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Abstract: To explore the changes in volatile compounds of yak and Jersey cow milk at different heat treatments (63 °C/
30 min, 75 °C/15 s, 85 °C/15 s, 90 “C/15 s), electronic nose, HS-SPME-GC/MS combined with radar charts, principal
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component analysis and OAV, were utilized to explore the odor variation patterns of yak and Jersey cow milk at different

heat treatments. The results demonstrated that electronic nose effectively discriminated between the two milk types, with

Jersey milk exhibiting greater sensitivity to heat-induced flavor alterations. A total of 102 volatile compounds were

identified across all samples, categorized as 10 ketones, 9 aldehydes, 32 esters, 25 alcohols, 14 acids, 3 phenols, and 9

miscellaneous compounds. Fresh yak milk was characterized by dominant alcohols and acids, whereas fresh Jersey milk

was rich in ketones and acids. Heat treatments significantly modified both the composition and concentration of volatile

compounds in both milk types. Key flavor compounds, determined by OAV>1, were 3-hydroxy-2-butanone, 1-octen-3-ol,

and 2-nonanol in fresh yak milk, and 3-hydroxy-2-butanone, 2-nonanol, and butyric acid in fresh Jersey milk. Notably, The

75 °C/15 s treatment augmented the variety of key flavor compounds in both yak and Jersey milk, and this processing

condition was more conducive to the formation of these key flavor substances. These findings can provide valuable insights

for optimizing thermal processing parameters to improve flavor quality in dairy products derived from these distinct milk

sources.
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Fig.1 Radar chart of electronic nose
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PLIEHE , 5 ARl BT AR AR A LA AP KU S 5 -9 -

H AT, FERTFAEFAEZLA, FAb B F h 2L IR RE
i . AN AR W7 2 1 S A A 2 12 TR 2S ) o 1) T

JRE2273 ) RN R B ARG, R T A L R
Fr M AR, R AR LML) A 3 FRERZEY)
JF, Srhh 37.94 ng/L; 75 °C/15 s(M3)AbFERHERZE Y
JEHEINE) 8 B, it 822.32 pg/L, Hiro A BB
ST 2-T R, 2,3-5% " Ff . 2-Bff . 1-"F -3
2-TERFNFE TR R, H5 M1 3EEEA 0 2- 38R
Fo 3-F23L-2- T e & 5 L Ar 58 22 573 (P<0.05),
Hedm 2- PN 2- Bl -2 2 STk R | AETFR, 24
FLAFR MR PE XU BT P>25 201 335 582 - T R HL
B ERYIF . WA <P, 63 °C/30 min(M2) .
85 /15 s(M4)£H F11 90 °C/15 s(MS5) &b FH2H i 24
SRSB4 4 B 3 FRAT 2 B, Syl
55.13. 40.55. 36.71 ug/L, Fh2EFn& BAL A K, 1
BEFH TAELRFLH AR IA TR & B RIR, b Hnd
A v H AN D 12 14 AU f 2B B B e o e/ e
B, EREMAEFLA D) BB LM D BRZEY) TP 2S
Z 3/, H WS S & & 132237 pg/L, 5§ M1
255 2 (P<0.05) ; ANEIFRACFEXT A8 A= ZLAEBRZS )
FAhZE s ARE , (BAE S5 L S R A
WEFE R (P<0.05),12. I3, J4 F1 J5 2455 5y
BM 5279.99. 1153.48. 4311.74 Fll 5273.12 pg/L, 3
AH b BT 4 A0 2L R 2SS 2 e B ., DGR

63 °C/30 min(J2) . 85 °C/15 s(J4)F1 90 °C/15 s(J5)
Ab 3HZH 5 EE RGN T 48 o FL b R 2 AL S S A

