5 47 % 5 10 ) i Tl B Vol. 47 No. 10
2026 4 5 H Science and Technology of Food Industry May 2026

HANE, 214, XA, 55 PR LA AN [P 590 A AL DY Hh 6 0 TR 4 -5 R A XU ) T 22 5 23 (9], 80 Tl B, 2026,
47(10): 343-354. doi: 10.13386/}.issn1002-0306.2025060302

BAI Ruzhen, GU Xuedong, LIU Lei, et al. Analysis of the Differences in Fatty Acid Composition and Characteristic Flavor Substances
in the Muscles of Different Gender Individuals of Tibetan Black Goats[J]. Science and Technology of Food Industry, 2026, 47(10):
343-354. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2025060302

- ST -

5B LU AN R A LN P R AR
H RS FHEXBR Y B2 7B

BuE ,\ EZEEL", % & KREF VA W, EBER, TREC, ZRILE®
(1P KR F RSt 5 15, 1984 RACTRATE A 3R E R 2137 P8, MRk 2 860000;
2.795. B 8 R RHEAF R EL T TR SRR 7P, R ALE 850000;
3. G AR 2B R BB T RS-, 79585 AR 854000)

Rl

B EARTARMANEELLFENA S ARG E R, AFRERBRZLFENERFINTRN L, L
TRz (AThE, BREAH R KIL) WA F RGN BR AR RAFE X R KRB Ry £ 5. BREP: RBIR{ZGIA
¥, C18:1, C18:0 4= C16:0 2 £ & I I B R %, H F 2 FH KR KM C6:0. C8:0. C18:0, C20:0. C21:0 #=
Clél 22 HEESHTEE (P<0.05) , mAFEHRE C20:1 A2 L2 FGTEE (P<0.05) . i, NFEAF
8% NibA=RE 5 B (MUFA) A& (2.06£1.22 /100 g) %% F8&% (1.570.51 g/100g) . RAR T B zE
W-A A8 G- B A R (HS-SPME-GC-MS) 9 #7 4 K Rk B, 5 2dh 7158 b4, asmi
(18 #F) . BEX (134F) . BAK (64F) . BREX (5A) . ek G#) . Wik GH) . BEX Q) AL
ek Q5H#) . BFATHEADAEARSELEZSTAF (P<0.05) , MAFATERELAFRBADASENEFS
THF (P<0.05) . B ERSH9H (PCA) . REKRBHS WA EHR D ZFKAA 94 (OPLS-DA) K, E
TEE, ERES. RFPEE, 3-242-TE, 2-CHk%., PR, LK CEf L LS 4R 2 5ERE 05 AR ER %R
HRETHEARS. 2 FHTRER. RARTARBRASZTET, ARRELZEATAMET R ERTEF
(P<0.05) o AHRA BB L LF BRI N R AR IR T 2RI,

KRR A B0, A S, IR B, AR Rk A R, 5 AR Rk

FE S-S TS251.1 SCHERFRIZAD: A X EHS:1002-0306(2026)10-0343—12
DOI: 10.13386/j.issn1002-0306.2025060302

Analysis of the Differences in Fatty Acid Composition and Characteristic
Flavor Substances in the Muscles of Different Gender
Individuals of Tibetan Black Goats

BAI Ruzhen', GU Xuedong"~, LIU Lei"*, ZHU Huifang', ZHOU Yu?, CAI Wanlin’,
LI Zhaomin?>, LUOSANG Zhaxi’

(1.College of Food Science, Xizang Agricultural and Animal Husbandry University, Collaborative Innovation Center
of Special Agricultural and Animal Husbandry Resources Research and Development, Nyingchi 860000, China;
2.Institute of Agricultural Products Development and Food, Xizang Autonomous Region Academy of Agriculture

and Animal Husbandry, Lhasa 850000, China;
3.Agricultural Science and Technology Extension Service Center of Bian Ba County, Changdu 854000, China)

