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W BEARRLFRESHTEMRRESE AN, AATUAKBSATRES FHREWGE —SA (‘i)
A F M, KRR AEE-RAEHEAEK (gas chromatography -mass spectrometry, GC-MS) 3t 5 ANMRARAE S
#HTEFEANIESH, BTRAR SRt BE L £E R, HFR AR5 24 (principal component analysis,
PCA) . Pearson #8 Xt 94742 T4 4547 (Redundancy analysis, RDA) 3t GC-MS & R 5 = s A% BT 847 X KM
ST, AR ARE F RERE AR ZFWBERTERE. EREN, KBS DIDEBWNRE LR AN Efe s
z.l:?gﬁfﬁ RO ER, WEITERET AL ERS, HAHABESALELH L 95% U b, B Lot 2k
HAREERK, X4 23493.07 ug/Lo mbh A LT BREAHERNFE, ASHNATAWR. “HASH
¥, 5%7“1 AFRE, FHRHEAFEKRETUNENREALZLEFR YR, L FPFAREEKSE 75% 69&F LR
FHEMXRARZ, SEF A (R=0890) 2R F EAMX (P<0.05), FREL44% 9 EFE L ZANEMK, 1258
£&5A (R=-0979) ZMEF Q4K (P<0.01), mFHEKEL B44% W EAWREIAAMXKXER ., FHRERAH
T EZFHEBEADRARMIEESHENALEXZ, IBTAETKREF ANV AEATLZHEL.
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Correlation Analysis between Aroma Components and Ecological Factors
of ‘Hongdeng’ Cherry in Different Producing Areas

QIU Shuang', LIU Chang', XIE Meilin', YANG Lili', WEI Yangji*", LI Jingming""

(1.College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China;
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Abstract: In order to explore the effect of ecological factors on the aroma of cherry fruit, the aroma differences of
'Hongdeng' cherry from different ecological conditions in China were analyzed by gas chromatography-mass spectrometry
(GC-MS), and principal component analysis (PCA). Pearson correlation analysis and redundancy analysis (RDA) were used
to analyze the correlation between the aroma and ecological factors of habitats. The results showed different results of types
and contents of volatile compounds in different regions. ‘Hongdeng’ cherry in Shanxi had the highest amount of volatile
compounds. Especially, more than 95% of the total content of volatile compounds were aldehydes. The total content of
volatile compounds of ‘Hongdeng’ cherry in Shaanxi was the lowest, only 23493.07 pg/L. Among them, eight kinds of
characteristic volatile compounds were found in Shandong ‘Hongdeng’ cherry. Ecological factors, especially annual

accumulated temperature, annual sunshine hours and annual precipitation, had significant effects on cherry aroma. The
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annual sunshine hours was positively correlated to 75% volatile compounds, especially ketone aroma (R’=0.89, P<0.05).

84.4% volatile compounds showed positive correlation with annual accumulated temperature and negative correlation with

annual precipitation. However, ester aroma showed a significantly negative correlation (R’=—0.979) with annual

accumulated temperature (P<0.01). The results conduce to further understand the relationship between metabolism

synthesis of aroma substances and ecological factors, and it is significant for revealing the influence of environment on fruit

aroma substance.

Key words: ‘Hongdeng ’ cherry; aroma substances; gas chromatography-mass spectrometry (GC-MS); environmental

ecological factors; correlation analysis
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PRI Z2, DLHE S Ak R T
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1.1 MR5EE

5 AFEIX LLKT ARk FEHLE B 1 B
BedE C~Cyo. W HBE . L BE AR 2l, IV ZLHE
(Anpel) SZEGRHE AT B2 5 ToK B WRIREN . &1k
4. PVPP . D-ZBEIR TR 43 A4l, dbat | Rkt
FARANTE; 2-L0 ks, 36 E Sigma-Aldrich
N

