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Analysis of the aromatic compounds of four tetraploid muscat flavor

grapes and their diploid parents
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Abstract: [ Objective] In recent years, breeders and consumers pay more and more attention to tetraploid
grapes because of their big berry size with less seeds and their high yields. The researchers at the Pomolo-
gy Institute, Shanxi Academy of Agricultural Science bred three tetraploid grape varieties from colchicine
treated hybrid seeds, including ‘Zaoheibao’ ‘Qiuheibao’ and ‘Wanheibao’ with a rose fragrance. While
representing one of the inherent properties of grapes, there has been no research on the analysis of the aro-
ma composition between tetraploid and diploid grapes. In order to provide a theoretical basis for further un-
derstanding of tetraploid grapes, the aromatic compounds of fruits during their ripening period, we ana-
lyzed four tetraploid table grapes with muscat flavor including ‘Zaoheibao’ ‘Qiuheibao’ ‘Wanheibao’
and ‘Tetraploid Muscat Hamburg’ as well as their diploid parents including ‘Guibao’ ‘Zaomeiguixiang’
‘Christmas Rose” and ‘Muscat Hamburg’. [Methods ] The berries were collected during August—Septem-
ber 2013 from eight grape vines grown in the breeding vineyards of the Pomology Institute, Shanxi Acade-

my of Agricultural Science in Taigu, China. The samples were frozen using liquid nitrogen and stored in an
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ultra—low temperature freezer. Then the aromatic compounds of the samples were determined in the Col-
lege of Horticulture Science and Engineering, Shandong Agricultural University in Taian, China, using a
solid phase micro—extraction (SPME) and gas chromatograghy—mass spectrometry (GC/MS). According to
the mass spectrometer ion scanning map, the aromatic compounds were quantitatively analyzed by using
the area normalization method, taking the average score of 3 repeated tests as the basis for the relative con-
tent of the aroma component. All collected data were analyzed using SPSS13.0 and Excel software for statis-
tical analysis. [Results] There were significant differences in types and relative content of the aromatic
components among the eight grape varieties. There were primarily seven types of aromatic components in
grapes, including alcohol, aldehyde, ketone, ester, olefins, acid and others. There were one or two types of
acid in ‘Zaoheibao’ and ‘Zaomeiguixiang’, respectively, while there was no acid in the other six grape va-
rieties; in addition, there was no ester in the ‘Zaoheibao’. The same aromatic components among the eight
grapes were identified as twelve different types, including three types of alcohols, five types of aldehydes,
two types of ketone and two types of olefin. The major aromatic compounds found in the eight grape variet-
ies are aldehydes, with a relative content of 56.49%-81.63%, especially 2—hexene aldehyde and hexalde-
hyde with a green leaf flavor and fruity scent, which were the two richest compounds. The 2—hexene alde-
hyde was the first rich compound identified, with a relative content of 34.40%-49.81%, which was the rich-
estin ‘Qiuheibao’ and ‘Qiuhong’ as tetraploid and diploid grapes, respectively. There were no significant
differences in the relative content of 2-hexene aldehyde between ‘Tetraploid Muscat Hamburg’ and ‘Mus-
cat Hamburg’; but the relative content in ‘Zaoheibao’ and ‘Wanheibao’ were lower than that in their dip-
loid parents, while that in ‘Qiuheibao’ was between its parents. Aldehyde was the second rich compound
identified, with a relative content of 16.28%—28.43%, which was richest in ‘Wanheibao’ and ‘Qiuhong’
as tetraploid and diploid grapes, respectively. ‘Tetraploid Muscat Hamburg’ had a significantly higher al-
dehyde content than ‘Muscat Hamburg’ and the content in ‘Zaoheibao’ was lower than that in its father
‘Zaomeiguixiang’; the ones in ‘Qiuheibao’ and ‘Wanheibao’ were significantly higher than that in its
mother ‘Guibao’, yet it was lower in ‘Qiuheibao’ which was lower than that in its father ‘Qiuhong’. Terpe-
noid compounds and their content are closely related to the unique fragrance of roses in Eurasian grapes,
especially in the free form of monoterpene. As shown in the results, except for ‘Qiuhong’, the rest of the
seven rose—fragrant grapes had a high relative content of terpene alcohols (7.24%—28.60%) and all con-
tained linalool and nerol, which with an aroma of rose wood, green sweet orange fragrance flowers and ros-
es, respectively. And except for ‘Guibao’ among the seven rose fragrance grapes, the rest of the six grapes
contained geraniol and citronellol, which has an aroma of light sweet rose, green grass and sweet rose, re-
spectively. The relative content of linalool and geraniol was 4.14%—25.23% in the seven grapes, of which
the order from high to low in the four tetraploid grapes was: ‘Zaoheibao’ ‘Tetraploid Muscat Hamburg’
‘Wanheibao’, and ‘Qiuheibao’, while that in the diploid grapes was ‘Guibao’ ‘Muscat Hamburg’ and
‘Zaomeiguixiang’. The relative content of terpene alcohol in ‘Tetraploid Muscat Hamburg’ was only
3.94% higher than that in ‘Muscat Hamburg’, while that in ‘Zaoheibao’ was 2.07%, 20.21% higher than
that in its parents ‘Guibao’ and ‘Zaomeiguixiang’, respectively. And it was 13.21% and 7.87% lower in
‘Wanheibao’ and ‘Qiuheibao’ than that in their parents ‘Guibao’.[Conclusion] Linalool and geraniol
with the fragrance of the rose wood and light sweet rose fragrance respectively played the most important
role in fruit aroma of the seven grapes with a muscat flavor. According to the results, the relative content of
the major fragrant substances was not doubled after doubling the chromosome of the diploid rose—fragrant
grapes. The aroma rich degree of the tetraploid grape was related to the strength of the parental rose fra-
grance. The main fruit aromatic substance found in the eight grapes was C6 aldehyde.
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Table 1 Species of aromatic compositions detected in four tetraploid grapes and their parents (Units: species)