RSB 2025-06-25
HEWH: &RASEERAHER (X2202201ZDO00IN)
TEERN: A (1997-) %, MR A, IR F @) F 5 R Fain LY %4, E-mail: 2643136778@qq.com.
*EEEE: £54 (1978-) , 8,4, 4%, AR F @ & SR %A, E-mail: xuedonggu@xza.edu.cn.,
) % (1993-) , B, Ak, B0, BF A7 6): 45 & M H) Fedn L5 & F 69 HF 50, E-mail: liulei@xzna.edu.cn,


https://doi.org/10.13386/j.issn1002-0306.2025060302
https://doi.org/10.13386/j.issn1002-0306.2025060302
https://doi.org/10.13386/j.issn1002-0306.2025060302
mailto:2643136778@qq.com
mailto:xuedonggu@xza.edu.cn
mailto:liulei@xzna.edu.cn

. 344 - Q&T\lv*’Lﬁ

Abstract: To explore the differences in muscle quality characteristics between male and female Tibetan black goats, this
study selected male and female Tibetan black goats as research subjects and analyzed the differences in fatty acid
composition and volatile flavor substances in different muscle parts (front legs, hind legs, and longissimus dorsi). The
results showed that C18:1, C18:0, and C16:0 were the main fatty acid components in different muscle parts. The contents of
C6:0, C8:0, C18:0, C20:0, C21:0, and C14:1 in the longissimus dorsi of male goats were significantly higher than those of
female goats (P<0.05), and the content of C20:1 in the hind legs of male goats was also significantly higher than that of
female goats (P<0.05). In addition, the content of monounsaturated fatty acids (MUFA) in the muscle of male goats
(2.06+1.22 g/100 g) was significantly higher than that of female goats (1.57+0.51 g/100 g). Using headspace solid-phase
microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) to analyze volatile flavor substances, a total
of 75 compounds were identified, including aldehydes (18), esters (13), ketones (6), acids (5), alkanes (3), alkenes (3),
alcohols (2), and others (25). The total content of aldehydes in female goat meat was significantly higher than that in male
goat meat (P<0.05), while the contents of esters and alcohols in male goat meat were significantly higher than those in
female goat meat (P<0.05). Principal component analysis (PCA), cluster heatmap analysis, and orthogonal partial least
squares discriminant analysis (OPLS-DA) showed that hexanal, heptanal, benzaldehyde, 3-hydroxy-2-butanone, 2-
ethylfuran, toluene, ethyl lactate, and nonanal were the key contributing components to the characteristic flavor of Tibetan
black goat meat. Male goats due to their moderate content of fatty acids and flavor precursor substances, were significantly
superior to female goats in terms of flavor acceptance and nutritional value (P<0.05). This study provides a theoretical basis
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for the evaluation of the meat quality and flavor regulation of Tibetan black goats.
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Table 1 Influence of gender on the fatty acid Table 2 Influence of gender on the fatty acid composition of
content of black goat black goat
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Table 3 Influence of gender on the content of flavor substances in black goat mutton (%)
. X i y , L
eS| A& LR EA B[] (min) {RERTEEL S Fa P — - —
Y Je KL
N 14.200+8.63" 2.578+3.23° 17.566+9.35°
E 12.473 1085 CeH 0
& 28.294+7.13" 18.674+2.51° 17.126+12.13*
. N 0.109+0.03° 0.068+0.03 0.121+0.04°
J2-2- R 14.075 1133 C,H0 , , ,
0.180+0.06" 0.13620.02° 0.162+0.03*
7S 1.173+0.37* 1.161+0.24° 1.157+0.98"
IF B 15.766 1184 C,H,,0 ] ) ‘ ,
& 2.584+0.64" 1.603+0.39* 12.802+18.07°
. N 0.16120.08" 0.080+0.07* 0.119+0.10°
SRR 16.439 1202 C,H,0 ] ] ] ]
& 0.096+0.03* 0.149+0.02" 0.129+0.06"
N N 0.882+0.29° 0.757+0.66" 1.246+0.44°
IEERE 19.35 1286 CgH,40 .