BSA124S-CW BIS3H7 KF-  flEE ZER Z Hi oy
A]; RZ-708H BT EERIHPL  ZRFFiA A Al GL-20G-
IR R R S L g e R SRR T
Aglient 7890B 7 {71 i {% . Aglient 5977B %Y Jii i |
HP-5MS UI 30x0.25 mmx0.25 um & 4045 a5 41
FE Agilent 2N ] B8 I SR I/ . 2 a8
(DVB/CAR/PDMS) SPME #: Ht sk 3% [E Supelco
N
1.2 XWFHE
1.2.1 FEEIOSREE AR &SR FH BEA LR R AL,
FEMLIERE 6 kA K —E B A AR, H2e B RS M ali st
FifE, MEERRIMNBIBEN LSRR S ke o PR G SR,
A VKASIIIRIRAE 24 h Wiz 29000 % . Pkik 1 kg
AR . R/ INFISGA R — B SRS, AR SRR R e T
—40 °C fififf, FForPro R 5 A RAE SIS 5k
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Table 1 Summary of ‘Hongdeng’ cherry sample information
s b ZEG M4 (m) 4 H B 5 (h) AR (mm) AERUR(C)
HEARAR Fanel 102°35'34"E,36°25'46"N 1941 2206.2 530 2850.4
Ui Fare) 102°2827"E, 28°37'17"N 1990 1677.9 1198.9 5031.4
LLIPG IR EARS) 110°31'58"E, 35°2.427"N 373 1998.4 373.2 5471.1
B VEHE N el 108°55'10"E, 34°54'8.3"N 731 1651.8 377.9 4888.6
7R AL 2147 121°16'0.3"E, 37°26'38"N 17 2614.2 514.5 4930.9
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(ELFEAE H BRI . KT 0 °C 4REBUR . AEFFK &) M
HJE GBI QB R, G BdRk A P ESSR 5L
P& .0 KX (http://data.cma.cn/) o
1.2.2 FESHIEE =08 Chen 2523 B9 B4 BUH
FEF—40 °C vKFE P RS T, MR BT T A% W)
R, FRERZ 30 g #EASk, AUTINA 0.60 g PVPP,0.30 g
D~ 26 BE TR PN R 5 R O R, G54 % 50 mL
BT, T 4 °C UKFERAT 4 he 4 h JFBURFES, T
4 °C . 8000 r/min FE5.0» 15 min, B 35U, fiv 44 v
TR
1.2.3 Tizs HAHZE B (HS-SPME) £% Villiére
SEPY W I mLME B . B S mL B iE ARk, Jn
A 10 pL ¥ JE Jy 8.22 mg/L 1 2-T-Hi. 1 g NaCl FI
ok F1%%T7F 20 mL Wizsifih, inss 2 35 8Tk
WPES [, 40 °C T4 30 min, £ 54555 2405
) SPME Z£ L4 A T0 25 i, ZEHCGL BRI 1 om,
40 °C T 30 min, W BF&5 AR P HH FEHGSK, 36 A
GC-MS #R£1, 250 °C FHYHHT 8 min.
1.2.4 GC-MS 4381 =% Wen " (177531 A
&k, AR A ARSI i) (3 5544 SR R Al
K (He>99.999%), i 1 mL/min, NP FRVERE. B
FE RSN 250 °C, #AEATHTE 8 min, FHERT
2h: 40 °C £R%F 3 min, 2RSS LA 5 °C/min 19 3 BEFHE
#| 85 °C, P+F 2 min, ZR/5 LA 2 °C/min By 3 B FHE
#| 130 °C, {54%F 2 min, F-LL 6 °C/min 14385 5 FHE
210 °C, %45 2 min, LA 10 °C/min FEEEETHES 250 °C,
R4F 2 min. BT 7 O EL B FRERE 70 eV,
FRHEFE N 40~450 amu.
1.2.5 #HRMENSEEME., BT GC-MS L5
2595 i NIST17 B8 2 AR IUE R R IFL5 G5 2% 3
MR AR A A ) AR B AR SO M . B IR Bk
(Co~C o) PRt EHAERAR _AESHT, LR B Fe 5k,
i) 5 NIST17 288 72 225 SClik v AH N ) o i L B8
FEEIEATRT L, FAE S T A SO A T AT o
PREAFREO T A= (1):
oy 0 —tm) ]
ttn+ 1) —t(n)

KA t(x) L tn) | tn+ DS FRFMY x. BAA
n . n+1 AR IEF RS A A R B E]

F A IR &S i A 7o i, TR =
= (2):

RI = 100x 2 (D

Cx=—xCy = (2)

