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Abstract

The volatile profiles of three Chaenomeles speciosa cultivars grown in Xuancheng, Anhui Province,
China, Luohangqi (LHQ), Pingguohong (PGH), and Zhimadian (ZMD), were characterized by head-
space solid-phase microextraction coupled with gas chromatography-mass spectrometry (HS-SPME-
GC-MS) and analyzed using principal component analysis (PCA), partial least squares discriminant
analysis (PLS-DA), and orthogonal PLS-DA (OPLS-DA). In total, 123 volatile compounds were iden-
tified, of which 83 were shared by all three cultivars. The results showed that the LHQ variety had
the highest number of volatile compounds. Alkene compounds accounted for the highest proportion
in all three varieties. Compared with PGH and ZMD, LHQ exhibited higher relative peak area per-
centages of alcohols and epoxy compounds. Multivariate analyses clearly differentiated the three
cultivars and identified 29 candidate discriminatory markers. Pairwise comparisons further high-
lighted seven compounds, including -Selinene, (R)-Camphor and Longifolene, as key discriminants
among the cultivars. These findings provide a chemical basis for cultivar authentication, quality eval-
uation, and targeted utilization of C. speciosa fruit.
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1. 51§

‘HAJN(Chaenomeles speciosa (Sweet) Nakai)sR J&§ T3 #F, AHREEK “AN” , KIFLIRIFE &
2 HAME[][2] HABREEAERSAE (RENFRY (RENE) FhEAuED A0, Kbz
EIWHTARNE O AR, AR E SR, mHZE. =6k, 25 ERMER
[3]-[7], XL HHPUE . B, D RIS FRILRE 2 % 0 15 56 A MiE Y3 A O [8]-[12]. A
WEFRARIE, AMIRSER4EA R C K MRS ENE ST 2MME LEHAKR, RUHLAFRSIE
FRAI[13]e BTN AEYNEE F AR T 2 By Al i 2R S S AL RIVERI[14] [15],  BAA B H3ER
BE71, JFRIIEHE NF-«B Fl MAPK %5 SREAR AR S@BR[16]. BEAN, BAJTIR St & 47 FF U R IR AN RE LR
SREM=E R EY, ARG R 5 IX L85 F K [17]. BEARNEE FRNE -5 E %5 Die N HAE
DIRe e ahmoRl & FRORE ™ i S R SR AR ECRHT & A i R A B 1 (4R (18] [19]

B H S O I AN SR T I B FE R BT B . AR RRIE R R IE T 2 Mg kv
B MR R AR AN, T R AR LU BE SR = AR BRI Ty AR 6], BRI
R B DU SERLANZ R R = , FER ST R E MR SR B RHE 7 A EE R 2 5
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Falide, FhE S

RGeS M A ST S A 25 JE i AN B o B4R AT DA I AT 9 6 B v T 4 R M A s 1 1 5
BIEZ W EEIZE. RS IR S RAE X A AN [20]-[22]. REFER MRS 587 S
BRIt X 7 B AR O, BT IX R B IR AT BN L = o Ma S8R AR AR 4 2% 073, #8R TARR
DA T A7 AE B 2 1R P 22 S (23] R, 20 90 2 800 e AR R VAR, X SAH DG 43 B AT
BNAIR. Fk, HERMERS RERMPIAL, LT XA SRR R RURRFE IR AR, PR
TIHET AR EWI SRR AN 55 555 G R I ST

T [ AR AR - SR € - B IEH B — M i AR, Tz TR R B3, 50,
2 AR B TR it 55 22 o 6 I v 4 R Mk 1 4 () A TR R AIE [ 24]-[27] o 12 AR T 75 A8 VA 771 SRR L BE L
BEGIFERT R — 0P8, BA RBUS S BRGS0 A, oA SO0 R =4 2 PR [24] [25]
PR R A A P i e I TS UL 45 6 (R B HR B E T S e, JUAE X BBl A 0t 2 5 D) AT R A g T A A
—AbiE . WRRIE BRI AR VR AT A 5[ 26] [27].

TR M AR/ 3 ) o3 AT AR B A Fe /s 3 ) A W R 2 AR Ak A R A v, Tl ]
AL IR S PO R, RO IEXT i Fh X 23 DR R IR R Ay, RSBl Bk H AR Jo&12[26] .
ZEAS RIS (B (OAVS) BV M il - MR B (GC-O)RIAR, X kIR it — b X o & B s b &)
SEETIRTHF USRI A Y. /R HS-SPME-GC-MS 45 &1k 21824 O BN A 2 M FE,
BEAEARIN(C. speciosa) ARFFAEREFC R IR AT D o DRI, BPOUSE . S JEL0R1 22 R 05 1A SR AIE g S5k
ZRSRAE, HEFEEREE S ERUEWIA RN, RIS T g AR nT B 5T I R AR
IIVEVEIN TS

