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W OE HCBNLAEE R 7 MY R R H R ZE R FHRT T R L IR SR GO AR D E
JEAE R BRI SR AL AR . SR I TV [ AR AR B (HS-SPME) J7 AL FEAE: i, FEOUAL AT AL H 5, 455X
FHELTE — BB (GC-MS)YBA E MR8 7 ML fE A7y » PUE 7 R b i s sy 22 53 JF I
SPSS 22 BAFEAT E I 7 BT (PCA), MAGI3 B n] LB JE AR 7 PR IR A1) AR MG 2R« S5 RS,
HS-SPME S tERIZEUR A0 1.0 g HIRE I 70°C IR B /KR IR AL 40 min (I IR ). 383 GC-MS
DTEFF ALY, WL 7 R R AEYIAE T AR R 3L Y 42 P A oy, e b B AR LR 58 th i o
%, 1 21 M, AR E M s b A 7 R, SR BN BRI 5T, AT HLIR IS L B SR Ak 38
SEW PR R Ko SRS B 88% L L, ISR S UIZE I Ny fie e, 5 A I 80% LA L, 12 > MY
B M H AR AU, AR R R IR B 2R A o 38 R AR W, BRI AR
HARPRIBAEYIRAE i, SRR SO A NIBR AR SR IS5 R . AT e 45 SR m] Dy v [ PR s A ) B 1) 5
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Determination of Volatile Components from flowers of 7 species of Cerasus
in Zhejiang Province by HS-SPME-GC-MS
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Abstract To provide a theoretical basis for utilizing the resources of Cerasus plants in China, the volatile
components among 7 species of Cerasus in Zhejiang Province were compared to understand genetic relationship. The
samples were treated by HS-SPME and the pretreatment conditions were optimized. Combined with GC-MS
technology, the volatile components from flowers of 7 species of Cerasus were determined, and the difference of
them was compared. Then, SPSS 22 software was applied to conduct the PCA of the 7 species of Cerasus flowers.
According to the score diagrams, the relationship among the 7 species of Cerasus was visually presented. By
optimizing treatment conditions of the samples, the best extraction conditions of SPME were 1.0 g of sample weight,
70°C of heating temperature, 40 min of adsorption. By GC-MS qualitative analysis, 42 volatile components were

identified from the 7 species of Cerasus, among them, there are 21 kinds of substances identified by Cerasus
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Breeding (online)), 18(43): 1-10 (doi: 10.5376/mpb.cn.2020.18.0043))
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subhirtella var. ascendens and 7 kinds by Cerasus jingningensis, it is mainly aldehydes, alcohols and esters, with less

organic acids, ketones and hydrocarbons, among which aldehydes account for more than 88%, and benzaldehyde is

the highest among aldehydes, with the content of more than 80%, this component is not only high in content, but also

low in aroma threshold, which plays an important role in the special smell of Cerasus plants. The results of PCA

showed thathe other Cerasus plants gathered togethert, except for the macrophytes, which supported the

morphological classification to classify them into the Subgen. Microcerasus. The results of this study can provide a

theoretical basis for the development and utilization of Cerasus resources in China.

Keywords Cerasus, gas chromatography-mass spectrometry (GC-MS), Volatile components, PCA analysis

PEJE (Cerasus ) HYI A L) 150 F, T2 04 T
DRI M9 b 38 9 S5 3, i [ 294 50 A, G228 A
ER. hERREY) EESAA TR R
(X, JHG b 7 i [X A8 2 A A B T e 0 ) R U
DAL DAy e i) DY ) 4 27 B0 (E BE 2R, 2014; 54 W]
55, 2018). [ LK, i ER B Y & A E 2 i
T FIPERE, L SRR BRI 78 A 2> R 3 A A
%, 2016; Chen et al., 2016; 5 %€ % %, 2018; Chen et
al., 2018; RIEFSE 2019; FIEEE, 2020), X5 HA
AERZER, H AR H AL T7 H K IT R 5 H]
] 1B AU RIS e, A %2647
AT IEEAE 2 HEAE T AR SR T P BA
J MR IR I L A B AT DR S5 AR 7
S PR b [ AR AR T | AT 907 T AE H R S (R
A, 2020),

