S i AR Lo PRALIBCE R BE P A Y 28 R iR, B B s
SRR 17 A, o, 7EEBECE TR A (GCQ) 1, FSEIR . RA ARG AR & 'R E T (P<0.05)
JEER IR E FURA (QHC), TEFEC IR, ARSI & 2N RECT QHC 4 (P<0.05). Ji4h,
EHRE IR (SAAS). BERREIEIR (UAAS). JEUTRAEIR (NEAAs) FLEZEERE (TAAs) FEfE GCQ H i3
i (P<0.05), HH SAAs Fll UAAs & 1 TAAs &= LLHI 5351108 15.82%F1 4.74%, (KT HFIEFEAIH SAAs

3
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(22.72%) F1 UAAs (16.60%) )5 ELP. IS HRESERR (BAAS) R FHEMER (EAAs) StBiE GCQ
FE (P>0.05). PIAEFEFREATA 19 PR R EME SR . fERTEEEFRA (GCH) 1, JRZR.
A AR RARN S EEZE ST (P<0.05) FEERIEFE A (HHC), MARR. HEREERNSE
I8 E AT HHC 41 (P<0.05). £/AK%E, UAAs. NEAAs fll TAAs & &7E HHC 41 R HE (P<0.05), [Fi
SAAs fll EAAs & B H7E HHC 4l TR (P>0.05), i BAAs & /E GCH 4 (P>0.05).

FEA [FJHB DX BB 2 1], W] AR B BRI & B AR BUR 72 57, SRBHL e =F B R DA b R ) = RE R (SAAS.
UAAs.NEAAs I TAAs) & B i (P<0.05), 2T e R Al R ER (UAAS . NEAAS Il TAAS) & B IR (P<0.05).
TARHE ISR A E IR S B E B R, Nguyen SPNg i 5@ RMIMIEL, RIS B
(R FERR AR SRS, PRI AR & 22 5 w] e A2 P A ek = R Y S R U TR AR 22 e I 2R R, SR P2
SHESF I P S SR A A AR A AE ZE 5, I TT R E TS R ALY AP 4E SRR AN Rl Y. SAAs.
UAAs A1 BAAs {14 SRR, 5520026 A 1 RURERE™, Zhang 250N R B m KT H 2R AN 22 Z BRI T3k
WRHIR, SRR GBI INEF N RERSREISRT. 4k, EERENEGY CnEERAID SiE50E Gz
RAFRABIN, MM T AR ST AY) (REE . By, Bewy . BEMRSRIEERRIR S . SRS (it
BE. WERE. WERE. WO MISEILAY (R, B VR, B, TRATERD, XEERIRIRIR RN, Bl
2o T - TR S22 3-F S T ISP, B e I R R o S o S SR IR & B R A AP,

R [EIHE X5 AR P A BRLE AR T EE 534
Table 1 Comparative analysis of amino acid composition in the leg meat of Tibetan sheep from different regions (pmol-kg™?)

R E © P& i P&
GC HC GC HC

AR Ala 4090.62499.79 4354.964224.31 0.17 4 769.674135.26 4630.81464.43 0.21
£k & —# ADD 153.9245.96 465.52429.49** 0.00 78.6140.47 145.8643.26** 0.00
R E Arg 1 624.52466.80** 1268.6542.76 0.01 1384.49412.41 1 456.6610.98** 0.00
R ABRE Asn 334.65437.97 324.81439.40 0.77 205.0243.22 203.02410.00 0.77
RAZER Asp 1228.40478.17* 595.4643.43 0.03 427.56+4.78 621.12433.97** 0.01
fi2.2% Cho 26 441.62447.42* 17 837.1021043.67 0.01 10 689.224369.43 17 596.184282.24**  0.00
JNEFR Cit 129.8847.37** 69.3845.43 0.00 280.44455.99* 66.403.00 0.02
F LR Cys 0.3740.16 1.8440,29%* 0.00 0.7040.51 1.0240.04 0.39
2284 Glu 1088.35426.06 1 149.08428.54* 0.05 376.60230.25 571.33457.81** 0.01
22 FHE Gin 344.62489.59 332.3615.83 0.84 271.0145.23 238.04424.14 0.14
H & Gly 1764.81:41351%* 788.15+138.84 0.00 1167.47483.82 1 409.07439.55* 0.02
40 R B4 His 688.22443.98 810.3240.05* 0.04 1036.59489.97 921.76475.78 0.17
£ EER Hyp 65.2140.20 55.4146.76 0.13 54.3740.38** 37.2241.14 0.00
SRR lle 127.5845.30 136.044.65 0.11 136.7745.62** 98.5545.51 0.00
TR Leu 461.7241.55 472.318.09 0.15 435.16412.33 401.61424.83 0.13
AR Lys 686.83478.42* 440.15434.27 0.02 283.0037.66 413.13428.55** 0.01
H AR Met 55.76:4.04 47774377 0.06 55.3640.31* 41.7243.71 0.02
1 2 @& Om 174.42418.94 1478.384318.66** 0.02 96.484.07 456.81417.45** 0.00
R A& E Phe 1135146.22 122.04+47.82 0.50 118.42:42.43%* 85.2247.16 0.01
JiE 284 Pro 79.6541.70 97.9343.67** 0.01 65.3740.73 79.1540.89** 0.00
2 8% Ser 664.674123.18 452.79420.25 0.09 407.0946.22 425.26422.29 0.59
FI AR Tau 3746.894304.20 4571.37480.29% 0.04 2168.694164.35  4382.102122.91**  0.00
R Thr 450.134.21 490.28460.17 0.37 354.47416.49 412.64:415.09%* 0.01
& EE Trp 170.68+21.09 134.69+2.82 0.10 184.6843.55 184.5345.78 0.97
BAR B Tyr 105.4045.15* 69.17413.67 0.03 80.7741.48 82.6544.79 0.57
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HAFR Val 366.5540.79 439.2643.64** 0.00 384.70423.87* 335.68411.30 0.05
HREILIR SAAS 7736.70498.59** 6624.26129.84 0.00 7047.074288.94 7370.05#44.41 0.19
Etok ZULER UAAS 2 316.75+92.53* 174455425.11 0.03 804.15428.16 1192.44491.78** 0.01
FA RSB BAAS 3713.92+03.39 3500.2446.40 0.07 3816.94+16.57 3608.38468.34 0.07
%F BB EAAS 2432.74+01.61 2282.53#44.11 0.11 1952.56444.58 1973.08481.30 0.73

