@ rcmmnaRan
s

% & RS KBk R

EXRBEANF_E% RREL

IChemE£Ek BT~ REE

WoE o FIFiR Bk M REEE M

HiE R, REER. SKBHIBRAEFIRA A

 RAMERE  SFHEL

.

(VESN "_j' eed:
T



55 42 551 o owm L T Vol.42, No.1
2025 4 1 A FINE CHEMICALS Jan. 2025

ER5EE
SAFE &4 GC-MSO 4B 4 #r 29 fhik &FEY
RKABFTEREREFERS

3 1,2,3 1,2,3 3 3 1,23 32 vy 1,23
IR T, EmEE Y, B T, AREAL,
g{]\i 1,3 , g&ii 1,2,3*

(1 JERt TRy Ry BAEERSMRAFE MR AL E, Jtat 100048; 2. JLRU TRIRY: s il Si s
2, Jbat 1000485 3. JLRUTRTAS: HPIERDLECGG S RAAE NS, JEat 100048 )

FE. RABFZERE S BINRZE BB (SAFE), /&4 29 FMiRETI R RFE RN N
4y, A ETE B/ IS (GC-MS/0) #HT T M BmIE ., AR EEH LY M E &
FREAEOC RBE R4, ST T RFEF R M T AL . 2552, ki3] 244 FESIETERSY, HE
HEFEREERI A 151 F, AIEREE 31 A BE2E 20 Fb, BESS 13 Fh. 2% 18 Fh. EEE 13 Fh. B 10
Bl SRS L1 B, BRSO B MRS 6 Bh. Bl 7 MRS AESE 4 B DYREEEIAE 22 2 A 28, 25 FRIRA Y
FrEphfl . FE2E . E . S RMAREMN PR S N AR 4 FINERHEE . PRI 4-5F
ISR W3F. HEEM . 95k, 42, FR. Kk PIRTRLIE PR S0 a5,
RFEE . oI, R DR . AR . (O-4-mEAEE . HMIEE . (1a,2a,50)-2-H13-5-(1- R L
FE)-BUER[3.1.0]C-2-B5; JulAE . B Y0H . 2280, HE ., Rk EDUREMEW s EL S Y R iU
B PR . KRS . oL W SC-E T . BEIE  WOT IR A SR B, # . B
BT EZ WA YN TR AL KOFh EZMERIAL SN CTRIAMER ; P55 . T &
YIRS B, A - BRI - 3L NI T ZREZLL 2,6- — H FEMLIE TN 49 Py SR
B 3 ARANLZR A BRGNS ARG Pk EER IS KRR PR . 29 FhiRAER
TR 4 K2, HhEHENNATOERS, RHTAREN GRS P REZ O REM.

KRR IRFBE R BB I R ZEI; SARCS- RIS SO -SRI T MR A RIETE
Wy FRHG A

hESHES: 0657.63; TS264.3 XERFRIAFE: A XEHS: 1003-5214 (2025) 01-0135-14

Characterization of the aroma-active compoundsin 29 elegant
spices by SAFE combined with GC-M SO

PU Dandan'*?, MENG Ruixin'??, CAO Boya'*”, ZHENG Ruiyi'?”,
SUN Baogu'”, ZHANG Yuyu'**"

(1. Key Laboratory of Geriatric Nutrition and Health, Ministry of Education, Beijing Technology and Business

University, Beijing 100048, China; 2. Food Laboratory of Zhongyuan, Beijing Technology and Business University,
Beijing 100048, China; 3. Key Laboratory of Flavor Science of China General Chamber of Commerce, Beijing
Technology and Business University, Beijing 100048, China )

