MR EmBE Modern Food Science and Technology 2027, Vol.43, No.8

P EIR IR E SER LR BEETYR S

Eghe ', BEa’, FRY, TR, Be Y, BWW C, REE R, FEET, MR
BEEE"
(1. FTAL AR AR Se AN A PR3], FTALMETK 053000) (2. FTab B MK Se R ARQ|FT s, FTabfE7K 053000)

(3. #rk F IR A A F F IR, FTab#K 053000) (4. FTALE BT A fe S m TH AR E L FIE, FT4L#7K 053000)

THE: BMRARZ LA Rfifen TER MG TERE, 2REFR. SAERGIEL R AL RELE Z AR &5 T
B, ARRAZEKIL, Figfed, FF L. REEE 4ANT R 12 F AP, AT HAEL R £ 5 Th ik KA 2 HM.
KA TRE B IR-AAE &R ERR HAA ML sy, 403 BERE. TR E3miR D = RAIA AT Ferazt Ak
EPAMATIR, A EEE. BR. BS. AR, MRARLRIMLEY 6 EWR, HFEEMENASERG, & 372%;, IRV 12
AAZBRRI D Hy 3 . A 1RBF. (R)-2.3-T =BF. DATEUSG. R, AF=FR. TES. 3-WiA-1-TH . LBRAP T Bife 2-F AA-1-T B
9 A £ b, HF a%ﬁaﬁ%ﬁ%ﬂﬂﬁﬁ%, RAMIEE. FREFFEFNETEZRR., AR RfnMEmsd L2508, T
BRRMEERMR, T AHBMSA LR FHIIR. SO Fedn THRACRBURSE.

KR SR St E R ézﬁi'éﬁw; Rk 2 MR

DOI: 10.13982/.mfst.1673-9078.2027.8.1032

Aroma Profiles and Key Odor-Active Compounds of Different Walnut

Varieties

WANG Junzhuan'?, ZHOU Jingyi®, QI Bing"?, WANG Ying"?, GENG Hui'? AN Lili"?, ZHAO Huimin"*,
LI Zanlingl"', LI Huiqing3*, DENGJ iankang3, XIA Junxia
(1.Hebei YangyuanZhihui Beverage Co. Ltd., Hengshui 053000, China)(2.Hebei Technology Innovation Center of Walnut
Beverage, Hengshui 053000, China)(3.Department of Life Sciences, Hengshui University, Hengshui 053000, China)

(4.Hebei Key Laboratory of Walnut Nutritional Function and Processing Technology, Hengshui 053000, China)

Abstract: Walnut flavor is considered an important determinant of eating quality and processing suitability. However, the volatile aroma
profiles and key aroma-active compounds of walnuts from different cultivars and production regions have not been fully elucidated. In the
present study, 12 walnut cultivars collected from four major production regions in China, including Dali in Yunnan, Hotan in Xinjiang,
Zanhuang in Hebei, and Shangluo in Shaanxi, were used to characterize their volatile compositions and identify the key aroma-active
compounds. Volatile compounds were detected by headspace solid-phase microextraction coupled with gas chromatography—mass spectrometry
(HS-SPME-GC-MS). Differences in aroma profiles were evaluated using single-factor experiments, principal component analysis (PCA),
orthogonal partial least-squares discriminant analysis (OPLS-DA), and relative odor activity value (ROAV) analysis. Six classes of volatile
compounds, including alcohols, aldehydes, esters, aromatic hydrocarbons, olefins, and heterocyclic compounds, were identified. Aldehydes were
found to be the predominant compounds, accounting for 37.2% of the total relative abundance. The 12 walnut cultivars were classified into three
distinct groups by PCA. Nine discriminant compounds were screened, namely 1-pentanol, (R)-2,3-butanediol, D-limonene, ethylbenzene,
o-xylene, hexanal, 3-methyl-1-butanol, sec-butyl acetate, and 2-methyl-1-butanol. Among these compounds, hexanal was characterized by a
relatively high ROAV and was identified as a major contributor to raw-oil-like, apple-like, and grassy notes. Significant differences in aroma
profiles were observed among walnut cultivars and production regions, and hexanal was identified as a key aroma-active compound. These
findings may provide a theoretical basis for walnut cultivar identification, geographical origin traceability, quality evaluation, and processing

