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Abstract: ‘Ruidu Xiangyu’, ‘Ruidu Hongmei’, ‘Ruidu Zaohong’, ‘Ruidu Hongyu’, ‘Ruidu
Cuixia’ and their parents ‘Jingxiu’, ‘Xiangfei’ were used as materials. Headspace solid phase
micro-extraction (HS-SPME) and gas chromatography-mass spectrometry (GC - MS) combined with

automated Mass Spectral Deconvolution and Identification System (AMDIS) were employed to analyze

WRB#: 2016 - 05 - 05; EE HH: 2016 -10- 26
ES&WE: EFFHIIRIGE (2013BAD02B04-02); JbniiiF B H (KICX20140202)
* JH{E/EH Author for correspondence (E-mail: haiyingxu63@sina.com)



Sun Lei, Zhu Bao-qing, Wang Xiao-yue, Sun Xiao-rong, Yan Ai-ling, Zhang Guo-jun, Wang Hui-ling, Xu Hai-ying.
Monoterpene analysis of five middle-early ripening table grape varieties and their parents.
2110 Acta Horticulturae Sinica, 2016, 43 (11): 2109 - 2118.

the free terpene contents in the seven varieties, to explicate their flavor characteristics. The results showed
that a total of 29 terpenes were identified, but the concentration varied among different varieties. The total
terpene concentration in ‘ Xiangfei’ and ‘Ruidu Xiangyu’ was over 1 000 pg - L™, while ‘ Ruidu Hongmei’ ,

‘Ruidu Zaohong’ and ‘Ruidu Hongyu’ had similar concentration, the terpene in ‘Ruidu Cuixia’ and

‘Jingxiu’ were both lower than 50 pg - L. “Xiangfei’ and ‘Ruidu Xiangyu’ had the highest OAVs,
the OAVs in ‘Ruidu Cuixia’ and ‘Jingxiu’ were less than 1, these results roughly corresponded to the
multiple years sensory analysis data. As principal component analysis (PCA) results showed that, the
cumulative variance contribution ratio of the first two principal components is 84.79%. The representative
variables of the first principal component include (E,Z)-alloocimene, (Z)-alloocimene, linalool,
(E)-p-ocimene, (Z)-f-ocimene, limonene, terpinolene, cis-rose oxide, trans-rose oxide and f-myrcene,
and the representative ones of the second principal component have geraniol, geranial, y-geraniol, neral
and trans-furan linalool oxide. Floral and fruity are the most prominent aroma characteristics of these free
terpenes, in which linalool, limonene, cis-rose oxide and trans-rose oxide contributing to the floral aroma,
while linalool, limonene, geraniol having fruity aroma.
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Table 1 Physiological parameters of the parents and five varieties at maturing stage

A V38 R /g ATV PEB ) 5 i /Brix T EREG R (g LD
Variety Average berry weight Total soluble solids Titratable acid