dn A i [ il [ i ke Fifth JENal
Varieties Alcohol Aldehyde Ketone Ester Acid Alkenes Others Total
PUREAREEL A Tetraploid Muscat Hamburg 16 11 2 3 5 3 40
BB Zaoheibao 15 11 2 1 3 9 41
BCRE Qiuheibao 16 8 3 2 4 5 38
# A5 Wanheibao 18 11 2 3 4 5 43
LA Muscat Hamburg 18 13 2 2 4 5 44
¥ F Guibao 12 9 2 1 4 28
I Zaomeiguixiang 13 10 3 4 2 7 6 45
FKLL Christmas Rose 11 9 2 4 2 31
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Table 2 Relative content of aromatic compositions detected in four tetraploid grapes and their parents %
BT i i3 i) [ [id Ly 582
Varieties Alcohol Aldehyde Ketone Ester Acid Alkenes Total
PUAEREEL A Tetraploid Muscat Hamburg 37.32 58.95 1.17 0.48 1.58 99.50
FI S Zaoheibao 39.54 56.49 1.83 0.04 0.83 98.73
B Qiuheibao 26.37 69.18 1.44 0.28 2.34 99.61
i 2252 Wanheibao 30.30 64.88 1.44 0.55 241 99.58
B A Muscat Hamburg 38.39 56.75 1.85 0.71 1.87 99.57
. F Guibao 37.25 59.64 1.49 0.05 1.57 100.00
FH AT Zaomeiguixiang 23.39 59.63 2.26 0.79 0.60 11.90 98.57