oo F ZIAE NEAAs 42 726.362439.04** 34 722.694908.86 0.00 23560.143583.49 33 324.454305.26** 0.00
BEABR TAAs 45159.114473.52** 37 005.224946.54 0.00 25512.703610.67 35 297.534379.02** 0.00

E: *P<005 AT E F R F; P00l AT £ F MR B F . SAAs=Gly+Ala+Ser+Thr+Pro+Lys. UAAs=Glu+Asp.
BAAs=Tyr+Arg+His+Val+Met+lle+Leu+Trp+Phe. EAAs=Ille+Leu+Lys+Met+Phe+Thr+Trp+Val.

2.2 [E b IX 3 E R A HE M R 4 Rk At Eb AR

A ) 1 X 5 P A R P R ZE e B 7 B A3 AT LA 20 A DX F = i ) s A R R 39 b, o
ZRRER (P<0.05) 5 29 F, 35 12 AR (SFA), 9 R AAIIRIIR (MUFA), LUK 8 FiZ A
FIREMTEZ (PUFRA), HhiiiEng (c16:0) FMFEAREEES (c18:0) /2% SFA, MR (c18:1n9) LT MUFA, I
R (c18:2n6) FE1E PUFA, X5 F 544 PMG M/ NEFEFF 15K SFA. MUFA. PUFA (145 SIEA 3. M
Pl DLEH, BRTHBEGER (c15:1n5). ik FUAER (€20:5n3) 1 /SR (c22:6n3) AR (c24:0).
PR (c24:1n9) £ GCQ H & & m4h (P<0.05), HARMENIMR S A QHC i & (P<0.05). T GCQ
H, QHC A SMANENIER (SFA). SHAMBFMENER (MUFA). B2 AMAENEE (PUFA). & n6 Z AT
iz (n6 PUFA) & REEEE S (P<0.05) , MMkt n3 ZAMANENEE (n3PUFA) & &EHEK (P>0.05). fEF
Je R PR RSN HE 1 18 B R R (P<0.05) JENTEZH, SFA4Fl, MUFAT Fl, PUFAT Fl, 3 SFA. MUFA
A PUFA S5ETBEAIFFFEA—EL, 4372 ¢16:0. ¢18:1n9 £ ¢18:2n6. GCH H n3 PUFA [ & &R & m T (P<0.05)
HHC 4, 1 SFA. MUFA. LK n6 PUFA )& & 82K T HHC (P<0.05).

TN AR TRRE IR, R A B LR EGE BT B, 0 Cui PSS e T
FEREEH F o R A A B B E NS A R, 46, Madziga PRI E L P R IR & 2 1
B IS BR ARSI, Ma SO T 7T FIRE R AN AR ks T R 2L R s . ARG R T, TCRAE R
SRERTRAIIA B (GO, K B FH BT B, (43 BB P H ) n3 PURA 155 £y T AR SR i X TSR k= (HCD,
SR SFA. MUFA. PUFA. n6 PUFA & ENMLT HC H. P RIgiEs & ERs s N e, filtn SFA
TR 5 51 K CIKIE B, n3 5 n6 PURA #55 S AHSC, AT = EL I n6/n3 BE 45 5 RO LS AN 1
FaRPes ¥,k R W SR R TR A T AR B RSN 2. AR, CERTR IR IRRIN & AN AR 5 KUk
IR, SR SFA XTESITE TR, AMEFEIEE (USFA), 35 MUFA #1 PUFA H T 2%k, 18
R R ENRL S Y R A S B B AR AR, B0 28R (2- T 2-0%R. 2-BRlss) (R Bas e
TS IR RRICI NG TR BN, XSS AL AR AR kP, Sohail 227t 2 T DAY (1 XUk 5 A A 2 2
R TR AR, NERR MMl s PRk, W3S, WS, Bk, ERSURMIR, F PRIk IR
o PR, AR Db R A TR S A B A MUFRA AT PUFRA B AT E LA S0 N & 24 1 XUk