575 Jingxiu (Q) 52+02¢ 156+2.12¢ 3.78+0.04 b

Fle Xiangfei (J) 72+0.14a 182+1.85a 521+0.15a

Ffi #57F  Ruidu Xiangyu 62+027c¢ 162+ 1.46 ¢ 452+023b

%t 441 & Ruidu Hongyu 5.6+0.10c 174+ 1.08b 3.45+£0.02b

% #5841 Ruidu Zaohong 6.9+0.18a 152+195¢ 2.26+0.05c¢

Tt #8247 B Ruidu Hongmei 6.6+0.05b 174+1.15b 3.25+0.08b

Jiii #3 i #% Ruidu Cuixia 6.7+0.15b 16.1£2.08 ¢ 471+0.17b

e FSEER AN TR Z R B (P<0.05),

Note: Different lowercase letters in the same column stand for the significant difference at the 0.05 level.
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Table 2 Concentrations of volatile monoterpene of different grapes pg- L
R waY TRERTRAEL i i BIoE ARG
Code Compound Retention index Xianfei Ruidu Xiangyu Ruidu Hongmei
cit B~ AW p-myrcene 1164 12042+£20.12bc ~ 234.52+9.35a  142.38+5.05bc
ot ¥4 4% Limonene 1193 9823+3.78a 3512+ 1.75b 29.95+1.25bc
c3® (E) -B - F'#¥))fs (E)-p-ocimene 1257 2233+4.64a 2577+2.65a 6.02+032b
48 y ~FaWliMf y-terpinene 1239 9.46 +0.48 ab 13.98+0.64a 6.76£0.05 be
cs® 2) -B - ¥§)fi (Z)-p-ocimene 1240 58.60+15.10a 8423+7.55a 3445+198b
c6® SFFA 4 Terpinolene 1290 33.13+5.36a 1924+095b 757+025¢
c7® cis — AL cis-rose oxide 1356 10.53+3.18b 19.85+035a 143+021¢
cg® trans - F A Trans-rose oxide 1370 3.65+1.86b 823+021a 0.57+0.01¢
98 (E,Z) - WP #4% (E ,Z)-alloocimene 1378 40.09+394a 36.05+1.7a 577+042b
c10® (2) - WP (Z)-alloocimene 1 400 3202+ 1.63a 1830+235b 792+037 ¢
cu cis —WRI R4 AL LIS cis-furanlinalool oxide 1445 382.52+28.19a 64.08+9.85b 7.04+0.88 ¢
c12® P& A€k Nerol oxide 1474 54.74+3.94 ba 29.46+2.15b 2.03+0.55¢
c13* trans - WK AYSE AL LSS Trans-furan linalool oxide 1473 343.59+21.99a 2135+3.15b 420+0.75b
Cl14® B -FEFMW p-citronellal 1481 1.38+0.03b 29840252 1.96+0.02b
c15® /i Camphor 1526 0.88+0.06a 0.40+0.00 b 0.56+0.00 be
C16*  HUSEE Linalool 1547 642.09+126.83a  57021+3127a 275.05+£535b
c17t 4 ~ KA 4-terpinenol 1607 2.06+0.07a 0.67+0.02 be 049+0.01 cd
cig® AT Menthol 1 644 048+0.01 a 021+0.01a 0.77+0.052
Cc19* FEAE S Neral 1689 242+0.17b 8.67+1.03a 298+0.12b
208 Mk 4x 4475 ¥ Myrtenol 1796 0.35+0.05a 032+0.03a 0.90+0.01 a
c214 a ~ i i % a-terpineol 1703 79.00+16.55a 8.76+1.58b 11.5+1.05b
22 M Geranial 1741 8.24+1.80 be 3254+232a 1135+024b
c23®8 cis ~ MG T 410 FLIIBEE cis-pyran linalool oxide 1742 154.83+£29.64a 4327+2.61b 6.58+0.35¢
C24% B -FHFEE pcitronellol 1770 822+ 1.16a 595+0.72b 2.02+0.05¢
258 y ~ &% y-geraniol 1793 1.98+0.28 cd 408+025a 3.59+0.01 be