(P<0.05) . FEARERZSYy o] LUK T 2L X Ll & R 4r
XU, HAA AR HE H, RS & Bt s B 25|

AFERP, HIFEIHRIE, FRZL P ARSI,
= A PR PG T R, H 2SR R 83 °C

B, BRI ot 2 FEAR T AR D), A gR 4 R A — 2K, AT

HeJ&H A e L FLAB PSRN & AR T 3L,
TEFAFR AR, FUIR S AR I IR vl e e kA
AN, A BRI

222 EEEMEY  FLEELES AR 2R ESE (L
B ) T N 5 A, SR T L AR DR A QA ik
PR 53, LR ARG, A o Le A TR TR & 1 s 4
ARG, SR FL(MLD) AT 4 FhEESEY) R,
TN 26.37 pg/L; AL FRLH XA F LY A S
SN AN, {H 63 9C/30 min(M2) &b B i 35 BRI 25
YT i (P<0.05), FEAIKEE 2.79 ng/L. YA
SRR AR FL D) EE R, ACE 1 Ao
B, HAa s (0.21 pg/L); 75 °C/15 s(J3) AL Xt
TR LIS P Is B S s i e e, b Fh2is
BINT 4%, 8T 12.22 ng/L, SHTE45 R —
B HATAbFHLA T AN ) . 2R 5 AR B IE LR

2R i S S T AR IR SRS AR 20

223 BELEY SRV eSS YskIE T4
FEBE ES R IR & A RSB, %A= ZLIXWR T A
KB EIAEAR, W 2RI AR, BB

RS N TR IS RN ) o7 >R 1) 2 BRI R 028

TEFEAR LA A 2L S A BE B BRI S, Fh2s
Fi&r 450k 12 Fh 53.87 ug/L, 16 Fh 78.31 ng/L,
PIFPZLHR RSS2 T b s R A i 2-F 3R TS
Z.WEE . 2.1 5 IR lE I 2 R 2K 218, B M1 F
J1 PE 2 B B3 (P<0.05) . 63 °C/30 min(M2)
ALFRZH AR AR 2L BRSSP S RN 5 i Il 25 IR

(4 Fp . 2.52 pg/L) o XFTURWFAFEZL, 2540 FHLZH X e 45
WA FLEE IS SR AP IS RE MR AN A, {H 25 4 250 T R
YRS, Hodr 75 °C/15 s(I3) AbERZH BESEEE hn it B
Z, Erimhy 489.01 pg/L, HiJE: J2., J5 Fil J4, g2 &
Ay 217.55, 151.31, 115.07 pg/L, Hib & A
Tt B AA 2-FA LT 3L 2 WRlE . LRSS IRlEf 2
FRAL iR AEFLH i N RS 0 — s 22 IR A AN SR

TP WAL R 45 A P S RAG I 3] P BRI

teEWy, itk ia A LA AR E] 5 RN TEESRIE S,
Sy T ArE NS T AIZENTES . T 47 TR, T

I — P EE T p-1 P9, Horp & B S T
A —PIERAN T SENEE, 4352k 3.25 Fil1.27 pg/L,
TSRS T AR S R T 1Y p-44k, 2ok
TR SRR FIEHERE,

224 BEEEMLEY BEEEGYIRIER S, AAWE

KB — o E W, A SR L g XU U, A 4R

PR R (17 /), EEE R R

(268.87 pg/L), #ALEE S WFE A ZLEEISFP I8/, (H
S T B IR Y TR, B FE 2-F 3L T L AR aE e

(E)-2-3FM-1-B% . fF4E A4 ZL b B2 ot & i =)

(320.72 pg/L), AbER SIS & 5 UK. Sfaa
L s 2 B 1 B0 K (24.06 pg/L), 63 °C/30 min(J2) |

75 °C/15 s(J3)F1 90 °C/15 s(J5)AbFHZH 14 i 25 4840
TEESEY e (P<0.05), Z8{b B KIS 75 °C/15 s
(J3) A FELH AR A S5 S AN 2-H 3T, 43 AR EOR:
19 12.09 1 0.32 pg/L 3% % 183.00 F1 181.86 pg/L.
FLA B BT SRR A 2R AR: GBI A3 B

UHANER /KA AR ZL I XU L7 43k I

FLABW, 10 72 °C/15 s ST LADKHE T IR 2L Y
FifFC01, AL IR ISR I T SR A AR, S
Jaydisb o TTHEIZLXRIE B rT 58 A a4 il (e hr
TN . PR BTEAR) Ry 32, PRI T AERG R N, HL

WIhs o R Y 1 B i 2 (P<0.05) -

225 G Y mRiGWEZSRETELIE

JU5 53 AN A A RIS RAL BT P RhFLIR ST

YRS ANHE S, AH LS S i R 2 (P<0.05) .

