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Abstract

Objective: To compare the aroma components of three medicinal licorice leaves at different growth
stages. Methods: Headspace solid-phase microextraction combined with gas chromatography-mass
spectrometry (HS-SPME-GC-MS) was used to analyze young and mature leaves of three licorice spe-
cies (Glycyrrhiza uralensis, Glycyrrhiza inflata, Glycyrrhiza glabra). Component comparison was
performed using principal component analysis (PCA) and partial least squares discriminant analy-
sis (PLS-DA). Results: A total of 148 aroma components were identified; among them, alcohols, ter-
penes, and esters were the most abundant. The relative percentage of alcohols was Glycyrrhiza in-
flata > Glycyrrhiza uralensis > Glycyrrhiza glabra, whereas terpenes and esters were Glycyrrhiza
uralensis > Glycyrrhiza inflata > Glycyrrhiza glabra. Nineteen key differential components were se-
lected using VIP > 1.8 as the criterion. Glycyrrhiza inflata had the highest total content of alcohols,
while Glycyrrhiza uralensis had relatively higher total amounts of aldehydes, ketones, and other
compounds. Conclusion: This method is suitable for analyzing licorice aroma components, and in-
terspecies and growth stage differences provide a basis for licorice leaf resource development and
pharmacological studies.

Keywords

Medicinal Licorice, HS-SPME-GC-MS, Aroma Components, Interspecific Differences

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

HERGRHEREY, AR LEA, BAHAES. A IR &20bm. A
REINR[1]-[5]0 SR HF . IR HFEADERH 54 (R NRILAE 2 ) v fm6]. t4tH
SR AR TR EE HoW A KA PR R 58 2R, 3 B3Ry LM ) MR SEBLA ROT A sl I bk ir &
A SETH AT R N D BRIE PR, T A Fr A D £ 25 P A B AT S B R R i

N T B SR AR M O I S BT R (PR . UL AR (7] (8], RSN AR H 2 Y/
Tl R, SEEL AR - BREA, SRTFSRIRAIRIR s R R A U R R K R AR
RIBLHI[9], JAPiad dh ik B SR AR SCH, M “ B - B - ORI YRR PP IR R, 52
HH RS BARAE[10] [11]; HESYHHSRHUIFE B RS & RE ThRe M WS QU AITT A&, SEA b EE, BhJ77 b
LTt . AWHTOREL I H A SR AR e S R B, R RIS AR RN

PG TSI PR MU IR (UK ZE AR AR BOAFAE IR R 2% B A 51075 QeS8 8w [ 12] [13]
MRS - [ AR LA BU(HS-SPME) AR TC I W AR BRAERIERIIL S, FAIC UM (il - Bk
FH(GC-MS) 7 B 5 5 RIBUERSE, RO & R AT PLIEEAR[14])-[16]. 28 LRTA, ASHT

ik

DOI: 10.12677/aac.2026.162015 131 oririb it e


https://doi.org/10.12677/aac.2026.162015
http://creativecommons.org/licenses/by/4.0/

FfR &%

FUR M HS-SPME-GC-MS ¥, R GE 7T = 25 I H 5y AN [ A R I 2 O W s ELEC it 7, i
FLCRHEAR S W H RS A B O S AR U, SR R BHRER ST R A . 25T A
Al VPO R SR L BRI Kb T R SR B A AR

2. MMERHE
2.1. KR

AT T 2025 F 50 HIREER B A TR AR B M AR H B SRR H READER H R %)
AN AR SRR A A T A0 1 R AR AT (SHD Y

22. UES5HZE

FEALA: Agilent7890A-5975C A AH (i - i XA (3 E Agilent A 7)), AUW120D #4755
Z—H T RPGET LR A RAR). 100 um DVB/CAR/PDMS #£HX3k . 20 mL 7 28 VU 5 £ )6 3
Jr T R I

FEMACEE: SHriEH 2 R iE S B AR, BURE R RIARZ) 3 mm RN .

AR ZA: 147715 Supelco A A E R, ¥ 100 um DVB/CAR/PDMS #HUL'E T GC #EF£1T, 270°C
ZAk 60 min J5{EAI[12] [13].