26" IBAERY Nerol 1808 725+095b 39.61+3.55a 6.77+0.24 be
c27® 57 MHEE Tsogeraniol 1816 0.32+0.05a 0.39+0.08 a 0.55+0.1a
C28%  F M Geraniol 1855 2830+ 7.00 be 158.65+14.10a  8532+63Db
298 7 2 Geranic acid 2350 6.51+0.33 ab 8.72+2.15 ab 3.80+0.55¢
i Total 2153.61+£299.19 1495618755 67028 +31.72
R wEY) BTN it AL B ioced W75
Code Compound Ruidu Hongyu Ruidu Zaohong Ruidu Cuixia Jingxiu
Cl B - A p-myrcene 4330+89bc 33.79+0.77 be 359+02¢ 0.15+0.00 be
2t ¥y B Limonene 14.12+£2.52 bed 12924094 cd 2.05+0.05d 1.96+0.05 cd
c3® (E) -B - Z'#)fi (E)-p-ocimene 4.14+044b 298+02b ndb ndb
c4® y ~#A MG y-terpinene 431+0.11¢ 421+0.03¢c 295+0.06¢ 025+0.02¢
cs® (2) -p - B (Z)-p-ocimene 11.75+2.15b 920+04b 022+001b ndb
c6® S 4% Terpinolene 623+035¢ 599+0.03¢ 572004 ¢ 0.95+0.05¢
c7® Cis -~ cis-rose oxide 128+025¢ 320+04c¢ trc ndc
cs® Trans - BALHI Trans-rose oxide 0.39+0.08 ¢ 1.08£0.14¢ ndc ndc
co® (EZ) - WP )% (E Z)-alloocimene 6.61+1.06b 5.08+036b 2.96+0.01b 0.12+0.01b
C10® (2) - 5% ¥ (2)-alloocimene 439+0.76 ¢ 346+0.28 ¢ 233+0.02¢ 0.51+0.00c
cit cis ~WRIGHY S0 LA RE cis-furanlinalool oxide 493+0.73 ¢ 6.64+0.01 ¢ 0.18+0.1¢ tre
Cc128 FEAEE Nerol oxide 4.07+055¢ 4.08+0.08 ¢ 0.19+0.07¢c ndc
c13? trans —WRIE T4 AL HLISESE Trans-furan linalool oxide 2.81+041b 622+0.13b 0.08+0.12¢ trb
Cc14® B~ 4B B-citronellal 125+0.11b 0.96+0.05b 0.95+024b 0.90+0.00b
c15® F&E ki Camphor 027+0.09b 0.22£0.00 be 0.83+£0.01b 0.55+0.00 be
cle6* FLAREE Linalool 4757+6.13b 81.77+10.02b 256+03b 0.65+0.03b
c17t 4 - KA A EE 4-terpinenol 032+0.01d 0.41+0.01 bed 0.79+0.01 be 0.50 £ 0.00 bed
cig® A ¥ Menthol 020+0.01a 020+0.01a 0.48+0.022 030+0.01a
c19* FEAEIE Neral 2.13+021b 127+0.03b 0.65+0.01b 0.68+0.02b
208 W& 1471 Myrtenol 020+0.01a 0.20+0.01a 0.55+0.01 a nda
c21t A -5 §h 7 a-terpineol 1.16+0.15b 1.66+0.01 b 0.60 +0.02 b 045+0.01b
c22t M Geranial 1246+ 0.99b 7.59+0.07 be 0.90+0.03 ¢ 0.75 + 0.00 be
23" cis ~ WIS AL R AREE cis-pyran linalool oxide 5.03+0.86 ¢ 391+0.08¢ ndc ndc
24" B -TFHHWE p-citronellol 3.15+021 ¢ 3.95+0.04c¢ 1.85+0.06 ¢ 125+0.01 ¢
258 y - 7% y-geraniol 1.96+0.05 cd 1.98+0.03 cd 0.88+0.01 ¢ 1.95 +0.00 bed
c26* FEALRE Nerol 3.97+0.32bc 3.12+0.09 be 1.54+0.00 ¢ 0.89 £ 0.00 be
Cc27® A I Isogeraniol 0.20+0.03a 0.61+0.01a 029+0.01 a 0.36+0.00 a
28t F M Geraniol 50.85+3.35be 21.27+0.14 be 3.85+0.03 ¢ 2.90 = 0.02 be
298 MR Geranic acid 3.02+02¢ 5.82+0.14ab 1.90+0.1¢ 0.25+0.00a
& Total 241.76 +31.01 233.80 + 7.02 38.89+2.52 16.96 + 0.68

