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Analysis of volatile aroma compounds in fruits of three Zingiberaceae
plants by HS-SPME-GC-MS coupled with PLS-DA
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Abstract:In order to explore the volatile aroma components of Amomum tsao-ko, Alpinia zerumbet and Alpinia katsumadai
fruits , and improve the comprehensive utilization rate of their fruits. The fruits of three Zingiberaceae plants in Nujiang Prefec-
ture were used as raw materials in this study. Headspace solid-phase microextraction gas chromatography-mass spectrometry
(HS-SPME-GC-MS) method was used to compare and analyze the volatile aroma components of A. tsao-ko ,Al. zerumbet and
Al. katsumadai. Based on the relative content of volatile aroma components in the fruits of three Zingiberaceae plants,a partial
least squares diseriminant analysis( PLS-DA) model was established to screen the key volatile aroma components. The results
showed that there were significant differences in the types and relative contents of volatile aroma components in the fruits of
three Zingiberaceae plants. A total of 88 volatile aroma components were identified , including six volatile aroma components,
namely eucalyptol, linalool , a-terpineol , 1 R-a-pinene , a-phellandrene and ocimene. The main volatile aroma components in A.
isao-ko are eucalyptol , trans-2-decenal , 4-propylbenzaldehyde , ( Z) -3 ,7-dimethyl-2 , 6-octadienal , a-terpineol and so on. The

main volatile aroma components in Al. zerumbet are dextro-camphor, eucalyptol ,8-pinene ,camphene and so on. The main vola-
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tile aroma components in Al katsumadai are dextro-camphor, eucalyptol, linalool , 8-caryophyllene , caryophyllene , a-terpineol

and so on. Through the establishment of PLS-DA model,a total of 21 key volatile aroma components with VIP value >1 were

selected from the fruits of three Zingiberaceae plants, including eucalyptol, linalool, dextrocamphor, B-pinene , caryophyllene

and other volatile aroma components. The results of this study can provide theoretical support for the functional and medicinal

value mining of volatile aroma components in A. tsao-ko ,Al. zerumbet and Al. katsumadai ,and the development and utilization

of flavor-related products.

Key words : HS-SPEM-GC-MS ; Amomum tsao-ko ;Alpinia zerumbet ;Alpinia katsumadai ;volatile aroma compounds
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Table 1  Volatile aroma components and their relative contents in fruits of three Zingiberaceae plants
P =N
\ SR e A B
ﬁ‘}i i [ RER R Molecular CAS Matchx Relative content( % )
Class Number Compound
formula degree AT AZ AK
(5 Al iFP#f% Heptanal C,Hy,0 111717 833 0.10 +0.03° - -
Aldehydes
A2 JZ 2-2E 5 E 2-Octenal , (E) - CgH,,0 2548-87-0 849 0.47 £0. 15 - -
A3 ﬁﬂré 6-Octenal, 3, T-dimeth- ¢ 'y 0 106230 894 0.09 0. 02° - -
(Z)-3,7-Z W 32,62 — 4
A4 % 2,6-Octadienal , 3, 7-dimeth- CioH;30 106-26-3 920 7.29 +3.25* - -
yl-,(2)-
A5 ’(iE)f‘z% M BE 2-Decenal, ¢ g0 3913813 860 12.90 +4.64° - -
(E)-3,7-Z W32, 6-5 — I
A6 fi% 2,6-Octadienal ,3 ,7-dimeth- CioH,s0 141-27-5 901 6.22 +2.81* - -
yl-, (£)-
a7 HPIEERTRE Bensaldehyde, ¢y 0 58785060 821 7.78 £2.30° - -
4-propyl-
Ay 2ORAET B Bemencacetalde- ¢ g0 9439430 804 0.61 £0.37° - -
hyde , a-ethyl-
ng  CPIRAEERE 2-Propenal, 2y 101303 860 1.74 £0.29° - -
methyl-3-phenyl-
A10 ?ZE'?:JF ST 2-Dodecenal, ¢ b0 20407845 839 0.08 0. 03* - -
i3 N adi -
arp FEAERE 2, 0-Octadienal, 3,7 ¢y o 141275 920 - 0.12 0.02° -
dimethyl-, (E) -
Al12 R HIE Benzaldehyde C,HsO 100-52-7 949 - - 0.23 £0.06"
Al3 P4 IR IEEE Myrtenal CioH40 564-94-3 905 - - 0.27 £0.05*
Pk B1 FEIHIHEE Eucalyptol CoH;50 470-82-6 942 53.19 £12.74* 13.03 £0.53" 14.49 £1. 12"
Alcohols
B2 S5 1-Octanol CgH g0 111-87-5 826 0.07 £0.03*
B3 F7 R Linalool CioH ;30 78-70-6 860 0.50 +0.11" 1.33+£0.26" 11.52 £1.01*
i A 4-( 5 7 5L ) -1-H 3 R
O 2-#5-1-f%  2-Cyclohexen-1- .
C,oH;gO - a - _
B4 ol, T-methyl4-( 1-methyleth- 1Hig 29803-814 839 0.10 £0.02
yl) -, trans-
L i 4% % Bicyclo [ 3. 1. 1] .
C,oH\cO - a - _
BS hept3-en2-ol 4,6 6-trimethyl- 1016 473676 832 0.21£0.08
B6 4-15 5 4-Carvomenthenol CioH;30 562-74-3 872 0.60 £0.05* - -
B7 a-PAJHEE a-Terpineol CioH ;30 98-55-5 914 3.21 £0.22° 1.59 £0.26° 4.91 £0.49°
A Sl 7 =4 - i-
py AL 2 4 Decadic 0y 0 4507009 815 0.17 £0.04° - -