HS-SPME #&f4: #REX 2 g £ B T 20 mL TS RE, 055 26 3 E N A B, Fil#k S min; 80°C
TEIRI T 30 min 5, BREBCLIEAN GC #EFED, 270°CHEHT 5 min, @it Agilent7890A-5975C <M il -
JR B I FH A (GC-MS)HEAT 7K

FEEAE: BT ETEDE T B FURER 230°C, fLMLiRE 250°C, B HIE 1.5V, TEHIE
B BEAARMTEE m/z35-600. ikt KA AgilentHB-5ms (4130 m x 0.25 mm x 0.25 pm); #E#F
FHRFE 250°C, AN/t AHRAET: ¥R S0°CIREF 2 min, LA 10°C/min F+2% 80°C, LA 5°C/min J+
2 110C, 5Lk 10°C/min F+ & 250 CHREF 2 min, B K 27 min. #FHSNES(ELE 99.999%), it
T 1.0 mL/min [14] [17].

2.3. HIEALE

FEdh GC-MS 2 BSEAT I, K44 0 = S b i s, 78 NIST i 2 kT4 2 e | &
Y, CAUUACEEIS B 80%MIML &AL R, B3 AN TATE RINTFIME . LBRIEFSRLSr, X il (1 i i
BUEHIA— iz e E4tit, BHEENEFSRS AN S E. EH Excel 2019 5 SPSS 22.0 X 45 K47 %
¥, {§iF SIMCA 14.1 1 Origin 2021, LA VIP > 1.8 JybvH AT 50 22 5 1 32 B L2 7 %6 [ 18]

3. ERESH
3.1. HRAHEHESRY RETFRE

KH HS-SPME-GC-MS VEX ZiH HEOERH B, ShRURH R KR HE) i b ot & 42
W50, Mg GC-MS BTt B3 1), 45 RER, K 0~25 708, MG S EEEPLE 10~25 7
B, 0~10 225 SHLIS. 7] —H AR b A RS RS S (X R IR R R T4, B
SR AL 2 B AR E A S R e JURH R SRR H R U B O T AR O B I ] 5
ARG 5 4 8 (AR L . 5B m TR 5, HAZZ2 R Ae it thE Wl SR B e 7 H 5A
R0l i 1) B B AL 2 B VR 22 57, D L2 LA o0 ) I BRRADRR SG IR PR A A B 41 1 Mkt
N BT 4 € 5 1L b AE W 07 10 B Sk it
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Figure 1. HS-SPME-GC-MS ion chromatogram of medicinal licorice sample
1. ZAAHEM#R GC-MS BFRE

32. HRAHEMBESHRO S SERMEERSH

SRE A H RS SRURH R SERH )M E TR IR 148 B, IRIEEE. BEK. i
FVIEIEE 10 R, AU AL S RS 5 B A7 A 35 o ) B B (4 ) 22 57 o e T R R R

Table 1. Statistics of the types and relative contents of medicinal licorice aroma compounds

# 1. HAHEERYEMESHEN S ERITR
B RA 25 A 5 %

LTS R Eh R KSR H 5
ot FPREL G RRIREC ghmt RRSEE A RRSEL A RS pii RRSEE
gk 7.89 6 6.35 37077 10 3798 15 3465 12 8276 10

gk 2.11 1 109.98 2 0 0 37.92 2 - - 15.61 4
W 16238 25 20454 8 317.18 20 43047 25 35443 17 433.1 20
i8S 32 3 28.18 1 3.52 3 77.95 310122 3 53.94 3
[EES 33.2 5 11.6 1 58.46 4 76.48 3 103.07 4 113.69 5
JHz 2k - - 73.57 1 - 6.11 1 - 0.94 1