optimization.
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Fig.1 Total ion chromatogram (TIC) of volatile aroma compounds in different walnut varieties
F 1 TRZEMPRENZNESCESYIFHER AT S 2
Table 1 Classes and relative abundances of aroma compounds detected in different walnut varieties
Walnut varieties Alcohols Aldehydes Terpenes Aromatic hydrocarbons Esters Heterocyclic compounds Total
185 78.88+37.99%  280.88+158.49° 6.01+1.84° 1.3740.36° 68.84+16.43%" 8.56:2.14¢ 444.54+207.70°
33 68.15+29.80° 89.85+31.49" 14.79+4.29% 1.5240.65° 174.21+88.34% 20.89+8.69% 369.42+129.42¢
4H 95.32423.14°% 159415461  86.96+19.94° 10.16+2.69° 125.08+49 .86 19.42+11.06% 496.36+136.66°
BL 81.82436.95% 91.80+26.09" 86.19+18.83" 236.37+52.86" 146.77+56.69 10.85+4.20¢ 653.80+164.71
DS 89.22428.69°®  177.00+97.59%  33.76+12.82% 119.05+14.93% 17.67+4.68" 10.78+4.97¢ 447 49+148.19¢
LPZ 246.68+2097°  686.30+178.25°  68.33+31.80™ 3.7140.69° 69.54+9.55% 22.13+5.95% 1 096.70+177.31%
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LX 103.71£31.82%  456.98£7020°  31.78+6.38™ 5.10+1.67° 227.35+95.04° 23.94+6.25% 848.85+148.78>
QX 99.86x14.33°®  307.45+64.98%°  10.8543.16° 3.60+1.49° 57.77+21.43% 38.14+£10.99™ 517.67+95.16°
TZ 823.114383.01*  442.98+220.15  371.96+181.52° 1170.71:£530.93 109.29+55.77° 97.88+51.72° 3015.931 243.00°
XE 241.01£87.04%  510.27+186.59°  56.59+13.23% 2.43+138° 278.20+111.63° 59.83+36.69° 1 148.32+386.14%
XF 119.04+29.57%  119.23£61.99"  52.75+12.21™ 2.58+0.85° 81.54+88.36%" 18.57+6.21% 393.72+179.02°
XL 409.48+139.75"  641.83+160.01°  89.09+34.28" 2.94+1.16° 55.10£14.09° 26.30+19.64 1224.73£316.26

i RAIARRNEFHERTEREE (P<0.05).
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Fig.2 Venn diagram of volatile aroma compounds detected in walnuts from different production regions
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Fig.3 Venn diagram of aroma compounds in walnuts from different production regions
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RIUFTIIREE 57.1%. H, PCl1 FEEFHFRALZIEMEK, PC2 FHEESMHLRBIEML, ARBEEURHE; K
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E: (a) ®%EHE; (b) &THE; (c) AREEE; (d) VIP FURHKE.
2 TEFXPRBEL U EIRBEXNSWEEE (ROAV) 247

Table 2 ROAV analysis of key volatile compounds in walnuts from different production regions

ROAV
Compounds CAS VIP Flavor characteristics

XF XE 185 33 TZ BL DS 4H IX QX LpZz XL

1B 7141-0  1.28 KR 019 013 018 033 027 011 032 021 039 037 021 0.68
(R)-2,3-T =8 24347-58-8 1.20 R 087 121 094 156 492 080 092 036 001 08 101 1.14
D-ApAR M 5989-27-5 1.13 MAEE 0.06 002 000 005 029 016 007 022 003 000 081 0.02
%' 100-414  1.11 AR 0.00 000 000 000 026 0.1 005 001 000 000 000 0.00
ARZFR 9547-6  1.11 B 0.01 000 000 o001 214 102 051 003 001 001 000 0.00
B 66-25-1 110  Abigd. FRA. FE4  100.00 100.00 100.00 100.00 100.00 4541 100.00 75.21 100.00 100.00 100.00 100.00
3-FA-1-TEB 123513 1.10 FikoA 1438 337 063 514 238 171 170 259 208 097 126 457
LEAF T B 105464 1.04 HHEA. B 1628 478 679 2224 778 3473 133 952 2241 953 588 026
2-FK-1-TBE 137326 1.01 EHR 1438 337 063 514 238 171 170 259 208 097 126 457