My
s Cx Il Mix 43 51 A 7 D0 5 <0 400 T 1) Y
(mg/L) FNEETEFR; Cy A1 My 43 31 A PIAR# (2-T-F)
BRIV BE (mg/L ) FIISE AT FH
1.2.6 FHXMESHr  Pearson AHIGHE M B w5 H T4
ProA~A8H X Y Z A0 R & DI, vl LATEAS
THZELEC R X TFA R X=[x1, x2, -,

xn]T Fl Y=[yl, y2, ---, yn]T, HAH & ZE » 79 HE
S [-1,1], Beilm 0 ARFRTTHESCE, B2 1 5i—1 L3RR
A A= (3) P
. Y (Xi-X)(Yi-Y) | £ 3
[EXi-X) 2(Yi-V)T

2 XANY 40501 R 7 ML A5 ok AR B A GC-
MS 152 I
1.3 BRSO

SR SPSS 24.0 #ATHAE S ITHA4 0T FlsT
53MT. Pearson AHSCH: ST A FTAALHT R(Rx64 3.6.3)
A5 T4l TUAY53 AT Canoco 5 8R-155HT o
2 GBR5SH
2.1 GC-MS 9theER

il GC-MS XF 5 AN 6] 77 b 20T ARk b iy
BRI TENE. B3P, e 32 MES
SRSy, REE) AR SCaT i SCER e HRaE !, Hora
fiEEZE o P, WIS 7 B, BEZE 6 PR, S 5 F, B2
4 Fh, BRIEFII I, ANAE 1 Fh o BREEHRE SR
FR)P-E4) o B AR S DL 2.

AN 7] = HAEAIRASE it 1B A5 < A2 0T 1 2 R RN IS 1)
TEAE22 5, FIFH R AT H W R AR S L2555
ARk Z = B, K 1, AR RSN 5 A4
7L LUKT Rk B A A SR, T A
A R S A W 1L A AR L
LTST AN SR A SR, s 22 ik
AW, Hodp 8 B o I AR 4T kT ARk AT OB
TV BV LT 1T ARk RFAT 10 B ) o 380 S — Fh
FFN—FhIESE, BV LR A S H AR 4-2
- 1-B5 2 R R, AR 4-C k- 1 - L R G & R,
HEEHERBEMN 18.71%. BEVE 414 A HF N
(E,E)-2,4-BF AT A FH R 2,08, (5 & 2 5k
LIPE 4TI T R PSS B/, A 15 Fh, Jos
AHEFWA

K 2 JBoR T AF P AR S 225,
SABEBEAE S P I PE 4T AT AR R R R R
(65198.10 pg/L), B VY <20 k7" APk & < a8 B Ik
(23493.07 png/L),

) TR AR i R AL Sy, IR
RTAIFFEHAE T CAS 5] TUFSEP . C BEISHTT A
2, W GEF) |« (B)-2-C ki GES AN 4
7 NG G i 7 N2 O SP R A W e o 1 ]
HEESWY)ER, 1A =1 20k ARk b 2 ar i
75, X5 Zhang %12 SERTXT 2Tk ARk A B S SE
ZEIR S, AN, TR SR T AR S AT
MR, B — M s ARG R, ILpE 41
KT RERE & A A i I B SR, R LT (E) -2-
CUAE, 4] & HAR SRR Y 45.96% Fll 47.37%, iX
WS REULVE LT B s 19 2 A

[ 1B S S LT T W = vy v -2
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Table 2 Concentration of aroma compounds in cherry fruit