WL N E R A, PR BN
2, PEACUR A B AN A AT R, WL AR A MR P S
L 2 (Cerasus serrulata)~ M 1L ¥ (Cerasus serrulata
var. pubescens) I8 FHE (Cerasus discoidea)~ J& W 1%
(Cerasus dielsiana)~ Wi HPE(Cerasus schneideriana)~ ¥
HE HLPE (Cerasus subhirtella var. ascendens)~ A P
(Cerasus conradinae )55 4 G IR AT, B IEAENETJE
A 2% (Cerasus japonica)~ 7% %5 (Cerasus glandulosa)~ ¥H
HIEW (Cerasus jingningensis)5 B A4 5 7341 (Li and
Bruce, 2003). {HA % H §l, X L% & 15K 2 4k T B
AR, TE R A AR A b

SCKEER(2013)i#3d GC-MS 434 T H AR
% R R, JFIR DT T HBUEATEE, 45 R R H
AHEE(Cerasus serrulata var. lannesiana Makino){£
BUMEERE AR, HirEEE S T Ve,
FIALPESE (2013) A A P 442 5 il Hh 46 5 Y 37 A
B3 CARE IR 2RO 32, 2t e (R 70 9 2R Y
(57.00%). Lei %5 (2014)%F K P (Cerasus subhi-
rtella) FILIPEAEHEAT T 45 R A AU 1 4% R M Ry
(53T 459 B 5 45 R 35 DR I (31.2%142.1%)
T ER(23.1%427.7%) 1 A+ T BE(23.2%+19.0%)

N 3 T KV VA T RS 38 LR R (67.5%
64.3%) 12 25 (12.5%412.4%) N o 1Ak, Lee 25
(2007)F1 Yook %(2010) 4B X ¥ @& it 4T T o 42
S PN T 7T 3T SRR R M R 43 1)
W5E 738 2 o8 B AERE ok, HBFFL B = REGiMk,
B, AR IR AL 40 B i VL 48 A8 R A e A A 4
RYERSY s BRGNS Wi 7 Mgy
HER VR RS &, AR E AR
VIR I K SR 2958 T BB LAl

1 ER55H

LUHHIE 7 B EEYRIER TR S B EERE
ERS AL

IS NIST14.L 5ol [ e 25 5 IR AR b
H 2 N AR IR R RSy, e T B
(Lilac aldehyde B) il 1- FJE —4-(2- HIJE IR 5 L ¢
H)=7- % 2 WA [4.1.0] BE it (7-Oxabicyclo [4.1.0]
heptane, 1-methyl-4—(2-methyloxiranyl)-), PLi% 2 #f
W A'E 9 T AR B8 2% AT A 1) 2 B )

111 B = 52

HIF 72 e b MR BURE (0,25, 0.5, 0.75, 1.0, 1.25 @)
X AU B, 25 R B, 4o VAR Bl U &
MG N, T B A 1- R 4-Q- WEKA O
H)-7- S AR [4.1.0] 5 o e [T AR R 3Z8 H A 0 ,
EHFE RN 1.0 g AHRIERFEE(E 1A).

1.1.2 W B s 1) F )

WFFE AR R A O B IR )10, 20, 30, 40, 50 min)
SRR MR, 45 B, T R B A 1- HEE -
4-(2- WA L hedk)-7- SN [4.1.0] BEBEAE R
Bt 40 min A1 50 min i TG 2 3 2 5, i 5 REHU A] A
40 min F N EIE(E] 1B).

1.1.3 7KV I 5

BT 78 e B K MR R (50, 60, 70, 80, 90°C )% 2

BUSCR I Rem, g5 R, T 8 B M 1- 2 —4-
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J5 P U T R o e FEE %) T v T 3G K, B iR 4k S T
151 2 P T AR A BT RIS, T R A it R I e A
TR o TERFTEL e I#EEE A 70°C
HfoE IR (B 1C).

g bR, BERERUGRAE N 1.0 g BIREG &
70°C FIZK B IR RE LA K 40 min (1) B A IA]

128014 7T HEBEEYENEL YRR T AR
S

TR AL B AR B SR 2 A B 7 Rl VR JE A4
TE B i (2 AR PR BB T ).
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Figure 1 Effects of different treated factors on extraction from flower of Cerasus conradinae
TE:e T By m 1- UL —4-(2- BRI A ke dE)-7- EAR XA [4.1.0] 5 b
Note: e Lilac aldehyde B; m 7-Oxabicyclo[4.1.0]heptane, 1-methyl-4—(2-methyloxiranyl)—

