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Analysis of the main aroma substances in eight walnut accessions

SHI Tianlei', LI Xiaoying', ZUO Bo', XU Ping’, ZHANG Libin', SHEN Yanhong""
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Abstract: [Objective]l Eight walnut accessions were used as materials for analyzing their main aroma
substances, and the differences between these accessions were clarified. [Methods] The variety of
‘Kuixiang’ was from Chongyukou walnut plantation, Lulong county, Qinhuangdao. ‘Kuixiang’ ‘Lia-
oning No. 1’ ‘Qingxiang’ ‘Xiangling” ‘Xiling’ ‘Yuanbao’ and ‘Zanmei’ were from Qipanshan plan-
tation, Lulong county. ‘FN39’ is a superior line selected from ‘Shimen walnut’ seedling populations.
HSSPME/GC-MS was used to determine the aroma components in the kernels of these walnut varieties.
‘Kuixiang’ was used as the test material for optimization of the extraction protocol. Then extraction
temperature was set in four levels, 40, 50, 60 and 70 C, the extraction time was 40 min, then 230 C for
5 min. For optimizing the extraction time, the extraction temperature was set as 70 “C; the extraction
time was set in three levels, 40, 50 and 60 min; and the solution was performed at 230 ‘C for 5 min. Af-
ter optimization, the best conditions were applied to determine the aroma substances of the eight walnut
accessions. The walnut kernels were crushed, and 3.0 g of the kernels powder were put into a 15 mL
headspace injection bottle, sealed and adsorbed at 70 ‘C for 60 min. The extracted sample was then in-
serted into the gas chromatography with an injection port set at 230 C for 5 min. The chromatographic
conditions included an HP-5ms quartz elastic capillary column (30 mx250 umx0.25 pm), carrier gas of
He (99.999%), a split ratio of 20: 1, a flow rate of 1.0 mL - min'', an inlet temperature, which started
with 40 °C for 5 min, increased to 70 C at 5 ‘C -min" and maintained for 2 min, increased to 120 “C at

5 ‘C - min"' and maintained for 6 min, and finally increased to 230 ‘C at 10 ‘C - min" and maintained for
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5 min. The mass spectrum conditions included an EI source voltage of 70 eV, an ion source temperature
0f 230 C, an interface temperature of 250 ‘C, a quadrupole temperature of 150 ‘C, and a mass scanning
range of 30-500 Da. The content of aroma substance was calculated using 3-octanol the internal stan-
dard. [Results]A total of 29 compounds were detected in the eight walnut accessions, including 11 alde-
hydes, 4 alkanes, 3 alcohols, 3 esters, 1 phenols, 4 acids and 3 other substances. Among them, the main
aroma substances were aldehydes and alkanes. There were remarkable differences in aroma components
among different walnut varieties. Aldehydes were the main aroma substance in the kernels of ‘Shimen
walnut’ ‘Liaoning No.1” and ‘Xiangling’, while alkane was the main substance in ‘Qingxiang’. In ad-
dition, 1-nonanal and (2E,4E)-undeca-2,4-dienalnonaldehyde were rich in the ‘Shimen walnut’. ‘ Yuan-
bao’ had the highest content of aroma substance and aldehydes, which was 484.75 pg- g and 339.80
ug - g ', respectively. 1-nonanal and gamma-caprolactone were detected in all the eight walnut acces-
sions, with a content ranging from 56.72 to 168.81 pg- g and from 2.98 to 19.95 pg - g’', respectively.
Except for ‘Yuanbao’, 1-nonanal, ranging from 56.72 to 168.81 ug- g', was the most abundant aroma
substance in all the accessions. Besides 1-nonanal, Kuixiang’ was rich in (E)-2-octenal and tetradecane;
‘Liaoning no.1’ was rich in (2E,4E)-undeca-2,4-dienal and 2-pentylfuran. ‘Qingxiang’ had high con-
tent of tetradecane and pentadecane; ‘ Xiangling” was high in (E)-2-octenal. ‘Xiling” was rich in 2-un-
decenal; ‘Zanmei’ was rich in 2-pentylfuran and (£)-2-octenal; and ‘FN39’ was rich in pentadecane.
In general, the slight difference in aroma components led to different oder types of walnut. The scents
of different aroma components were classified and described according to Chemical Dictionary and Per-
flavoury. Most of aldehydes have very pleasant odor, such as 1-nonanal has a waxy aldehydic rose fresh
orris orange fatty peely flavor, (2E, 4E)-undeca-2,4-dienal has a green oily caramellic pungent citrus
buttery baked flavor. Meanwhile, most of alkanes have waxy odor. ‘Kuixiang’ and ‘FN39’ with high
content of 1-nonanal (114.11 and 168.81 pg- g, respectively) belongs to the odor type of aldehydic. Be-
cause ‘Qingxiang’ was rich in alkanes, it had a waxy flavor. (2£,4E)-undeca-2,4-dienal was the highest
aromatic substance in ‘Yuanbao’, it tasted a little different from ‘Kuixiang’, the odor type of ‘Yuan-
bao’ is green.[Conclusion]The optimal extraction protocol for the determination of aroma components
of walnut kernel by headspace solid- phase microextraction combined with GC-MS was established,
which included 50/30 um DVB/CAR/PDMS extraction head, 3.0 g walnut kernels powder, adsorption
at 70 ‘C for 60 min, and analysis at 230 C for 5 min. A total of 29 compounds were detected in the
eight walnut accessions, including 11 aldehydes, 4 alkanes, 3 alcohols, 3 esters, 1 phenols, 4 acids and 3
other substances. There were significant differences in aroma substances among the accessions. The
content of aromatic substances in ‘Yuanbao’ was the highest (484.75 ug- g") with rich varieties of aro-
matic substances (16 kinds). ‘Xiling’ had the lowest amount of aromatic substances (200.59 ug-g")
and the least varieties (13 kinds). The main aromatic substances in the eight walnut accessions were al-
dehydes and alkanes, followed by alcohols and esters. Aldehydes play the most prominent role and are
the most diversified aroma components, resulting in a strong fatty, green and fruity flavor.

