2026 4 8 A - .
188 F475 % 165 ﬁ:ﬁ:tﬂ'ﬁ—qﬁ& Lt bkt

DOI1:10.12161/j.issn.1005-6521.2026.16.024

HS-SPME-GC-MS %54 PLS-DA 4347 4 Fh
ﬁ%ﬁ;ﬁﬁ%mﬁ?ﬁ MEFESEY)

SRRRTE 1, BRTE 234, FNFEm L BB L AR L A REK L, FIIER 234, 234 REEE 2,
A
(1. BT AR M BRI AH & RO, = FE 397K 67320052, H T gl B4 Be B R IR
SR, MERE 7T 57153353, MR A P B ORME st AL o R 5 0 TR AR E S S % W T
571533 ;4. W g A R O HGHT VRS BN 15 5 o o JE 5 SE 00 = RS 7T 571533)

W EARNAFEIZRBERTEARFANSYH LR AR MNBTE 4 RVGERREABA, K
AR E B AR R RAAD & IR AR 5T 4 AR ERGELBREAANEY, AR 5 A b =ik
FIR A7 77 ikt A ARG ERBAT S AR5, FAXBEL RS A RS, EREAV AHRBERREH D P
HAMEA AN WA EEARN B HE—E L 4 FAFRBER T AR 1k 30 AEL LA A SH Y ER T4
25 A GAEBERTAR 4 MEBERFAER 234 FPHEERFER 260/, L PERFELELESY
18 Fb, eL3E R K -2- KMk Age ot b BE APAREE R X AL BE - i BE 5 AF LA a9 R L LS A 12 4, s 54
B At BE R XA B RS LR AT ER BRI F . B S AR AT ARV ER PR B T FRIYE
2P (variable importance for the pro_]e(,tlon,VIP)’fﬁ>l 0y R AR R A AW 13 Fr, R0 IR R -2-F W B At
BE FAEEE 3R 2-T WS -4 ik BE Aevh il B - T A AR
KGR R BA A AAA Y T E B AR IR AN &3R5 BR 3R R 4k D =R F) 5 547

Analysis of Volatile Aroma Compounds in Rour Fruit Shapes of Amomum tsaoko by HS-SPME-GC-
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Agricultural Sciences, Wanning 571533, Hainan, China; 3. Hainan Provincial Key Laboratory of Genetic
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Abstract: In order to find out the differences of volatile aroma compounds in several main fruit shapes of Amo-
mum tsaoko. The volatile aroma compounds of four main fruit shapes of Amomum tsaoko in Fugong County, Nu-
jiang Prefecture were analyzed by head space-solid phase microextraction-gas chromatography-mass spectrom-
etry. Combined with principal component analysis and partial least squares discriminant analysis, multivariate
statistical analysis was carried out on the four main fruit shapes of Amomum tsaoko to screen the key volatile
aroma components. The results showed that there were some differences in the types and relative contents of
volatile aroma compounds in the four main fruit shapes of Amomum tsaoko. A total of 30 volatile aroma com-
pounds were detected in the four main fruit shapes of Amomum tsaoko ,25 were detected in the globular shape
Amomum tsaoko ,24 were detected in the spindle shape Amomum tsaoko,23 were detected in the elliptic shape

Amomum tsaoko ,and 26 were detected in the oval shape Amomum tsaoko. Among them, there were 18 common
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compounds, including trans-2-decenal , eucalyptol, citral , cis-citral , a-terpineol , etc. , and 12 non-common vola-

tile compounds, including linalool, geraniol, trans - nerolidol, octanal, geranyl acetate, 8-pinene, etc. Through

multivariate statistical analysis, a total of 13 key volatile aroma compounds with variable importance for the

projection value>1 were selected from four main fruit shapes of Amomum tsaoko ,including trans-2-decenal , ge-

raniol, linalool , 3-phenyl-2-butenal , a-terpineol , eucalyptol , a-methylcinnamaldehyde and other volatile aroma

compounds.