AW FCIENE T 3E T B NE & A SR B HS-SPME J592:, TR AE S 2 IUFF(LHQ) S H
ZL(PGH) M Z K 15.(ZMD) =A™ dh b 48 & sy 4. 3454 PCAL HCA. PLS-DA 1 OPLS-DA Xf =4~
it AR E AR SR R B HEAT AT, AT IR WL R M 1 22 bR 6 o 10 T 5 I RO B A TSR D b
o S AN R AR AL, 9 URAL 0t AU AR v R AR 7 &R

2. RIS A
2.1. P55

BERM RN E AN =R, BIE SR (LHQ) SESRLL(PGH) A Z R £(ZMD), ¥ 1 dh s R
B [ 22 3 B T A SR BE (30°42/44.5"'N, 118°43/54.9"E), % Hi1 X 2 A T IE Hb 72 X o 7% 55 el ) 358 L A< fik
TEBE TP SR S A A —5, URERDHR SR R RERNZER . &M WA KA
6 A EBENREE A SE, KA e A [F B & AR B P RPN AN E S S R
RN RIS R EIR AU, BN MRE 3 NHRIRA A EE .

T EUTE B AU 5 08 3 T B SRS, AR B SRR FIZRIRKIE e, T =R T EARET. B)S,
F K REVVRIEELAN 3 mm K5, BRI, 75 50°C FF4: 48 he THEERRAE
T A EEIE, WG 100 HH(150 pm). SEHEA599.999%)E NS, FHAdH ik sl
Co~Cao IERSERRIR A VAT IR B AR E(RD R ME

22. UESERF

FERVER T AR Agilent 8890 SAH (LY 5 5977B Fik A8 B4 FH & St (Agilent Technologies,
FE)HAT . TS BAH A EL(HS-SPME) R H T304 B, B 50/30 um — ZJAFE R /Bk 71 i/ 58 — F ik r
FFE(DVB/CAR/PDMS) A HUZT 4E(Supelco, 26 [E])o AHUET4E E I AE FH AL, 42 Mo 5 150 B HEAT 2 A A T
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K, FhE SF

HAA S R & B AR EIR KA SEIG SR Nl ST RS M B N 0.0001 g HI0 T K.
2.3. HS-SPME ZEEN 75 3%

R R RE St 45 R M B, 20 BIAREL 2.0 g By RES:, BT 10 mL TS+ . KA 50/30 pm
DVB/CAR/PDMS FHU4F-2E, 15 70°CHEIE/KIBE A FIISEEEL 40 min. ZEEUGERUG, 7B REH AT i i
B A GC-MS #FEL, T 250°C FHWW 5 min, IR 3% & M A BEBOE N 04T 2245

2.4. GC-MS 5k

K HP-5MS UL 86 PE B 408 (0 3% 4:(30 m x 0.25 mm x 0.25 pm, Agilent Technologies)Z) 254 & 1 h{
oy . MRFEREF RSN YVIAEE 50°C, f£FF 1 min; PL 5C/min F+% 110°C, LA 5°C/min F+5
130°C, Ffif5LA 10°C/min F+Z 250°C, {R%F 3 min. #EFE DR 250°C. LAALEE N 99.999% KA SAEHR
B, RAMERA, WEA 1.0 mL/min, #EE77 XONARIERE . TS 20 B R B LB (BDBER,
HREEN 70eV. B TR DUARAFRIALH LR IR B 4> B3R 230°C . 150°CH1 230°C . KA & AR E R
TEHAE, HRTEEN m/z 50~550.

TR R S YIRS S NIST 20 g TUCHS, FPRsesell 2 MR RRD S R KNS
FAEHATHEL, WA HAT S « RIDAHF E 35 554 T IE [ C~Cao IEMISEIR RN SR EL.
FAALEE >80%, HSLIE: RI 523 RI (MW ZE AL 20 MEECRAIR, B2 8% ss R, A&
A — BT E A S YR ADS 2, DA AR 5 T C5 e ¥R A &) S TR B B 73 LR

2.5. BURESHT

X AR T A B KA S B E SR AT 2 AR B A ST R A M, DASRAE A A 8] 22 S5 O 0 e v £ 1)
BIFREY . EEX ARl 3 AN EY A E R A AR B AT AR AL AL ], AP AR B A B 0 = R 1A
Wi o SR SIMCA 14.1 BAFEAT 2 e oo, T8I A e/ —SRAD M - D DU SERZLAZ M 8 =4
AT AR BOR TR S RS PR S 25Tk 2T PLS-DA iR T 53AR By s 2
PE(VIPYS 9. A RRRTTZ 0T, DL P<0.05 AZFBAGHAE LHIHEbRE . K =2 VIP >
1.0 A1 P<0.05 AIFE R AEAL S WT 5E  dbAH) ) Z2 7 n a6 o Ddt— 20 o o i ) PR A [X 2 A B 2257
WRAHE AEAL S Y, 2RI B DU 530 R0 B DU 5 28R ki LR SE SR AL 5 2R i #EAT IR A2 e /s — 3%
AT o