B 1.676+0.53* 1.293+0.39" 0.859+0.76"
N 2.533+0.88" 5.046+1.43° 3.185+0.54°
IETRE 22.893 1389 CoH 40 .
4.217+1.19* 3.926+1.36° 3.879+1.36"
) w 0.545+0.32° 0.497+0.21° 0.468+0.49°
3-HBR BN 24.855 1449 C,H 08 !
0.258+0.04° 0.547+0.19° 0.404+0.17"
. - w 0.088+0.02° 0.081+0.01° 0.090+0.03*
S -2,4-BE I 26.121 1488 C,H,,0
& 0.182+0.12° 0.116+0.04" 0.122+0.06"
. N 0.122+0.03° 0.328+0.21° 0.139+0.06°
BEE 26.248 1492 CHy0
& 0.136+0.04" 0.161+0.04° 0.064+0.05°
S N 37.501+3.96" 43.345+5 85° 27.833+9.39*
[[E2S 2 g 27.091 1518 C,H0 N
+ 27.472+1.89° 32.812+1.20 29.30245.75
. N 0.531+0.49* 0.559+0.49" 0.617+0.75
KW 30.662 1634 CgHO
E83 0.148+0.16" 0.229+0.33° 0.374+0.32°
L N 0.335+0.15° 0.482+0.16" 0.219+0.10°
IE7RIE 43.42 2113 C,6H3,0
E83 0.277+0.02* 0.287+0.06" 0.23120.11°
N 0.125+0.06" 0.132+0.06" 0.135+0.16"
3-FHETRE 8.084 922 C;H,,0
H 0.058+0.02" 0.106+0.04" 0.087+0.05°
‘ N 0.583+0.2° 0.258+0.20° 0.924+0.64°
S 9.499 985 CH,,0
+ 1.000+0.15 0.543+0.20° 0.840+0.42°
A N 0.286+0.37* 0.480+0.34° 0.290+0.45°
5-FH B2 -WE ) H i 33.109 1718 CeHgOS
Bk 0.388+0.13° 0.426+0.17* 0.271+0.30°
N 0.066+0.02° 0.068+0.02° 0.072+0.08°
2-HISLTHE 8.003 919 CsH,,0
B 0.031%0.01° 0.054+0.02° 0.044+0.02°
_ N 0.038+0.02° 0.07£0.04° 0.034+0.01°
3 32.566 1699 C,H,,0 ] , ,
& 0.048+0.01° 0.048+0.01° 0.050.04°
N 0.059+0.05 0.037+0.01° 0.039+0.03°
2R B2 T 38.457 1914 CoH,,0 . . ‘ ‘
& 0.034+0.01* 0.062+0.03* 0.026+0.01°
. N 59.336+7.2° 56.026+4.75" 54.253+7.21°
- 25 67.078+6.09° 61.173+3.23° 66.77+5.71°
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X X i y , L
25 e £ B4 iF ] (min) {RERFEEL ¥ 531 — - —
Gif i Jii KL
— 7N 0.154+0.02° 0.156+0.03° 0.342+0.19
0.343+0.10" 0.312+0.13 0.292+0.10"
. 7N 3.611+3.34° 1.091+0.79° 0.488+0.61°
FLR 2T 20.144 1310 CsH,,0;4 . b : :
B 0.660+0.14 1.103+0.30° 0.497+0.48"
" 7S 0.377+0.13 0.810+0.95 0.272+0.26"
SR g 29.143 1584 C11Hy0, . ’ 4 <
B 0.301+0.22° 0.190-+0.03* 0.119+0.15°
I w 0.110+0.01° 0.130+0.04* 0.060+0.01°
2 PR 1 g 30.067 1614 CgH,0, ] ] ) ]
& 0.087+0.05° 0.144+0.04" 0.126+0.09"
. , w 0.45120.05° 0.465+0.35° 0.672+0.19°
4- I T RN 30.269 1621 C,H,0, ]
& 0.404+0.15° 0.367+0.13° 0.454+0.10°
., w 0.108+0.06 0.246+0.24* 0.126+0.16"
JIAERR R 35.016 1786 C,3H,40, i
0.09+0.02° 0.068+0.02° 0.071+0.07°
I w 0.355+0.25 0.929+1.31°* 0.263+0.34*
A TR 40.351 1989 Cy5H30, i . . .
_— 0.129+0.02 0.109+0.05 0.154+0.13
R~ N a a a
7N 0.168+0.07 0.1370.1 0.123+0.01
IR TR 7.801 911 C,H0,
0.126+0.04° 0.159+0.07* 0.171£0.05
N w 0.632+0.27° 2.314+1.93° 0.652+0.76
TRl 1% P i 45.242 2192 C,;H;,0,
&) 0.406+0.14* 0.633+0.19" 0.629+0.29"
7S 1.113+0.30° 1.196+0.73" 1.262+0.50°
TR R 9.661 991 CsH,,0,
1.34+0.59° 1.799+1.18° 1.4140.25°
. 7S 0.074+0.02" 0.074+0.02" 0.078+0.01°
AN [T 32.416 1693 C¢H,,0,
+} 0.077+0.01° 0.081+0.01° 0.084+0.02°
. 7S 0.055+0.05° 0.118+0.14" 0.049+0.07*
TR g 42855 2090 Ci6H3,0,
B 0.021+0.01° 0.021+0.01° 0.026+0.02°
. 7N 0.025+0.02° 0.074+0.08" 0.033+0.04°
TR H 50.203 2415 C1oH340,
£} 0.015+0.01° 0.016+0.01* 0.013+0.01°*
4 7N 7.234+2.99° 7.741+2.98° 4.421+0.68"
BT
£ 440.73° 5.001£1.5° 4.045+0.83"
N 7N 1.39+1.18° 0.632+0.58" 1.700+1.49°
2,3-°¢ 20.493 1318 CgH 1,0,
Bk 2.202+1.66 1.659+0.75 2.016+2.00°
o 7N 0.291+0.03* 0.337+0.06" 0.264+0.02°
AT 30.911 1643 CgHgO . B .
0.221+0.05 0.224+0.02 0.262+0.03
7S 0.197+0.10° 0.349+0.04" 0.196+0.14*
Xof RS 2 TR 34.406 1765 C,H,,0 ] ‘ . ,
B 0.154+0.04" 0.158+0.02 0.122+0.03*
” . w 2.27243.17 1.341£1.95 5.107+6.86°
[iEE:S 3R HE-2- TR 19.28 1284 C,H;0, ] ] ‘ ‘
B 1.056+1.25 2.813+1.68" 0.833+0.79"
N w 0.155+0.04* 0.187+0.09* 0.112+0.04*
X FRFEIR 35.162 1792 C4H0, ] ] ] ]
& 0.064+0.02° 0.097+0.05 0.115+0.04°
- w 1.047+0.44° 0.788+0.42° 1.573+0.60°
215 9.387 981 CsH 00 :
