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Abstract: The yak milk Lala (YMLL) from four regions of Tibet were used as the research object, and the headspace-solid
phase microextraction combined with gas chromatography-mass spectrometry (HS-SPME-GC-MS) and odor activity value
(OAV) were used to identify the key aromatic substances. Additionally, partial least squares discriminant analysis (OPLS-
DA) was utilized to explore the key aroma and different components of Lala at different regions, which aimed to analyze
the key aroma substances of YMLL in Tibet. The results revealed that 88 volatile components were detected in YMLL at

the four regions, which were primarily acids, alcohols, aldehydes, esters, ketones and aromatic compounds. Twenty-nine
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volatile components with OAV =1 by threshold value were screened. Furthermore, through a combination of OAV=1 and
impact analysis of projection variables (VIP)>1, 9 characteristic volatile substances as the difference markers of YMLL
flavor in the four regions were further identified, that included 2R,3R-butanediol, nonone, butanediol, isovaleric acid, n-
methyl-2-pyrrolidine, acetic acid, isobutyric acid, maltol and myristic acid, respectively. The OAV, cluster heat map and
OPLS-DA was used to indicate differences in key aroma components of YMLL at different altitudes. The characteristic
flavors of Lala in four regions were well distinguished according to these 9 characteristic volatile substances selected by
VIP, 2R,3R-butanediol, nonone, butanediol, n-methyl-2-pyrrole formaldehyde and acetic acid gave DXLL sweet taste with
grassy notes along with roasted nuts and light sweet-and-sour taste respectively. Isovaleric acid, acetic acid, maltol and
myristic acid gave DLLL special sour taste, burnt cream and coco nut aroma respectively. Isovaleric acid and isobutyric
acid gave BGLL sour taste. The key aroma composition of YMLL was unveiled in this study, while data support was
provided for the elucidation of its characteristic aroma formation, theoretical guidance was additionally offered for the

industrial-scale production of YMLL through systematic biochemical characterization.

Key words: Lala; headspace-solid phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS);
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odor activity value (OAV); partial least squares discriminant analysis (OPLS-DA)
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Table 1 Volatile components and contents in yak milk Lala from four regions
e i (pg/g)
25 s e/ EA CASS
BYLL DLLL DXLL BGLL

1 LB 111-27-3 - - 0.47+0.06° 0.32+0.09°
2 JRmE 71-41-0 - 0.84+0.07 - -
3 S 123-51-3 - - - 1.87+0.12
4 TEE 513-85-9 1.19+0.02¢ 21.97+0.82° 70.09£0.16 3.97+0.12¢
5 2R,3R-T [ 024347-58-8 1.86+0.06¢ 16.69+0.33° 27.84+0.35° 5.15+0.14°¢

B LAY 6 IE?%?% 111-87-5 0.30+0.01¢ 2.10+0.03* 0.40+0.02° 0.40+0.01°
7 i 98-00-0 15.86+0.16" 7.16+0.02° 12.98+0.49" 1.99+0.02¢
8 AR 100-51-6 - - 0.06+0.01° 1.08+0.41°
9 KO 60-12-8 - 0.35+0.00° - 0.83+0.09°
10 HEA 77-53-2 - - - 0.27+0.11
11 [t 57-55-6 - - 0.870.06 -
12 5- -2k Y 3857-25-8 - 0.14+0.08° 0.26+0.01° -
1 PR 111-71-7 0.37+0.02° 4.85+0.11° - 1.39+0.12°
2 T 124-19-6 2.76+0.02° 8.04+0.12° 0.78+0.15¢ 3.1240.29°
3 L 66-25-1 0.10£0.01° 3.230.20° - -
4 S 124-13-0 0.62+£0.01° - 0.86+0.00° -
5 Bk 112-31-2 - 0.26+0.00 - -
6 e 98-01-1 0.35+0.00° 0.39+0.01° 0.77£0.07° 0.28+0.09"
7 AR 100-52-7 0.11£0.01¢ 1.6240.04° 0.32+0.02¢ 0.65+0.15