1T RIRE AL B SR Ry BN S S AR X

Table 1 Volatile component varieties and relative contents from flowers of 7 species of Cerasus

Yok XS 55 (%)
Species Relative contents (%)
[ES RS ES AL EAK JSES He  #EEH
Aldehydes Esters  Alcohols Organic acids Ketones Hydrocarbons Others  Category total
i A R 88.23 (3) 5.02(5) 2.33(3) 1.89(2) 0.33 (2) 0.07 (1) 2.14 (5) 21
Cerasus subhirtella var.ascendens
e P 96.08 (2) 0.69 (3) 1.94(3) - 0.68 (2) - 0.60 (2) 12
Cerasus conradinae
T 58] P 95.65(3) 2.37(4) 1.26(3) - 0.06 (1) 0.08 (1) 0.06 (1) 13
Cerasus schneideriana
LR 93.83 (1) 1.06 (4) 4.58(2) 0.40 (1) - 0.11 (1) - 9
Cerasus dielsiana
Ll 99.43 3) 0.15(2) 0.18(1) - 0.09 (1) - 0.14 (1) 8
Cerasus serrulata
UL =S 89.91 (5) 6.10(4) 2.89(2) 0.55(2) - 0.56 (1) - 14
Cerasus discoidea
AR 90.19 (4) - 5.94 (1) - - 1.02 (1) 2.87(1) 7

Cerasus jingningensis

T RS AR O BRSO PR E, © — 7R R AR A I

Note: the numbers in brackets in the table refer to the number of specific components,

“_»

—” indicating that they are not detected
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Figure 2 Total ion current chromatogram of volatile components from flower of Cerasus conradinae

S A~ B EL 2

REEm, UHRESE 7 MR EEER
PERCr o B AR RS e R R S Fh R i %2, B
21 Ffr, B8 2R A A (88.23%), HL R TG 25(5.02%)
i 25(2.33%) A HLER IS (1.89%), B 2R A IE 55 B 1%
DURT 1%, T [H), Hw msr P& E 3 s 4
HPR S T AR R PR R PR 12 B, IR R B e
(96.08%), F R AEFEZ(1.94%), BiE 5 A AR B
AR REE S BB/ BTG: W2 e i kM
BT FRE 13 P, SR 3 B i 1 (95.65%) , LIk iRk
(2.37%)BE2(1.94%), G HLER S B AR RS &
PR EUTE s R A e H I HE R o R 9
M5 25 1 A = (93.83%), FL IR AR 25 (4.58%) i 2K
(1.06%), A HLEE K B SRR R 55 m B R/D 3O 5
VRS S A R PR R P 8, ISR B By
(99.43%), BER BRI AWK BRI R E S &
B BTG; IR T AR R PR 14 F,
P 2 B B B 9 (89.91%), H IR AR R 5(6.10%) i 2K
(2.89%), A HLER S B A RN R4 & R IR/ 58U
BRI E IR R R R 7 Fh, BER S B
1 1(90.19%), H 2 BESE(5.94%) HE (2.87%) J&
2(1.02%), Ea2E A PR AL 5 =3 .

M 7 PR ERE YIS 7 MR, R
97 MR R gy, B R N R (83.08%~
98.39%), 1% i 73 NP @ M PR AE B S5y Ak, B
AERBSHDRTBAT AR B, #hEsfH L
B EE B, W S A > B SR, WS D
B 3- PEE - KHRMTEE B, WERESH D
B4 AL - RHEE . TR T HEE A BE
B /D & 4 WEEE - SRR SRR T A
B (% 2).