Key words: Walnut; Aroma substance; Condition optimization; HS-SPME/GC-MS
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Table 1 Aroma components in the eight walnut accessions (ng-g")
R Y/ELIES wE A SUAS R e HE w5 [ E e ek FN39
Compound classification ~Compound Kuixiang Liaoning No.l Qingxiang Xiangling Xiling Yuanbao Zanmei
%35 Aldehydes T-% 1-Nonanal 114.11 72.28 56.72 75.59 61.05 77.43 74.5 168.81
(E,E)-2,4-+—ki Il - 57.22 6.93 - 3.07 11197 - -
(2E,4E)-Undeca-2,4-dienal
J-2-Z8J#5 ¥ Trans-2-Decenal - 31.82 - - - 57.65 5.59 3.61
2-+—4#% 2-Undecenal - - - 11.22 52.61 48.63 - -
J2-2-3F )% E-2-Octenal 23.18 - 6.87 44.09 122 103 3942 3.14
1E 3% Octanal - 8.84 - 7.34 - 2676 - -
+ M Odecyl aldehyde - 10.36 - 13.04 6.01 - - 9.22
244 Decanal 7.95 4.13 9.25 8.12 595 7.07 - 7.24
(E,E)-2,4-T 45 - 6.97 2.12 9.17 - - 3.61 -
(E,E)-2,4-Nonadienal
L% Hexanal - 6.62 - - - - 0.48 -
7K L% Phenylacetaldehyde - - - 231 - - - -
/It Subtotal 14523 198.24 81.9 170.87 140.89 339.8 123.59  192.03
Je ke Alkanes [-PY%% Tetradecane 10.09 17.27 54.26 - 17.93 - 1624 8.76
—+ Tk Pentadecane - - 48.47 16.9 - 47.18 22.36 14.37
175Kt Hexadecane - 7.59 42.73 7.18 - 12.2 1494 9.68
+—%t Undecane - 1.69 6.66 - - 7.88 5.17 -
/It Subtotal 19.73 26.55 152.12 24.08 17.93 6726 587 3281
[ Alcohols 1-3# 1-Octanol - - 7.24 6.77 9.3 31.83 441 -
1-3¢J%-3-F% 1-Octen-3-ol - 2234 - - - - - -
1E U Hexyl alcohol 9.1 9.98 - 3.45 - - - -
/M Subtotal 9.1 32.32 7.24 12.53 9.3 31.83 4.41 0
fi2% Esters y-CL 9B 4-Hexanolide 2.98 6.33 3.57 6.77 496 1995  7.03 441
ZH R 1 4.81 - - - 533 - - 3.46
Methyl anthranilate
LS Benzyl acetate 3.46 - - - - 1.84 - -
/Nt Subtotal 11.25 6.33 3.57 6.77 1029 21.79  7.03 7.87
[y Phenolis 44T HE Ty - 13.02 - 3.54 - - - -
4-(2-Butyl)phenol
/INit Subtotal 0 13.02 0 3.54 0 0 0 0
2% Acids L% Hexanoic acid - 3.63 - - 2.76 10.46 - 6.62
L% Nonanoic acid 2.8 - - - - - 4.4 -
T2 Butanoic acid - - 2.29 0.72 - - 0.83 0.86
iE )X Pentanoic acid 2.16 - 0.36 - - - 1.11 -
/Nt Subtotal 4.97 3.63 2.65 0.72 276  10.46 6.19 6.62
HAth Others 2-1E LRI 2-Pentylfuran  9.06 48.07 - 27.59 1552 857 28.56  4.51
%% Naphthalene 5.86 4.95 10.87 4.89 3.9 5.03 - 8.54
H 2515 Azulene - - - 2.9 - - - ;
/It Subtotal 14.92 53.02 10.87 35.38 1942 13.6 28.56  13.05
St Total 205.2 333.11 258.34 253.89  200.59 48475 22848 252.38