BEXRALEY) 8 I 1337-83-3 0.46+0.01° 3.17£0.07 0.050.02¢ 0.14+0.01°
9 JIRERE 112-54-9 - 0.32:0.02 - -
10 PR 2 e 124-25-4 - 1.02+0.09 - -
11 2- 4826-62-4 0.21£0.01° 2.46+0.05° 0.06+0.01¢ 0.14+0.00°
12 5-FH o 620-02-0 - - 0.07+0.03 -
13 5-3% I A 67-47-0 - 0.100.01 - -
14 N-FF -2 NH g 1192-58-1 - - 0.110.02 -
15 I -2,4-58 I 25152-84-5 - 1.08+0.03 - -
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k1
S i (pg/g)
el 75 At/ B2 CASS
BYLL DLLL DXLL BGLL
1 g 64-19-7 21.29+0.39¢ 112.08+0.53° 129.97+0.09° 24.80+1.27°
2 PR 64-18-6 1.330.05" 0.82+0.02¢ 6.70+0.05" 0.82+0.01°
3 R 79-09-4 0.2140.01¢ 4.09+0.04* 3.50+0.03" 0.61+0.04°
4 TR 107-92-6 0.59+0.03¢ 1.17+0.03¢ 3.61+0.09° 14.66+0.64°
5 TR 79-31-2 0.14+0.01¢ 0.60+0.01° 0.50+0.00° 0.81+0.12°
6 37 109-52-4 - - - 0.13+0.03
7 SR 503-74-2 - 0.57+0.01° 0.49+0.01° 0.53+0.12°
8 A7 142-62-1 0.81£0.02° 2.30+0.56 2.38+0.02° 29.89+0.38"
9 B2 111-14-8 - 0.33+0.00° 0.06+0.01° 0.68+0.03"
10 FR 124-07-2 1.34+0.02° 2.54+0.01° 3.38+0.02° 65.47+1.22°
11 T 112-05-0 0.47+0.03° 1.50+0.11° 0.62+0.15° 2.1240.22°
WAL A 12 ?L@ia 79-33-4 - 27.62+0.25 30.020.22° 10.69+0.41°
13 3 334-48-5 4.21+0.02¢ 5.98+0.08¢ 9.510.04° 138.91+1.45°
14 9-ZLIFR 14436-32-9 0.21£0.01° 0.44+0.03° 0.410.02" 4.25+0.22°
15 T 112-37-8 - - 0.13+0.00° 0.7240.03"
16 KR 65-85-0 1.20+0.01¢ 4.81+0.01° 7.85+0.04° 14.59+0.51°
17 JEERR 143-07-7 1.04+0.04° 2.56+0.02° 3.47+0.10 35.78+1.04°
18 b= 638-53-9 - - 0.32:0.00° 0.43+0.00°
19 PR 1002-84-2 - - 1.86£0.01° 0.5240.06°
20 PR 57-10-3 0.60+0.02¢ 1.14+0.02° 5.0020.00° 3.1240.11°
21 LR 103-82-2 - - 0.3120.04 -
22 TR S R 544-63-8 1.26+0.10° 2.98+0.11¢ 6.38+0.02" 12.68+0.28"
23 RIEERIA 544-64-9 - - 0.29+0.02 -
24 il 112-80-1 - - 1.11+0.14 -
1 TR 821-55-6 - - 0.24+0.02° 0.110.00°
2 R 3658-77-3 0.22+0.02¢ 0.29+0.02° 0.48+0.03" 0.31+0.01°
3 FREEN T 116-09-6 0.75+0.04° - 1.75+0.14° 0.94+0.20°
[[EE =] 4 PR B JL T 693-54-9 0.110.01 - - -
5 2-(5H)-IW Ml 497-23-4 0.20+0.01¢ 0.74+0.03* 0.77+0.02* 0.42+0.02°
6 3-FRHE-2- TR 513-86-0 1.45+0.11¢ 14.95+0.60° 1.89+0.21¢ 5.45+0.34°
7 2, J2-3,5-F ZJs Tl 30086-02-3 - - - 0.19+0.02
1 IR T R 105-46-4 - - - 0.70+0.06
2 FIR TR 106-32-1 - - - 0.17+0.01
3 TR LR 1114-92-7 - - - 0.13+0.01
4 - T MR 96-48-0 0.110.00¢ 0.54+0.02° 0.39+0.02° 0.18+0.01°
5 ZER LT 110-38-3 - - - 0.49+0.01
6 LR LT 103-45-7 - - - 0.99+0.02
7 2-BIR H TR 611-13-2 0.3240.02° - 1.07+0.07* 0.17+0.01°
B G 8 BRI T T 105-76-0 - - - 0.10+0.00
9 BEDR [T 705-86-2 - 0.260.02° 0.07+0.00° 0.18+0.01°
10 AR AR T 24851-98-7 - - - 0.27+0.03
11 Ay et ) 713-95-1 0.14£0.01° 0.60+0.02° 0.52+0.02° 1.10+0.09*
12 FHERR Z g 106-33-2 - 0.35+0.03 - -
13 WAL — AR 104-67-6 0.0620.01 - - -
14 (+/-)-p-F2H-y- T IR 5469-16-9 0.91£0.01° 2.090.08° 0.69+0.01¢ -
15 X RS- 2- L HAHE 5466-77-3 - - - 0.39+0.10
1 % 91-20-3 - 0.18+0.02° 0.08+0.03¢ 0.34+0.06°
2 1-F 328 90-12-0 - - 0.100.03" 0.400.09°
o 3 2-HIHEZE 91-57-6 - - - 0.21+0.01
7 Jﬁjﬁg%ﬂ 4 23 118-71-8 2.600.02° 10.95+0.83° 10.07+0.18" 2.500.11°¢
5 iy 108-95-2 - - - 0.16+0.01
6 Xof F 1 106-44-5 - - - 0.38+0.02
7 2,6-RUT B Y 128-37-0 - - 0.89+0.01 -
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k1
i (pg/g)
25 T AL/ E CASS
BYLL DLLL DXLL BGLL
8 2- R 3777-69-3 - 2.06:£0.00° 0.49+0.11° -
9 2-Z, BRI 1192-62-7 - 1.51£0.01 - -
10 2-F it 1003-29-8 - 1.45+0.05" 0.08+0.04° -
11 2,3,5,6- DU F LN s 1124-11-4 - - - 0.39+0.02
12 LAV 470-40-6 - - - 0.41£0.06
13 R 67-71-0 - - 0.32+0.04° 0.60:£0.03"
14 Hi 56-81-5 - - 0.23+0.01° 0.49+0.07*
15 ZERE 60-35-5 - - 0.08+0.03 -