Abstract: The active components of 29 elegant spices were isolated, concentrated by solvent extraction
combined with solvent assisted flavor evaporation extraction (SAFE), and then determined qualitatively and
quantitatively via gas chromatography-mass spectrometry (GC-MS). The correlation coefficient matrix
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network was constructed for the types and content of various aroma active compounds, and the network
visualization diagram of different spices was established. The results showed that a total of 244 aroma-active
compounds were detected, the main components with high concentrations were 151 including 31 olefins, 20
alcohols, 13 esters, 18 ketones, 13 aldehydes, 10 phenols, 11 sulfur-containing compounds, 9 acids, 6 ethers, 7
alkanes and 4 nitrogen-containing compounds. Linalool and vanillin were detected in 28 and 25 elegant spices,
respectively. Vanillin, 4-isopropylbenzaldehyde, citral and 4-isopropylbenzaldehyde were the highest in
vanillin, cumin, mango and laurel leaves, respectively. The alcohol compounds, namely geraniol, a-terpineol,
cineole, linalool, nerolidol, (—)-4-terpineol, p-selinene, cineole, (la,2a,5a)-2-methyl-5-(1-methylethyl)-
bicyclic[3.1.0]hex-2-ol, in Srilanka citronella, laurel eaves, cambodian cardamun, sweet marijoram, tsao-ko,
rosemary, tamarind and saffron showed higher mass fraction. The olefins in juniper, angelica sinensis,
turmeric, licorice, rosemary, curry and sweet flag had the highest mass fractions, which were anethole,
germacrene, a-curcumene, frans-calamene, S-serinene, apiole and anethole, respectively. Eugenol was the main
phenolic compound in wild thyme, fenugreek and tamarind. The main ester compounds in caper and parstey
were terpinyl acetate. Mango and Chinese mahogany had the highest types and content of sulfur-containing
compounds, which were 3-methylthiopropionaldehyde and 1-methylethylpropyl disulfide, respectively. Sesame
mainly contained 2,6-dimethylpyrazine and 4-allyl anisole. The main aroma active component of
pomegranate and chennai was anisole. The main aroma active component of star fruit was methyl salicylate.
The 29 elegant spices were divided into 4 categories, among which Chinese toon showed the highest
centrality, indicating its core bridging role in the elegant spices network.

Key words: elegant spices; solvent-assisted flavor evaporation extraction; gas chromatography-mass spectrometer;
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gas chromatography-mass spectrometer/olfactory; aroma-active components; perfumes and essences
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Fig. 1 Comparison of different aroma-active ingredients in 29 elegant spices
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(163.16 mg/kg ). FMEE (106.72 mg/kg ). FMH-jil
i (184.50 mg/kg) FEAPE K HIEF H(-)-4-1k
fmEE (3090.96 mg/kg ) TLiCHIER THAb 28 Fhd
Bh, B SEHABRY 243 FRESIEMERSY, HARARK
K WAL PSR mmBRRAEESR, H
(la,20,50)-2- F B -5-(1- W 3 & 58)- XA [3.1.0]1 2 -2-
i (88.74 mg/kg ). HEMIMEE ( 72.90 mg/kg ). it
B (72.60 mg/kg ) HHEEIE .

TE 29 MR ERIE R, A7 20 P ERirh iy
IR A EERE (% 3), kst
AW R B K (74.55% ), Hk oM R 241
(69.84% ). T (52.42% ). HH (45.17% ). V&A%
JUE A (43.93% ). Bl (4187% ). # & FF
(41.19% ), FHFRAPEII>40%, FRTH 0 F 5
K (6961.66 mg/kg ), KA (1050.88 mgkg )
R B E AT (511.03 megkg ) &
RO, a-PEREAIME (502.39 mgkg ) SRER; %
HY o-22 4 (1305.00 mgkg ) Sk, H#g
MR -EHH (435.69 mg/kg) Fratiic; WRLE
BT EM (160.75 mg/kg ) SHE K, -G
(124.19 mg/kg ) & &8 K5 & W MY & NG
(801.68 mg/kg) FhifxK; HEFN B-BMGE
(1541.80 mg/kg ). ¥H7Mk (1401.16 mgkg ). p-
LIRS (662.19 mg/kg ) SHEIK,

TE 29 PR RISk, A7 20 ARk
e EEeE (R 4), BRUAWEAEE. W
W|ORE. AF . I REFRFHE, EEEET
HEEEN KA. TERAATEH. A%
FTESERHIE, fEIRA BRI P Rk . B .
LR A BRI 2 % By A SRAL A s R, 7E

19 FpFER R EE; FrmEAER. ARE
FROE, 78 12 FhfERb e, BEEmE 10 F
T BLPAEAE o % R AR IR TN & R & 750 2
YR PORRAC I AR (B 3), st T & A
IR ER R R AR T & . ST &M, FRT
Tl ARSI, S E AP
BT 4L (71.92% ) ek, HUCH#ME (41.91% ).
PIRET (3745% ) SFEHEFNTHN (117451 mgkg)
SRR, BAEED (113891 mgkg ). 7 H
(494.42 mg/kg) i ; #HEMPIRS T A
1y (1489.32 1 82.18 mg/kg ) & i,

BRI 0
©\/\ ¢ OH
. OH NH,
Gas LA
g KB K OH
< o (ou POES
il ERBRTEE  pmm l o
H x OH
& Y N ~N N < H
CREL BT IR R -4-FR I PR
%;é H H