NIX Gy 12 PRk SRR A A R I IE B, W& SR & R EEET O2PLS-DA 4747,
O2PLS-DA 1957 (1 5) BRI 1 12 Pz bk A R IARRAE: 5B — E RN 25.7%, 5T
RN 9.1%, BAHRERIE 34.8%. DUANF=HUFIRE T 2 MBS P I X IBCREEN:, s MR S 4 rp e 22 X
tk, A X B R s PR R S SR LRI I AL R S AR A U XA, TR R i U R
TARXE, X EEHRES, HFE—~XNFEGRERSE. RPAFENEARFEREER, B
[F]— 7= H P R b (R S — B

E O2PLS-DA fifiie Hiff] VIP (EXT 1 (19 9 &S (36 2), ROAV {H = IIVFAR H 200 H BARA 1RHIE
PR - B AEAHIAZ B & Ry, RIURIER; (R)-2,3-T R AEM- 7 RAZsk b & s, etz Omtioki:
DATIEIGTES MFZ k& s, EINES: CORTEMN TRk b & R, 2IUARIER; 20 H 2R T
Bk S ERE, BIEAE cBRATERENZOEEYR, ESEMEE. ¥RESHRE; 3-Fi-1-
TEAEAA R & B, TP AEAR Bk IR TR Rrh S B m, 2IEER SRR, 2-F-1-
TR & R m, IR,

24 Fl—FRAE&SMERERERON

NIRRT R HAZ AR IO S22 SRR, B &= B AR SRR 40 A8 7 7 O2PLS-DA/OPLS-DA #3057
FEEAH = H DL XF 28k XE k. 185 1k & 33 AL AR i &, O2PLS-DA #3453 6a #1, PC1 5 PC2
(IR RIS TN 30.4%H01 19.2%, BAHARFERIE 49.6%; 4 ANShRPFRESAE 425 BN A6 TS, XE BbkEEAL T
PC1 IE[AIX 35k, 185 AT x HhAN y Bl 672, 33 A%MREE AP AE x Pl s X8, XF AR B9340 T y BbffIE
KX, BEHAR m A ARIE A E SR A R ZE R B, BRI 2KRE 7). PC SEEEIEMSE, 1R
KIEEBURHE, PC2 5FRRIEMG, RERRE: VMR s B 20— REE%, BERTEeF, £
B2 B AN [RIAZ AR it o ) B SO R AL A SRt 2800 ] 6b 8B, 22PN R M B0 it b X 40 DRI o e,
M. W, WRIE. WSRANEEYIT 5 AN R SRR A0 75 TRl AR B, s A S22 S B R . AR AN
IEE 6c i, RPRT QP B , HB ARG SE T R I Bt LA, BB B e i e, 8 3
H—BimiE S E R HSYR, VIP EEENUEEREREE. 2-4H0m. 1. O, -0/, K.
2- TR FEMRIRAE, R UK LEY) T X S5 R AN R S AR SORHE ) E TR . S ARE, ARk
(AR 2E e FERIE TS BRI RS R M Ry B B S R L9 ()28 4k

R HIEN N DS Ry 4H R\ TZ R & BL RFES 9T O2PLS-DA HALRILHH A S AE, PCl ffkE
ik 453%, PC2 RN 13.1%, BT 584%, PCl 535 RIEMDE, PC2 SEERIEMIE, REHE IS
fiE, TERGHRT SR SRR, DURMZ BRI &SR AR R 2 . 19501 6d T, 4 KRR BTG TZ 3
BLOMATAE x BUFIERR X3, BL AT x RhAN y B 67 RIX IR, DS A1 4H FEMERHTE x BRI 5 R, y Rl e
BHPET, EAIRTIX5Y, UL SRR R MR AT E S . B 6e iR, XA A R EH YL
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FERESS. B2, WK, BRI A, 4563 3, VIP EBENZEEE - T, Of. 1-RFE. 2-23k0k
R 1-CUE. RS, ElE. LRSS, ULHHIX S 2 2 B ALk R R S 25 S M OB DT R o AL EGHIE
K 6f i, R*HI Q° FEARRHULT, BIAGKSE RA SR RIS, WIS — e R aE /. Sk
K&, mEAEAFBMEE S ER T ERE TR, BRI A & B2k, Ko, 1-
IREE . 2- FERIRSE) TSR X 2 TTRREK o

