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. 3~4 ( 2 g 20 mL , —20 C
)\ ( ). ) ) 1, 2— —3—
( R ( )\ Sigma ; C5~C25
( ) 3, Sigma-Aldrich .
12 h, 2 h, 1h \ 1.2
. 3 ( . DE—203 : Mettler Toledo
. ). . ; SPME .50/30 ym, DVB /CAR/
, 200 g , , PDMSH! 180 Supelco ; TG-Wax MS
(0~4 C) . : 30 m, 0.25 mm, 0.25 pm;
R R Thermol300/8000Evo —
( ) o
1

Table 1  Yak meat samples collected from different regions in Qinghai province

Geographic

Sample No. Region . Altitude/m Grassland type
coordinate
DTG1.DTG2.DTG3 N37°06'42.59" 10D
DTM1.DTM2 . DTM3 E101 33'59.07" )
QLG1.QLG2.QLG3 N38°10'58.35" 3 Yo
QLM1,.QLM2 . .QLM3 E100°14'36.37"
GCG1,GCG2.GCG3 N37°19'17.22" 5550
GCMI1.GCM2 .GCM3 E100°08'43.84" 7
TJG1.TJG2,TJG3 N37°52'43.31" 3 832
TJM1,TJM2,TJM3 E98°49'24.93"
3DG1.GDG2 .GDG3 N33°51'52.95" 1 020
GDM1.GDM2 ,GDM3 E99°39'2.93"
2 s u(}” s “M” ; .s1‘2‘377

The first two capital letters in the sample number represented the Chinese Pinyin abbreviation of the regions. the letter “G”
represented the bull, and the letter “M” represented the cow; the numbers “1, 2, 3” in turn represented the intercostal muscle,

longissimus dorsi muscle and biceps femoris muscle of yak.

1.3 1.0 mL/min; : 50 C, 2 min,
1.3.1 3 °C/min 220 C, 5 min;
1.3.1.1 250 C; (ED
2 g 20 mL 70 eV; : ; : 230 C;
40 min, 20%  NaCl :150 C : (m/z) =
5uL 2— @ —3— (0.306 ug/mL), 30~600,
s s 90 C 1.3.1.3
60 min, 60 C NIST 08
60 C, 60 C SPME , 800
30 min"'*101, 250 C L7—10] .
5 min, (C5~C25) ,
1.3.1.2 (RD,
(MSD) ; ; , 2— —