SRR o T

Bl 3 RN RN R R A S W & AR 20T
Fig. 3 Biosynthetic pathways of phenylpropyl/benzene
ring compounds in plants?®?7)

16 29 FMRF A FRd, A 25 FdERh iy
BRk S mim (£ 5), IREMFER B E
TAFEERIRER SN BE R G, b, WERZE L
G FE R IE T ALY AR N R AR BR AL S N, Iy
REFRE, &, IE, #£95% (0.57 mgkg)
H42%= (0.68 mg/kg) AR, FEHBNA
P2 308 3t A 5 o AR AR I R Y, AR R 2 R R IR
RIS R RS ST, 7R 19 Rk s
Km#], &4 0.10~87.40 mg/kg, EA MK
WA I, MRS . Bk O
SURSY o HLL AT RS oA (81.58% ) fwiEr, H:
ORI (47.27% ), F LR FIRRO A B R T g
A G, R 1239.92 1 249.88 mg/kg.

1E 29 PR ERFFR T, A 23 FhfFERh
BE 2 Er e (3R 6), LRNE] 6 FhEFEAIE
PRI AT, 40 D9 BE 2 R ik 45 TR A B8 A 2 b v 40 A
&TRIEEE, 1E 23 FhEERth AR L, HSE
}0.84~2442.32 mg/kg, W GRERETE 16 Fli kL
B, HEHH 0.13~332.82 mg/kg, 2k ik
K EUR K (43.35% ), Hid, 4-lGREEH
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fif (1072.18 mg/kg) Sim; FHEFTHRNG
REME (332.82 mg/kg ) A

TE 29 PR AT, JERANE] 18 FPER2ET:
SRR, Hob 18 Rk S S R
(& 7). TR B, REBGN ST
FRPTREA . BT EBEARER . WA, R, BEE
BT RIEIZS, 7E 10 FEE R A M, H
R 2= (318.50 mgkg ) WA G AR, HIK
JPRILLA (181.52 mg/kg ) FIE5E (131.34 mg/kg ).
i BRI R 3-323-2-TH (62.06 mg/kg) X—
PR

29 FRFEIIE R, 23 FhE kbR Rk
Y& EsEm (£ 8). MABME YRR NfE
AR A E B RS, TR A AU S B P A R T
Bk 3-WETRRAE 19 PR E RIF R A K
W, HEEEEY 0.13~25.68 mg/kg, BLEH A
s, R EERM. RNRE 16 Fifr
B, H&EHN 0.70~22.95 mg/kg, JLIEHHE
FHA 28 FhERE, R AL 8 MRS, AP
KOWR (124.23 mg/kg) & wmabiem, ROREA
B A HKER, TERYIR N A AE R Y 24 TR ff 24
fitf, L-2RN 2 Ml i 7 R R AR MR A UK O 1R .
T R B i 107 R 38 5 A A T RAME A 8, &=
TR R T HE R AU A >4

T, FRBA YRR E SR, [Hil
THBARWBIE, 8 ARKMEIoTR. i, 1
FRFRIE RSB . SRR S (£
9), FHEMEIAME T EER, N 7.96 mgke (i
L 12.56% ), HKETER (4.09 mgkg ). 7K
2 (3.56 mgkg ). &FF (270 mgkg ). FiRT
(0.65 mg/kg ). %tk (0.64 mgkg). H4F =
(0.62 mg/kg ) M 24T (0.60 mg/kg ), HAbHF
FRP R SR G Y. FETEA 8 M Emdk
k&, Hh I-HRECENE —RAY T REE
4.29 mg/kg, TERPRME S R EREAEY, W
R, TR, WA TR, BT
BT miEE . 3-HERSLEE, b 3-HIRIL N
ik 2.21 mgkg, HRA PIRT. Bk, H4Z.
et . B 2405 ARG 3-F R E NS . PR
JUBEA, F2F . 2. HFEF. dir e s
ARG, ZHRD & FALSDN A S & &S
(23.03 mg/kg ), fIFE 2-FEEE (0.71 mgkg) Ml2,6-
TS (2232 mekg ), MEEA (1.78 mgkg) Al
A0t (0.73 mg/kg ) H O
23 REREFEFRIEFESEERS S