AR A S E Y 491.57 pg/L, Hh &5
MR RR(456.10 pg/L), 5R &Y 92.78%.

AR LIRSS S S 2166.85 pg/L, Hid
TrEREZ FEREEAEFER(912.19 pg/L), SRR &=
I 42.10%, HCHERR(540.08 pg/L) . THZ(400.36 pg/
L). 1EZ502 (146.24 ng/L) A1 AR (91.18 pg/L),

Sl RENY 24.92% . 18.48% . 6.75% F114.21%
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75 °C/15 s(M3, J3) AP PFPZLH O &
B ETHE (P<0.05), 433 R4 1.56 F1 0.00 pg/L
28 355.12 Fll 479.61 pg/L, O BRAEARME BT STRkiE
B WA FNEAR, R e A S R AR
BRBY, 63 °C/30 min(J2)F1 75 °C/15 s(I3) AR 4L
BHREAR T B AR 2L RS B 5 1, T 85 °C/15 s(J4)
190 °C/15 s(J5) AL RIS S & s A Fr L7, Al g
JERt A A FRIR 1 T, B LEE Z R I K A
SHRRTR TS . BRISAA M RIE R =, (R 223 B0
H AN AR P02, 5] G = P HL A SR g < S
BRES PIAp R LT IR S S R e, DRI E
P FLAEAA AU T BEHAT T AR
2.2.6 MyZbEY AU IRGE, fEA U AR R
Ty . A1 FE IS, TR R I A R D A e S R e
G, Hoh R EZE RIS | il Eh FmsiREhal
GIERAFAER Y AR ZLh ARSI Y 3 Ry
b By, A S8 R R, B AR
0.83 pg/L, HFEA AR FRA BRI & i 22 T B ka s ff
TR ZL A SR BT By, S5y 0.15 pg/L, HAS
[F) AL B 5 S S MR AN B S X R P LA R 1Y
AT R, B WA I SR
227 HAWSMEY SRFEAZLALE WA ZL 535
Kl 6 Bl 4 FhHABEALG Y, FEAFE SIS
PIFNE AL E Y . SHEAFLFRE IR 4- SR 2K
1 1,2,4- = H HIR, OG- ZLRRA B D — FH LR
L. — AL E AW S AR AR, (EAD PR A
I (L AT AR A= 2L RUA 7= A i S S i ), o) anAg F 9T R
BRI 1) — Y S 0y s AT 1 USRI S B
23 AEFACIEI MR OAV 73R