2 TR X EBTREPIRS AR BRLE R RT EE 4

Table 2 Comparative analysis of fatty acid composition in the leg meat of Tibetan sheep from different regions (Lg-g™)

Q H
JH P& P&
GC HC GC HC
c6:0 0.080.00 0.0940.01 0.41 0.1040.00 0.1520.01** 0.00
c8:0 0.7240.03 1.0140.05** 0.00 1.3240.01** 1.1840.01 0.00
c10:0 1.5040.12 14.6943.32* 0.02 7.9940.58 8.3140.80 0.60
c11:0 0.0940.02 0.4940.09* 0.02 0.4640.02* 0.3540.05 0.04
c12:0 3.2440.96 40.0844.29** 0.00 31.0140.04 27.9643.78 0.30
c13:0 0.334.05 2.2240.39** 0.01 2.1840.00* 1.6140.19 0.03
c14:0 51.72410.58 465.08436.99** 0.00 359.0141.00 375.92441.46 0.58
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c14:1n5 1.8340.52 21.434.49** 0.00 8.21#.13 17.9140.15%* 0.00
c15:0 13.304.29 70.0649.75** 0.01 55.9642.39 53.5645.08 0.52
€15:1n5 1.1140.00** 0.2940.05 0.00 0.080.01 0.1840.03* 0.02
c16:0 777.06470.17 2531.2245.03** 0.00 1684.144169.39 2298.65431.55 0.10
c16:1n7 43.03+2.46 278.4044.53** 0.00 101.23#4.40 247.77+0.88** 0.00
c17:0 46.134.39 156.80H2.71** 0.00 101.1046.61 108.5249.69 0.34
cl7:1n7 29.0940.67 94.7042.20** 0.00 50.96+2.21 89.7616.44** 0.01
c18:0 055.3845.12 1913.66+124.53** 0.01 1 606.45498.30 1685.884123.29 0.43
¢18:1tn9 10.79+4.90 60.5048.47** 0.01 40.6643.99 50.3842.62* 0.03
c18:1n9 1380.62448.27 3859.54427.97** 0.00 2549.80480.43 3646.08145.41** 0.00
€18:2ttn6 2.3540.40 8.00+.68* 0.02 11.9440.04* 7.214.62 0.04
c18:2n6 531.27429.75 915.08430.86** 0.00 713.41439.16 869.2244.10* 0.02
€18:3n6 3.4620.42 5.3340.06* 0.02 3.8340.38 5.6840.42** 0.01
€18:3n3 246.84448.63 295.9140.65 0.22 353.6747.19** 281.0143.10 0.00
€20:0 13.274.89 16.4342.42 0.15 11.294.64 11.0742.86 0.92
€20:1n9 8.21#.28 18.034+.98** 0.00 7.9620.04 12.5843.37 0.14
€20:2n6 35.30+2.73 29.914#4.32 0.16 27.5642.98 30.434.15 0.23
€20:3n6 24.5140.46 28.0640.94** 0.01 19.58+41.46 25.8313.21 0.06
€20:3n3 4.7420.05 6.2640.02** 0.00 5.2340.65 6.2641.00 0.22
€20:4n6 298.430.40 315.5143.32** 0.01 317.14423.69 295.7548.32 0.25
€20:5n3 159.0140.29** 97.86+7.72 0.01 167.36+12.29 111.384.29 0.02
c21:0 1.1140.05 1.7540.13** 0.01 1.7540.22 1.5940.15 0.36
c22:0 7.37H.37 6.8940.33 0.61 7.874.05 6.1440.52 0.08
€22:1n9 1.3840.30 3.1440.45** 0.01 0.8940.03 1.8440.51 0.08
€22:2n6 0.4540.19 0.0740.04 0.07 0.1140.02 0.2040.11 0.31
€22:4n6 9.77#.63 10.0640.56 0.79 7.9440.37 9.6040.62* 0.02
€22:5n3 176.99424.07 153.5347.36 0.23 136.8047.25 152.9849.29 0.08
€22:5n6 2.6440.63 2.9740.16 0.47 2.3240.73 3.4340.14 0.11
€22:6n3 44.8740.54** 35.2540.58 0.00 40.294.30** 34.694.76 0.01
c23:.0 0.4620.18 0.3940.08 0.58 0.4640.05 0.5940.07 0.07
c24:0 1.1140.04** 0.4140.15 0.01 0.6040.04 0.4240.11 0.09
€24:1n9 9.9640.37** 7.8630.17 0.00 8.5340.38* 7463041 0.03
SFA 1872.87491.42 5221.254H99.18** 0.00 3872.594271.04 4 581.894301.91* 0.04
MUFA 1486.02453.65 4 343.89+18.66™* 0.00 2768.32480.42 4 073.96H66.79** 0.00
PUFA 1540.66491.53 1903.80+2.01* 0.02 1807.19461.65 1833.67427.85 0.55
né PUFA 908.19430.17 1315.00423.29** 0.00 1103.85456.63 1247.35415.69* 0.04
n3 PUFA 632.47463.80 588.81422.90 0.36 703.3448.33** 586.3242.29 0.00