RN AKL Y FATANRNG R R 25 5 3 (P<0.05) .

5 P07 = Hifb2
E_D 400 { e=—e= = @ﬁ%
= 350 ] = Pﬁﬁi%
=

b1 300 - .
o =
H_g 250 A i
R 200 - R
=
= 150
H 100 +
K50 1 ﬁ
£

BGLL DXLL DLLL BYLL

B DU DA FLARL T3 A USR5 e K oA
Fig.1 Contents and distribution of volatile flavor substances
in yak milk Lala in four regions
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Fig.2 Venn diagram of volatiles in yak milk Lala
from four regions
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TTRK, IBHE KA OAV>1 LG RIZAE R RFIE XL
BRI, 5 OAV>10, MUCKHIEESAL S YR THERE L
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3 3] OAV=1 19 29 R L FHF S L4, OAV>10 1Y
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® 2 ARHXFEF IR ST OAV KL {E

Table 2 Characteristic aroma components of yak milk Lala OAV and their thresholds in different regions

SR E(E(OAV)
Jr5 & mBHR S B{E (mg/kg)

BGLL DXLL DLLL BYLL
1 Sz 0.49 1.08 1.00 1.16 -
2 S 0.004 468.55 - - -
3 5T 0.3 2.71 1.66 1.99 <1
4 AT R 0.006 115.96 - - -
5 1k 22 1.13 591 5.09 <1
6 EFR LR 0.0193 8.81 - - -
7 R 3 21.82 1.13 <1 <1
8 Y 0.0008 - 1080.28 - 770.75
9 R 0.01 - - 32.40 -
10 TR R 10 127 <1 <1 <1
11 TR e 0.11 - - 9.23 -
12 T-1i 0.2 <1 1.20 - -
13 Tl 0.0011 2839.11 707.54 7311.68 2508.09
14 32l 1.24 2.02 8.12 8.83 2.10
15 e 4.5005 <1 2.88 1.59 3.52
16 ciR 3 9.96 <1 <1 <1
17 CE 0.0615 - - 52.54 1.58
18 5L 10 13.89 <1 <1 <1
19 ZEEE 0.003 - - 86.83 -
20 PR 0.003 461.71 - 1616.87 121.83
21 X H 13 0.0039 96.81 - - -
22 TR 70 <1 1.00 <1 <1
23 R 0.56423 1.47 - <1 -
24 AR 0.75 <1 <1 2.16 <1
25 N-FF -2 FR i 0.037 - 2.92 - -
26 3-F25E-2- T 0.04 136.20 47.14 373.76 36.29
27 2-1F S FEnk 0.0058 - - 355.75 -
28 2- 0.0014 102.03 45.07 1759.93 147.64
29 2R,3R-T i 20 <1 1.39 <1 <1

T =" FIR AN
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