:250 OC; : 5 : 3— ( )
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1.4
SPSS 19.0
Duncan ,  P<C0.05
H
(PCA),
2.1
5 .2 .3
30 s HS-SPME-GC-MS
> 34 1
, 1 2. Fig.1 Total ion chromatograms of volatile flavor
components in biceps femoris muscle of Tianjun bull
2
Table 2 Identification results of volatile flavor components from biceps femoris muscle of Tianjun bull
. . L Relative CéS .
Number Retentl(?n Chinese English molecular Molecular CAS Referenced Caleulated Content/
time/ min name name formula number (pg/g
mass RI RI
X1 0.33 2— 2-butanone 74 C,H,, O 78-93-3 601 620.5 11.66
X2 0.50 2— — 2-methyl-butanal 86 CsH,, O 96-17-3 643 650.3 9.85
X3 0.57  3— — 3-methyl-butanal, 86 C;H, 0O 590-86-3 643 659.7 28.80
X4 3.51 Toluene 92 C; Hg 108-88-3 754 690.1 13.84
X5 4.30 2.3— 2, 3-pentanedione 100 C;Hg O,  600-14-6 790 708.9 8.20
X6 4.51 Dimethyl-disulfide 94 G Hs S, 624-92-0 722 715.5 3.09
X7 4.85 Hexanal 100 C, H, O 66-25-1 806 725.5 51.66
X8 6.01 Ethylbenzene 106 CsHyo 100-41-4 893 855.0 3.09
X9 6.29 1.3— 1’31;:12:?} 106 CiHy, 108383 907 861.2 5.87
X10 6.49 p—xylene 106 Cs Hyo 106-42-3 907 865.5 10.38
X11 8.32 Pyridine 79 Cs H; N 110-86-1 674 699.7 38.49
X12 9.61 2— . 2-pentyl-furan 138 CyHi, O 3777-69-3 977 939.2 46.01
X13 11.22 Octanal 128 CsHisO  124-13-0 1005 982.1 50.00
X14 1.64 3—  —2— Sflgz::jiz* 88 C.H,0, 513860 717 692.3  151.90
X15 13.94 Dimethyl trisulfide 126 C,HsS; 3658-80-8 972 963.1 4.36
X16 14.45 Nonanal 142 CoHi3sO  124-19-6 1104 1 078.0 93.01
X17 15.38 —2— (E)-2-octenal 126 CsHi, O 2548-87-0 1 034 1 005.4 3.16
X18 16.00 1— —3— 1-octen-3-ol 128 CsH,s O 3391-86-4 969 1 028.7 17.59
X19 16.19 Acetic acid 60 C,H,0, 64-19-7 594 535.6 44.36
X20 17.80 Benzaldehyde 106 C;Hs O 100-52-7 982 891.5 153.50
X21 18.12 —2— (E)-2-nonenal 140 CyHisO 18829-56-6 1112 1102.6 23.38
X22 18.82 1-octanol 130 CsHisO  111-87-5 1059 1132.3 18.77
X23 20.49 Butanoic acid 88 C,H; O, 107-92-6 775 698.9 15.71
X24 20.80 2— 2-acetylthiazole 127 C; H; NOS 24295-03-2 1 068 1013.3 8.42
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2
. CAS
. . . Relative . .
Retention Chinese English Molecular CAS Content/
Number . . molecular Referenced Calculated
time/ min name name formula number (pg/g)
mass RI RI
X25 21.91 3— 3-forniylthiophene 112 CH,OS 498-62-4 983 964.4 5.19
X26 23.23 2— 2-undecenal 168 ChH,yO 2463-77-6 1 311 1225.1 13.68
X27 25.30 Hexanoic acid 116 CsHi; O, 142-62-1 974 924.6 22.40
1H— —2— 1-(H- F2-yD-
X28 27.81 (HrpyroFzry 109 C,H,NO 1072-83-9 1035 956.8  25.41
— ethanone
X29 29.63 Octanoic acid 144 CsHis O, 124-07-2 1173 1 143.3 42.10
X30 31.13 Hexadecanal 240 CisH;» O 629-80-1 1 800 1723.2 175.20
X31 31.64 Nonanoic acid 158 CoHisO, 112-05-0 1272 1 251.0 3.31
X32 33.56 Decanoic acid 172 CioH2 O,  334-48-5 1372 1257.1 23.91
2,4— 2, 4-drtert -
X33 34.26 206 CiuH», O 96—76—4 1555 1596.1 44.21
butylphenol
X34 34.93 Octadecanal 254 CiyH;,O 63866-4 1999 1 935.0 18.34
2.2 7
, 34 o
; 11,
3. 4 S5, 7 o
7 . R . . 2 , 2 .
3 5
Table 3 Statistical results of volatile flavor components in longissimus dorsi
muscle of yaks from five producing areas ng/g
Items Tianjun Tianjun Gangcha Gangcha Qilian  Qilian  Datong Datong Gande  Gande Mean
bull cow bull cow bull cow bull cow bull cow
Aldehydes 918.55 832.51 486.59 714.11 487.64 935.19 646.70 298.26 662.95 745.68 672.82
Ketones 18.24 101.57 80.82 53.55 384.32 104.82 115.66 20.90 45.12 36.95 96.20
Alcohols 118.01 65.07 52.95 94.20 57.62 36.09 88.13 147.63 195.67 63.16 91.85
Acids 39.71 59.16 130.10 37.90 147.00 85.07 167.44 152.15 45.27 75.30 93.91
Heterocyclic 14.23 56.96 14.28 24.67 26.67 90.39 54.15 1.25 38.96 26.92 34.85
compounds
1.85 42.26 17.50 1.25 — 20.76 2.41 8.27 6.27 10.08 11.07
Sulfur compounds
Alkanes 75.26 73.39 44.37 50.24 49.75 32.33 74.59 141.77 200.68 85.13 82.75
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Table 4  Statistical results of volatile flavor components in biceps femoris muscle of
yaks from five producing areas ng/g
Items Tianjun Tianjun Gangcha Gangcha Qilian  Qilian Datong Datong Gande  Gande Mean
bull cow bull cow bull cow bull cow bull cow
Aldehydes 635.01 624.48 725.96 816.34 581.31 831.08 712.58 281.49 808.81 784.02 680.11
Ketones 50.53 204.04 113.99 21.96 166.45 28.72 102.09 10.52 68.87 159.39 92.66
Alcohols 42.55 95.03 115.04 70.82 101.04 60.45 116.22 23.91 30.22 68.12 72.34
Acids 38.79 142.40 29.34 72.78 155.92 81.96 91.13 15.64 76.82 116.08 82.09
Heterocyclic 25.41 49.77 58.49 25.42 46.91 6.32 39.10 3.91 62.10 40.00 35.74
compounds
7.37 9.47 21.95 — 13.54 6.91 1.80 17.75 25.11 7.97 11.19
Sulfur compounds
Alkanes 54.28 71.43 28.42 73.53 100.45 49.77 97.58 14.53 17.44 53.08 56.05
5 5
Table 5  Statistical results of volatile flavor components in intercostal muscle of yaks from 5 producing areas ng/g
Items Tianjun Tianjun Gangcha Gangcha Qilian  Qilian Datong Datong Gande — Gande Mean
bull cow bull cow bull cow bull cow bull cow
Aldehydes 695.46 717.10 746.42 607.48 523.28 350.21 515.77 572.74 680.57 735.28 614.43
Ketones 48.57 7.52 89.61 87.37 158.94 80.14 72.78 71.87 97.14 104.80 81.87
Alcohols 22.56 20.75 7.67 8.42 3.45 36.69 28.27 12.33 11.13 14.59 16.59
Acids 68.86 44.06 28.87 59.24 57.74 25.86 90.68 87.82 64.20 95.33 62.27
Heterocyclic 89.17 28.12 76.08 53.22 76.39 12.93 124.95 98.03 91.87 112.77 76.35
compounds
36.23 208.41 57.13 190.80 76.39 222.09 165.40 58.19 73.97 64.50 115.31
Sulfur compounds
Alkanes 125.41 4.51 59.54 59.54 50.23 93.52 64.95 62.25 41.05 42.10 60.31
2.3 g, (P<C0.05),
N (369.45 ng/g),
(P<C0.05),
6. 7 8, ) 2
[17—18]
b b o
. . N . —2— . (366.22 ng/g) . (P <<
. T2 N N s 0.05),
N o (343.29 ng/g) » (P <C0.
(365.27 ng/g) ., 05),
(P<C0.05), (284.49 ng/g), (P <<
> (335.47 ng/ 0.05),
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(P<C0.05),
(P>0.05),
(527.45 ng/g), (P <C0.05),
(347.65 ng/g) (P <C0.05),
(340.73 ng/g) » (P <C0.05),
[19—20]
2,3— W3
- —2= 4= —2— L3— -
2* ’ o
3— —2— (329.
58 ng/g) . (P <C0.05),
3— —2—
(175.48 ng/g) » (P<C0.05),
3— —2—
(106.01 ng/g), (P<C0.05),
3— —2—
3— —2— ’ 3—
*2* ’
s [21*22]’
- —3— 1= =
3_ s
. LZEJO LZUO 2
1_
—3— (57.75 ng/g)
(P <C0.05), 1
— —3— (64.06 ng/
g, (P<C0.05), 1
— —3— (35.94 ng/
g), (P <C0.05),