7 PR BN EMREZ , A 11 Fh, Horp B AR
FUREA 4, 2390 2 F R R (2.00%) A% H R T

(2.17%) LA K /b B TR 7K 2.1~ 2K W IR o 1 i f 2
FRoR Ol PR 3 00, A2 KRR H
Pi\4— PP AU — 2K P RR HR IR R 4% PR R 1R s T TR P A
4 Fh, 43 99 9 2R F R SR T (1.16%) LA K /b B K % R R
P 2— FH AU — 2K FH R HH IR AL AR TR Y s e A
4 Fl, 43 BIRZK A R B 2R R T BRI ER P IR AN
4- S BOR R 4- IR OR IR LA 2 B, 2 oA
IR F R AL R R R I AT 4 Fh, 70 i R
FHTR "R T (4.94%) 2% FH R FR R L 7K A TR HHY IR AN 248 R R
S ; VA AR R IR R

7 PR BRI 6 MR T, Frh B A L
3R, NI CEE(1.10%) 4 FHEE AL 8- F2 3 5%
Rl te b B 3 00, 705l 8T & EE D (1.32%) LA K&
A /DB IR I EE IR LT 8 AR 3 M, 2350l 2R
FH I 2 R R0 AR R e s RV 2 #4300
R BE(4.47%) DL S /b B 0] F AR R s (L
1 B A S B BRZER i, WFEERG 2 F, 25N
Xof FAR R I (2.45%) AT 2D 5 (R 2 PR Y AR R
1 Fh, 4 8- RS AR IE(5.94%) -

7 MR EEYILE 3 MRS, Hoh B A
TN 2 P, 43 0 9 2K H R (1.82%) A1 2> 1 1 2K HH 1k
IR RHEA 1A, &6 >8R, W EEE
20, 3 5l D 2R R R RO R R I FRIR s e rh PR L ) P
LV ANTE A BV A MR R ot

7 FPR R 5 IR BT, o B A R
A 2 #, 4» 514 3-Buten—1-one, 2,2-dimethyl-1-
phenyl— F1(1-Oxa—2-aza-spiro[2.5]oct-2-yl)-phenyl-
methanone; HEHEA 2 Fh, 430 A S 25 AR TR AN
trans-Arbusculone; ¥ [P A 1 F, &G > &1 2K ;
PR 1A, & DR R ZEE R W F
PEADVE A TR TE IR S T

7 MR B 3 MR, R R A D
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Table2 Volatile components and relative contents from flowers of 7 species of Cerasus

G 5 H5E ALY

NO. Volatile components

ZA s RS 55 (%)

Molecular Relative contents (%)

formula  BFAERME R T R L EE EAERS
Cerasus Cerasus  Cerasus Cerasus Cerasus Cerasus Cerasus
subhirtella conradinae schneideriana dielsiana serrulata discoideajingningensis

var. ascendens

10

11

12

13

14

15

16

17

18

[ES

Aldehydes

R

Benzaldehyde

3- MK - KB
Benzaldehyde, 3-methoxy—
4- W - R
Benzaldehyde, 4-methoxy—
1%

Nonanal

B

Decanal

T A

Lilac aldehyde A
THEB

Lilac aldehyde B

e

Esters

A H R g

Benzoic acid, methyl ester
KA R P

Methyl salicylate

2- WA - R e
Benzoic acid, 2-methoxy—,
methyl ester

4- WU - R R g
Benzoic acid, 4-methoxy—,
methyl ester

LTEIR L

Phenethyl acetate

7R R e T e

Isoamyl Benzoate

% R I i
3-Hexen—1-ol, benzoate, (Z)—
R i

Benzyl Benzoate

KPR LW

Benzoic acid, 2—phenylethyl ester
AR P
Hexadecanoic acid, methyl ester
4= HEAFRHR 4- i 3 KM

p-Anisic acid, 4-nitrophenyl ester

C,HO 87.38 95.29 95.37 93.83 98.39 87.46 83.08
C:H{O, - - 0.20 - 0.26 - -
C:HO, - - - - - 1.79 3.80
CH ;50 0.08 - - - - 0.32 -
CHyO - - 0.08 - - 0.07 0.65
CH1,0, - - - - - 0.27% -
CH,O, 0.77 0.79 - - 0.78 - 2.66
C:HO, 2.00 - - - - 0.61 -
C:HO; - 0.05 0.88 0.23 0.09 0.10 -
CoH 405 - - 0.14 - - - -
CoH 005 - 0.46 - - - - _
CH,,0, 0.23 - - - - - -
CpHO, - - - - - 0.45 -

Ci3HO, 0.47%

CH,0, 2.17 0.18 1.16 0.59 0.06  4.94 -
C;sH, 0, 0.15 - - - - . _
CH, 0, - - 0.19 0.17 - - -
C.HiNOs - - - 0.07 - - -
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Continuing table 2