TE: A FRORIZAE PIE R BRRE (K R B HEEOR NIST 11 bvfE il 7R Lo 85 BT PRI T B Rom iz A0 & I 1L SOk AR IBL L 1 41 T 1%
PSP DR B FE RO NIST 11 BRUERE 8 LS 25 R BEAT @ PE 0BT nd R ARAE Y te BRItk o ANJF) /NG - BEL R R ) 22 53 . 2% (P < 0.05).

Note: A stands for that the qualitative analysis was based the comparison of standards retention index and library NIST 11, B stands for that the

semi-qualitative analysis was based on the comparison of compounds retention index and library NIST 11, nd stands for no detection, tr stands for

trace content. Different letters stand for the significant difference at the 0.05 level between varieties.
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Fig. 1 Principal component loads of different grape varieties (C1 - C29 see Table 2)
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SHEEATE. C23 5 cis ML IR, C17 5 4 - FAMIGEE . C11 5 cis — W 7Y 484k FEL TR EE
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Fig. 2 Principal components scoring chart of different grape varieties

25 AREEMMEEMRNESE

15 7 AP R T 20 R ESE ST, AL E VI F A DR ETA S
F o LE TR REAE R S RIS dRkIE , — BRI &S ESE (0AV), HIFSWIR
& S EENIE, RPN &IOS F AL DTk — BRI EFESEKRT 1 &5 $
EESA TR, 1 HEFSEBOR, HX AR S oTik 8K (Guth, 1997). £ 3 SR T 7 AN Fh
o A B R L S B SE (OAVSs), L swy (E A& A IR kYR T Sk (Pino & Mesa,
2006; Plotto etal., 2006; Wuetal., 2011; P[4 55, 2012; pifEJEL %%, 2013). ‘FW’ M I
AR TR A SO, B IX A SRR A LA SR IR AR, b cis - AHAKEL
BRI (A AT 20, HRESER G IES trans - BT F1ER . B - AHEGIE
WREE, DL RIS YT R A AW IR DTk . A CEASLLEC . ERARLL KT ORI CHm AR
Har b, BUREE. B - AR MR cis - AL BRI JLFR Sns A A W0t A s 1 IR Dk B0 (8L 1)
(OAVs > 1), 7 ‘Bt 1 ‘HF5 h, ARt &N aE S EAE TR EE (OAVs < 1),
T B IX PN R ) A R AR

MY R B SESERE, EEE R > L > WMAE > RO > E
gLk > CEfHEEET > S ERTE AT, B A SEE O R S, BAEA R



Sun Lei, Zhu Bao-qing, Wang Xiao-yue, Sun Xiao-rong, Yan Ai-ling, Zhang Guo-jun, Wang Hui-ling, Xu Hai-ying.
Monoterpene analysis of five middle-early ripening table grape varieties and their parents.
2116 Acta Horticulturae Sinica, 2016, 43 (11): 2109 - 2118.

SR, Ul WY ISR A 4 A U Tk R K, R PR A AR A . TR, RSB
a P AL ER O TEZY . £ CFL . WEELT R ERALEC b, AALEIRRR AR
RIvTik IRz, FEIR T RA B e Rk (R 3D,

®3 FTEAGRLPEEEFTRENESHE (0AV)

Table 3 OAV of monoterpene in grape fruits of different varieties

. FAULOAV. — - T TR—— )
prias w R I A AR WA o GuelD SOCE s
terpene Xiangfei Rl}ldu Ruidu - Ruidu Ruidu Ru¥d1-1 Jingxiu Olfactory of aroma Reference
Xiangyu Hongmei Hongyu Zaohong Cuixia threshold
B - ke 8.03 1563 949 2.89 225 024 0.01 15 F Ak Pino & Mesa,
f-myrcene Scent of balsam 2006
Frkd 9.82 351 2.99 1.41 129 021 0.2 10 6%, 55, filf  Fenoll et al.,
Limonene Floral, grassyand 2009
citrus-like
cis = S E 21.06 397 2.86 2.56 6.4 0 0 0.5 B Rose Fenoll et al.,
cis-rose oxide 2009
trans — ‘BN 7.29 16.46 1.14 0.78 2.16 0 0 0.5 I Rose Fenoll et al.,
trans-rose oxide 2009
cis = WRIR B 4040 LAREE 0.06 0.01 0.001 0 0001 0 0 6000 1675 Floral Fenoll et al.,
cis-furanlinalool oxide 2009
trans - VR RS B 0.06 0003 0 0 0001 0 0 6000 {675 Floral Fenoll et al.,
[ trans-furan linalool 2009
oxide
cis — ML Y480 HLSEE  0.05 0.007  0.001 0 0 0 0 6 000 {7 Floral Fenoll et al.,
cis-pyran linalool oxide 2009
HLJIREE Linalool 107.01 95.04  45.84 7.93 1362 042 0.11 6 16y, HAH, Pino & Mesa,
MG, #itls 2006
Floral, lavender,
citrus and waxberry
4 - FAhIdEE 0.02 0.005  0.003 0.002 0003 0 0 130 167 Floral Pino & Mesa,
4-terpinenol 2006
o~ T AR 0.28 0.03 004 0.004 0005 0 0 280 W&, Hifi, %7 Plotto et al,
a-terpineol 7 Anise minty and 2006
lilac scented
BB 0.21 0.15  0.05 0.07 0.1 0.04 0.03 40 AL, BOML, itT Fenoll etal.,
p-citronellol 15 Grassy, rose 2009
and lemon
FE1ERE Nerol 0.02 0.10  0.02 0.01 0.007 0.004 0 400 WA, WA Plotto et al.,
Fresh and fruity 2006
% Geraniol 0.71 3.97 2.13 1.27 0.53 0.1 0.07 40 W, KAk, Pino & Mesa,