FKZL Christmas Rose 14.23

81.63

1.99 0.32

0.53

98.70
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Table 3 Relative content of aromatic compositions detected in four tetraploid grapes and their parents
N AHXT 5 1 Relative content/%
IR 4y s B SO BT B
Compound (11 i REEOKET WEE e B L e
. Compounds Tetraploid Muscat . L . Muscat . Zaomei  Christmas
categories Zaoheibao Qiuheibao Wanheibao Guibao ..
Hamburg Hamburg guixiang  Rose
I8/ . Ethanol 7.16 1 821d 10.83b 7.89¢ 1122 988¢ 13.64a 1092b
Alcohol o= HE—a-(4- P E-3-GH) A 058 ¢ 0.10 f 1.30a 0.28 ¢ 036d  0.72b
LHEHEE
a—Methyl-a~[4-methyl-3-pentenyl]
oxiranemethanol
1-2E-3-B% 1-Octen—3-ol 0.05d 0.14 a 0.04d 0.09 ¢ 0.08c  0.04d 0.11b
1-FEfE 1-Heptanol 0.15¢ 0.56 a 0.16 ¢ 0.18 ¢ 025b 0.22b 0.26 b
1- 1-Octanol 0.07 ab 0.09 a 0.07 ab 0.09 a 0.10a 0.07ab 0.07ab 0.06b
2,2,6- = Hk-6-ZIHHEMIE-2H-1E  0.16 ¢ 0.13c  05la 0.08 d 0.22b  0.084d
Wi —3 A%
2H-Pyran—3-ol, 6-ethenyltetrahydro—
2,2,6—trimethyl-
1-CLF# 1-Hexanol 033 e 222a 0.53d 2.62a 0.66¢ 038e 095b 0.92b
2-ZFECUEE 1-Hexanol, 2—ethyl- 0.02 b 0.04 ab 0.03 b 0.06 a
7-H =3 - R -6~V - 1 - 0.09 a 0.03b 0.08 a 0.07 a 0.04b
7-Methyl-3-methylene—6-octen—1-ol
RA-2-CH-1-E 0.11¢ 142a  1.18b
Trans—2—Hexen—1-ol
I Cis—3-Hexen—1-ol 0.29b 0.04 ¢ 031b 0.06 ¢ 0.44 a
J5i—2— 2 45— 1T Cis—2-Hexen—1-ol 031¢ 0.68 b 1.04 a 0.52b 035¢
2-TA i~ 11— % 2—Propyl—1-pentanol 0.03 a
1-T-F% 1-Nonanol 0.04 a
7K 2% Phenylethyl Alcohol 0.04 b 0.04 b 0.09 a
61 He~5— a2 i 0.15a
6—methylhept—5—en—2-ol
2,5- " H3E-2-Z ) -4- O - 1 - 0.12a
2,5-Dimethyl-2-vinyl-4-hexen—1-ol
4-Z IO 4-Ethyleyclohexanol 0.09 a
2- A2, 5- k-4 -1 T 0.10a
2,5-Dimethyl-2-vinyl-4-hexen—1-ol
[ HLREE Linalol 20.35b 1820¢  10.23e 1.90 f 16.61d 2520a 0.16¢g
Terprmols gy 2735405 Hotrienol 0.10a 0.15a 0.3a  0.09a
FEAEEE Cis—Geraniol 2.36b 0.69 d 0.62 d 399a 194c¢ 0.03e 221b
A [sogeraniol 0.12b 0.04 ¢ 0.19 a 0.08 b 0.0l ¢
M Trans—Geraniol 4.09 cd 7.03b 0.96 e 11.06 a 4.49 ¢ 3.98d
FFZEWE B—Citronellol 1.58 a 1.50 a 0.07d 0.38 ¢ 141 a 0.81b
FAIHEE a—Terpineol 0.15a 0.07b 0.03¢
41} % 4-Terpineol 0.04 a
i OV Hexanol 21.23 b 16.28d  21.97bh 2733 a 18.89¢ 1691d 1849c¢ 2843 a
Aldehyde 3 & e 3 Hexenal 0.98 ¢ 052¢  115h  090c¢  080d 105h 025 158a
- (E)-2-Hexenal 3527e 38.12d  44.65b 3440 e 3495e 4032c¢ 39.83c¢ 498la
8% Octanal 0.10e 0.12 de 0.15 be 0.17b  0.13c¢d 0.12de 0.21a
T-fi% Nonanal 0.28 b 0.27b 021 ¢ 0.33 ab 043 a 027b 029b 0.30b
114 Sorbaldehyde 0.51¢ 0.70 b 0.63b 0.66b  0.61b 092 a
ZE Decanal 023 b 0.16 ¢ 0.18 ¢ 034a 024b 0.22b 0.21b
2—TJ# M 2-Nonenal, (E)- 0.12b 0.17 a 0.07 ¢ 0.09 ¢ 0.15a 0.11b 0.10b 0.07 ¢
PGS Citral 0.04 ¢ 0.09 b 0.19 a 0.06 ¢ 0.07 ¢
R RAEERE Trans—Citral 0.15¢ 0.16 ¢ 0.27b 0.60 a 0.22b 0.26 b
R 2.6-T- 0.04 a 0.04 a