E: *P<0.05 AT EFRE; P<00l AT EAMILE.
2.3 IR M X Rk A RUsk 4 T 2 3 Ek A

2.3.1 B HL X R F TR R X kAl R Ee o AT
2.3.1.1  AN[FJHE X RE AT AR R IE XU GC-IMS 3 FXS EE AT

K GC-IMS AGHl PRI AN ] 3t DX 5 T JHE PAIRE it R A ARl 7 — 2 P LI 1A, b XCBl Y iR Z 7 )
TR S BB THIGHE R I I AU S A B TRV 70 £ S ™o NIRRT A, ASTRTHAIX AT
6
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AR PR P A SRR AR, (H SRR (S S IR AP —E 22, IXRWIANIRIRE bt A I KR )
JR & A 22 5% B 1B AN FHL X R AT RE ) GC-IMS 4 B3 . AN R AE S T B R AL 540,
Pl s 7 5 - W R M ) g — A AR — B A A AL S, s Ed Bt R, WIEGRIAE, BinBiR
FORIESREEROR . IR, AL E BRI OFE R T i & B AR ZE o Dih— 250k BEAN [ 4 DX 5 i i
W R YER B 22 5, IEHL GCQ FEM G EIMEANZ L, QHC FEM G IS L, 13 AN R0 X 58 = Hi R
FEmZ TR LB (B 1C) . 1 BT RE -8 R A S G SR B IR RGN 0~700 s, V2N RV Y
1.0~1.75 ms. %% B S MBI S 1 ZEAS R DX BRI, 58 TR A b 2 1 R 1) 5 AR AE R R R 22 5

A

i timo | RIP rolative

B 1 A TEHXEFARRATHEXR SEEIE-BE I 3 B; B ARIMXEFRBRRFHENKSEEIE-EFIHiE 20 &; C.
AR X 8L BT AR P RYAFE KUK AR XS EE ST EE GC-1MS &R
Fig.1 A. 3D diagram of GC-IMS spectrum of characteristic flavor compounds in the foreleg meat of Tibetan sheep from different
regions. B. 2D diagram of GC-IMS spectrum of characteristic flavor compounds in the foreleg meat of Tibetan sheep from different
regions. C. Comparative GC-IMS fingerprint analysis of characteristic flavor compounds in the foreleg meat of Tibetan sheep from
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different regions

2312 ANFEHLGEFERTBRAIE R S YENE. E BT

AN T3 DX 5 R PAY B AE USR5 ) GC-IMIS 73 BT SR L3R 3. PRHGEF AR A Hh 3 35 L 40 A 2%
RYACEY) CEAERAARRA IO, HAass o P, 14 B, 11 Bk, 3 FIERZE. 3 iR, LK 1 AR
B2, GCQ HAM QHC A FEFE RN FRIER, 73504 59.69%A1 50.24%, HIGERFH, 73504 16.81%A
21.20%, TR, 73010 14.98%7 18.73%, X 5 RHERIMIT AT 3 A AR P R IT K 22 925
GERAFAE 7 O AR SN AT LR TR T A0, DRI 22 57 T T DR 9 ALK A O LR A
R, T R SR B TR A SR TR, BRI e i SR R A, o 1o, 1%
BE. 2-THA. 2-FEETRE. 2-JRBR. 4-F25E-4-FEL-2- 0. <Mk, Pale. . CRR. AFEMDXEEEATRRA )
RV G B R, B 1-UA-3-BE. 2-FRF, 3-FAET e, 1-325-2-0F. NI, St =Rk, Ct
HIREEAE GCQ A B B m (P<0.05) 4F, HARKZEBU SR & BAE QHC AP B s, i TEm R
P I B HFE R EA A IR . WSS, B, TRSSRRSE, XSy R VMR 3 B0 B R WL A S8 Ak A,
[FJI AR RR I & e QHC Hh S8 sim, R B T AL A A M KA T & B AR B e