3. ERESH
3.1. FRIBMERTIEL MR DHERR

KF] HS-SPME $2HUE' BUBT . ERLANZ IR HE R E Sy, FFilIE GC-MS HEATRAE. J#id NIST
20 BT EEUURC, JEH SEBe e M OR B80S C R RN S HE BT IR, HL5E 123 MHiER I &Y
WIHE 1), Hord 68 Pk G ARXS 3= FEAE St P B AALE B35 22 (P < 0.05), B AR 1 Fizx. LHQ [1#%
RV MRS, R 118 Fiib&4), Hikh PGH Al ZMD, Jp skt 98 Fifll 96 Ao =AM
Fheb ke th AL S IEA 83 Fh(WnE 1(a)fi7R), 43l i LHQ. PGH #l ZMD T4 # R AL & 4 S 50
70.3% 84.7%H1 86.5%, HARL T EANIA M IR E R fE. BEAh, S0k LHQ 5 PGH JLA L&
Py 11 #, X LHQ 5 ZMD LA ML S EIRE )y 11 F, {XAE PGH Al ZMD e th 3 A &0 1
o LHQ F#&H 13 FrdnFids B &Y, FE(+)-4-Carene. a-Farnesene. Calarene epoxide. Ylangenal.
7-Cadinol A Cedrol . PGH Hfa i 3 F i fiks B G 4: 2-Isopropenyl-5-methylhex-4-enal. Anethole £/
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TR 1,
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40+ 100—
39 @ Alkenes

@ Alcohols
@ Aldehydes .
@ Ketones
@ Epoxides
@ Esters
30 @ Ethers
@ Others

ZMD

LHQ

PGH PGH
(b) ©

Figure 1. Distribution and chemical classification of volatile compounds detected in three C. speciosa cultivars. (a) Venn diagram
showing shared and cultivar-specific volatile compounds; (b) Numbers of volatile compounds assigned to different chemical classes;
(c) Relative peak-area proportions of the different chemical classes in LHQ, PGH and ZMD

L = @MERMEL USRS RUFEDSL. () HARRMHFEELMUESYNERE; b) FRLFLXHNEE

LHQ ZMD

ZMHEMEE; (o) LHQ. PGH 1 ZMD HhARRMLFXHIIEL 1A 5 HIHEXTIE E AR & EE

Table 1. Volatile compounds with significant differences in relative abundance among three cultivars of C. speciosa (%)