1.171£0.11° 0.673+0.23 0.965+0.41°
it w 5.061£2.49° 3.298+1.99° 8.689+7.97°
h5y2
4.647+0.55" 5.4+2.64° 4.051+3.21°
. L n 0.983+0.28" 0.896+0.52° 5.641+4.89°
KR 24.489 1438 C,H,0, .
1.731£2.07° 0.949+0.31° 1.118+0.10
N N 0.22620.10° 0.310£0.19° 0.31620.19°
BT 29.885 1608 C,H;0,
0.334+0.19 0.629+0.52° 0.412+0.20°
" N 0.185+0.06" 0.161£0.05° 0.291+0.12°
EC R 35.928 1819 CeH 20, X . .
ik & 0.287+0.04 0.344+0.08 0.318+0.07
- I, 7S 0.422+0.04" 0.392+0.11° 0.609+0.21°
B 49.841 2398 C,HO,
B 0.371%0.10° 0.334+0.03° 0.537+0.07°
e 7S 0.069+0.06" 0.049+0.03* 0.059+0.01°
2R 46.253 2236 CioHy0,
+} 0.039+0.01° 0.027+0.01°* 0.043+0.01°*
. 7S 1.885+0.22° 1.808+0.81° 6.915+5.15°
BT
B 2.761£2.38" 2.283+0.89° 2.428+0.32°
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X X i y , L
25 e £ B4 iF ] (min) {RERFEEL ¥ 531 — - —
Gif i Jii KL
7N 0.045+0.03° 0.045+0.03° 0.028+0.01°
bk 34.863 1780 C17H34 , , ,
0.025+0.01°* 0.025+0.01° 0.129+0.13
I 7N 0.014+0.02° 0.041+0.06" 0.061£0.08"
2450 8.131 926 CeH i . . .
ks B 0.012+0.01 0.017+0.01 0.012+0.01
NI
o 7S 0.037+0.02° 0.09+0.13* 0.052+0.03"
2-JR M 10.783 1030 CioHy6 ] ] ‘ ‘
B 0.043+0.03° 0.028+0.02° 0.036+0.02°
it w 0.107+0.01° 0.176+0.09* 0.14120.06*
- 2 0.08£0.03" 0.07:£0.02" 0.178+0.12°
w 0.349+0.14" 0.390+0.07° 0.306+0.05°
b 33.609 1737 CioHg .
& 0.259+0.12° 0.259+0.05° 0.280+0.01°
w 0.643+0.53" 0.129+0.09* 0.471+0.13*
TEA—kt 12.63 1090 Cy Hy, i . . .
ks 0.341+0.41 0.201+0.05 0.251+0.28
NLAT
, w 0.461+0.23 0.277+0.22 0.406+0.24*
TEZ b 10.123 1008 CioHy, ]
0.340£0.17° 0.254+0.07° 0.713£0.11°
il w 1.453+0.9° 0.797+0.23° 1.182+0.30°
T
0.94+0.69° 0.714+0.16" 1.244+0.17°
L N 0.434+0.28" 0.511+0.69° 0.531+0.22°
1E O R i 15.777 1184 C,H,,0,
&) 0.787+0.54" 0.994+0.51°* 0.923+0.70°
L I 7S 1.287£1.11° 3.583+5.31° 3.521+4.10°
[(EES 7-FH-4- 24385 1434 CgH, 0O
1.403+0.29° 1.567+0.48" 0.993+0.40°
it 7S 1.721£1.30° 4.094+4.94* 4.053+4.12°
BT
B 2.189+0.43° 2.561+0.99* 1.916+0.95°
7S 0.353+0.13° 0.746+0.26" 0.114+0.19*
2- LTI E 29.427 1594 C;H,NO 5
B 0.312+0.18° 0.234+0.05 0.210+0.19°
7N 0.713+0.25° 0.619+0.53° 0.55+0.05°
2-H 3 i Ak 12.188 1076 CHeS,y
£} 0.495+0.13* 0.658+0.28" 0.486+0.19*
i 7N 2.91243.34° 3.51242.03° 2.105+2.87°
2-Z Bk S mEms 30.684 1636 CsH;NOS
Bk 2.169+0.79* 2.406+0.43 2.264+1.31°
. 7N 0.345+0.10° 0.889+0.21% 0.071£0.12°
3-(H B ) gy 30.792 1639 CsH¢S,
Bk 0.360+0.16 0.323+0.03" 0.169+0.18*
. 7N 1.011£0.32° 0.998+0.90° 0.623+0.10°
3-Z LML IE 22.506 1377 C,H,N , , ,
0.873+0.21° 0.889+0.41° 0.937+0.34*
) 7S 0.925+0.13" 0.886+0.23° 0.981+0.20°
2-Z HENK I 8.88 957 C4HO ] ‘ R ,
B 1.306+0.30° 3.989+1.71 1.736+0.47
7S 10.140+1.60° 10.06242.70° 6.907+2.06"
FRoR 11.259 1045 C;Hg . , . .
B 7.178+0.83° 8.793+2.43° 6.810+1.91°
_ w 0.808+0.82° 1.298+0.44° 0.764+1.14°
2-Z Bk HE-2- 1R Ik 33.86 1746 C;H,NOS i ] ) )
o & 1.008+0.16" 0.922+0.21° 0.865+0.66"
o B . U 0.346+0.31° 0.464+0.41° 0.375+0.22°
N,N- T I 34.196 1757 CoH oNO .
0.300+0.21° 0.326+0.16" 0.277+0.11°
. w 0.508+0.18" 0.472+0.33* 0.306+0.07*
= 22.599 1380 C,H¢S, i
0.394+0.16° 0.373£0.13° 0.351£0.06"
R N 1.452+0.96" 1.316+0.33" 3.040+3.54°
PSS 14.221 1138 CH,o
0.966+0.36" 0.517+0.13° 1.035+0.84°
N 0.687+0.22° 0.805+0.6° 0.915+0.26"
ZHFERR 37.53 1878 C,HeO,S
0.608+0.06" 0.962+0.59* 1.186£0.71°
. N 0.219+0.04* 0.198+0.05° 0.251+0.04"
Ky 40.078 1977 C¢HsO
& 0.166+0.04" 0.170+0.01° 0.238+0.05
7S 0.105+0.03° 0.131£0.03° 0.119+0.05°
3-FH g 51.267 2459 CyHN
£ 0.067+0.05* 0.056+0.03" 0.134+0.06"
. 7S 0.367+0.55° 0.603+0.65 0.451+0.78"
2,3- W ki 20.723 1325 CeHgN,
+} 0.353+0.04" 0.415+0.16" 0.310+0.35
» 7S 0.68+0.28° 1.029+0.43° 1.224+1.51°
CHEER 13.887 1129 CgHy,
B 0.453+0.15° 0.351+0.11° 0.697+0.14°