XFAS [ A B A ZLAR R ) PR S 54T OAV
ST, GERANZR 5 PR, — MUk, FEERMAL G
T MR B D E T HXTRE S 284 08 XU BTk,

H. OAV {EAK I, X5 XUER BTHkAER K, 0.1<OA V<1
B3 4 JBR 0% TN SRy R A o XK A B 2R g i VE
1<OAV (¥ BRXFE T UM RZ M 4R, T Sy G IR
HALG P, R 5 nl A, BREAFLT OAV>1 W)
JEAT 3-¥33-2- T (2.63) . 1-2F4-3-15(30.40) £ 2-
THREWE(4.99), Ui = Fp) Bt ef A4 LA SIE AL
A EETTHR, 53 5 STRR TR | B g R . AR KRR
JE&EMEEFEH . M3 A5 OAV>1 P EAT 10 Fh,
Sroalch 2,3- 8 R . 3-FRFE-2-T L 2-T- 1R . 2R E
i IECR LR . ~FIR LR . 1-2F -3, 2- -5kl
TIRRNC R, B 75 °C/15 s(M2)AbFIZH 354 B T4E
A FLARY BT A AL, ERIR I FLAE S OAV>1 4
JRA 3-32RE-2-THH(93.40) . 2-T-HEE(5.37) . TR
(25.02) A= (1.08) , 156 HH o IE MY L ¥y vk Eb e 5,
HR B ESBR FNIR R EE . 63 °C/30 min(J2) ., 85 °C/
15 s(J4)F1 90 °C/15 s(IS) AP AE—E R 15
T ORI B | AR RLIA, YRS T W R
FIFRIE . 75 °C/15 s(J3) ZbFZH OAV>1 WY A
6 Fh, 433K 3-¥23L-2-T I (80.76) . 2-T-MH(1.17) .
RS INR(5.87) . 2-HH AL T EE(1.30) . TH&2(11.34)
MO (9.99), S5EFHIRMZLAH thfs, 3-F23E-2-T WR A1
TR OAV HA FTRE(IL, HEFRE . FLFWRMN 4
BRI IE OAV {HIE I, (HIR]BT Rk . WIEREAY
CL IR OAV (EHIINEE B R, AR XUk FE 80 _ 34802 DA 3%
R FIERE Ny 35, 4540 B AT 14 S s IXUBR ) ST A
4 Fp, 4350k 3-FRFIE-2-T W . IE O IR 2T . 2R £ 1R
TR, H OAV>1 1Y 3-¥32FL-2- T HRAN T BRTE LR W
Pl Hr BT R e A FLAR R, X RE S 4R
AhRR ARV L AR KRBT L 3RO AR TS IR
KPS A HIEFRY], B TR A, nl 6
oI A LI B AR IR & B, IS8 = 5+
B, R RN R TR S | RS A R TG

£ 5 AFLEIHFUEE LMY T OAV
Table 5 OAV of volatile flavor substances in milk samples from different treatment groups
\ = N OAV

F5 IRRIENRIR %;ggﬁ RIS Ml M2 M3 M4 M5 ]l n 13 Ja J5
1 2,3-1% T 5Bl WhAFIREY - 048 293 - - - - - - -
2 3-BHE-2-TH 148 HEMIREY 263 3.69 5570 2.81 256 93.40 376.06 80.76 307.14 375.77
3 2-T-fifd 567 H Y - - 110 - - 090 099 1.17 074 081
4 TR 367 ALY 0.17 005 177 013 017 - - 015 - -
5 2-FISL T 1.5 A AT RTBRE 095 - - 051 113 - - - - -
6 2R 5% R 3040 TR B 043 - - 040 023 029 170 587 064 107
7 IEC R R gl R, A 025 0.5 1614 018 021 022 019 019 019 0.8
8 FIROTE 0.580¢1 AR 0.79 038 2351 037 045 042 164 035 025 021
9 1205 -3- 1% 0.014 IR 3040 21.10 18.90 30.70 41.40 — - - - -
10 2-FP T 1401 T HEBRD - 046 031 084 - - 039 130 - -
11 2-T-JLfE 0.1 KR I8 HAE 499 - 1978 3.56 394 537 331 - 506 434
12 T 168 RTINS G N N 7l SR B S 092 125 396 1.1 1.09 2502 19.55 11.34 2234 22.70
13 CfR 488 ERR ., WIEKDR . ILSEDR SEBRR . KDY 0.03 072 740 006 003 - - 999 - -
14 FMR 5001 iR RLR - 001 031 - - 108 071 035 099 091

T =TI AR
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PLIEHE , 5 ARl BT AR AR A LA AP KU S 5 S 11 -

24 A ECIBLEZHFTSKST PCA

El 4 AR A FHRZH 4B A ZLRTE A FL A SRS
PCA SrHT I, 55— 43 STk R 50 77.1% F
56.3%, 55 3 ST DTRRER 43R 12.8% F 25.0%,
FBTHRRS M 89.9% F1 81.3%., A[EALHRLHFEAS
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