HERE 127 1 2.24 1 10.11 1 13.78 1 - 16.02 1
iES 0.69 1 - - - - - - 0.78 1 - -

SNIEN - - - - - - - - - 3.43 1

NN - - - - - - - - 1.22 1 - -
il 2% - - 55.38 1 - - - - 1.27 1 - -

fewimgss - - - - - - - - 2.01 1 - -

At 282.17 42 491.84 18 460.04 38 680.69 50 598.65 40 719.49 45

DOI: 10.12677/aac.2026.162015 133 TR


https://doi.org/10.12677/aac.2026.162015

I

(eSS

A
0.3

0.2

0.1

0

-0.1

-0.2

PG H RSy B B A PR A A S LE b A R (] R AR AR RO AN 1 B R SR H A
KN 42 BEZ 18 B, AIXTERM 282.17 THE 491.84, kel & B, SRR HEMEE 38 Mt E
50 Fiy AHXT B 460.04 12 680.69, BEIVIETE WA KA H BN E &M 598.65 T+ 719.49, Ff
FEC 40 SEZ 45 Fhpo g, R H RN S ER . SRR EMEEEZ . gt R HE
FhEE % . KR BARN B S8R . — b H B A B R A SR R B ok = T4, OGS H B
AR RBOH R R RN, Je R RN E25(0.69) MRS EREI(T2.7); BUAMTRRTE R H
TR [ (2.24) ;s FRER/HIR /B2 A I TE o & hr R B HAL S D B 55 B AR (G 10,11, A 13.78),
JRER RN/ B My 2R A I TG . IR H B & pue25(1.22) BidZE(1.27) B32K(0.78); BRI IX L)
JRIH K, BrIRIRE(3.43); T AR (16.02). BRI/ B FRIFAE =F25 I H =R ILE, U
R TE PR IR 52 RS B AE

3.3. RS MR/ ZFEFIB(PLS-DA) R

AR = b 24 FH H 8 PR R A 5 T A0 A S 0 R B P 43 A 0 AT S R B A S R H ] e =
FhH B 2= SR, BT B 2(A) ATET, (LA 108 (= HJE(2-H - 130 T 25) R TR 55¢8), 76 (7 E2I),
82 (b ARME), SrhLJR SRz, WESFEER R, NZEFHHERERI.
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Figure 2. Distribution diagram of medicinal licorice leaf load (A) and statistical chart of components with VIP > 1.8 (B)

E 2. ZAHEMHEEIEE(A)S VIP > 1.8 54t E(B)

Table 2. Statistics of Components with VIP > 1
2. VIP EXT 1| Roita

5 T VIP & Gl e
117 2.53822 X AL FiER
2 53 2.5047 1,3,8-% Jeiar = I [ES
3 4 2.23566 a- T RIA (1S
4 45 220224 - EEs [ES
5 108 2.16895 Q- - 1- T R 3 FR TR S SEs
6 82 2.10206 AN [ES
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7 5 1.94926 (B)-2-CLffs-1-F% [EES
8 68 1.94805 3,6,6- = FH L IR[3.1.1] 524 [EES
9 8l 1.93608 1-FE-4- 3 7 A O [ES
10 6l 1.92524 HE [ES
11 1 1.91847 — W% iZ&S
12 124 1.90416 4-CU - 1-F L TR T [LEES
13 72 1.88047 VENUY [EES
14 94 1.86539 FLAB S [LES
15 10 1.82431 3-Ci-1-B, (2)- [EES
16 8 1.82424 3-CU-1-BE R
17 23 1.82323 (B)-2-CWJ i 2%
18 121 1.81533 (Z)-3-Cf5-1-F% TR UEES
19 73 1.801 JIgi- 5 R U [EES
20 103 1.67453 5-FJE-3- B LEES
21 135 1.64915 TECE [EES
22102 1.64424 S-FL A M [ES
23 21 1.63252 (E)-2,6- — W %k-2,6-3¢ — Il i 2
24 76 1.57997 o B [ES
25 80 1.56562 2-ZFHE-1,1- R 3- AR e [EES
26 3 1.56226 3-HIHE-1,5-1 [EES
27 11 1.55618 (2)-3-C)5-1-B [EES
28 138 1.51682 -3 - A -a- FR S T RS FES
29 99 1.42361 BT (IS
30 98 139636 o-BWIEOT T 1) [N
31 25 1.3709 T 2
32 78 1.27872 1- 2B 1-F E-2-(1- 1 i 20 28 -4- R A X e [EES
33100 1.27568 B-EMIECRTI) [
34 56 1.26751 (E,Z)-2,6-— H %£-2,4,6-2F =4 (B
35 4 1.26109 1-3F45-3-1F LEES
36 28 1.18364 T fiE 2
37 79 1.18165 1- L) 21 - 22, 4- 300 (1- F B 20 25 3 b [ 1S-(10,28,48)]- [LES
38 67 1.12956 3,6,6-= F L HA[3.1.1]PE-2-4 [IES
39 49 1.11344 y-RA T A [EES
40 105 1.06973 (1R,2S,68,7S,8S)-8- 55 1A k- 1- I -3 1 FH 5 = A [4.4]1 %8 ¢ Fekek
41 89 1.06503 1,2,4a,5,6,8a-7N 8 -4,7- ~HIE-1-(1- /1 5 245 35) 25 [1S-(104af,8ac)]- i
42 22 1.036 2-CU Il fig 2
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N D LR I s 2 e Ry, W R EAT VIP (AT IE, B VIP > 1 hsdE, 193]
A2 A Sy, g 2 B, il 17 GHek), 53 (1,3,8-5F it =)&), 42 (a-mBIAME), 45 (6-H W),
108 (= HEEQ-H BE-1-W N )R A LL), 82 (AN, 5 (B)-2-Cff-1-F), 68 (3,6,6-—HIJ: FF[3.1.1]5:-
2-0), 81 (1-FEE-4-5 P XL T M), 61 (FEM), 1 (CHIR), 124 (4-CI-1-8 CBRBg), 72 (A1),
94 (FLAEWA%), 10 (3-Clfi-1-B, (2)-), 8 3-CMi-1-8%), 23 (E)-2-CJ#ME), 121 ((2)-3-Cff-1-B L HR1HR),
73 (I - E )55 S DX AR AT VIP > 1.8 NArHEREAT I IE, W 2(B)Fin, ZREHE, HmiX 6
AN FRE A B E R EE 194