% 3 TREIMEEERTRRPHERBRIIR 6C-INS LR
Table 3 GC-IMS analysis results of characteristic flavor compounds in the foreleg meat of Tibetan sheep from different regions

g3 RGETE AT Aa%tE-F /%

BE YR CAS 5 P {4

# Is Ims GCQ QHC 14
1- B = J Ak C111273 8745 359352  1.64225 0.3020.01 0.3540.00%*  0.01
1-C.8 C111273 874.1 358.82 1.32519 3.0640.19 3.4240.31 0.18
1-FH-3-B C3391864 9865  551.901  1.15655 1.3040.03 1.8540.16*  0.02
1-RBF =Rk C71410 7664 244328 1.512 37 0.5840.01 0.9440.05**  0.00
BE K 1- KB C71410 767 244861  1.25261 3.9140.03 55740.23** 0,01
1- 8 H-3-B C616251 688.2 183124 093623  2.4240.01** 2.1240.06 0.01
1-ABE C71238 570 130.634 11181 4.3340.16 6.3040.15**  0.00
2-F 085 C123966 992.1 563816 143548  0.1440.00%* 0.11240.00 0.00
3-FATE C123513 732.2 215.37 124353  0.7630.04** 0.540.03 0.00
1-# #-2- A ) C116096 7072 196349 123341  3.2540.10** 1.8940.05 0.00
2-T B =3R4k C78933 5933 140693 124671 3.2840.19 5.1040.24**  0.00
2-TH C78933 588.8 138918  1.05922 6.7040.10 7.4540.48 0.11
2- & 1) C110430 8937 384913 126407 0.2440.00 0.4440.02**  0.00
2- R = 3R AK C107879 6885 183297 137221 0.3620.01 0.6440.02**  0.00
2- /R C107879 683.8 180.93 11181 2.9540.07 4.2440.09%*  0.00
- 3-THA C589388 7839  260.623  1.16889 1.0040.00 0.960.03 0.06
3- R B C96220 697.7 189598  1.11341 1.8140.11 2104005  0.03
4-#2 35 -4-F K -2- )R BR =R Ak C123422 8422 320478 15251 0.100.00 0.1420.00%*  0.00
4-32 3 -4-F 3 -2- )%, BR C123422 8436 322076  1.13419 0.5740.03 1.0040.09**  0.01
7 R C67641 539.8 118306 110996  20.20#0.84* 17553020  0.03
E7SHi C108941 8987 392368 115329 0.4120.01 0.55#0.04* 0.2
LB =RAR C513860 7104 198682 133193  8.4840.46** 1.8140.02 0.00
Tk C513860 7144 201641 107162  10.3640.31**  64140.12 0.00
2-FATE =R C96173 6643 171385 140317  0.1840.01** 0.1340.01 0.00
2-F A TE C96173 6659 172135  1.18422 4.1840.16 3.9940.26 0.35
Bk KT EE C100527 964.4 506.414 1.146 03 0.47490.00 1.0340.01**  0.00
GETE C123728 5975 142362  1.28704 0.5840.00 1.0640.05%*  0.00
JRBE AR C111717 9049 401954  1.69318 0.2040.01 0.3540.01**  0.00




MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.8

Y33 C1i1r1v 906.2 404.084 1.345 56 1.6940.01 2.6940.22* 0.02

TEE ZJRAR C66251 796.5 272.552 1.556 93 0.9840.01 14140.13* 0.03

S C66251 795.9 272.019 1.267 89 3.8740.29 4.5340.23* 0.04

EEE C124196 1109 789.188 1.48538 0.4840.02 0.4520.02 0.12

IEFEE C124130 1016.8 607.646 141761 0.4240.01 0.4840.03 0.10

IE KBS C110623 698.5 190.195 1.187 88 1.9340.08 2.6240.04** 0.00

BEER C64197 600.3 143.464 1.153 16 1.5440.05 2.0310.07** 0.00

B2 TR TR C142621 986.4 551.64 1.63981 0.2240.00* 0.1740.01 0.02
TR C142621 985.7 550.179 1.308 77 2.8440.06* 2.4440.12 0.01

>+ RER LB C108645 858.6 339.649 1.25133 0.1140.01 0.1140.00 0.85

S y-T A B C96480 921.8 429.247 1.082 95 2.3240.13 2.5040.17 0.23
TR Y B C79209 545.7 120.602 1.184 22 0.834.01 1.0940.04** 0.01

Hib 2-F Hh-3-nk i BB C28588741 872 356.157 1.136 73 0.1840.01 0.2440.01** 0.00

i *P<0.05 AT EFBE; P00l AT EFMIE,
2.3.13  A[FIMIX R AT AR PVRAIE R B H R SR S

NRE—D o AL RTRR A A A AL S 220, ARIRIE S S T HREUiiE: (B 2). el 2, BT
Fon —MEPTAE 51, ISR R S YE S, BRI R SR,
PR, WRREGE S . M RTLUE Y, ASFEIHLX AECE TR AT 25 B R R ML S, A XKIAER GCQ
AR S BRI R, BRI 8RR TEMIR 2- R TR, - T BE. TRE. CURSF 23 Fifs
B X33 QHC A & AL m R YT, 6048 2- TR 1 FoRUEFE . CRRHG. COf%. . T
e, 2-FPHE-3-RIRBINE S 24 Fif o