Key words: Amomum tsaoko; volatile aroma components ; head space-solid phase microextraction-gas chroma-

tography-mass spectrometry ; fruit shape traits ; partial least squares-discriminant analysis
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Table 1 Fruit characteristics information of four fruit shapes of Amomum tsaoko

i’ KA, RATBAR A2 /mm B fmm B Zih S /g
1 BRIE 31.2420.48 29.46=1.41 1.06+0.05 119.8
2 Eite5i 46.28+2.93 27.03+1.80 1.71+0.11 123.2
3 il 45.39+2.37 33.23+0.82 1.37+0.04 170.2
4 [i5jA 31.61+3.18 27.95+1.53 1.13+0.06 97.6
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Fig.1 Appearance of four main fruit shapes of Amomum tsaoko
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Fity 2 T 7393 ) 24 B RN w1 5 AR 0 i o 3 10 FH A
(7890B - 5977B) . & 4 & 4 3% 1 (30 mx0.25 mm,
0.25 pm) (DB-WAX) : 35 [ Agilent 2 ] 5 [ AH il %5 HL
3k (DVB/CAR/PDMS) : I ¥ 2 3% 52 56 Bl 7 B 1y A B
INFE]

1.2 HS-SPME-GC-MS 437

FILRE S TAL L O 4 FPAOE R OB KB
=i, T (55+3) CTF#INTE 32 h J5 TR F R
MEEHUR R, i 40 i, R4S B AR AL &, R

HS-SPME AbH . FREL 0.50 g B R M A AL M, 2 A
15 mL T025 JEREL A, 40 “CF Fil# 15 min, 46 A DVB/
CAR/PDMS [ AH fif #6 Bk W B 15 min, A 5 7E 230 °C
B 5 mins

GC 43 B 4 « % J] DB-WAX {4 3% # (30 mx
0.25 mm, 0.25 um) , 2SN ZA A, WE K 1.0 mL/min,
AP FIERE s THEFER : LA 50 CHILAFENR , 4% 1 min,
LI 4 °C/min 7+ 2 90 C, % 1 min, UL 2 'C/min J} &
160 °C,FL) 20 °C/min JFZ 220 “CI£FF 2 min.

MS #2544« B F U8 Sk T 2% 15 35 TR (electron
impact ionization source, E1) , B FHg 1 70 eV, 15 il £&
T 250 °C, B T IRIRE 230 °C UL AT IR EE 150 C,
J A I m/z 30~350,
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K H Excel 2010 AT B S BRI TG . Bl
K IBM SPSS 20.0 #AF 7T 5 2650 1o G5 R LIE 3
E+hRifE 22 R, P<0.05 WOl HAT B g2 5. K
F Orgin2019b 234 . >R SIMCA 14.1 #4341 PCA
1 PLS-DA .
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Table 2 Volatile aroma components and their relative contents in four fruit shapes of Amomum tsaoko