- 350 - B Tk B 2026 4 5 H
k3
, , i . , L
eS| L' LR EA B ] (min) {RERFEEL srFa 531 — - ——
iR Jii B L
N 0.208+0.22° 0.242+0.13 0.209+0.26
2-HI g 18.615 1265 C,HN, , , ,
0.171£0.05* 0.164+0.03* 0.188+0.10°
o N 0.097+0.07 0.191+0.11° 0.066+0.10°
5-FR Jik- S g 19.055 1278 C,HNS ] ‘ ‘ ]
b 0.103+0.02° 0.11£0.04° 0.121£0.10°
n 0.216+0.02° 0.182+0.12° 0.212+0.10°
TR 28.257 1555 C,H0S . } ‘ a
b 0.093+0.02° 0.108+0.06" 0.18+0.14°
} } n 0.271£0.01° 0.297+0.05 0.316+0.11°*
v L 29.593 1600 C¢H,,0, ] ] )
& 0.2020.04* 0.209+0.02° 0.242+0.06"
S w 0.184+0.02 0.159+0.07* 0.195+0.05°
R 29.627 1599 C,H;N ]
& 0.132+0.03° 0.139+0.03* 0.188+0.01°
i w 0.156+0.04* 0.204+0.06" 0.138+0.04"
X F 3 41.939 2052 C,H0 i
0.155+0.06" 0.224+0.10° 0.242+0.08"
n 0.063+0.02" 0.049+0.04* 0.053+0.04*
2-1E T Ik g 13.842 1127 CgH,,0 . b
0.097+0.01° 0.119+0.03 0.052+0.04*
w 0.086+0.06° 0.246+0.15° 0.063+0.09°
2,4~ Sk ggmg 19.137 1281 C,H,NS
0.086+0.02° 0.09::0.04° 0.136+0.10°
N 0.059+0.02° 0.125+0.02* 0.033+0.01°
2,6- AU BT H 37.869 1893 CysH,,0 s
0.039+0.02° 0.028+0.01 0.055+0.03*
it n 23.203+4.98° 26.061+5.72° 20.346+5.84°
BT
18.306+2.57° 22.797+4.94° 19.368+5.54°

