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Analysis of Aroma Components of Red Jujube from Different Origins
Based on HS-SPME-GC-MS and Chemometrics

HU Hangwei', ZHANG Rentang’, ZHANG Nannan', LIANG Chen®, YOU Xinxia', KONG Xinxin',
ZHU Ling', YAN Xinxiang', LIU Yunguo™®

(1.College of Food Science and Engineering, Zhengzhou University of Science and Technology,
Zhengzhou 450064, China;
2.College of Food Science and Engineering, Shandong Agricultural University, Taian 271018, China;
3.College of Life Sciences, Linyi University, Linyi 276000, China)

Abstract: To compare the volatile flavor characteristics of red jujube from different origins, volatile aroma components of
jujube fruit from five origins (Xinzheng, Lingbao, Yulin, Hotan and Dezhou) were analyzed by headspace solid-phase
microextraction combined with gas chromatography mass spectrometry. The results showed that a total of 51 compounds
were identified, among which the most volatile compounds were contained in Xinjiang Hotan jujube. Combined with
multivariate statistical analysis, the differences in the overall volatile flavor substances of red jujube from different origins
could be well distinguished. Under the conditions of satisfying the variable importance in projection>1 and P<0.05, 13
differential characteristic aroma substances, including methyl caproate, methyl decanoate, hexanal, and benzaldehyde, were
screened out from red jujube samples, which imparted unique almond, sweet, and fruity flavors to red jujube. The results of
this study clarify the chemical substance basis of the aroma quality of red jujube from different origins, provide a new
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idea for the origin tracing study of red jujube, and further provide a scientific basis for the rational processing and utilization

of jujube fruit resources.

Key words: red jujube; chemometrics; solid phase micro-extraction; flavor substances; geographical origin
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Table 1 Volatile flavor substances of jujube from different origins
At AR S MR e BRPEY) i (pg/kg)
73 YR - CAS# - - . = - -
= BpH bk TR A TR A AR AN P
A Alcohols
| 4-ZFE-1%B 4-Amino-l-pentanol CsH;;NO  (927-55-9  69.09£11.38°  4.60£1.46°  621.53+92.87° 311.18£19.91° 383.25:22.02°
2 2-WHEIEZLEE  2-Methoxy-ethanol  C3HgO,  C109-86-4  56.02+2.89° - - - -
3 1431 1-Octen-3-ol CH O (3391-86-4  23.85+2.11°  124.66£0.59"  29.64+1.21°  115.72+£6.22°  86.18+10.87°
4 1-1E-THEIFCHEE 1-Butyl-cyclohexanol CoHy O C5445-30-7 - 37.12£2.31° - 35.33+£7.90° -
5 2-Z IO 2-Ethyl-1-hexanol CgH ;O (C68526-83-0  6.29£0.79* - - - -
6 JX-2-ZMME (BE)-2-Decen-l-ol  CjjHyO C18409-18-2 - - - - 5.74+0.04°
7 2-4FE-1-388E 2-Ethyl-l1-decanol  CpHpO (C21078-65-9  1.38+0.16° - - - -
8 AL 1-Hexadecanol C6H3,0 C36653-82-4 - - - - 4.39+0.09°
RS Esters
1 TR T R Methyl valerate CeH,0, (624-24-8 - - - - 15.62+0.15
2 oy flemolcaddmehyl ¢y 6 0106707 624342350 2200743708 117.0368.54°  168.8042221°  173.68:10.85°
3 BRI Hepta”‘”ss?gr‘d mehyl o b 0, C106.73:0 15431155 24134266 15094028  28.930.69"  125.14£10.70°
4 g Benzoicacidmetyl Co o cossgs 21026190 - - - 12.59+0.44°
\ - 8-Hydroxy-octanoic .
23 7y b y y a
5 8FREEFMME 7 d methyl ester  CotlisO3 €20257-95-8 - - - - 4.68+0.03
e pemamme (Z)-3-Octenoic acid, .
6 (Z)-3-FHHIRH ik methyl ester CoH 0, C69668-85-5 - - - 6.74£1.03 -
7 pmmEy  oownolcaddmebyl oy o ciills 10712074 14332207 - 2727:848  9.98+035"
8 2-LPRFHR 2-Octanol, acetate ~ CjoH,00, C2051-50-5 - - - 2.24+40.14° -