Trans—2—trans—6—Nonadienal
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Compounds

AT 25 i Relative content/%

DU BB A

M B
Tetraploid Muscat RE R

Zaoheibao Qiuheibao

Hamburg

RAELA Fhar

Zaomei

Christmas

guixiang Rose

i

Ester

ﬁ&‘!
Acid

fiks
Alkenes

Bt Total

4- W4T E
4-Pentenal, 4-methyl-
P Cis—Hept—2—enal
QE)-8- -2~ LMt
(2E)-8-0x0—2-nonenal
2—:fiil 2-Octanone

FH 5L P i
5-Hepten—2-one, 6-methyl—

AU ~2,2,6~ = BE-D0 S -2 H- Mt~
3-Fi

Double hydrogen-2,2,6—trimethyl-4H-
2H~- pyran—3-ketone

2-FRHRE -2~ FR I~ 1~ I
2-Hydroxycyclopent-2-en—1-one

548 MR
Decanoic acid, ethyl ester
AR H iR Methyl geranate,

O fiR-2, 3 H g
Hexanedioic acid, 2,3~dimethyl—,
dimethyl ester

MR LT Octanoic acid, ethyl ester

F R P Formic acid, heptyl ester
PR B Pyruvic acid, methyl ester
LIRFNTG Acetic acid, geraniol ester
= B R

Pivalic acid, phenyl ester

WBRAR T M
4-Methyl-1,3,2—dioxathiane 2-oxide

TKAGIR TR Methyl salicylate
C. 1% Hexanoic acid
LT Acetic acid

A HE B-Myrcene
ATHERE % D-Limonene

JZ B s B-trans—Ocimene
B ) B—-Ocimene

B-¥EWEM (Z)- p—Farnesene

2-Hig-1, 5-C
2-Methyl-1,5-hexadiene

1-HUF R~ TH- I F IR NI
1-Methylene—1H-indene

3-Z I M 3-Ethyleyclohexene
o5 a—Farnesene

a- AZfi (-)-a—Panasinsen
1,5-BE —#% 1,5-Heptadiene, (E)-

2-LHFRC N
Cyclohexene, 3—ethyl—

023 a

0.10 a
043 a

0.08 a 0.04 b

0.94d
0.23 cd

1.52b
0.31b

0.90d
0.21d

1.18 ¢
0.26 ¢

1.51b
0.34b

1.26 ¢
0.23 ed

033 a

0.04 b 0.07 a 0.09 a 0.07a 0.05b

043b
0.0l a

0.32b 0.64 a

02l a 0.14 b

0.04 b

0.67b
053¢
0.09 b
0.22b
0.07b

0.25d
0.45 cd

1.0l a
0.84 a
0.16 a
033 a

1.10 a
0.86 a
0.13 a
03la

0.70 b
0.73 b

0.62 b
0.68 b
0.08 b
024b  0.19¢

0.13 a

0.0l a

020 a

99.53 98.73 99.61 99.58 99.57 100

1.80 a
042 a

0.04 a

0.50 a
0.09 a
0.16 a
0.04 a

0.12a
0.48 a

0.44 ¢
0.75 b

9.77 a

042 a
0.19 a
0.18 a
0.15a

98.57

0.10 a

1.76 a
0.23 cd

0.10 a

0.17 ab

0.01 a

0.04 a

0.13 e
0.40d

98.70

TE: AT T B AN T BRI 4 R STE P < 0.05 2250 3%

Note: Different small letters indicate significant difference in the same line at P < 0.05 among different grapes.
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