4. g
4.1. ZFHHERHEH RERX MRS ERFFE

A TR HS-SPME-GC-MS £oR, RGN T IKRHH . SRR H B JCRH 5 3 F2 A H 40
15 R A B SOy, REE ) 148 &AMy B3, W SMIERION =S B A i
ORAALY, X5 2021 4 Wang S54E H R AEYHE AR LW L4506 A — 24 [19], @iL PCA, &
JKI3H K PLS-DA S5 Z Jugtit Jiik, ikttt 19 MX 3 AR H FA L AE KB B s 2= e A gy, 4
SRR, ASFEH G R KR YRS R A KB BB R B SR AR R A, AR L A R
JFARR & B, AR H B AR BSEPIBONRFAETEAL ), SERH B 2 5 B S A R 2 DR 1
FIRIRE e RIS, Sl 3915 R IYT K% Ak B A7 AE WS (IS PP A2 4k, B 7 B kA A
AR K H B RIZRHIE

4.2. XEERUSURNEYENE S HESHA RIS

BEXT I K 19 MZOZE RS AR . ATIE RIS, 458 O SCIRIE AR
Ph, RGHEREE S A R H SR BRI ORI, O H SR 25 PO B3R AL 57 2 T 0 SCHE

XL (p-Cymene) {E N A 7T H S (10 22 5 Ll AL 50, R X0 AR H R0 ) B B A hn 5
CABITCIESE, XAERRA T NPT ST IR RIEYE: R 77 1, T AR A 1 A L e
HEPE, S Re R A, AN R A ERE . KT SO I R K R AR 201 AETTR DT
T, X e AE R AT A NF-B Al MAPK {5 538 B% , I8/ 2 28 IR 5-BeTs, RH B35  R Bm AR 2115
FEAEZSR M, X Aekext i ik B AUR A SR R SRR, A8 R G 1 B AL R [22] AT T
o, SRR R R B AL A B A, XS HAR G R Th U R A R T R R A, N
B bR R 25 Rl D it 1 BRI TRl o 7 770 (B-Caryophyllene) /&) 2 A7 (L T 245 FTAE Y B 452
WA, WRAH TR KR B REE 2 4 7 . KEFTFRY], AfTiak i pia . 8. ot
REGUR 2 HigPE: HalsE i #es TRPVI 2RI RABURME M, FINIER CB2 ZiAMsif23], &5
W HUAR G JORE SN BeAb, AT Xt 2 R i I R A SRR, AR 2R Y A% 0ol
T [23] [24]0 BRH S P AE AR R, AOURRE 7 HAE B e BT h B R i PLs B I RE /1, th
IR S R BT . TR ZGAIF AR AL TR MR . M AR (Eremophilene) J& T 2 s 4k 5[ 25]
[26], AJCRHBERRFEEZE R M WEFCIESE, bR BAT BB T, PUMREEYE, RN A i
TR Sl B, SRR B I HTIE(27]. SER T B s R AN, MU HAESL bt
RIS T HRr 10 A A& B SR, D6 SR A B9 25 ROT RS 4 1 8 B9 5 10