1. ZAEANREMEENFEFEEZERNELELEM(%)

ﬁ%ﬁi[m/ RS NTR HTE CASHE LHQ PGH ZMD
g29  LAo-Trimethyl-6-methylene- - \y © 30105 514954 0.02640.0170 0.034+0.010%  0.069 + 0.029°
cyclohexene
8.52 gﬁ)‘is'(ﬂ -)-1.2-Cycloheptane- 1y ) 130,099 90970-69-7 0.038 £ 0.008° 0.106 % 0.019° /
9.98  6-Methyl-5-hepten-2-one CsHuuO 1261 110-93-0  0.678 £0.333% 2.841 +0.905° 1.348+0.617°
1008 O)-Dimethyl-(E)-5.8-deca- o b0 1802 130876992 0361 £0.058° 1.409 +0.769° /
dien-2-one
1038 (E,E)-2,4-Heptadienal CHiO  110.1  4313-03-5  0.098 =0.059° 0.447+0212¢ 0.201 + 0.083®
10.59  Octanal CsHisO  128.12  124-13-0 / 1.055+£0.5128  0.336 = 0.100°
1144  p-Cymene CioHis 13411 535-77-3  0.848+0.106° 0.345+0.101° 0.358 = 0.164°
11.60  D-Limonene CioHis 136125 5989-27-5  0.682+0.140° 0.610+0.114% 0.369 +0.118>
12.63  2-(Aminomethyl)-phenol C/HONO  123.068  932-30-9  0.073+0.017° / 0.146 + 0.027*
1318 (E)-2-Octenal CsHiuO 126,104  2548-87-0  0.057 £0.021° 0.252+0.039° 0.157 £0.071°
14.33 i;lt’[ethyl'l'pr"penyl)'ben' CioHiz  132.094  768-49-0  1.319+0.224° / 0.426 + 0.282°
15.10  Nonanal CoHisO  142.136  124-19-6  0.602 = 0.063° 1.963+0.351¢ 1.365+0.339
15.22 r210(11 -Methylethyl)-cyclohexa- 1y 6 142 136 96-07-1 024140033 1.103+0.192* 0.586+0.152°
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1562 cis-Chrysanthenol CioHisO  152.12  55722-60-6  0.096+0.013° 0.447 £0.099° 0314+ 0261
15.86 ilz[;??ﬁ‘;ﬁy;iﬁone CioHuO 15010 473-06-3  0.020 = 0.006" / 0.088 + 0.051
1640  Carveol CioHisO  152.12  99-48-9  0.042+0.011° 0.103 + 0.047° /
1649 trans-Chrysanthenol CioHisO  152.12  38043-83-3  0.062+0.023° 0.334+0.115* 0.123 +0.063
16.84  (R)-Camphor CioHisO  152.12  464-49-3  1.280+0.166° 4.617+0.583* 3.436+0.419
19.43  Estragole CioHpO  148.09  140-67-0  2.746+0.8200 2.460 + 1.427> 7.076 + 2.482°
19.74  Decanal CioH0  156.15  112-31-2  0.162+0.006° 0.616+0.320° 0.488 +0.133%
21.72  Perilla ketone CioHis02 166,10 553-84-4  0.841+0.157° 2.355+0.426° 2.345+0.745°
2225  (E)-2-Decenal CioHisO  154.14  3913-81-3  0.165+0.206" 1.132+£0.306° 0.196 +0.194b
2333 (+)-Borneol acetate CiHn02 196,15  20347-65-3  0.579+0.129° 2.112+0.639* 2.272 + 0.883°
24.15  Minacide CHPNO: 207.13  2631-37-0  0.222+0.034°  0.062+0.015> 0.072 + 0.028
4-(2,2,6-Trimethyl-bicy-
25.96  clo[4.1.0]hept-1-yl)-butan-2-  CiaHsO  208.18  77143-20-5 0.074+0.023° 0.236+0.092* 0.158 + 0.063%
one
2627  a-Longipinene CisHu 20419  5989-08-2  0.210+0.053 / 1.736 = 0.094?
2637  Dehydro-ar-ionene CisHis  172.13  30364-38-6  0.309+0.104> 0.517 +0.127* /
26.74  Chavibetol CioH2O2  164.08  501-19-9  0.384+0.038  0.062 = 0.049° 0.309 + 0.042°
27.19  Longicyclene CisHbs 20419 1137-12-8  0.253+0.101° 0.114+0.074> 5.321 +0.274
2736 2-Bromo dodecane CiHasBr  248.11  13187-99-0  0.053 4 0.037° 0.159 +0.094% 0.257 + 0.085
27.54  Copaene CisHas 20419 3856-25-5  0.313+0.154° 0.455+0211° 0.842+0.164°
27.97  Ethyl 4E-decenoate CiHnO:  198.16  76649-16-6  0.405+0.150°  0.155 +0.086° 0.253 + 0.063%
2839  (-)-f-Elemene CisHbs 20419 515-13-9 04290258 1.112+0.284* 0.912+ 0.097°
28.68  D-Verbenone CioHisO  150.10  18309-32-5  0.528+0.092° 0.649 + 0.165® 0.785 = 0.089°
28.92  Longifolene CisHhs 20419 47520-7  0.604 +0.187° 2.167+0.303> 3.544 +0.197°
29.14  cis-Sesquisabinenhydrate CisHO 22220  58319-05-4  0.031+0.023° 0.065+0.029° 0.148 + 0.002°
29.41 ?etrl\iit;lgrloiu?:?;é;edlenyl CiH1402  166.10 10001185'21' 0.256=0.028° 0.339£0.041>  0.535 £ 0.048°
29.69  Caryophyllene CisHhs 20419  87-44-5  2.191+0.198 1.706+0.194> 2.456 + 0.149°
30.19 gz:epi'Bicydosesquiphe“an' CisHas  204.19  54274-73-6  0.079+0.013> 0.048+0.013°  0.114 % 0.008°
30.62  cis-a-Bergamotene CisHbs  204.19  18252-46-5 0.212+0.056° 0.321 +0.025% 0.384 + 0.081°
3128  (+)-0-Cadinene CisHbs 20419 483-76-1  0.187+0.092° 0.107 +0.022° 0.310 % 0.032°
1,5,9,9-tetramethyl-,
3142 Z,2.7-147-Cycloundeca- CisHs 20419 10000962'61' 0.401 £0.012*  0.089 % 0.006° 0.153+0.017
triene
31.63  Geranyl acetone CisHnO  194.17  3796-70-1  0.18240.037° 0.504 +0.069° 0.411 % 0.037*
31.82  cis-B-Farnesene CisHs 20419  28973-97-9 1.984+0.629° 2.382+0.280° 2.940 + 0.293
32.62  14-Hydroxycaryophyllene CisHs 20419 515-17-3  0.773+0.078 0277 +0.067° 0.211 % 0.033"
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gk
33.15  p-Selinene CisHas 20419  17066-67-0 19.195 = 1.719° 32.924 + 1.333% 32.767 + 1.3842
34.86  Bornyl isovalerate CisHxsO2  238.19 76-50-6 0.687+0.152*  0.319+0.148°> 0.101 +0.029°
3521  f-Sesquiphellandrene CisHas  204.19  20307-83-9 4.130+0.707° 5.238+0.595% 5.472+0.215°
3557  y-Himalachene CisHas  204.19  53111-25-4  0.122 = 0.029° / 0.026 = 0.006°
36.11  a-Calacorene CisHao  200.16  21391-99-1 0.816+0.160° 0.278 +0.254> 0.166 + 0.018>
3661 trans4-Methylencoctahydro- -y 6412 111615-51-1 3.850+1.072° 0.091+0.083° 0.032 = 0.004°
1-azulenone
. 1000156-12- . .
36.93  Alloaromadendrene oxide-(1) CisHuO  220.18 g 0.291 +0.057*  0.038 +0.007°  0.043 + 0.003
3720  Bornyl angelate CisHuO2  236.18  85758-37-8  0.559+0.104° 0.217+0.006> 0.259 % 0.023°
. . . 1000131-71- . .
37.42  cis-Z-a-Bisabolene epoxide CisH2aO  220.18 5 0.470+£0.164* 0.065+0.023° 0.077 + 0.003
37.94  Espatulenol CisHuO 22018 6750-60-3  3.281 +0.639° / 0.125+0.112°
38.19  Caryophyllene oxide CisHuO 22018 1139-30-6  7.371+0.745  0.127+0.030° 0.167 £ 0.042b
_ 1000159-36- b b
38.73  Isoaromadendrene epoxide CisH2aO  220.18 6 0.650+£0.265* 0.071 £0.024> 0.089 + 0.007
39.02  Aristolene epoxide CisHuO  220.18 1000195 148 0271 £0.104° 0,040 + 0.020° /
39.24  (-)-Spathulenol CisHuO 22018 77171-55-2  0.598 =0.127° 0.170+0.027° 0.435 = 0.057°
. . 1000156-11- .
39.75  Diepicedrene-1-oxide CisHuO  220.18 0 0203 +0.0422  0.115+0.016° 0.181 = 0.020°
39.94  Junenol CisHaO  222.19  472-07-1  0.666 = 0.061  0.196 % 0.287" /
40.54  Longifolenaldehyde CisHuO 22018 19890-84-7 1.559+0.133* 0.336+0.067° 0.260 + 0.099°
41.68 ch_rglophy“a"‘(lz)’g(l3)'dle‘" CisHuO  220.18  19431-80-2  0.546 +0.114 / 0.028 = 0.009°
4191  Neointermedeol CisHaO 22220  5945-72-2  7.827 +0.584* 0.545+0.240° 0.661 +0.017°
4417 ont-Germacra-d(15)5,10(14)- ¢ 6 22018 81968-62-0 1245+ 0.095¢  0.028 = 0.009° /
trien-1/-ol
46.36  a-Cyperone CisHnO 21817  473-08-5  0.190 % 0.023*  0.060+0.012¢  0.124 + 0.020°
4739 Methyl isocostate CisH4O2 24818  132342-55-3  0.136 + 0.024° / 0.038 = 0.017°
4775 O-1103)-Eremophiladien-12- . 1 548 18 69905-04-0 0255+ 0,051 / 0.072 = 0.015°
oic acid, methyl ester
7 RonARREH, FAATPARTERIRERLE (@ <0.05).