Bk, F7HE Rose, 2006
geranium, peach

and lemon
1t Total 154.62 174.62 64.57 16.93 26.37 1.01 0.42
A ‘/\
3 iR

AHFFRH AMDIS 42 GC - MS (A S0, S5 G Ok B i Bo0) 4 28 5 52 b R R 2 S b A T
YeE, fE ERTRMEERT R T, (E) B - B cis - UM AL LS L cis - LB AN
trans - FMBRN) G 2HE TR H IR, ke & . Ruiz-Garcia 25 (2014) M4 LRI, HAA
T 5 7 2 L S B A A T R I RO () DGR, 70 I BT B 2R A 2 ot P A A SR A B, T AR
A A A TH AR AR, ARG 25 S AR . B RACKE, FEN R, 1
Feifli o e AR S RS RR T A R, vk a5 O B A 2 A R T 4 R
(Wilson et al., 1984, 1986; Ebeler & Thorngate, 2009) AHAL, M 55 b S5 1R — 45 A A0 P Je
W) I L IR o v I S T v e DATE ST A SR S ARSI A s B AR D, R
AR, PRI AR, XTI R fd e A v 7 52 S EDURIAS I 5 v R B, Bl K 6 4 28 o e
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B A el 5 B ORI AR BEAS H

o BB A AR 25 S U, A 2 SR S s A R i A A ) N T LR AR B, I HLBEE O
SAS R ETY, ERNAAN B RS, A G A TR R 5, 2011),

AR SRS e S A L A B, WO AR A N ECIE R (AR R R KT 6 mg - LD,
AT EM AR 1~4mg- LD FEHENER (REMKT 1mg- L") 328 (Mateo & Jimenez,
20000, ‘FhLT ARG OGM, BAELBUREW A WK R YD EBERT Mg, 1k
BE WA B, Ei SRS RENT 6 mg - L A AR RS, 5
KA E MY CBORE IS, EARMNRE P &R DA, &8 T &b ImaRar
SN 7 £ iR I VB 7 <1 G 3 (S e SN AT = a1 e S N o Y (S P 0. = oS I TP
HEAIRBOEA R . Wu 4 (2013) BFSCT “Hi557 FOSF/e” UK ST M Wik A
AR A AP R A A, KL T M CEFI R R R R T A M R
Priik” B a4, Hoh BUISEE . A BERT o - il SR S AR IE S A, S B EYRIR, R
B SAALECER . PEAERE RN A i B AE AR 200 10 1 19 B . WABIFS R A4S L G iE & HI
X5 ANEFCRE, SR RIS, AR A e TSR, (HAUNIX LA s R TG
VEIGIE FLAR B B s AR U . A AR S A QTL e AL SR BIAL T2 5 S 4ok By 1 - i
ARKE - 5 - BEIR G U ik DR o BOR A UR PR IR OCBESE DA, i BE R 1 MR T IR AL 33 T i
& LK 225 (Emanuelli et al., 2010, ZH Battilana 55 (2011) [W5EEUE T 35 Rl “Hi#l
WEER” #JE TANE oA i Al & L, 1y AR/ EnERAE R CERERLL R CEAR LD R
HRLLB HJE T35 A RN R ARG R A, (H RS A A e AR L 21— L8 5 AR ri 4l
MK (Battilana et al., 2009), IXEEAMANRE 25 B B B BUR TR M B 1L F FA kL
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