Al JRUAE IR IS P HLA s i A AR,
{BASI ST R I FLIR LB AELS2F iR b i 2 B i 25 e
THEFE(P<0.05), $ERFREBEIS AT BEXT M RFAE XU
HAFRRER . B2 TN 6T Z2 AN IR D 12
S I FE R R A 28200, B SR JH A AR RUIMR T iR 3 2
E%, APEAS 1 B AR, X HH L2 R AN 7R 2
FEAS Hh 43531 B2 80 42 32 (P<0.05) AR fi. 38 (P<0.01) |
ARG WESEY) R R PR UL P A S S R R N
SR TR S S A il S A R A e A, LRI E A e,
X2 P RURAT B A FHEO . AT A 1) 2- 2, Kk
MR TE 2 e R P Y B A B 3 T TSR (P<0.01), 1
1F R ) S BRAH R PR S 3 A a4 (P<0.05) o iXdb
25 5 0] BB 55 PE R L 2 v JRGE N PR L AR IR
IRBE L K WEPE S e i g B R A e IR FH
LR, A ISR . R T S A, 3-
(PR ) EMYE 2N 2 (0.889% ) J JBR v i & F Al I 3%
TR (0.323%) (P<0.01), Fiifb&Wrix Jeom s
KPR TR PO PR L SR P R IE XU i BT F 5
i ARG T BRI PRSI R A AR 2,6-
AT IR FH iy, 3O R B H bl R AR A
BT, YE—2NESE T B L2 R XUR g .
H A S R (0.125% ) B 35 bW 0 35 726 T 2 I il
(0.028%) (P<0.01), M2z 5487~ T ACIERE S it —
AP, R ILEEAS AN FRAE AN A e R L TR .