. L AHRS 5 5 /%
A fesiras (As NG G W HIIE
2 Al Rl 470-82-6 15.13+2.97"  18.80+0.32*  16.42+1.94"  15.030.77"
A2 A-f I 546-79-2 0.7720.11° 0.7920.04* 0.49+0.03" 0.45+0.11
A3 i 78-70-6 5.11+0.43¢ 3.32+0.17" - 1.95+0.28¢
Ad (=) -4-f i Pt 20126-76-5 1.29+0.20 1.62+0.15 1.21+0.05" 1.07+0.11°
A5 oA IR 7785-53-7 6.05+0.74" 6.19+0.29" 3.53+0.19" 3.78+0.23
A6 T 106-22-9 0.47+0.25 0.49+0.13 0.46+0.12¢ 0.53+0.25"
A7 it 106-24-1 4.56+0.41° - - -
A8 Sz - A 40716-66-3 1.1120.17¢ 0.77+0.06" - -
(S Bl S 124-13-0 0.90+0.29° - 1.6520.69 1.2520.52¢
B2 S -2 T 2548-87-0 - 2.53+0.53 3.28+0.82¢ 2.24+0.55"
B3 (+)-Fr 2P 2385-77-5 0.38+0.09* 0.45+0.04° 0.32+0.03% 0.27+0.04¢
B4 ZEE 112-31-2 1.05+0.13 0.76+0.07" 1.24+0.13 1.36+0.28
B5 3,7- " HIHE-3,6- IR 55722-59-3 2.97+0.31" 3.83+0.30° 4.1720.11° 3.67+0.44
B6 2 -2- 28I 1 3913-81-3 23.26+0.98"  15.63+0.96°¢ 19.16+0.85" 21.68+1.65
B7 = A 106-26-3 13.43+0.03*  13.1120.70*  13.26x0.21*  12.4120.85
B8 FrigmE 5392-40-5 13.9640.62*  14.69+1.24*  15.660.20° 14.51+0.90¢
B9 222 U 51534-36-2 6.07+0.45° 4.0320.48" 3.36+0.19° 4.7120.80"
B10 - KR 51932-70-8 6.32+0.35¢ 6.23+0.62¢ 5.94+0.35 6.38+0.96°
Bl1 3REE-2- TR 1196-67-4 - 0.16+0.01" - 1.13+0.24
B12 - BE YR 101-39-3 0.84+0.06° 1.02+0.15 0.97+0.06" -
itz Cl BTk 555-10-2 - 0.53+0.06* 0.64+0.44° 0.51+0.25¢
c2 a- K Frdds 99-83-2 0.60+0.21" 2.42+0.34 1.63+0.99 2.03+1.59%
C3 3- Bk 13466-78-9 0.63+0.25 1.22+0.53 1.56+0.98" 1.08+0.64
C4 Xt AE IR 99-87-6 0.56=0.10° 0.67+0.20° 1.27+0.75° 0.76+0.35°
C5 (=)-A-EEV il A 17699-14-8 0.20+0.01* - - 0.16+0.02"
C6 - TR 3856-25-5 0.4120.06* 0.23+0.02¢ 0.29+0.04> 0.34+0.07
c7 AR 16729-01-4 0.34+0.03" - - 0.52+0.08"
[LiES D1 LR MR 105-87-3 - - 0.89+0.04* -
T2 El 2- T 821-55-6 - - - 0.17+0.07¢
He F1 (7)-3,7-ZH3-3, 6-2¢ I 1000414-18-0 1.18+0.19 1.160.10 1.4620.06* 1.300.19

T AT AR R NS ORI B 22 5 (P<0.05) o —FoRizfba ¥R .
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S B R R E O X -A E TE A RE E  A

H o ARICA IE RS WA 12 B, R AR IR
mE A SRR R | TR MR Bk M
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TR B SR R Y e B BT 2
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VRETERRIE MR O A A Y, £ TR A 1 IR 1
TERG IR 5 2R rp A A, B-UR I A 25 A A [ E | B
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Fig.2 Composition of volatile aroma compounds in four fruit

shapes of Amomum tsaoko
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—E2E5E . Hop 4R RERIE R RS B
5 MR A BRIE Y R B ARG

B EAZAL AW, W6 B R R R A 2L A
GBS R K BRI G o A 4 BB AR
TSRS WA & A LR R G, I
PIFIE A0 4 Fp SR T FESRRR 5 A i T 2 R MR
AR, Hep 4 ML R RS PRI EY
AXF 55 B A 63.68%~69.61% L, b BRI A 5
WE RGP EERAGY WS R, 25 Hh
69.61% .69.02% , Zjj ) L rh I A0 A W ) AE X
ALK, R 63.68% ;4 Fh AT FALRE S P B AL A WA
XN 22.11%~34.50% , Ho b BRIE B R B &
W0 V10 R X 5 e v, A (R SR A W 1 A
. BRILZ AN, 4 FhRIE B R & s s 2 A
A WA X Bt A X R R, A TR 2.74%~5.41%
TG, Hoh ZiERTE W RE | BRI S S0 s s 2tk &
PIAHRT & B

& 3 AT, BROE B A Tk s B R PR
YA f 8 FhEEZE (10 FPEEZS (6 PR Im s (1 ML Bl

Y gy Mg e
P17
B3 4MRBERFEREETSUAUNEE
Fig.3 Quantity of volatile aroma compounds in four fruit shapes

of Amomum tsaoko

B, YR R S R AL T PSS 11 R
5 PPl IR 1 L E S AW i DR R R
TS FPEESS (11 FREESE S RG2S L1 FPTRSE 1 L
TBRAEY, DI RERAE S AL 6 RIS 11 R
257 PSS 1 RS 1 PR LAY . ks
4 FIRIE B T R R R R ACS S OB AT
HE—E S AP ERIE  Z R S SRR i 2K
A YBER Z MR SRR A YRR E
I B AP EE S I A R R Z .
23 4 MAIE R EMESE Y PLS-DA
2.3.1 PLS-DA #& B 5HIRIPEM