ZMD F43 Akt 39, 30 A1 31 Fh. EESRIF RSN SRS

R QS MR S0 i ede . B, B3R, B3, B a. BR3E. BESR R HLARREE )\
Ko ks WAL SRS, IR = dh A rp B8R SRR 2 (K214 1(b)), LHQ. PGH A

7 LHQ. PGH 1 ZMD 43 Hil# 26

21 119 Fho BbAh, LHQ bk 15 FREESE. 15 MR, 10 FRIAEAEY). 9 FIEESE. 1 PPk K 3
FRILABLEY: PGH 1 FIRRBIML AW EE > 58 17, 124 8. 64 2 F1 2 Fl; ZMD #4370 14,

13, 7. 8. 1 A3 Fhe [Ath, LHQ 7E 2 Hib=Knl v LI MBS I &35 B2, 1 PGH R &
LUELES EZR
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SR SV BRI L, FE T W TR AR X T S S T R S T A R ZE (B 1(e)). MkEZE
FE AR5 5 3= Sy, FLEmEIR 2 5 LHQ. PGH A1 ZMD ST AR 40.5% 53.2%F1 62.7%,
BT E T, Hd ZMD fE RS Gt . BRI R I R AR, AR LHQ H & i F1
2N 22%, AR A A AR T 10%. LHQ A4 & WA AR &5 Lh =, PGH i
ZMD H 5 EEEUIS, Ho ZMD AR BESSANERRAE & dh Bl 35 A — @ L], 2 EE AN BRI 2
grs BRI WESR R HAAL S o LR