TG 2 A RS SRR I B 22 . 1557 6g 1, PC1 5 PC2 BIMFREZ 515N 39.7%F1 23.0%,
RIUMERERIA 62.7%, PC1 SEEFMEERIEADE, RFIGEFLUHE, PC2 H5ERIEMR, RERE: PRME
x B FE MO BRI R, RUHEREREE HARE. LX B FEEAT x R, QX FEMmEEHIE x
TE2PHHIX 5k, PIZRFE L BB 28, VLI R R i S R 22 7 035 BT I 6h 3R, 22 S BRI 25
BEs. W2, R . R 3 b, DA, 1-REE. R, O, 1-0FF. 1-90-3-5E. KRS VIP
fHE R, X AbE AR A S SRHER B T . BRLGIERE 61, RPF QMERGE, BIRIEE R R
VBRI E RS, R R E . SACKE, TR ARk R B A E R R BRI TR R AN
BT A AR, o DA 1R TR U A RR X 23 DTk R

B PRV 7 1l DA S Rk S AR AR RZ PR A 22 OPLS-DA HRLE I HH S L& 5@ 11, PCL RN
452%, PC2 R 19.1%, BiHREZRIA 64.3%, PC1 SMEKIEASE, PC2 H5REkiIEM>x, RERE. K5 &
AN BRPGRETIS A AR TR ZER YR, 50K 6) 1, LPZ FES I ATAE x i f-pahis, XL AEmdE
HAE x FHIEPARIXIE, PRREAY x BT R, W ARSI RE A BE R . B ok
K, AEEFESYTHEFESXMERAR . G568 3 nTA, K. CiE. 2-5. 2- MR, 1-508 1-
ORE, DM RSN VIP EE0R, 2 bkt s A i s S 22 5 1) E B ok . BALEGE
K6l i, RO QP BEARE R, B UG IS R B R R LR A, UM% OPLS-DA MRURS & PEAI TN GE
DI MK, BRIG RISk b AR 22 7 R ERR TS B, TR, RIS RS & =84k,
HoAr s, QAN 2- 2 PRI 0 iR X 2 DT R

Modern Food Science and Technology

W xf X
) Bxe b @i | }'
a 6 ) ' Wiss .31
33
4 .‘ 0.21 o 2t Dimonene @t Qs
L i Ot
o2 = (.11 Oz
= = Z @i
o EE»-DDD . w 0
&) [=R5) %
£ C il Z.0.1
]
-4 -0.2 @i
-6 -0.31
-8 > -0.4
-10 -8 -6 4 -2 0 2 4 6 8 -0.2 -0.1 0 0.05 0.1 0.150.2 0.25 0.3
PC 1=0.304 0.927601 * pq[1]
OR2 d | [
¢ R QL - i b1
_____________ g Mds
0.5 ‘ ---------- ' ) 41 4
i By G
0 i— 2 ]
I z 2 804
-0.51 i L0 s
o Q
| | -9
2
] B
| 4
-1.51 =
L]
-6
-2 -10 8 -6 -4 -2 0 2 4 6 8
-0.2 02 04 06 08 PC 1=0.453




MR EmBE Modern Food Science and Technology 2027, Vol.43, No.8
or2
€ 21° £ "o
0.1 ' '
g . /,v’ [ ]
2-0.11 I :
e e
> o xytene(Q Qpsienze o
E-0.21 O 21t O I "
-0.31 O A :
[}
-0.41 @i -1.5 . :
-0.5
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 -2
0.949018 * pq|1] -0.2 0 0.2 04 0.6 0.8 1
\ Mix
g 8 | Mqx
6
0 5] s
~ =] Y
) m g 3
4 | s
6
-8
-10 >
-15 -10 -5 0 5 10 -0.3 -0.2 -0.1 0 0.1 0.2
PC1=0397 0.924197 * pq]1]
. @R2 Mipz
i " Q2 g Hx
1] 6 J
' ----------- g n .
0.51 P o
0 ,I . <o } =] 5]
05 | . 4 “ “ =
=21 []
B m
11 41
! _
-1.51 . -6
2 S5 10 5 0 i 10
02 0 02 04 06 08 1 i i T obci-04s
X 1 OR2
Kk 0 5.9 o, my . = Q2
0.3 . 4 BB
o © ” 0.5 ' !
=02 0 e
2 e n
2 O i
3 Ot Ot -1
R N R 15 !
-0.1 -2 "
O Ofpr @ 25
-0.2
-0.3 -0.2 -0.1 0 0.1 0.2 -3
0.93065 * pq[1] -0.2 0 0.2 04 0.6 0.8 1

6 FEIF X R EEbRIPEIE S ZES 02PLS-DA/OPLS-DA
Fig.6 O2PLS-DA/OPLS-DA score plots showing differences in aroma profiles among walnut varieties from different production regions
E: (a~c) #7885 (d~F) =8; (g) Ak (j~1) BRA.