UeAh, =R R P EENRER. BERREZERAD B AAPHKEYETE: KRR D EmEERNT
Pl A RSN SRYI, BAT SRR DUR . I R PUE AT E[28]; B4 /K H o s SR K AR S i 73 7T
RERHTR « PURMTEE A% ORI o IX 822 5L S WU AL RRARFAE , FETRIAA AR T AN A H SR i 2 R 2,
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BRI 7 A MDD RS PO, Dy H BRI SR ARG HE PP S 04t 1 B LR
4.3. S ERHEBEAHSESENEYUBIRT

MDA B 5 A ENAEA B, IR AN R H SR R A KB BU ey 2 5%, A B TR H &
JE R A3 L SR

(1) AR BEZER BB AL RIS, S 3 A Iy B AR A, S )
ARE AT AR . AR AL PE A  5 52 B AR 590 SR R R G
WesgbrBe, SRR s AR R RPNV R, AIE RO i s B, R
ARG, RIDIEL27][29]; BEANBA)E, FWRER DT A A KBURE, R R R AR R
AR, BESRANHE M E SR oy L) T Y, X — AR R4Sy 1 AR Ati B (B D fg, SCARAL 1A BR3P,
DRBEFEAR IR BB [30], RAAYIAE R A T R M A S

(2) FlE) 22 SR A AR AR IE LR =P H SR A R B0 o I 22 5, JH A BT I A ) A 5 PO A 4
Fo R B A0 T R VG b 5 B By, o s S RS, WS AR SR AL
AP 9K B, 3 R I R I PR A B R AR AR E 1k SRTHE AR BUR . STIEREAI(31] [32], 1E
Rone iR A SRR RS AR TR S a ks, HwE RIS R B A B A A
Ve, FIER M A EAR R SR S SRR, SRTHEARN 2 AR BE N RE /I [33]; R HHZ LT
2RI TSR I A, HOMR RO BE R SR AL, WA BRI AR . dERCII AR E T, SR
RIS BERAE7] [34]0 XML AR H R RGN A R AL, SSBUM R SEATHO B 2 148
fitlh, JyBE AR & MR LA SR O 1 R SR 451

44. ETRAERNHEH R ZFEERUTFLEIL

FeT R R R RO RHE S A RS R, AT U T A L RV M) BEEOT R
S, ONHE R BRI AR AR AR AR T IR H R EE AU R R AR DU KRS i TR R
R T R RS L T I AE SR U BR B B R B RRFAE 7T B T AR IRAR N AE AR 2 L £ BT S 71
PURERA R BT AR 2y, BT IR S A B ARG A G P AR LS,
AR R SR s RN, oS BB R AT ROV RIRTURE A, B TR s IR, T
PR SRR H R R IR PUR IS TR Sh BT X SR H R A s SRR X AE ke
SEPURIEVERR Y BRFIE, T ROF R STR R P 2il5n). ThaethORfdh . RIRPTEAMT . DR 0Pk
TEIORE S BUBRSOE SR B T, RN T A ST RS OR i, SR S R (B, SEEL S hi/R
HESENZ oA . SERH . H IR R RS At b R T R H B ks (i B S A
ST ARG IEVEAL Y, AT O R R R AR R A RIE A RSN LRSS B
AIEHIES THTEmEK. FIRGIEE, RN, Salatai. siREE, APk isEZik
fh, SEBDG SR SR SR I E R

BEAN, AHEFCL R H E BRI R VR 0 R AR L RO 1AL SEERR, R I G i T R
BOFFREI, AL ERS . PUSTER A H A, HESH LR RS

5. &g

AW F KA HS-SPME-GC-MS ¥ RSt #ir 1 = Fh 25 F H B4 FI R A &Sl o, S e 148 N
RSy, HAR IS BEIESS RIS A0 o P22 5 B2, 19 FhRRAE 20 AT 4 A48 ) R AZ O b 76405
A K SR BB A e, MBS, mERERSRr EE . BTSSR T s e
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