W S BT R (ng/L) byt g
HUERAR  PUNDEPE PRI BRPEMEM  iZRAED
SN 558.38 1394.39 688.84 532.61 1476.54
1 3-CHEE nd 912.47 nd nd nd MS+RI CEUNELS
2 2-2.3E-1-CU 301.02 203.8 407.1 138.15 530.12 MS+RI 1A
3 p i nd 24.74 19.48 391.05 368.06 MS+RI R H
4 DL- it 257.37 253.38 262.26 3.41 499.41 MS+RI Hifar
5 2-CR L) E B nd nd nd nd 78.96 MS+RI PR
[i2S 223127 25305.81  62500.44 2231085 3237133
6 - 9758.06 13894.63  29964.96 11499.8 10863.26 MS+RI Hak AR BE KR
7 (E)-2-CL it 11604.16 1076539 30884.05 9500.09 16837.31 MS+RI WRRR . HRE
8 AR 474.89 324.82 969.93 988.34 3767.45 MS+RI AT R IR
9 2,4-E ZI# W (E,E)- nd nd nd 21.7 nd MS+RI -
10 FE 36.2 nd nd 19.01 nd MS+RI ek, PR KIS E
11 WL nd 17.97 nd 14.4 456.96 MS+HRI HUL, W% HHER . WS TR
12 T 217.91 201.87 370.28 188.74 282.69 MS+RI G UGS
13 P 206.23 101.13 311.24 78.76 163.67 MS+RI LU S
14 FRERE 15.25 nd nd nd nd MS+RI LN SNV NN 11 R
S 5874.91 51.32 92.44 152.91 584.1
15 4-C - 1-FE 2 TR TR 5823.12 nd nd nd nd MS+RI -
16 AR g nd nd nd nd 50.31 MS+RI N AN
17 KR g nd nd nd 88.24 nd MS+RI PRk, HEER
18 LTRAF IR nd nd nd 44.18 105.4 MS+RI B, AR
19 AKHR2-HCBR 51.79 51.32 92.44 20.49 257.8 MS+RI -
20 R R R nd nd nd nd 170.59 MS+RI TR A S kR
ik 1381.37 460.8 250.82 204.66 1669.57
21 1-J3C M, 1-2 - nd nd nd nd 112.99 MS+RI -
22 6- M1 5-5-Pesfi-2 -1 69.53 73.39 103.39 65.97 nd MS+RI L N
23 WA A5 T 2 75.31 nd nd 12.48 nd MS+RI -
24 Tt SE R 1236.53 387.41 147.43 126.21 1556.58 MS+RI BL R B RKRE
&S 0 0 0 0 93.21
25 T nd nd nd nd 93.21 MS+RI JET . RFES
[l e S 991.98 868.12 1665.56 292.04 1737.36
26 p-AEER nd nd nd nd 84.46 MS+RI A WA
27 HIREE 606.72 196.85 947.04 187.98 907.02 MS+HRI HARH HE MG
28 a-FATHTE 111.42 94.71 341.19 34.74 287.23 MS+RI TH AT HEF
29 it nd nd nd nd 272.85 MS+RI AR Hak MG e
30 R AL 178.75 276.43 236.88 55.03 nd MS+RI LN NN
31 B- K 95.08 300.13 140.45 14.29 nd MS+RI e IR HIPER
32 ESL/N S nd nd nd nd 185.8 MS+RI IRE AT
&it 3111934 28080.44 65198.1 23493.07  37932.11

TE: B U EE S ChenSF P Gemert RIS R

T, BHAE 5 A7 KM S S22 R R 1
FNEARSI U2 (e e s d /NS R) Gl Ut ) RFAR S I
PEBE, P DX LLET PRI IS i U A 2E AR, (]
AR, PO 2Lk PRk AT Ay I < —
“3-CUm A S AR, o HEEE AR UR Y 60% LU
b, BABGRAYE SRR FNEITIAR . AR LD PRk
KA A he LT EERR U i H A
3 A LA MR BRSO A, SR MR
R I LLKT BRI S i —2F o X Tl e
A, AR PY < ZLXTAEE & sy, R 21K T Pk

IS SRR, [N 292.04 ng/L, HiAy 4 FPHERERE
T ER B H 2.97~5.95 1%, THF L2087 B0k
BEETH S o i s (5874.91 png/L), BEEFS L HA
EELIY 18.88%, 1M A /™ DX LT PR BR IS <
AR A, B A T i Lk R A AR
4-CU - 1-BE PR s, o5 HERISTH AN 99.12%. HilR
PN, AAE LAR LT LT Bk HR G Y —Fh AR
YR TR, HLEr ik, BRIbnl AE Y, N4 4rk]
L S T B S A S B Sl [ e S e e = e b g =T
B DA LU AR 20T R r ISR e S L P 2T AR
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Fig.2 Difference of aroma content of ‘Hongdeng’
cherry from different regions
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IS BTHR AR =, G — T RS T R R
(BT SE