Q AT O PO A G U= - on U D O% ~ 5 ofo7 6eQl
Q o 4 . == - EE O J o] GCQ2
00 - R o6& -1 o ol J = olo] GCQ3

ofo7 Qucl

il - o U 1] ;' olo] QHC?2
~ 0 = g NDTooel 1 i o © 5 orl QHC3
?iiﬁiigmi“ggii*”m“EEiiﬁﬁ”“iigv JELER L b E LR EEYLEE Y Match: Sele
gezEER g Beeg SEEREE FEig Egggg@@§§§§gg§§% Cut-0ff [w]
BEir==¢ Go g TR R gggsqg it L E Y
"R EEy BEgo ) EE TPREE tRETSGipeddlBEdoad
1 BEe EFER  gzepBeR  pTEpeoDEddEEEEF
g EE g S48 g8° " i EREFEREEE
T L * ok . -SRI R
EE g g &
B R R
2
[
B o
EE
BB
ERIEYIR *

[ 2 FEHXEERTHRAHE XA B S EE
Fig.2 Characteristic flavor compound fingerprint profiles of foreleg meat from Tibetan sheep in different regions
2314 JET OPLS-DA Z3 AR X 5 F BRI R VAL S i 22 5
ORI A3 AR [ B X 58 2 AR P P O 2 P A0, ST GCQ 4T QHC 4 1Y) OPLS-DA A7 L Sl & HRE (RP)

STIAE S (QF) ZVFYr OPLS-DA BBk okt dbr, — s, RAEM QAT 0.5 HilBeir 1, Fnf
Y IRARRERE ST RTIN B A7t . il 3A MIPEA EIFR, BOAUARERE 1 B8 RPX=0967, R7Y=1, TilllIAE 153K
Q°=0.998, ¥ KT 05, HiZEr T 1, WHIHIE K OPLS-DA FR ELAT B iR AN /1. MIE53 AT 41, GCQ
5 QHC 41k SN 2Z 3B, TZa 7642505, 151 OPLS-DA 7572 AT AR HE X 43X i Ak 2 AT R BRI
b, NKIER AR OPLS-DA AR BRAFER A I G, WARIYBEAT 200 PR32 RAIE, 75315 3B Frs i B Hiuks 3o
Bl B QB SREAKIAERS, H-SHARAACIOEBE o, WA AT S, RO lA .
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A RiTBE (OPLS-DA) W GeQ B R2=(0.0, 0.841), Q2=(0.0, 0.302) o R2
[l QHC mQ2
30 L T —— -
20 T i
eaqH2
10 0.6
GeQ2
0 scar@oca ®arc 0.4 m
10 0.2 i <
®aQHCl ’ ’,I"
-20 0 el |
| |
230 -0.2
| ]
40 -0.4
-300 -200 -100 0 100 200 -0.2 0 0.2 0.4 0.6 0.8 1

t[1] 200 permutations 1 components

C Hii & (OPLS-DA)
A

VIP[1+1+0]

® =4 & & E & & = i)
® 4 N S 4 4 & = &
11 & - - &
& & =
N 5 #
& =
Var ID (Primary)

3 T EIMbXFEF ATAR P FE & 1 KR L S48 OPLS-DA 153 E
Fig.3 OPLS-DA analysis of volatile flavor compounds in Tibetan sheep foreleg meat across different regions

E: AP E; BES#ALIRE; CVIPEASHHAE.

55, T E PR ARECE R Y HPo6 A AR TR R R, TR T VIP [ (R E RS E ),
EHANN VIPS HHE R AP IEE B AL S . REER PRI ) VIP B4 45 540 & 3C A
KA PR, REL 79 M VIP>1 BRI S YIVE NPT ATRR G S, BN e Ol — 2R
. IBR. ZBE. 2-T B SRk 1-52EE-2-0 0 1-P0mE . 1-F. 2-7mA. PR, AT DL INEESEA B0 P 4
HBEE XA TR, K2 B 5 BAT TG HT0, K IR KR, X580 H R A A U AR 3 2R
Pl 2 PRI S B Sy 2 — Y, WL, B, Mgy, &5, W, BENKE. FE <
IR BRI A AN AT PRI ) R SR K, AR b 1 IR 1- ARG 2 /e QHC 4l BT, Hrp
1- s A A E A, 1-EEI T QHC 4Lk ik k.