en-1-ol
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%3 1( Continued Tab. 1)
I i AR
nx o ity g e e Relative content (% )
formula degree AT AZ AK
fisif B9 LRI PR Y 3£ B 1-phenyl-  C,oHp,0 31729665 833 0.06 =0.01* - -
Aleohols cyclopropanemethanol
BI0  4-ifif fH L4-terpineol CH0  20126-76-5 935 - 2.61£0.37" 3.79 +0.45°
Bll  fi#7% Caryophyllene oxide CisHyO 1139306 908 - 0.13 £0.02" 0.19 £0.02°
B12  y-#%M @ y-Eudesmol CisHyO  1209-71-8 925 - 0.26 0. 06" -
B13  T-ktHARE T-Cadinol CisHyO  5937-11-1 917 - 0.51 0. 10° -
Bl4  2-BEEE 2-Heptanol C;H60 54349.7 908 - - 1.90 +0.48*
BI5 B4 WM Myrtenol CyH,s0 515-004 866 - - 0.13 £0.02°
B16 tﬁga'T@ 4-Phenyl-2-bu- ¢ 0 2344709 819 - - 1.10 £0. 08
B17  Ja-BEAEALEE Nerolidol CisHyO  40716-66-3 907 - - 0.17 £0.03"
[IES cl 1R-a-J£#% 1R-a-Pinene CioHyg 7785-70-8 926 0.15+0.09° 5.411.02° 2.89 +1.09"
Terpenes o gk B-Pinene CioHyg 127913 920 0.18£0.03"  9.32 +1.20° -
C3  aKfFH a-Phellandrene CioHg 99-83-2 818 0.45+0.08" 1.14+0.50° 1.00+0.71°
c4 (fﬂ@i’fé?‘_ocmtrienw 7T Gl 3338554 848 0.05+0.01° 2.63+1.06" 1.54+1.28"
C5  F#BJs Aromadendrene CisHy  109119-91-7 871 0.19 0. 06" - -
C6  ZIRifl§ Tricyclene CioHg 508-32-7 918 - 0.23 +0.07° -
C7 ¥ Camphene CyoHys 79-92.5 957 - 6.73 £0.68" 3.32£0.94"
8  AJfE-B-TEks LB-Pinene CioHys 18172-67-3 912 - 3.35£0.81" 2.72+0.34°
C9 i HiH K Terpinolene CioHys 586-62-9 925 - 0.14 £0.01° -
C10 -1 &4 y-Terpinen CioHg 99-854 921 - 0.73 0. 19° -
Cl1 2-E4 2-Carene CioHyg 554-61-0 899 - 0.43 0. 13" -
C12  4JfErsN D-Camphor CyH,c0 464493 958 - 21.95 £2.83" 18.24 +2.07"
C13  o-EEESMIG a-Cubebene CisHy, 17699-14-8 929 - 0.87 £0. 10" -
Cl4  HR22H Ylangene CysHy, 14912448 930 - 0.14 £0.02° -
C15  o-JEM& Copaene CysHy 3856-25-5 901 - 1.81£0.10° 0.94 +0.06"
C16  B-Hi7Ns B-Elemen CysHy, 515-139 899 - 2.03 0. 10°
C17 -2 a-Gurjunene CysHy, 489-40-7 929 - 0.45 +0.02°
C18  B-fif¥# Caryophyllene CysHy, 87445 945 - 4.35+0.41" 8.74+0.26"
C19  EEWFiM Cubebene CysHy, 13744-15-5 899 - 0.23 +0.03" -
20 o-HEHE a-Caryophyllene CysHy, 6753-98-6 936 - 5.25 +0.63" -
21 FH)s Alloaromadendren CysHy, 25246279 923 - 1.88 £0.13° -
€22 B-F:#MME B-Cadinene CysHyy 523477 900 - 0.27 +0.03" -
(23 y-KEH y-muurolene CisHy, 30021-74-0 924 - 1.11 £0.09° -
C24 - B-selinene Ci5Hy, 17066-67-0 912 - 0.37 £0.03" -
25  y-IHZEH y-Gurjunene CyisHy, 22567-17-5 889 - 1.11 £0.07° -
€26 a- AP a-Muurolene CysHy, 31983229 925 - 1.83 £0.19* -
27 4HWH a-Famesene CysHy, 502-614 938 - 0.22 +0.02° -
€28 y-fL#AM y-Cadinene CysHy, 39029419 926 - 2.91 £0.35° -
€29  HiFHFZE Elemol CisHy,O 639-99-6 942 - 1.07 +0.70* -
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2:5% 1( Continued Tab. 1)