HRE 29 TR A U Bk v A A0 T 0 E i

2k
R, H A2 3B A R O R

(269.32 mg/kg) Fl o-Hifdi (94.79 mg/kg);
BHLEF M E M (160.75 mg/kg ) Fl p-BE b
(12419 mg/kg ); HREITH 3-FH-2-T
(98.70 mg/kg ) FIK GERE (59.26 mg/kg); 1%
BRIk R EE (3.76 mg/kg ). XFFHE (3.11 mgkg)
2K LB (290 mgkg ); H 5N a- i B
(456.49 mg/kg). T &My (380.45 mg/kg) #1 4-
M B EE (223.55 mg/kg ); BTN TE A K
( 801.68 mg/kg) FI/KIZIRHIHE (507.78 mg/kg );
XN M EE (1946.31 mg/kg ). (E)- ¥y & B
(103.99 mg/kg ) Ml p-F71Hs (100.67 mg/kg ); il
M1 4-97 79 5628 Bk (2442.32 mg/kg ). 1 7 fili
(6961.66 mg/kg ) FIFAFM i (1050.88 mg/kg );

FLLAT R Z R A TS (1239.92 mg/kg ); AR R
B (57.53 mgkg ) FIHFIETHE (27.74 mgkg );

MRFE R R VAN EE (249.88 mg/kg ); BIRT N T &
B (82.18 mg/kg ) FIAZ Ml EE ( 52.22 mg/kg);

INZS TG (132.13 mg/kg ). 4-H P4 F ok
(123.69 mg/kg ). ZEJieds A (116.40 mg/kg ); Al
P 4-SNEAHEE (10231.54 mg/kg ). 4-(1-F1 5
LHE)- 1400 Zh-1-HHE (9710.75 mg/kg ). p-#i
T (4299.55 mg/kg ) FIAEEM (1274.67 mgkg );

FWN a-E W (1304.99 mg/kg ). (68)-2-F %-6-
(4-H LRI )-2- B M -4- il ( 684.18 mg/kg ) FH]
il (481.32 mgkg); #HFT N T (1489.32 mgkg ).

4- 075 TN JE 2K FOBE ( 524.62 mg/kg ) M VE FE O
(1542.87 mg/kg ); B TERE (264.59 mg/kg ).

KR -8 A EE (163.16 mg/kg ) A M EE
(106.72 mgkg ); FH2NFH=FK (1132629 mgkg)
o 2-H SRk -4-F 9K 1y (1179.55 mg/kg ); ik ik
¥ N (-)-4-1 T BE (3090.96 mg/kg ). (+H)- A AR
(1977.07 mg/kg). ¥ (1401.16 mg/kg) Hl p-
M (1541.80 mgkg ); B2 F N EF TR
(318.50 mg/kg ), miAFfE (100.04 mgkg); [R5
J p-fa AT (511.03 mg/kg ). a-BE V8 4
(502.39 mg/kg ) FT M (271.66 mg/kg); FHH
A& B A S (113891 mgkg ). T FHF B
(1174.51 mg/kg ) FIFETEY (494.42 mg/kg ); L
16 MR RERE (104.96 mekg), T (89.99 mgkg );

AR a-FAHEE (14070.98 mg/kg ). He s
(6499.11 mgkg ). 4-5FPHAHEE (3471.25 mg/kg ).

T (1854.51 mg/kg ), ZEHERI TR (1494.50 mg/kg ).