VE SN AR H . Note: “-” means undetected.
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Fig.3 The type and content of aroma components in the eight walnut accessions
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Table 2 Description and classification of the odor of each chemical compound
b HaEw SR IR IR
Compound classification Compound Odor description Odor type
{2 Aldehydes (E.E)-2,4-T —JHEE EA W7 B KR R 22 R A vk HERI 75 Fatty
(E,E)-2,4-Nonadienal Fatty green violet cucumber fruit tropical fruit chicken
(E.E)-2,4-F et Il FATHE G R BRI 7 Bk 77 Green
(2E AE)-Undeca-2,4-dienal Green oily caramellic pungent citrus buttery baked
2- I HA WS MG SR E 5 & Sk Fruity
2-Undecenal Fresh fruity orange peel
RO FA AT e B AN ] A 2 MR 5 A KRRl S 77 Green
Phenylacetaldehyde Green sweet floral hyacinth clover honey cocoa
J-2-B8 ) A B KB NER JIG i % Fatty
Trans-2-Decenal Waxy fatty earthy coriander green mushroom aldehydic
J-2-SF fE HA NGRS S, HA BAS A k Ji 5 7 Fatty
(E)-2-Octenal Cucumber fatty green herbal banana waxy green
B FAT A MG O S EIE J 2 Aldehydic
Decanal Sweet aldehydic waxy orange peel citrus floral
CUE HAREE & JRNE SOk ARk 7 Green
Hexanal Fresh green fatty aldehydic grass fruity sweaty
ThE FAWE S BOLE SR MG &S, BE2RkiE fi 7 Aldehydic
1-Nonanal Waxy aldehydic rose fresh orris orange fatty peely
i3 FAT SR BT A0 I AT SR ARG ik 1 3 2 A HE I Fatty
Odecyl aldehyde Fatty terpene pine
1ESEE BAWE MEE 5 E JRIE &S ERvE Ji& 2 Aldehydic
Octanal Aldehydic waxy citrus orange peel green fatty
Jieke Alkanes +75%¢ Hexadecane TAAE T HE R VS P Flue gas HoAth Others
—+PU%E Tetradecane HA A Mild waxy I 7 Waxy
1Tkt Pentadecane BA A Waxy I FF Waxy
+—%¢ Undecane AEAE T I S Flue gas HoAth Others
25 Alcohols 1-*#[% 1-Octanol AAEE HENEHES Uit A Waxy
Waxy green orange aldehydic rose mushroom
1-3¢Jfi-3-% 1-Octen-3-ol BTG A B gl R RS AENI 75 Fatty
Mushroom earthy green oily fungal raw chicken
1E CUE¥ Hexyl alcohol AAME H& - RAE # 7 Green
Ethereal fusel oil fruity alcoholic sweet green
fi2% Esters v-C. W i 4-Hexanolide HA RS AR, S S % 7 Green