R4 TEMXEERRAPXBELMELED (VIP>)
Table 4 Key volatile compounds (VIP>1) in foreleg meat of Tibetan sheep from different regions

FLE MY VIP {& Rekdhit

TEBE=RIA 3.08 HFibvk, Wbk
L) 2.46 REAAR, FH6), #HREK, BE
Bk 2.46 Fibk, Wbk

2-T B —FeAk 1.46 RE, BRhAA

1-#2 3-2- A R 1.46 R AR, BAEA, FHT
1-R B2 1.42 M RO AR
1-5.8% 1.34 F
2- /5, BR) 1.14 REAAR, FH6), #HREK, BE
SR 1.04 #ef, B, Rk, HAEFH, B, RE

232 TR BE SRR R Rk i 5T e ot
2321  AS[FIH X R I R IR R GC-IMS i I L 44

FIFH GC-IMS FARAR T [ H X 58 S B P (RORAE XUk 22 5, A 28 P = e Pt . o PRI 22 S5t o
BIULE 4. f1PE 4 R, AS[R DX AR5 o R PR B IR R R R AR KB ], (& BARE— B E R
10
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WK 4C Fin, HHC Ff i B g i S R R 2, Do B U X AN R0 5k = S TR PRI R P XUR A ot 5
RO, H AR B ek J5 TR A 350204 R s oy B AR B =y

mant run sec [min]

& 4 A AEIXEF ERRAYHERK SR IE-EFEHE 3D B; B. FRMXEFERRPAHFHENRSHERIE-BTFIRIE 20 E; C
N EHX 58 FE BRI A 4HE KUK B AR EL T EL GC-IMS 15
Fig.4 A. 3D diagram of GC-IMS spectrum of characteristic flavor compounds in the hind leg meat of Tibetan sheep from different
regions. B. 2D diagram of GC-IMS spectrum of characteristic flavor compounds in the hind leg meat of Tibetan sheep from different
regions. C. Comparative GC-IMS fingerprint analysis of characteristic flavor compounds in the hind leg meat of Tibetan sheep from
different regions
2322 AFMXGECEERRAER IS PENE. R
ARG S R P R RSAE KUK ) GC-IMS Z3HT5 R IR 5. #F GCH A1 HHC 4LE 3L 5E i) 41 i
HERMAEYIT, FEERYERD IS, 358 72.14%8 74.37%, FHUGZEEY, 535108 11.17%F1 10.80%, %
TORAEREE, 7359108 9.75%AM 8.23%. 1- CLF , 1-J3i-3-He 4k 10 MR MEAL & 7E GCH & & 2 2 iR (P<0.05),

11
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M 1-2F05-3-FF . 1-JEE A% 16 g A ML EWIE HHC W& E R 5 (P<0.05).
= 5 TEIMXGEE SRR EHERRAIRR GC- IS S3HTLs 3R

Table 5 GC-IMS analysis results of characteristic flavor compounds in the hind leg meat of Tibetan sheep from different regions

G4 RGN SN AR A%

EE MR CAS 5 P&

# Is Ims GCH HHC
1-TEE =Rk C111273 8745 359352  1.64225 0.1240.01 0.1120.01 0.18
1-2.8 C111273 874.1 358.82 1.325 19 1.1920.04* 1.0126.00 0.02
1-F 4i-3-B% C3391864 9865 551901  1.15655 0.7420.02 0.8240.01**  0.00
1- /B —F Ak C71410 7664 244328 151237 0.1940.00 0.2420.01** 0.1
BE 1- /%85 C71410 767 244861  1.25261 1.910.03 2.1140.02** 0.0
1- 8 H-3-B5 C616251 6882  183.124 093623  1.2940.01** 1.1740.01 0.00
1-A B C71238 570 130.634 1.1181 2.6620.07** 1.9620.07 0.00
2-F C123966 9921 563816 143548  0.080#0.003  0.078#.000  0.43
-FATE C123513 7322 215.37 124353  1.5840.01** 0.7320.01 0.00
1-#23-2-A R C116096 7072 196349  1.23341 6.1420.07 6.3820.14 0.08
2-TEA=JR4 C78933 5933 140693  1.24671 2.4740.02* 2.3740.04 0.05
2-THA C78933 588.8 138918  1.05922 5.760.11 5.660.09 0.30
2- i Rl C110430 8937 384913  1.26407 0.160.00 0.1920.00**  0.00
2- /R B —F Ak C107879 6885 183297  1.37221 0.460.02 0.4420.01 0.14
2- /5%, BR C107879 683.8 180.93 1.1181 2.5140.02 2.7830.08*  0.02
. 3-THR C589388 7839 260623  1.16889 0.760.02 0.8920.01**  0.00
wx 3- /5%, BR C96220 697.7 189598  1.11341 1.5810.07 1.5740.07 0.77
4-F2 -4 F HK-2- ;B = R4k C123422 8422 320478 15251 0.0740.00 0.060.00 0.15
432 3 -4- 5 3 -2- )% R C123422 8436 322076 113419  0.3440.02** 0.2140.01 0.00
L) C67641 539.8 118306  1.10996 13.5840.23 13.0840.36  0.13
IR TR C108941 898.7 392368  1.15329 0.260.02 0.2940.01 0.16
TBE= Rl C513860 7104 198682  1.33193 25.750.28 27.344053*  0.02
B C513860 7144 201641  1.07162 12.314021  13.1140.09**  0.01
2-F A TE =R C96173 6643  171.385 140317  0.5840.00** 0.1320.02 0.00
2-FATE C96173 6659 172135 118422  4.7640.09%* 3.080.05 0.00
ES C100527 9644  506.414  1.14603 0.380.00 0.5840.02**  0.00
TR C123728 5975 142362  1.28704 0.5120.02 0.6940.01**  0.00
BEBR AR C111717 9049  401.954 1.693 18 0.1320.01 0.18#0.01**  0.01
i JREE C111717 906.2 404.084 1.345 56 1.0249.06 1.6540.02**  0.00
TE =R C66251 7965 272552  1.55693 0.2640.02 0.4440.01**  0.00
T C66251 7959 272019  1.26789 1.6740.06 21740.15*  0.02
fi25 2 C124196 1109 789.188  1.48538 0.2520.04 0.2926.00 0.18
SEFEE C124130 10168  607.646  1.41761 0.240.03 0.2520.00 0.68
IE B C110623 6985  190.195  1.18788 1.3936.09 1.3536.02 0.46
B C64197 600.3 143464  1.15316 1.3836.00 1.6440.01**  0.00
ES TR R C142621 986.4 551.64 1.639 81 0.1920.01 0.1820.00 0.37
TE C142621 9857  550.179  1.30877  2.6440.01** 2.3026.01 0.00
5k KB LBS C108645 8586  339.649  1.25133  0.07540.005  0.073#0.004 061
y-T P B C96480 921.8 429247  1.08295 2.0240.05* 1.8330.08 0.04