G PR RSY PN FH X5 5 (%)
NO. Volatile components Molecular Relative contents (%)
formula  BPAERPE HpRE WK R LB RS FEARE
Cerasus Cerasus  Cerasus Cerasus Cerasus Cerasus Cerasus
subhirtella conradinae schneideriana dielsiana serrulata discoidea jingningensis
var. ascendens
Mz
Alcohols
19 ZRHIEE C;H;O 0.24 0.51 0.82 4.47 - 0.44 -
Benzyl alcohol
20 KO CH,0  1.10 0.11 0.30 - - - -
Phenylethyl Alcohol
21 XA E R CH, O, - - 0.14 0.11 - 245 -
Benzenemethanol, 4-methoxy-
22 RN CH,0, - - - - 0.18 - -
Phenylpropanediol
23 TH&HBEED CyoH;s0, 1.32 - - - - -
Lilac alcohol D
24 FRHLIT IR CH0,  0.99 - - - - - 5.94
8-hydroxylinalool 8-
BHLIRE
Organic acids
25 KR CHO, 1.82 - - - - 042 -
Benzoic acid
26 FHEEHR CHoO;  0.07 - - - - 0.13 -
Benzoylformate
27 BRI CiH0, - - 0.40 - - -
Hexadecanoic acid
LGB
Ketones
28 AR ZEANER CsH 0, 0.49 - - 0.09 - -
Coumarin
29 A C,oH,O - 0.06 - - - -
Camphor
30 trans-Arbusculone C,H,,0, 0.19 - - - - -
31 3-Buten—1-one, 2,2-dimethyl-1- C,H,,O 0.17 - - - - - -
phenyl-
32 (1-Oxa—2-aza-spiro[2.5] CHsNO, 0.16 - - - - - -
oct-2-yl)-phenylmethanone
SN
Hydrocarbons
33 =HIEA TR CisHy, - - 011 - - -
Dodecane, 2,6,11-trimethyl—-
2,6,11-
34 T uke CoHy - - - - - - 1.02
Nonadecane
35 N-Benzyloxy-2,2-bis C,H,FNO,0.07 - 0.08 - - 0.56 -

(trifluoromethyl)aziridine
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Continuing table 2
G RNE O 713 HHXS 5 (%)
NO. Volatile components Molecular Relative contents (%)
formula  BFAERAR B TR M LR EE AR
Cerasus Cerasus  Cerasus Cerasus Cerasus Cerasus Cerasus
subhirtella conradinae schneideriana dielsiana serrulata discoideajingningensis
var. ascendens
He
Others
36 FREEE 3 IR CHN  0.03 - - - - - -
Benzene, 1-isocyano—3-methyl-1-
37 KBS CHNO  0.40 - - - - - -
Benzoyl cyanide
38 (EH —EEHFHE CH 0, 0.03 - - - - - -
3,4-(Methylenedioxy)toluene 3,4~
39 FHEL CHNO - 0.23 - - 0.14 - -
Benzoylhydrazine
40  TEAE A CoH, O, 0.42 0.37 - - - - 2.87
Diepoxylimonene
41 CEHMEE)2- BELHE CH,NO, 1.26 - - - - - -
Mandelonitrile benzoate 2~
42 0,0- B -L- A MR CH 0, - 0.06 - - - -
(+)-Dibenzoyl-L-tartaric
acid anhydride
T AR
Note: "-": Indicating that they are not detected
2,6,11- = HEA+ T B AR LV i R P AN R 1o
P8 & /b & N-Benzyloxy—2,2-bis (trifluoromethyl)
aziridine; Vi /E R OUE A 1+ IUEE(1.02%); H P2 AN
LR & s 2 5« o3
Jesh, T MRIE RIS S 7 ML, S s
o, B AR R 5 R, 200N 2-CF B )2 R ° e
FONE1.26%) L J /b & 1- R dE -3 HOR R H
5 3,4- (7 F 500k ) B ORAD S Al — 0 s e b
A2 A, 73 ) D 2 IR SR A A 5 T A o