B-Selinene. Longifolene. Longicyclene. a-Longipinene F 1-Zingiberene 55211 & 1) 2 7+ N IR E
SRt Ao () s SEARU 7 A PR A T R . FEA 5 Fil 18 % LA Farnesyl diphosphate (FPP) Ay ELECHTA, 7EAN [l
24 [Nl (Terpene Synthase, TPS)HIMEAL T, LIk, TEHE N MK LSRR R FAALE 2L . H TRt
25 1R 5 AR A R TR 1842 (Mevalonate pathway, MVA)I&EAR, (HIRIESE ML F Fipk 3R
BERE IR 15517 (Methylerythritol phosphate, MEP)i& 42 ; 4 1 B A (1) [ 22 7~ B AN ) 551 SE 56 CLERH , MEP
AR AT A 0E T B BE AT 28]. LEAh, R 2 BT ReR 50K B, [A—Ff Longifolene synthase g
1% [R] i) A il Longifolene Longicyclene 1 a-Longipinene %522 A~ F=4[29]. $#& LN, ZMD ' Longicyclene
F1 a-Longipinene MAHXT &5, FIRESHHOC TPS MRIE . A L RIRTHAR 2 LA . 2055505
HAIH) Bl [ AL A LRI T T R S I 7] — 6 B 23 SCESOAH 9% 20 SCH L RIS, T AN 0 23 S0l 0 2 AR S 57 fR AR i
o

LHQ ' Neointermedeol. Spathulenol. z-Cadinol. Caryophyllene oxide Al Calarene epoxide %5 & %A f5 2
R AR T, RIS 22 S AN S R B BT R, BRI REPE & S I A il S IR A . & S
il AT A FBARTE R iR PR TPS AL AR, 3l /K 7l Rm 1L 8 5 () A i Bk
s 53— B I T R S B . ZERIZE T R D BERI T % 0E HH RES B4 ) Neointermedeol )
TPS, B W5 B AR A — & MRS T B R 8 [30]0 o5 — 7T, USR], -Caryophyllene
A JE % Caryophyllene oxide [31]. Plitt, LHQ H & &5 bR NFE R, WReFEKM & TPS "M ZER. T
T BEARAS M LA SR J5 JERG AL

PGH 1 Octanal. Nonanal FI(E)-2-Decenal 55 B4R AN B 4, v RES G DT BRI k45 2 AL
A R AL D, RESEELOX) R 2 AEA IR IR 4= s S E A, Bl e 2 0L S
LR BEHPL) AR Y S R MRS . A HE A FEUE S, #01] TomloxC W] B S PEAICAH ZABERY S 38 7
REWTRRAESE R DDITE R, SCRE T LOX @425 SRS R ML R 73 2 18] ) D RERR R [32]. £ A il Imk LA A
FLKI, Octanal. Nonanal F1 2-Decenal FJJE 5445 Oleic acid & #AHI, 5 WI/E o AR A AL AT RE DT
BRIXLE R 3 [33]. Pk, PGH HIEESSRHIE T e S W H R TR B AR AT S SR S A g e
LR 7R

3.2. ERS ST

DRVEAR = AN AT 5 R4 1 1 AL R S AR 22 5, A A i 110 U T R B S R 4T 2 o o #
(PCA). B — A5 (PCOFEE — 553 (PC2) 73 MRS 1 55 ZE 1 48.5%F1 22.2%, BT T Z RN 70.7%
(Kl 2). FTEFES ST Hotelling’s T2 [ 95% B A5 SR PN, 7R A & I IH 56 (1) B B i o

T B 3 ANV EE )RR RE, RPGMAESHRL . [FN, LHQ. PGH il ZMD 2 [ %
LT 55 . LHQ A£ 52T PC1 M X3k, 1ff PGH F1 ZMD {7 F PC1 IE[A X 1%, B LHQ K%K
PR 5 HAB AN SR AEAE B B 25 5 . PGH A ZMD % PC2 i —2540 8, b ZMD 234 T PC2 1E[A]
X1, PGH NALT PC2 fifm X4, xeegh BRH, = AWM EAHEARMERMER 2, PCL Al PC2
FL[R] T SRR 2
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Figure 2. PCA score plot of three C. speciosa cultivars. LHQ, Luohanqi; PGH, Pingguohong; ZMD, Zhimadian. The ellipse
indicates the 95% Hotelling’s T? confidence region