12
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TR Y Bg C79209 545.7 120.602 1.184 22 0.6340.03 0.7140.02* 0.03
HAd 2-F J-3-vk v B EZ C28588741 872 356.157 113673 0.08940.002 0.08840.004 0.73

E: *P<0.05 KT EFRHE; *P<0.01 AT EFMEE.
2.3.2.3  AN[EHL X 5 R AR A ST Fa 2 B 3 A

WL SRR A2 GC-IMS g Ja HAa g it LK 5. MBI AT %1, GCH A HHC 22 [RI % R LRy 25 57
8K, GCH M 2-I% R 1-38)d-3-BE. ARE. COFE. OfR. »- T AR, 2-FIEE TR, 3-FL TR, 4-208-4-Fk
2-JZEAR S BN E S, HHC A ZFRFEE. TR, ZFR. FEE. O, 1-78E-2-A0. 3-C . [REE. 1-
FM-3-IE OB, RS, PRl B AR

D O E o oV Dol - 5 olo] GCH1
D O < 0 o U DoRE - - A W1* . ofo] GCH2
4 5 a U RN = - efo] GCH3
o U ofo] HHC1
S 5 ~ - Ty E ol Do 9 . o 0 ofo] HHC2
8 p =4 5 s T o = " 0 - . . A o olo] HHC?3
ii:ubbwbiiHHmH»mHHI::wooq ::w.ﬁm%?b’:g-—w-—--—--—-::c’ui%% Match: Sele
SHELN D Ol DR hLanniilgg o
PifEcoetrEr @ BRer fEREE PORIRLEEL CEERE
TR LAY ggll  2REEy E S By pecgfecif
EE 8 g g 8%y REEiL ® EE ® g o
g gk 5 EF £ g i
g gk REE o g
8 B g g‘ 8
z
g
7
g
ER YR

5 FEIMX5EF EBRPIFHE XK B 5 S E

Fig.5 Characteristic flavor compound fingerprint profiles of hind leg meat from Tibetan sheep in different regions

2.3.2.4 F:T OPLS-DA F3HrASIHE X 5 2F 5 B A 8 R AL B ) 2 57

A JE I (OPLS-DA) [ ele B R2=(0.0, 0.466), Q2=(0.0, -0.649) o R2
W HHC mQ2
1 A
e -
40 0.8 I ______________
2 @GCH LS B
0.4 ®
= HC3 @ ]
0 0.2
= Hc1 ®HHC2 L]
GCH3 @ 0
% @ GCH L
-0.2 - =
40 -0.4 .
-0.6
-60 -0.8 "
=200 -150  -100 -50 0 50 100 150 -0.2 0 0.2 0.4 0.6 0.8 1

200 permutations 1 components

J5ili# (OPLS-DA)

g

2-FUE TS
3L T
-

P i
2-FRBETRE AR

Var ID (Primary)
E 6 FEIMXEERTERPZER M RIRL S0 OPLS-DA 753 E
Fig.6 OPLS-DA analysis of volatile flavor compounds in Tibetan sheep hind leg meat across different regions
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A AR R BEHMLIRE; CVIPMEASHE.
& 6 TEMXEFERAPXEELMELET (VIP> 1)
Table 6 Key volatile compounds (VIP > 1) in hind leg meat of Tibetan sheep from different regions

FE A VIP {4 Rordhid
2-F R TES 2.67 FAfvk, T EF
PR TE 1.90 BEBEE, FERE
1-REz 1.74 B R AR
TBE =Rk 1.68 Fibek, Wrihek
7 R 1.63 AEAATR, HH6, R, BE
Tk 148 Hibrk. Wbk
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