Fp e — 2 AT 4 PRI BRI R
TEE Wi 25 S0k | B AR IR 4 Fh 32 BRI X L &
T A SRS, R JH SIMCA 14.1 #AEXT 4 FhRIE
TR R R E A G WA B T Sy
BT, #57 PLS-DA BB 25 5L E 4 fios .

PC2 (26.2%)

-8 . . . - . . . .
-0 8 -6 -4 2 0 2 4 6 8

PC1(44.5%)

4 AMMRBERDELZEESUEY PLS-DA BHE
Fig.4 PLS-DA score plot of volatile aroma compounds in four

fruit shapes of Amomum tsaoko
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WG IS FOPIE B AR A R R RG22 R
I TTERIE 95 R IE S5 IRDE AR IE 0 B4 R MR
A YIFEAE 35 2257 . i PLS-DA w41, HHl 52
BN R%=0.887 .R*=0.972.0=0.864, 0*>>0.4 1}i ] iZ #&
RIRT a7, HARE TE R AT o5 S 7 () s B ss R
) B I8 0 64T 200 YR A SUEIE, 45 R WK 5.
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Fig.5 Cross validation model of volatile aroma compounds in

four fruit shapes of Amomum tsaoko
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2.32 VTR SRR SAS Y T

it 2D AR 4 B HIE RUR IR R RS Y 22
5, % PLS-DA # Y i 25 5 4% 5 B 1% (variable impor-
tance for the projection, VIP){H#EA T8, VIP {HRgH 1k
PLS-DA {4572 B X5 0 2R B BTRR R/ e VIP {E>1 B 3%
Wiz B HE R EH, VIP (A8, U] AE A
A [r) b LR ) ) 22 S B 0 251200, 3l H AR VIP (B >1
22 S AT T e AR HERY, DRI, FE PR AN ] b A
(] 1) B A M A B I, 8 A VIP (E>1 1Y
FERNER A B W i A i SR R R LB
Yy HET PLS-DA BEELSHT VIP (EH>1 MR ER
e a0 3.

N 3 Fis 4 MARIEHOR AT 13 FE R IR
AW VIP (E> 1, AL 45 [ -2- 28 M | i B L D5 A
Pt 3-OR -2 T |- WA B e T L oo R PR A
T | LR T -2 T - KO -
B S a-2-F DU . DB SR R MR UL S Y
4 PRI FOR B 22 5 BAT et 3, 2 K B |
i MG BRIE 4 RO BRI R RS Y
255 (1 B PE SR

£ 3 ET PLS-DA AL VIP E>1 MEELMESKEY
Table 3 Volatile aroma compounds with VIP value>1 in PLS-DA

model analysis

¥ Hs &4k VIP
1 B6 R -2-Z8 I 1.904 41
2 A7 it 1.74276
3 A3 Iy R 1.648 45
4 Bl1l 3 EE2- T 1.459 75
5 A5 oA 1.395 89
6 Al [l 1.38276
7 B12 o F R R A 1.259 01
8 D1 L TRAT i 1.218 44
9 B1 S 1.13593
10 B2 -2 I 111117
11 2 a-IK TN 1.091 39
12 B7 I - A 1.071 17
13 B9 S 3 -2-1- U 1.051 66

3 Wit E&it

HEREFEINA YR ER G EZERNRZ
— , LA D ae R A 24 R (B A2 I TH B L o YEH B2
a-JRM L a-IK IR R BN R RS G Y. A
IR AE K AR R AR R IR 5 R HF B
T —E E SRR, U 46 5T B R IE | 95k
& WL (ORIE 4 BRSO SR O ERL, R A HS-
SPME-GC-MS 40 AR R MEFHSAE W, 45 R A5
4 FhALTE B AL SRR T R MR LB RN A
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