2.2.2 OPLS-DA #HIS-HT T35 B XU 42 5T
XZZ, T HASE H W . Shfb . P52 P A XU 5
Sy S BN FL I AEAR K 22 5, PRI Gk am 2t 7 P
BB S AT R FRASAA RS UER Y Zonge ity
AT LAHRS Bh 9T AR B 22 [R] IR, 5 2= . T AR o 6]

MM . R ISR Y B S A 45, Hirh PCA 287
B ST B —B21 ARG AT X VG gk 2 L1 2 A [R5
DL, SRAHBM R Tk 5 Z oo T ridmss 6100
THFERME, RETEEE T A M AR ot A 2H SRR
FWERZESE . TEST T £E L, AFFSCRAHIESS
P/ N 3 35347 (OPLS-DA) X — £ A5 = Gt 7
o ZT AR GC-MS FR15 11 58 Ze i kA7
— A A B FIRA AL, ST T R AEEEE i n R L E
FZAHUFFIES . FERERI, R?x F1 Ry 435 T &
FEALE [ AR B x RIS AR By S0 B ) i B R R, I
O* W FH TR R (G BUM BE 775 RZ AN O7 m{E R
T 1.0, BHRERB WA SR A8, hmE 2
T, VE RS L 2EAS RIS A4 A XU 40 S 745 ol
ArEs sk, Hoh, BERIE R2x Sl 0.644. R%y K 0.399,
HWMFEE O* SR 0.141; FE B X PE R LU 2 A [R] R A5
Ao i B X A3 TR VAR R 14.1%, X AT REH TEA L E

OPLS-DA7543 4]

. = BERi]

2 (28.1%)

-5 0 5
pl (36.4%)