PN =N
\ TR P i AR
2}3)\% it Lam Ak Molecular CAS Match Relative content(% )
Class Number Compound
formula degree AT AZ AK
[ Es C30 (E)-B-Z#) E-B-Ocimene CioHyg 3779-61-1 931 - - 0.41 £0.38"
Terpenes
CPER 031 S Terpinene CioHyg 99.854 921 - - 0.72 £0.42°
2 1] 75 ki Benzene, 1-methoxy-4- CoH,,0 10446-1 944 _ _ 1.57 +0.56°
( 1-propenyl) -
C33 a- TR a-Bergamotene CisHyy 17699-05-7 943 - - 1.52 £0.21%
C34 LA g (-) -Aristolene CisHy, 6831-169 886 - - 0.26 £0.05°
C35 Fi71Ks a-Caryophyllene CisHyy 6753-98-6 934 - - 6.63 +0.05°
Y. Bfar-
6 F)BEEUM (E)pla 0y g073.079 889 - - 0.33 £0.06°
nesene
C37 B B-Selinene CisHyy 17066-67-0 909 - . 0.45 +£0.05*
C38 A-FE#ME 6-Cadinene CisHyy 483-76-1 929 - - 0.26 £0.02°
524 DI ZE#EMES Geranyl acetate CiHyp0, 16409442 938 2.41£0.71° - -
Esters < -
D2 (ZE)'Z%J%'I -2k L R CHpO0, 2497236 881 0.36 +0.07* - -
(E)-2-Decenyl acetate
D3 35 D Germacrene D CisHyy 23986-74-5 921 - 1.17 £0.05* -
B BL-2-% JL-3-F1 O T /iR 2-
D4 Hydroxy-3-methylbutyric  acid CeHy, 04 17417-004 806 - - 0.15 +£0.04°
methyl ester
D5 LR E 7 Fenchyl acetate Ci,Hy, 0, 13851-11-1 936 - - 0.68 £0.44*
A b -cin-
pe  HERRIE Methyl trans-cin- ¢ 'y 0 1754607 929 - - 1.21£0.22°
namate
f2H - = 0 > B -
S g OIS BUR2 S Heplen- 0y 0 110039 889 0.14 £0. 08" - -
Ketones 2-one ,6-methyl-
E2 IR Berbenone CioH, 0 80-57-9 811 0.07 £0.01° - -
gy AT 2-Butanone, 4oy 0 9550267 905 - 0.32 +0.04° -
phenyl-
E4 F¥iil Fenchone CipHig0O 1195-79-5 913 - - 4.74 £0.26°
ES I_EWM 2-Butanone, -phen- ¢ 'y 0 2550267 924 - - 1.34 £0.03°
HAbfb s FI LB PIEEH R 0-Cymene CioHyy 527-844 937 0.14 £0.04" - 0.42 £0.07*
Other
compounds 2 2-1E-CV LR Furan,2-hexyl- CioH;60O 3777-70-6 873 0.34 +0.08* - -
3 2-3EFEMRIE 2-n-Octylfuran C,Hy 0 4179-38-8 801 0.12 +0.05* - -
. e ik A 1 Cvelo- )
pg o TEEIROSEESUSE Cyclo- ¢y i s40.97.6 968 - 0.34 +0.08° -
hexasiloxane , dodecamethyl-
F5 vk (-)-y-Elemene CisHyy 3242-08-8 935 - 0.26 +0.03" -
1,2,4a,5,6,8a-N &-1-% N
a4 7 AR
F6 1,2,4a,5,6,8a-Hexahydro-1-i- CisHyy 483-75-0 902 - 0.34 £0.01° -
sopropyl-4 , 7-dimethylnaphtha-
lene
F7 % Octanoic acid CgH,40, 124-07-2 847 - - 0.22 +0.05*
- Rk ) -
pg P WEIONEEREE Cyelo- ¢y 6 50 540.976 967 - - 0.34 £0.05°
hexasiloxane , dodecamethyl-
QB clo- .
po VPSR LAEALE Cyclo- o oo 6 107506 820 - - 0.66 0. 03