P25 HT S5 15 3] PCA i & (18] 3b) . cos2
B A AT B AR B A AR B, HAEBOR, % 3o
TTHREDEOA, I AR da e AH 5 ph 2k P Hp 52 1 13 7 i
o R R A9R/ N BB R R AR T A Al As e
X ERST B TTRRARE o 1P S 1-C R 6-H
He-5-Padds-2-1 | B AL R AW R B ARG, I
T NS 3-Ckm e AR 4-C6-1-BR LR
P . LR -5 WA S, TR Y Ak

a
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Fig.3 The PCA scores plot (a) and loading plot (b) of volatile compounds in ‘Hongdeng’ cherry in different regions
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X5 (E,E)-2,4-FF it . R O & AHC, 5
LIZR P LT KT AR VAR S B S s 2, 52
W ZEF NN AR A IR ZEF TR, 0]
DUAS[R] = H 4 LT AR B SO A AR R 25 5,
B SO S R S — RN SR TFH4T T 4H
FeMESIAT, AHIEE A 25 X AR
23 HEXMIRESR

A TR M AR S R S R R A A S R, X
GC-MS 53 Hralh B p AN [ R 2S5 5T 1 5 B 80
A A= 25 PR AT Pearson ZRMEAH AT, 455
DLZ= 3. HER 3 AT LUK B4R H IR S TR i
FEAHF(R?=0.890)(P<0.05), S5lirZE(R=0.817) . TE/
FE(R?=0.752) FSAHKHERSR . FRIRSEEIEEHES
ISFIR B A AR (R=—0.979)(P<0.05). M [T 2
AR AN L AR PR AT fr i MBS | IS | RIS ik
ISR, ST R AT R R A LI A HB X (4T H BB A
B, IIM{EdE T &HPBRINALR . S~k
PRI B i, (AT RRR B IR, 26 W P 5 AT B

3 PSSR 57 b A A5 R FA] Pearson FHIC REGR
Table 3 Pearson correlation coefficient between cherry aroma
species and environmental ecological factors

W (m)  AFHBEE)  FRFKE(mm)  ERRCC)
S -0.1 0.333 0.626 0.37
[iES 0.525 0.32 -0.137 -0.979™
fiZs -0.056 0.890° -0.066 —0.545
% -0.612 0.817 -0.137 0.162
WEE -0.502 0.752 -0.163 0.227
X 0529 0.131 —0.348 0.542

TE: #*E0.01 4053 CBUR ), AHICHE 355 *1E0.054U5 (WU ), AHCHE 4
P4l

P FF s, AR RRSS S L S B RO 2 B R R .
BE2E | IERHFR S EZ A S RN, 1k
X ELLT BRI SE A S i B s TR

i — XS AR S 5 AR S
(A AR PR T 43T, 53R UL A 4, A5 7 R < s
54 3 50 R 1) 40 35 (P<0.05) BR il i 35 AH 5
(P<0.01),

B SRVGIR 5 25 W o & s A AN TR, (HE
P B H AR HR B IR S A K TR | 1R AN A R
M SRS BV RN E . R 40T, RS
75% TR IAARCOCR, AT 3-C e, H
FERE | 4-CVIA-1-TE PR TR AL . p-K S iR 45
8 MPE W EIM—EMIEAZ, X5 Yue S50 fiff
G R IMBEE MR T, A4 S S B R M e BE %
(RIS A —3 ., AFRRKIR S 84.4% MW
JREMAAASEER, (B 3-CFIE(R>=0.977) S i
FIEAEKR, 5 - KA (R=0.834) IEAH M0 o
JERTEIITFSE 2 BH BRI L LA 7K 4 BEASIE N SRS FH <
) P, R R K o AN R S IR A T
(LOX) AT S e 24 i (HPL ) i) 5% S = 52, Mg
FEAE O KO Ce BERL, AR BN 1-C8 1 (R=
—0.222) ., (B)-2-CVAEHEE(R=—0.399) & 5K R
BEAAH OGO R, IR 45 R L REX — 450, HIF AN
F. RTHERKESREFRNPIER, AR5
JEE= P SR R B AR B B SRR F S SRR
TEAHIEE R LEIEREAT A, S0 BT R i R AR SR
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