(45.72 ng/g)
(P<C0.05),

(47.06 ng/g) .

(P<C0.05),
(56.39 ng/g) .
(P<0.05).
ng.zsj’ ,
22— — 33— — .
(7.67 ng/g), (P <0.05),
(7.97 ng/g) , (P<C0.05),
(8.
12 ng/g), (P<C0.05),
(34.56
ng/g) ., (P<C0.05),
(21.05
ng/g) ., (P<C0.05),
(31.28 ng/
g), (P<C0.05),
2.4
[15—16]
SPSS 19.0 30 34
9, 10,
[26 zuo 9 , 6
98.792.39.184.24.830,
19.471.7.227.6.853, 1,
45.725% .18.136% .11.493%.9.012% .3.345% .
3.172%, 90.88% .
80% .
4 34
, 4 34
1.2.3.4 .
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9
Table 9 Eigenvalue and contribution of principal components
Principal components Eigenvalue Contribution/ % Accumulative contribution/ %
1 98.792 45.725 45.725
2 39.184 18.136 63.860
3 24.830 11.493 75.353
4 19.471 9.012 84.365
5 7.227 3.345 87.710
6 6.853 3.172 90.881
10 s 1 N v \ , 4
N ;2 1 ( ).2 (2,3— 3=

. ;3 —2— ) 1 ( ) N

\2.3— ;4 3
- —2— . 4 3 - 2 ’