B 2. =ZAMKRINGEFER S TI(PCASHE. LHQ, TiXHk; PGH, R4 ; ZMD, ZM M. #HEFRR Hotelling’s
T2 9 95% B 5 X 13

3.3. wRDZFRAHI S

i g/ — 353 73 A (PLS-D AR K AMEAL S PEAT WA #1550 73-#, A AR B4R BB (VIR 7
it ifexs 7 FE TR I OCHE R T o S A N ER T 22 0T, LT 29 R RN AL VIP > 1.0 A1 P < 0.05 [
FERMACEY), R Dy MA ) 2 3R SPI(E 3(a)). XEEAEOLE 9 MBS R &Y. 5
FPmESE . 5 FHEESE . 5 FPESE . 2 FhIASEAL S, 2 FREESEAN 1 FhEESE . IAEAL 22454, #5 Dehydro-ar-ionene
H1(2-Methyl-1-propenyl)benzene V- Y AHIFIE A FAL 54 - Longicyclene. f-Selinene. Anethole. Estragole
Al Caryophyllene oxide ] VIP 7353 S iy, & BHIX EER 50X 55 T PLS-DA =A™ dnFl ) 5 2 A R H DTk

29 FhZ AR EH 53 A /& 6-Methyl-5-hepten-2-one 5,9-Dimethyl-(E)-5,8-decadien-2-one. Octanal. (2-
Methyl-1-propenyl)benzene. Nonanal. 2-(1-Methylethyl)cyclohexanol. (R)-Camphor. Anethole. Estragole.
Perilla ketone. (E)-2-Decenal. (+)-Borneol acetate . a-Longipinene . Dehydro-ar-ionene . Longicyclene. Longifolene.
Caryophyllene. -Selinene. I-Zingiberene . y-Muurolene. trans-4-Methyleneoctahydro-1-azulenone . Spathulenol
Caryophyllene oxide. Calarene epoxide. Longifolenaldehyde. Ylangenal. z-Cadinol. Neointermedeol F1 ent-
Germacra-4(15),5,10(14)-trien-14-olo XK 54k G PAEA B Fh b A IS AR E 2 7 (8] 3(b)). H,
16 ML S WIAE = A At o RS HY 2R W BE ) B AN R 22 5 A 0%, ARG T2 B A7 AE
HEAh, 3 ML S AE LHQ ikttt , PGH #1 ZMD W43 I EAT 1| FikeA 654 ALl LHQ 55 PGH k4
itk &Yy 4 ¥, AUH LHQ 55 ZMD St L &40y 3 #, AXH PGH 5 ZMD LA L&Y 1 .
B, AR A S S R 3 IR R SR 22 S 2068 i A ) B TR

RAIAE I — PR 7 A E AR R R R AR B (1] 3(c)). LHQ H Longifolenaldehyde-
Calarene epoxide. Caryophyllene oxide. Neointermedeol. z-Cadinol. Ylangenal. Spathulenol Al trans-4-

Methyleneoctahydro-1-azulenone AN F R E . MHILZ T, ZMD H 2 Bl 4% kM oy AR G 3= B
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Figure 3. PLS-DA-based screening and distribution of candidate cultivar-discriminatory volatile compounds in three C. speciosa cul-
tivars. (a) VIP scores of volatile compounds in the PLS-DA model; red and green bars indicate compounds with VIP > 1.0 and VIP <
1.0, respectively. (b) Venn diagram showing the occurrence patterns of the 29 candidate discriminatory compounds among LHQ, PGH
and ZMD. (c) Hierarchical clustering heatmap of the 29 candidate markers

3. &F PLS-DA BI=NAKIN@MEFRZELMFIRIREMHFIER 57 . (a) PLS-DA REFIEL UL AW VIP 1557, 4
BREEEIFIFRT VIP > 1.0 7 VIP < 1.0 BLEY; (b) 20 MERABUAYE LHQ. PGH F ZMD it HHrHE
Bl (c) 29 MEFRIRSMHERRLEMRE

e, fHE 1-Zingiberene. Longicyclene fl a-Longipinene; PGH H AT 2 i S AR 2 A 7 R I H 48
FIAEXF=EJE, 40 Nonanal. Octanal. (E)-2-Decenal. (R)-Camphor 1 6-Methyl-5-hepten-2-one. Ff it %It
A FEMTH R AN FIERE, JEE R PGH 5 ZMD Z A ST = # % H 5 LHQ Z 8] AR

DOI: 10.12677/aac.2026.164029 281 ST AR


https://doi.org/10.12677/aac.2026.164029

Falide, FhE S

P£, X5 PCA Fl HCA S5 —8. FIRZEERM, SRR ] X 205 T 2 b5 280 R At i o A v 3
3L [EARA, T EE B — A P E

AN 5] it b R4 R M R 93 22 5738 W] RE I St 2 B R RGN o S8 A A AR R U . 9, 6-Methyl-
5-hepten-2-one AJ FHISEHEY N 25200 P AE 5 MRAMYE=AAIE T COUERH , 43411 Carotenoid cleavage dioxygenase
1 (CCD1)REWSZLAR Lycopene £ %L &4[34]. Kk, PGH ' 6-Methyl-5-hepten-2-one %% A%} =F
FE, HATRES A DR AR R R F2 A 55, Anethole Fl Estragole WU J& T2 A e R 1Y) 75 2 i
Ay, A T T RoR, FOR RS RTARIE RS & O-methyltransferase /15 FH AL A C[35]. X LEiF
Wi, BT gk AR BV AT RE S 2 AN S SR R ZE 5, FRaibl “abSR A g iR R A
KA IF AT ST