Herbal coconut sweet coumarin tobacco
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% 2(%) Table 2(continued)
=L YFLIES HE) QU3 QUYES
Compound classification Compound Odor description Odor type
I R BATREAC R A, BRI BAT 8 A R Ak SR Fruity
Methyl anthranilate Fruity grape orangeflower neroli
2%~ E Benzyl acetate FA A RAMEA AT 1E% Sweet floral fruity jasmin fresh Ik Fruity
2% Phenolic AT HEK {E1EF ERPASH Flue gas HAth Others
4-(2-Butyl)phenol
iR Acids T2 Butanoic acid LA TERR W W7 B 0 A F 7K SERK Sharp acetic cheesy buttery fruity &P Cheesy
W% Hexanoic acid FLA REE 1SRRI TR Sour fatty sweat cheese W5 Fatty
T/ Nonanoic acid LA i 7 A% Y S Waxy dirty cheese cultured dairy I 7 Waxy
1E %R Pentanoic acid FA BRI SRSk Sickening putrid acidic sweaty rancid F-fi% ¥k Cheesy
HAth Others 2-1F R HE R BAEEHE RE L HE RN ER SRk Fruity
2-Pentylfuran Fruity green earthy beany vegetable metallic
H%j#E Azulene HoAth Others
Z% Naphthalene EAH AR A EHIEL Pungent dry resinous HoAth Others

VE: DL R 3 A6 TR 3 K perflavoury .

Note: The above data are from the chemical dictionary and perflavoury.
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I o A LR B (1) - vy e A 50 36 0, 70 °C Bk
Bl fe 1= 5 BB A A AT (8] (1) 384 0, S 0 T AR R A £
HR B 2 B0, 7 60 min Ik B & &, ISR A
R E 70 °C , ZHUES ] 60 min #E47 Bk &S
3R 5

TEERICE, E)-2 5 4-~ 5t 05 B 2 1% Bk 10
TEFSWT, CFN39” LA 1) Tl & w4
BN 168.81 pg-g' Al 114.11 pg-g's ‘o H E S
GENTIA ng gy (E,E)-2,4-1 ki GRS
HON 11197 pg-g' BRLDIAN, iR B S A EE
1 -2-Z8 M WE AN 2-F — I s, Cu = R R
(339.80 pg- g ANF W) i i (484.75 pg - g D FE
8 M iztk B IS B . 2011 4, fE [
0 BIERPITEAR Y, ¥ PN L Skt ALV iy |1
A7 CFN397 J& A T 1A, A T TR Bk 2 T b 4 Hh 7
7= A [ K AR 7 7 5 PR AR 0 U BH A
Bk = B A B AL AR R A TR E Ak = K A . &
AR A A TV AZ K I R O SR R T
EEEE A TSI EE R R . R
BELLSE , EREEARAE T K2 B, 2k A&
2218 By SO RIS Z ROE A 1) R EEH S
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Y. HE,FZRNEFINSPREA TR, W
i £8P AR KRS (B, ED-2, 4-F
— it IR TUE T AR R R S AE H At
T AR I

TEEEST S HAR 7 Ak R
W, TEE BRI S RN 819 ng- g, Hh &
M 56.72 pg- g (HAR BRI & &y 8 Mtk K
R, N 152,12 pg-g's o, +D0%e .+ Fike
Ttk ke N 54.26.48.47.42.73.6.66 pg- g
TEA A 20 tEAD 80 AT HIAT A ARl K H AR 2R
BEHAZ N H A G Rl B RTERE B2 8K
Yo E AR RESBSAT I E®RAE, H
U] WL B AN F 2B 2 7 EmRRM L
TS YA RS, P R
TSEA T I E R SR R, =3
B B4y N 75.59.72.28.61.05 ng-g', Ak, F
B 5 44.09 ng- gt 2R s, LT 1L 50
5722 ng-g'(E,ED-2,4-F— ki ImlE, VU0 E&F
52.61 ug-g'2-t+—JEiE. e, FR ML
15" BT A 0 T PE O U)o AN B A SR
WKW 5 e ke S i & B XA, 7308 123.59
F158.70 ng- g, A G A

4 B

SR FH T2 72 1] R Ak 2 B 285 6 /<05t 1k R B R W
3 R R AZAT 1 B g3 1) e B R SR A < 50/
30 um DVB/CAR/PDMS #:Hi 3k, 3 g #iff &, 70 C
T 60 min, 230 CHEHT 5 min. 7E 8 %k B
H LRI B 29 Bk G4, Foh SR 11 M, Sk
KR 4 T, BERIR 3 Fl, BB 3 Fh, Iy K4
BT 1A EREYNIST 4 Fh, HARI BT 3 F. 8 A% Bk BT
BFMESYRAREES . SRERERY, Jux’
FTEAMR & ERZ (48475 ng-g"), HA2KFE (16
B0 o PHIR S5 > (200.59 pg g, TR
A3 FlD . 8 M Bk BRI R EH SR
NS, HR S IR MR R oT o« W2 o fe R
o, RARE R AR T A SR R 2 () — R BT, A2 it
TRk R A AR BER AR SR Y)
AL T R R B R
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