268 - B Tl R 2024 4 3 J
&1
|52 P - PO AR E Y (ng/kg)
7 o 7N g3 13 CAS# N N N N e P -
Kl BP AR TR A R R LR A g
13,16- 1 /\ZJ# M2 13,16-Octadecadiynoic b @
i acid, methyl ester | C19F13002 C56846-98-1 - - - 1.57£0.15 4.60+0.16
10 T Nonanoicacidmethyl ¢ op 0, €1731-846 - - - 1.940.10° -
o gEmEg  Decanoieacidmehyl ¢ oo, cl042:9 4706043 8175116 - 47.5542.65°  10.49+1.68"
12 AR D‘;S:;fynl";‘;tzfid CisHyO, CI11-82-0  7.8742.39"  3.48+0.73 - 14.8243.00°  8.0241.55
23 Aldehydes
1 A Hexanal CeH,0  C66-25-1  81.79£9.53"  76.88+6.12°  191.71£37.98"  20.40+0.80°  182.56£9.41°
2 2-CAEE 2-Hexenal CeH,00  C505-57-7 - - - 13.94+0.14° -
3 al-2-CnE (E)-2-Hexenal CeH,gO  C6728-26-3 108.22425.72° - 193.71£20.24°  11.87£0.15%  454.88+31.22"
4 B Heptanal CH,O CI11-71-7  3436+3.19°  18.52+630%  108.32+5.90° - 389.56+26.69"
5 AR Benzaldehyde CHO  C100-52-7 118.08+11.38"  56.39+1.06°  432.56+63.49°  37.82+3.16°  136.00+18.24°
6 -2 (E)-2-Octenal, CeH,0 (2548-87-0 114.07+19.43"  30.56+3.74°  48.64£9.36°  20.54+3.58°  295.35+38.05°
7 T Nonanal CoH; O C124-19-6  31.90+2.00°  32.16+7.73°  50.04£11.62°  12.67+0.08°  130.50+12.63°
8 Jea-2-FAhiE (Z)-2-Nonenal CoH,,0  C18829-56-6 - - - - 9.2842.10°
9 H kL Dodecanal C,H,, 0 Cl12-54-9  7.52+1.85° - - - -
10 BE1E Decanal CigHyO  C112-31-2  28.3242.48° 6.29+1.35° 4.48+0.20° 3.85+0.50° 20.58+2.98°
11 (Z)-2-%4im (Z)-2-Decenal CoH ;0 (€2497-25-8 - - - - 15.35+1.74°
12 Jea-2-Z8haT (E)-2-Decenal CiH ;30 €3913-81-3  5.25+0.82° - - - -
13 i Undecanal C,Hp,O Cl112-44-7  2.49+0.28° - - 1.94+0.22° 3.30+0.11°
14 (BE)-2-175Ml%  (E)-Hexadec-2-enal  Cj¢Hy00 (C22644-96-8 - - - - 3.150.02°
[i7ES Acids
1 2 Acetic acid CH,0,  (C64-19-7  1188.19+24.42° 1060.44+185.58" 244.75+5.49°  183.61=8.08°  472.71+2.81"
2 3-RIEHAER 3'Hydr°’;yci‘3fde°a“°‘° CpyHy05 C1883-13-2 - - - - 6.48+1.13°
3 17- /BB 17-Octadecynoic acid  CgH;,0, C34450-18-5 - - - 1.75+0.12* -
[[TES Ketones
1 3-FRHE-2-TH Acetoin C,HsO, (C513-86-0 - 17.21£0.68" 6.07+0.06° - -
2 28 ks PEDIMEVES o 0 2050999 - - - - 20.40+0.64°
3 5-MEE2-Cfd  5-Methyl-2-hexanone C;H ;O  C110-12-3 - - 4.76+0.18" - -
4 2- T 2-Nonanone CoH ;g0 (C821-55-6 - 5.41£0.55® 4.06+1.15° 9.3241.23% 15.41+2.49"
- — -Di 2-
5 6,10 ﬂ()*n-EZI]-ﬁlg]+ 6,1311?;2?(})13’; 2 C;;Hy O C1604-34-8 - - - 2.05+0.35° 3.07+0.17*
JerE Alkanes
1 ﬁf‘%}\aﬁ;m “ans'cly‘flglgg;iénm:thyl' CHye  C2613-652  4.87+081° - - - -
2 ki Undecane C, H,, C1120-21-4 - 6.18+0.44° 10.15+1.49° 7.50+2.93% -
3 2,6- M+ —%t 2,6-Dimethyl-undecane  C 3H,g  C17301-23-4 - - - - 6.04+0.13"
4 + ke Pentadecane CisHy,  €629-62-9 - - 2.02+0.02° - 4.59+0.02°
5 2’6’”3)'%1 Ht 261 1Trimethyl- ¢ 1, €31205-56-4 - 2.26+0.03° - - -
6 10-HEEAJUBE  10-Methylnonadecane  CyoHy, C56862-62-5  0.99:0.04° - - - -
Ik Alkenes
1 (B)3-=t4 (E)-3-Eicosene CyoHyy  C74685-33-9 - - - - 3.18+0.19°
HAb Others
1 2- AL g 2-Pentyl-furan CH,0  (C3777-69-3 - - - - 33.83+2.30°
2 LA-TRNEEE 14-bis(1- Cp,H;g  C100-18-5 - - - - 0.90+0.02°

Methylethyl)-benzene

T [RATA )N S BERR AN TR 7= M 2L 22 [ R S 1) 5 2 S 25 (P<0.05); " Fom iz L AR

2.2

AR RN FTEFZSIRERIZELAMNE EE, 0750 A RO U 8 5 3251

YIRNFAE
PCA J&— PRt 73 A i 07 3%, il 1527 PE I AERE, AT B L Mo 4y 735 52 2 500 8 e 1) i B4
ol Z AR AL DR R S AR R, DGR sURAs i FEETEN S AR 1 Ers, n] LR UL s AN [R] ) i 2T

AL ITCERANZERA, THBRIFE A FIUAY, FERIRUR I A%
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PR 22 K. [RIBsE, BT PC 1Y SRR DTk Rk
70.5%(PC1 HYTTHREE 44.9%, PC2 B TTHRR 25.6%),
UEBZEE SZ nI 51 . it — 2D S Eas e a1,
ASHIFGE LK I 51 FP4E 2 M KUK ot Sk [ A% d
(X)), AR Hb R R AR 51 (Y ) 34T OPLS-DA 571
SrMT. ASRIEERINY H AR LA TR S RPX (cum) H R
0.988, RIS L EF+5 %% RYY (cum){BE K 0.983, A5
WM HR O*(cum) A 0.963, F2HHIZALLI 2% B2
FEMY . E 2 AT LR HY, AS[R] P i 2T 28R 5 4k
DIHIX 3 TF, IZAERILE IR S PCA rbrdA—2 ., H
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Table 2 Description of differential volatile compounds and
aroma characteristics in red jujube
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