heptasiloxane , tetradecamethyl-

TE R AT AZ AK 70 URFER il 2 FORSER AR (R R o [RAT AR AR/ NE TR R AR 4L 7 F e B35 122 5% (P <0.05) .

Note ; In the table, AT, AZ and AK represent the fruits samples of A. tsao-ko ,Al. zerumbet and Al. katsumadai( the same below ) . Different superscript lower-

case letters in same row indicated that there were significant differences between different groups (P <0.05).
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#r IR RSN A 10 FhEEDS 9 Ml 5 Fhipk

H13€ 2 AT, = Fh 22 BHE P 3L 52 v (9 35 8 1 A7
SUBOY BRI I A IS RS 2 A
B G bR b 3 Rk A A DA A
Bk 3 #1122 R RE P R R AR LA
IR R B LR S P R A A A X B
B A, o 37.28% 4l 25 | 55 0 RE ki 254k
GYAR S B, 53R 77.96% (51, 54% , BESK
G R = Fh 2R P 5L R E A R AL A,
MG A 58. 11% Kol 22 A1 % & & 19. 46%

W2E 2 PREEE 2 PRI 3 P HABRAL &5 Ha il
LR PR OO 1 PRIBEDE 8 RS
27 FREIGAE 1 BREESE (1 FRERZE 3 RO AR &
Wy s 5 R A M U A 2 BRSO
FRBESE (17 FRBAG2E 3 BHBRE 4 RS 3 A Al
FACE Yo MR A, = Fh LB R S B35 R
PR R I 22 57 (B A AL B W B
fAAE—E 225, Forp ROR PSSR E AL 5 W B
EUIIE NG LA OES ARk & E

R2 ZHEREVMRINFARLBELEESHITSTER
Table 2  The classification table for different type volatile aroma compounds in fruits of three Zingiberaceae plants
HERIET RS AIRE it e

Volatile aroma Relative content( % ) Quantity (14~)

compounds type AT AZ AK AT AZ AK
2% Aldehydes 37.28 0.12 0.50 10 1 2
fi£2% Alcohols 58.11 19. 46 38.20 9 8 9
43S Terpenes 1.02 77.96 51.54 5 27 17
fig2k Esters 2.77 1.17 2.04 2 1 3
fiiZ& Ketones 0.21 0.32 6.08 2 1 3
HAfk &%) Other compounds 0.60 0.94 1.64 3 3 3

2.3 =#HEMNEYEINELZMEFESES PLS-DA
E=ERMESW
2.3.1 PLS-DA #4252 R 3F 4

K H] SIMCA 14. 1 8R4 % =Fh L BHE Y R L4
3 SRR A AR R PR A OB ARG R R AT ST

S3HT, 35T PLS-DA #5141, H PLS-DA 43 H7 25 5L UL ]
a B
A [ [V
15 [ Y4
104 AK3
< 59 AR Ak
; AT2
3 0 pr ATT@ATS
£ -5 AZ3.AZ[
-10
-154
-20 T T T T Lt
=30 -20 -10 0 10 20
PC1 64.7%

R2X[1]=0.647 R2X[2]=0284 Ellipse: Hotelling's T2 (95%)