3.4. ET OPLS-DA NELZ MR MEER D

DR S A ) R M > 2 5 23 e = AN A AT TP OPLS-DA 734t JFAR#EAH 2/ S-plot
Pl 126 ) bR ) o % AL LU AT 0 B o, PR R T R T IR S A B, A AR R AL T
Hotelling’s T? f1) 95% B = 1E P (K] 4(a)- 4(c)~ 4(e)); [FE—fAPIEY) 2 H T KB RE, RUAN
— L REF. MM S-plot B, LT B 5 ZE AR < 28 S A b il 9 i 143 R T vt AT 7 8 34 ) 4 SR e
KA 4(b). Kl 4(d)- K 4(D).

7E LHQ 5 PGH ILLA:F, T RRE T 78 2% M R A S, FEAEPIAN A2 &0 8, H—1EX
B WIARRE T 11.0%MIARRYAR S (1] 4(a)). ARIETBCTRIEARAE, ILREH 23 Fh 22 F g AR HIFR EH,
f13% B-Selinene. Neointermedeol. Caryophyllene oxide. Anethole. trans-4-Methyleneoctahydro-1-Azulenone.
(R)-Camphor. Spathulenol. 7-Cadinol . 6-Methyl-5-hepten-2-one. Longifolene . Calarene epoxide. Perilla ketone-
Ylangenal. (+)-Borneol acetate. Nonanal. (2-Methyl-1-propenyl)benzene. Longifolenaldehyde. ent-Germacra-
4(15),5,10(14)-trien-1$-o0l. Octanal. 5,9-Dimethyl-(E)-5,8-decadien-2-one. (E)-2-Decenal. 2-(1-Methylethyl)cy-
clohexanol fll f-Sesquiphellandrene. S-plot FEH AR & /3R BH, BN MLFRIR 20 B S Bk T bR, &A%
P WIS OFE R TTAR, AR H R A A B B RE

LHQ 5 ZMD Z [a] [ #E BT 70 2. T B AR 1 80.1% I AR 57, 35— IEAT izt — 21
fARE T 11.5% MR 7 (] 4(c)). LI 21 FEAEZ T hn EY), 36 B-Selinene. Neointermedeol
Caryophyllene oxide. Longicyclene. Estragole. trans-4-Methyleneoctahydro-1-azulenone. Spathulenol. z-Ca-
dinol. Longifolene. (R)-Camphor. (+)-Borneol acetate. Calarene epoxide. a-Longipinene. Ylangenal. Perilla
ketone. Longifolenaldehyde. ent-Germacra-4(15),5,10(14)-trien-14-ol. f-Sesquiphellandrene. cis-f-Farnesene
I-Zingiberene F1(2-Methyl-1-propenyl)benzene. LHQ 5 ZMD  [a] 1] 2% 57 5 k& S Fo & A5 - ns i AE W0 1)
BWEVI R, R REMEIET RS T ERZ R NTE R

H4X PGH 5 ZMD f£ PCA Al HCA &5 R RILH B AL, (HPT# OPLS-DA {/5HENS TR X /)
IKPIAS o, AR i AR R A BB (1] 4(e))o TN AR AN S — IESC I 3 TR 1 54.3%F01 26.0% A5
ApSr, LR 24 M ZEREY), 35 Longicyclene. Anethole. Estragole. a-Longipinene. 6-Methyl-5-
hepten-2-one. Longifolene. 5,9-Dimethyl-(E)-5,8-decadien-2-one. (R)-Camphor. (E)-2-Decenal. -Zingiberene .
p-Selinene. Caryophyllene. Octanal. cis-f-Farnesene. y-Muurolene. (+)-Borneol acetate. Dehydro-ar-ionene-
2-(1-Methylethyl)cyclohexanol . (2E,3Z)-2-Ethylidene-6-methyl-3,5-heptadienal . Nonanal. Isovalencenol .
Perilla ketone. (E)-2-Heptenal F1(2-Methyl-1-propenyl)benzene. F5% PGH 5 ZMD HJFREARE K M 7 ik 158
FEEL, B2 M JTEREE . WS KA S RIS AR DU = AT A7 76 B S5 f Ao ) 22 5t
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Figure 4. Pairwise OPLS-DA of the volatile profiles of three C. speciosa cultivars. Score plots and corresponding S-plots are shown
for LHQ versus PGH (a), (b), LHQ versus ZMD (c), (d), and PGH versus ZMD (¢), (f)
E 4. =AKRRRMPEL MR ESRAE OPLS-DA 534. LHQ 5 PGH (a). (b)» LHQ 5 ZMD (c)\ (d)LAK PGH 5 ZMD
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