1A, & /08 0,0- BEA -L- A BREF; LI 1 Fh, &
IR AR R, S R
(2.87%); FMAEFIRBEVEA S A ZRI T -

133014 7 MBREEY R ER RSB ER S D
Hr(PCA)

8 H SPSS 22 34147 PCA 43 7, B A= FLHE
A b T LR R R AR L LA A0 PR AR 4 R P
Mo Lh B L, A — 38, T AR R R Dy —
K(HE 3).

-10 -05 0o 0s 10

#4r1 Component1
37 PR R ML T K A2 73 1K) PCA 73 #r
Figure 3 The PCA diagram of volatile compounds from flowers
of 7 species of Cerasus
VE:YS BPA R, HZ PR, ZM i A, WY R R, sY
IR, YC IR, ZS iH k1
Note: YS Cerasus subhirtella var. ascendens, HZ Cerasus conra-
dinae, ZM Cerasus schneideriana, WY Cerasus dielsiana~SY
Cerasus serrulata, YC Cerasus discoidea, ZS Cerasus jingninge-

nsis
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2 1Tig

TSRS AR PR RS 2 UL BIME
HEHEYRR, ARLED B — LAY &R KU
JAF— AR B AT 2 R e Ak, B
A -2- O, HBMERIK, U84 0.02 mgkg ™,
TR T B R] BN R AR AE ,  AEDHE R o 1 7 AR
BORE A, nIRe i) URR B BRI EZE R e,
AT B8 EH AT R 1 17040 S TR A EL A FH SR B H SR (2
10 B RNBE HE, 2002; 11555, 2014). WiTLAE 7 PP
JEFEYIER R FEAZ, H 7~21 Fp, KB4
HMmZz, 6 21 FLRAEBRE R,/ 7 M, 32
Uy N Ry NSy )RR SR I e SE N TN
DARCE MRS A b, U IR A D AR A i M R
5y DTS2 BE SR 20N 3, HAe Sk 5 X ) )i
HEVIKR.

AT LI E 1) 7 PRI R Y AE ) R 2 =
KRR BRI EY R %, A 11, B
AR A TR R E R, H 6 Rl HEE
2 PR AYIRZ, M5 88.23%~99.43%, H i 2K
FH I i £ B L), & B IA 83.08%~98.39%, 1X
LT AR LSS R — B, 2013). KHEES
BRI 5, 1 0.003 mgekg ™, AR R R i 32 B
REIER SRS, 2R A B R 1 v Ak, KA
JEFEY SR B P VEE o 2R F I 2 [ bR b o
VA & it 7 B, ATV R i Sk B Bk, T
M TAEERC )T, B2 IR a] FH 2 (BRRL, 2013; &% 5%,
2014; M)A 55, 2014). JEAh, T &8 B KR H G A
PR H R L 28 FH IR R R B S A S 812
THERL BT I(ER S, 2010; 1 &S5, 2011,
THBEE, 2012; ZERFISE, 2019). KL, MR YA ]
PAT 32 R 4 il s Aot it R0 A 3% P S5 5 T

T8 AR B T S R R BB R (YRR AR,
2012), (IS b5 SRR @ AH I, 00 2 4R
T, R AT RE th PR B BT E (2 LR S R
AV R AR ZE  Z2 R A BRI O =2 IR, OB
DI RZHIIRBEAEE TR . A0 FE 5
MraR B, SRR Y B A A AR e R T 1 M R e
PR LR AN B PR R4 SR O — 2K, TR AR A i 3R
I, AT RR VA BN s R JE A A G
FAH TS, SR FLA N IR AR S8, (H R R 4H A
Wy Tt AR, WA R R 5 R AR s R, T
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FERE Gl UK, IR WE B B TN 5 mL TR
AN 2 mL Z8 187K, 5 Jt, V) o A BUEF 2 AT 4 A FE
ity 22 JE A FR AR ) o AR IR A A B

3.5 GC 5 MS &%

FEHR 40°C; HERE DR 250°C; HENEARE
1.0 mL/min. FHREFEF: A 40°C H 46 - 7 2min; DA



HS-SPME-GC-MS W 8 Wi 7 Pk B AR A 4% e v 1y 9

3°C/min FHE % 160°C, F#LA 10°C /min JH&E %2 200°C,
55 P 20°C /min FHE 2 300°C, f££F 3 min; AN 4>
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