MR EmBE Modern Food Science and Technology 2027, Vol.43, No.8
<3 .. =, LB X R AR AR ERESHEY

Table 3 Key differential aroma compounds among walnut varieties from Xinjiang, Yunnan, Hebei, and Shaanxi production regions

XJ YN
Compounds VIP Compounds VIP
Pentanoic acid, 3-methyl-, methyl ester 1.41 1-Butanol, 3-methyl-, acetate 1.53
2(3H)-Furanone, dihydro-4,5-dimethyl- 1.35 0-Xylene 1.40
1-Butanol, 3-methyl-, acetate 1.31 sec-Butyl acetate 1.38
Pentanoic acid, 2-hydroxy-3-methyl-, methyl ester 1.22 Ethylbenzene 1.35
1-Butanol, 3-methyl- 1.20 2-Butenal, 2-methyl-, (E)- 1.25
1-Hexene, 4-methyl- 1.19 2-Butenal, 2-methyl- 1.24
1-Butanol, 2-methyl- 1.19 D-Limonene 1.13
Spiro[2,4]hepta-4,6-diene 1.18 1-Pentanol 1.11
2-Butenal, 2-methyl-, (E)- 1.15 Bicyclo[4.1.0]heptan-3-0l,4,7,7-trimethyl-,(1a,3a,40,6a)- 1.09
Hexanal 1.13 Ethanedioic acid, dibutyl ester 1.08
D-Limonene 1.12 2,3-Butanediol, [R-(R*,R*)]- 1.07
2-Butenal, 2-methyl- 1.11 Spiro[2,4]hepta-4,6-diene 1.07
Ethanedioic acid, dibutyl ester 1.07 Hexanal 1.06
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate 1.03 Benzenemethanol, .alpha.-(1-ethenylpentyl)-.alpha.-methyl-  1.04
2,3-Butanediol, [R-(R*,R*)]- 1.00 2-Heptanol, 3-methyl- 1.03

HB SX
Compounds VIP Compounds VIP
D-Limonene 1.57 Pentanoic acid, 3-methyl-, methyl ester 1.51
Pentanoic acid, 2-hydroxy-3-methyl-, methyl ester 1.56 2-Butenal, 2-methyl-, (E)- 1.49
2,3-Butanediol, [R-(R*,R*)]- 1.55 2-Butenal, 2-methyl- 1.49
Pentanoic acid, 3-methyl-, methyl ester 1.54 sec-Butyl acetate 1.47
1-Hexene, 4-methyl- 1.51 D-Limonene 1.44
1-Butanol, 2-methyl- 1.50 1-Pentanol 1.42
1-Butanol, 3-methyl-, acetate 143 Formic acid, hexyl ester 1.38
1-Butanol, 3-methyl- 1.36 2(3H)-Furanone, dihydro-4,5-dimethyl- 1.31
Hexanal 1.28 1-Butanol, 2-methyl- 1.23
2(3H)-Furanone, dihydro-4,5-dimethyl- 1.27 1-Hexene, 4-methyl- 1.23
sec-Butyl acetate 1.19 Ethanedioic acid, dibutyl ester 1.22
Formic acid, hexyl ester 1.05 Benzaldehyde 1.09
2-t-Butyl-5-hydroxymethyl-5-methyl-[ 1,3]dioxolan-4-one 1.00 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate 1.04
Butyric acid, 2-pentadecyl ester 1.03

AWFFCA = R KB . Hr SR AN L AT AE B AR PG RS DU A X 12 RO BERE SONEE RO R, R
HS-SPME-GC-MS SR HAERNER sy, FF4EG 2 et Al ROAV PN et 2 A . e
WP, WS, MRS, ARk, MESRAAIMEEY) 6 JHE RN, eI & i, 5 372%. PCA
RGN, 12 MR AT =28, RUIAFIG AR A TR R 22 5% . OPLS-DA 73 #fridt—2D i
W 9 B VIP KT 1 IERIERIENEY), 454 ROAV 2 Hrrl A1, Clte £ SAEMIES . SEREME A
(Y= 2 R A

AT AR X ANF R R B AR A R A, ORI P A
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