&1

la,PCA1 TiHkFE N 64.7% ,PCA2 TimkR K 26.4% ,
F Tk R Z AT 80% , Ui WAL i 4H N 22 5+
AN SRR S S R L e Ao, AR HE
122 B A2 B P R S A R R AR R
Rpk2e S R, HIASH08 X =0.931 R*Y =

b or
I o '
vl
0.8- /.':,v
- o s’
0.6 pe =
- ’
0.4- " -
-
02 ok L
'/
-’
0 s
l"
0.2 R
-0.4- - - -
02 0 0.2 04 0.6 0.8 1
RNIIEE

Cross validation value

EMEREYRIMNEEZEESH S PLS-DA B4 E (a) K32 XWIEEE! (D)

Fig. 1

PLS-DA score plot (a) and cross validation model (b) for volatile

aroma compounds in fruits of three Zingiberaceae plants value
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RIS : HS-SPEM-GC-MS 455 PLS-DA J347 = Fh Z RHE M R IR AT o 1375

0.997 Q> =0.994, 0% >0. 4 i BH %45 0 2 7] 2 3%
B e M R AF . B 8RR () AU %‘Uﬁﬁﬁ
RIS 43T EAT 200 YR 28 G IE (UL 1b) ,

=0.239 0> =-0.251, Q% f{H Ui B fF &8 PLS-DA 1;5c

RUATEE Y T LA IR 4, 1T TS [A) A 334 1)
%Ujaﬂﬁﬂﬁo
2.3.2 HEEFMHIFEY

iﬁui PLS-DA 737, N5 R M Ak & Wyl LA
H—> VIP fi, Rz B 20, VIP (/MU
R BN T X 3 2 [ 22 5 (8 SRR R /0N, A8 )50 5 A

TEARIE o DR, TEREE A R PR E Y
b, S8 H A VIPAE > 1 B8 & Ak &9 R ix 4l ke
A R RS . A3k 3 PR, 21 P&
PEFSS VIPAE > 1, P <0. 05, FEEALFE Wik
WS AR A SRR BT M A A S M
B Y, U B I B P G P A AR I e AR L
Z R S ERHE Y R R 2 R B A ST
B R Ml 22 RN R = R R ) R
BT 22 5 0 A EFR bR . PT 0L, AR Ha
% R P RHE Y R0 kM SR A

T, — A VIP(H > 1 FoRiZZB BAEEAEN,  7ERZRZERIERREY, B =R 2R S
VIP (R, TTRRAGBOR, Ui B R AEA AL B R MER N 2E7Y .
[ A4 25 S B 0 3, G H VIP > 1O WL 22 A QY
£3 EF PLSDA GBS VIP> | WEREESAS
Table 3 Volatile aroma components with VIP >1 in PLS-DA model analysis
b [y VIP {H
No. Compound VIP value
1 Hen 3 Eucalyptol 3.479260
2 F5REEE Linalool 2.580220
3 A BEARE NN D-Camphor 2.555870
4 B-TEN B-Pinene 2.368800
5 Fi¥1# a-Caryophyllene 2.079700
6 J2 X-2-28J5 s 2-Decenal , (E) - 1.982470
7 B4 ¥4 B-Caryophyllene 1.843440
8 a-FBEH A a-Caryophyllene 1.778620
9 #¥Mii] Fenchone 1.756280
10 AT Benzaldehyde ,4-propyl- 1.554490
11 M5 Camphene 1.522600
12 (7)3,7-" 32 6-3 " J#H 2,6-Octadienal 3 ,7-dimethyl-, (Z) - 1. 468550
13 a-FATHEE a-Terpineol 1. 434660
14 (E)-3,7-—HI32 6- —JH 2,6-Octadienal 3 ,7-dimethyl-, (E) - 1.355350
15 y-HFA K y-Cadinene 1.324100
16 1R-a-J& 4 1R-a-Pinene 1.308080
17 4-iifi b % L4-Terpineol 1.116390
18 B-Hi T4 B-Elemen 1. 108150
19 2-BEfE 2-Heptanol 1.095710
20 FWE Alloaromadendren 1.067260
21 a-RZ s a-Muurolene 1.050960

3 Wiess
FEBHE T ORI SR B R R T
FHEhRZ . ABFIUE L HS-SPME-GC-MS 357

B H L2 R E = AR R R S A
YA TG Hh =PSB SR S5 A O
OIS B AR & A A ] 25 S, JL U Y 88 i
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