K2 R[S XA i) OPLS-DA 4
Fig.2 OPLS-DA results of volatile flavor substances
in different parts
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AR AN, 22 18] B M5 2 TR A A e AN [ R i i 25 ek,
X —ZE IR FE ST UL T PR R L SRS RIS 4 A P XL
R A L] AP E R Z AR 2= 5

g T IPAL FTR 2 OPLS-DA #5875 fit Tl S A1
TOU - B, X P R 1L =20 SRR SR 25 E A (T B
JEBE ., KA B VOC 4T T 200 YR AR N B 40
Rrus . W 3a s, B R S 0.673. O° N
-0.702, O* 5 Y fin#EE/NTF 0, IXLEEPEFRI, 1%
PR I LA i O, I FLELES R Fa e
PRI GE ST o 8 A i EE B 52 (VIP, variable
importance in projection) 43HT, AT LA H X PH K 22
L SEAS [R]FRANE XU 9 S5 X 43 LA 4 35 BTk 9 2045 -
VIP {E>1 MR BT H 53 TS B TR S 2H TR X
Sy R BTMRER B B, AnlE 3b BT, PGSR 2
VIP {H>1 B XUERY) gl 53 14 i, G FE: IEC .
TE B . ZEFE | 3-32 52Tl . 2- 2 Lk . 2K
FLER ZWE . IETHE . 7RG -4-I . VKO TR . X —H
oK | BEHE R TR . 2-L RS WEME | 2,332 ., LA
VIP {E>1 VB Ry 254, B0 T Ba 1L = XUk ) ot
R 14 Fh R B 2H Sy, P S Ao
B (4 B, DA DGR PEIS S B 1Ly 2 PRI R XU 1) S22
DIk, HUORBEZE (2 Bl A2 (2 FlD .
2.2.3 PRI S RIREIRISNT REIRIS S
Mt (Heatmap clustering analysis) f&—F ) 72 W T
ZABE TR SHT RGO i, Hamad )2 R
PR e R AR G, IR S (B B R B
P ral BARRUTE 5 22 S ER . AR I 3L T Ph R 1L 2R
N EEEE 3 AL (RTER . JEBR . KA1

a

75 P KR AR T S R, 3T T R RN
EI AT . AniEl 4 iR, BF S SRS EE R S B3 I Wi
XA gh 4, Bip R T4 A E S RER A, H AR
—2H, FLIR R AR ) ST ZH SRR s 2N SERITR
K WURE S RO 2l A BEERE S (RTRR L )5
JiE R B B K L) BN EE =21, oA R B 18] XL
TR B2l B BAT AR . AR, PUECE LD
2 XRS5 28 i, Bz ek [) sk 52 ASE AV 531) DR 25 i
455 M AT (PCA) G5 SRAH B EIIE, #H—2E
LEATPRRN T T IR R, SRl -2 M- 1-1E . 1
SR A 3- HH S A5 SRR USR5 X P g R L 22
PRIRFAE XU T Al HLAT peE MR o

UEAb, 2 PR BR 32 2R AR R R AT AR Y 3-
FH LS| 4- 2R i) 5 | 2 S iR I B 45 A A%
1k, HET PEGLIRZEALE P SR, RS2 TR
PR AE R DT E AL = I Rt 2 B L2 AL
R AR S I C T A R B, VORI A R
5 A DG A R AU BT R 2IE b | B EAIG, A A
HE S H e R i i FE L S PRI B0 s ik SR S S dT
(PCA) FERZSHIEI ST, PEIECE LL=FE A RFIE AL
BRI S IE O . IE B 2RI, 3-¥83t2-
AR | 2- 2,3 | LR 2L T8 A OE A, Hidh ek
TG 2K ) T Xt 4 A IXUR 114 53 Wk 3 de v (43 391 3k 31
42.3% F 31.5%) o BRI SREE R ES BB A
ARARL, (EFEARAE XU Jo B L2 49-A1 R B A7 A i
E2E7(P<0.05) . EARITF : A AFNE XU BT R
TR 28.7%, NEMRAH Y BT 5T B, 236
WL R 228 2 b S AR S 1 (12.4%) i 2 s TR

2000 B A3 14
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