5 o
o 8 , 4
10
Table 10 Load matrix results after principal component rotation
Principal components

Number 1 2 3 4
X30 —0.992 0.008 0.080 —0.053
X34 —0.805 0.021 0.043 —0.021
X28 —0.323 0.124 0.067 —0.089
X31 0.305 —0.204 0.159 —0.225
X24 0.281 0.228 0.101 —0.026
X8 0.215 —0.154 0.053 0.199
X16 0.091 —0.953 —0.017 —0.143
X22 0.308 —0.743 0.017 —0.151
X13 0.048 —0.666 —0.123 —0.249
X15 0.028 0.411 —0.106 —0.240
X10 0.079 —0.368 —0.027 0.316
X20 —0.133 —0.111 1.010 0.050
X25 —0.226 0.001 —0.438 —0.104
X4 0.141 —0.039 0.434 —0.014
X21 0.208 —0.144 —0.274 0.205
X26 0.059 —0.109 —0.248 0.098
X14 0.046 0.014 0.064 0.989
X27 0.033 0.027 0.016 0.834
X2 0.094 —0.026 —0.012 0.616
X29 0.095 0.203 0.034 0.608
X18 —0.204 —0.118 —0.045 0.360
X1 0.204 —0.034 —0.161 0.318
X6 —0.032 —0.026 0.183 —0.290
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10
Principal components
Number 1 2 3 4
X33 —0.142 0.021 0.139 —0.076
X17 0.037 0.180 —0.113 —0.135
X32 —0.058 0.189 —0.252 —0.137
X7 0.189 0.001 0.236 0.272
X19 —0.024 0.050 0.214 0.227
X3 0.053 0.015 0.342 —0.170
X5 0.002 0.055 0.464 0.020
X12 —0.132 0.013 —0.161 —0.076
X23 —0.034 0.184 0.060 0.228
X11 0.153 0.342 —0.183 —0.081
X9 0.028 0.047 —0.006 0.020
1 2 X (28—31]
s 384.32 ng/g,
, 2 5 N
J2 W3 30
3 s
N | RN || I 8
9 I 13 o 3.2
s 30
o )
; 831.08 ng/g.
. 281.49 ng/g.
204.04 ng/g,
s 10.52 ng/g.
s
3.3
7
2 1.2

Fig.2 Distribution of the samples at PC1 and PC2

’

935.19 ng/g,
298.26 ng/g,

746.42 ng/g.
350.21 ng/g.

, 158.94 ng/g.

7.52 ng/g.
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Analysis of Volatile Flavor Components in Yak Meat from Different
Producing Areas of Qinghai Province by Head-Space Solid-Phase
Microextraction and Gas Chromatography-Mass
Spectrometry Technique

PI Li** LI Yulin® TAN Liang' WANG Honglei' LIU Liyong® WANG Huan' ZHU Qingyun®*
(1. Northwest Institute of Plateau Biology. Chinese Academy of Sciences, Xining 810001, China; 2. Key Laboratory of
Tibetan Medicine Research s Northwest Institute of Plateau Biology, Xining 810001, China; 3. Qinghai
Products Quality Supervision and Inspection Institute , Xining 810008, China)

Abstract: The purpose of this study was to analyze the volatile flavor components in yak meat from different
producing areas in Qinghai province, and to find out the compounds of key volatile flavor components in yak
meat using principal component analysis method. The volatile flavor components in the longissimus dorsi , bi-
ceps flexor cruris and intercostal muscles of yak from three male and three female yaks were selected from 5
different producing areas in Qinghai province were analysis identified by head-space solid-phase microextraction
and gas chromatography-mass spectrometry ( HSSSPME-GC-MS) technique. The results showed that 34 vola-
tile flavor components were identified from three parts of muscle of yaks, including aldehydes, ketones, alco-
hols, acids, alkanes, nitrogen-containing heterocyclic compounds and sulfur-containing compounds. Eight
compounds like hexadecanal, octadecanal, nonanal, benzaldehyde, octanol, 2,3-pentanedione, 3-hydroxyl-2-
butanone and caproic acid were found to be key volatile flavor components in yak meat by principal component
analysis (PCA). The results of PCA for producing area show that 30 samples can be divided into three catego-
ries according to the producing area and grassland type.[Chinese Journal of Animal Nutrition , 2020, 32(6) ]

Key words: yaks; HS-SPME; GC-MS; volatile flavor components; PCA
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