A (1240.64mg/kg )5 H E R I - B A
(435.69 mg/kg ). J5HEfE (310.80 mg/kg ) Flfi &K
(142.38 mg/kg ); FIRENHIEM (136.07 mgkg ). #
4 MR (12423 mgkg ) . 4 M N O R Ok
(106.36 mg/kg ) AT Ml (112.42 mgkg); FHEHN 3-
FRELD- T (62.06 mgkg) Fl p-47THs (27.92 mgikg );
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%1 P, 45 SAFE 456 GC-MS/O 43 B /4T 29 PR & B R IR 5 BB S 06 Pk 4 <147«
F8 23 FMRFAEFFE P RERBEYEEERLSR
Table 8 Qualitative and quantitative results of acid aroma-active compounds in 23 elegant spices
i /(mg/kg)
ey T g oweow ow o owow oz s T Tees o6 ow o2 e
= = B o F M o 7 + w ¥ B R i 7& M A ;E I (I
TRz - - - - - - - - - = = = = = — — — — — 05 — — 041
3T 044 078 049 — 049 045 149 — 1.48 0.46 026 9.53 0.52 0.56 0.13 1.60 0.59 0.58 2568 — 0.620.62 —
22O ME — — — — - - - — — — — — — 0B - — — — — — — —
FR® - - - - - - - — - - — — — — — — — — 023 — — — —
Kom 270 — 262 — 263262 — — 262262 — — — — — 303 — — 5488 12423156 — 2.62
FAM " - = — — — 08 - - - - - — — - — — — — — — — — —
RN 125 — 117 149 1.15 1.14 — 1.14 148 158 1.15 1.66 — 1.17 — 114 — — 2295 115 0.70 1.48 —
1E5$R - = — — — 00 - - - - - - - - — — — — — — — — —
E2eER - - - - - - — — — — — — — — 013 - — — — — — — —
£9 1 FRFRAFER D EE SRS ALME W E M E RS
Table 8 Qualitative and quantitative results of sulfur and nitrogen containing aroma-active compounds in 11 elegant spices
o ‘ & /(mg/kg) |
Az RILER HFE5 Bk gy PRy FX2 EHMHE & 2K SR
F i e A — — — — — — — — — — 058
3,4- P SE-2-5idk-2,3- — (e B — — — — — — — — 039 — —
Bt Sy — — — — — — — — — — 0.45
TR =R A — — — — — — — — 003 — —
TN A — — — — — — — — 004 — 045
975 R 3 PP R R — — — — — — — — — — 039
1-(1-PIm L ) PR 2 P 3 ik ® — — — — — — — — 190  — —
3-HH P A 0.62 — 0.92  0.64 — 0.65 0.62 0.60 0.63 — 2.21
1,2-[(E)-H-1-H-1-3E] " Hi it — — — — — — — 0.09 — —
1-H 3 2 B e — — — — — — — — 429 — —
1-(LAR3E)-2-FF 2-1-H 4% B — — — — — — — — 059 — —
| A — — 178 — 0.73 — — — HEE— —
2-FR S g B — — — — — — — — — 071 —
2,6-— gLk ® — — — — — — — — — 2232 —
2- M Jo ) — 6.18 — — — — 2.94 — — — —

ZWRA 4TS H B (1072.18 mg/kg ) A&
M (498.60 mg/kg ); tHNATEERE (4.62 mg/kg ).
XFH B (3.13 mg/kg ). AL (2.62 mgkg) F13-H
BRAEAEE (2.21 mgkg ).
24 MEXRERDH

Bl 4 R P2 aT AL . Ho Ty S AR AR R R
e, TS A ) S s A S R ) A RE R B DG ER
FREE, WK/ MEEHAPOE (AR 5H
Al S B A R ) RN, A R
FOR LA RS HAD A R GG R . TR R
KL, m AL B A A R A S R AL A
R C A A DGR A A

HRYEAH PR LS R S T AL br, B 29 FIRAE

RIFER N 4 K3E. (1) BFERF. k. & .
B0, e, R, mR L W AE L R/
Jets (2) HHE . gumbA . k%R, E8E . IS,
HA4Z=, fM. A, B, B2, HEJLE
T2 (3) AR, 525, #e. #aH
VBT (4) BOF . s, Ao g R S
N, BEmThOMRS (1224, PO, P
6] ), 2T MR IR A A o L I 25 ke 2 O A
PAEH, RZFFERAA M. HUCh e
(8.66). H4= (7.09) FiEHK JLEA (7.09),
ot A I S L AR FC vt 2 At o e
B, BT (5.87) FIER (6.74) W4
JEAXT RS, UL e RS R AR B T
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KR IA RS VER . bk (4.44), BRI (6.49)
FHA KR (6.44) WA LR S, EAITHEMLH
HIAVE AN B A v BE A & 2Rk o B 4R EE 2
AR E TR AL b R, &
SRIEIE 21 (2.83), ZEA BT (0.86) FkER
(0.05) M LEARE, HENTEL —BUMR A
SR i R AR A, B PSR XA E A
PEBRRE . REFILAH A PO B R, X RHE
NHER R A AN E VR B A A R R 22

Pl 4 29 Pk At B A LR il [ 19 245 5C 28 T HLAE 0

Fig. 4  Visualization analysis of network relationships
between 29 elegant spices
3 #Hit

fE 29 PMRFAIE R, @it GC-MS/O 43
IR 11 2% 244 FESIEMENS (FD=
Hp F8AAEaY N 151 F, AiGmEZE 31
o BEDE 20 B ERZS 13 B BRE 18 AR R 13
B2 10 Fh . SEEZE 11 Fh. BRZE 9 Fh . BES 6
P%%7ﬁﬁﬁﬁ*4ﬁo%§ﬂé$ﬂ¢%
VR RS MRS RS R, HAkk
A%mﬁéﬁﬁ %%:\H%ﬁ%%%%%ﬁ%
SRR, HPER2R, 4-FRERF RN EEN
ARG, R RER . PR AL EE
R, KR FEE . a-FATHEE . A
B (-)-4-T0% A B . SRR EE L RS- AR RUEE
(lo,20,50)-2-F F-5-(1- 1 3k 2, 3L )- WUER[3.1.0] 2 -2-
BOh EEERA A, PSF . Akt G5 H4
BRI AR, RS EE L B
R FRJLER . BRI A Y T

O <t
\dﬁ

v

%@g@

PR, PR N . KR | a2 B |

BBl M B2 MR AR Ml O 2 B A ke e Al
‘e

SHEA, B BT PR R
K, TEB N ELEBMAGY; LR
MG RO B R A s FR AR TS A
FACE R EMBR R, 3-MEREENRERN 1-
W3k QNI B o B Z S me &5 20k
hERALEY . B G BREPEER, 20N
2,6~ I BL IR 4-05 T BE A F Ik

WL FR WG 29 MHRFIIEER N 4 K
XK, FHENNHLE R, RUEHEIRE WA
BB RO RIER, EZMEFrERAEH
K. AR RERC (S SRR 5C 2 A 2
ARAKMEFE BB TT 1] o AR TR A LA~ R4
TR RV S E, X R B bR LA HE
PEE

S E 3k

[1] KAKOURI E, DAFERERA D, KANAKIS C, et al. Origanum
majorana essential oil-A review of its chemical profile and pesticide
activity[J]. Life, 2022, 12(12): 1982.

[2] ZHANG Q (5Kfi). Research on extraction and application of Carum
copticum essential oil in packaging of chilled chicken[D]. Tianjin:
Tianjin University of Science and Technology (KAl K2),
2018.

[3] XIONG Q (f&JK), LUO S J C (B'SILA), YANG C 'Y (#7740, et al.
GC/Q-TOF MS analysis of essential oil components of Acorus
calamus[J]. Tibet Science and Technology (PUARHL), 2023, 2: 10-
13.

[4] ZHANG I H (31&3%), YANG J G (14£E), DU G F (ft55 %), et al.
Differences in the essential oils from different ages of Platycladus
orientalis[J]. Modern Food Science and Technology (PRIt Bl
$%), 2017, 33(4): 96-100.

[S] ZENG QY (¥Ii#%), ZHANG P L (5KMEHH), WANG C Q (Ti#8%),
Optimization of subcritical fluid extraction process of parsley seeds
essential oil and its component analysis[J]. China Food Additives (1
[ & ES N, 2023, 34(5): 249-255.

[6] CHEN JH (F#4E), WEI M S (F1%1L), LI Z (=), et al. Study
on cumin essential oil and roasted cumin essential oil[J]. Science and
Technology of Food Industry (£ TallEHY), 2012, 33(7): 322-326.

[77 LIJJ (ZEA), IANG Z T (EF%), LI R (Z53). Research
progress of natural spice turmeric volatile oil[J]. China Condiment
(P ER D, 2014, 39(11): 5-9.

[8] HU Z H (MR E), BAI J W (F{H), YANG W X (#3C).
Identification of the key odorants in fresh Amomum tsaoko fruit[J].
Food Science (B iiF}2), 2020, 41(16): 173-178.

91 XU S Q (#+3), BALT W (1115), YANG W X (#3CE), ef al.
Analysis of the key odorants in dried Amomum tsao-ko Crevost et
Lemaire[J]. Fine Chemicals (54016 T.), 2019, 36(9): 1857-1862.

[10] DING J K (T¥#5#4), SUN H D (#h}##), WU Y ((RE), er al.
Comparative analysis of aroma components of domestic vanilla
beans after different treatments[J]. Flavour Fragrance Cosmetics (&
RGO, 1987(2): 37-38

[11] RAO C Q (£ 4), LI B Q (ZEXUA). Rosemary essential oil
composition analysis[J]. Light Industry Science and Technology (5%
TARH), 2023, 39(6): 160-163.

[12] WANH C (JT4A), LUO H L (B UE5%), LIU X Y (XIBEHA), et al.
Content of carvone and limonene and their antibacterial activity of
Mentha spicata L. extract[J]. Central South Pharmacy (‘'RE§Z42%),
2021, 19(10): 2043-2047.

(T#% 158 )



