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9 e 3 .
1 GC-MS
Table 1 Results of GC-MS analysis in peel and flesh of cucumber ne/g
Peel Flesh
Organic Aroma
compounds component A B C D E F A B C D E F
(23) Acetaldehyde 0.55 0.43 0.89 0.48 0.77 0.97 0.05 0.10 0.18 0.05 0.05 0.09
Aldehydes Propanal 0.58 0.93 1.05 0.54 1.06 1.38  — — — — - —
Butanal 0.04 0.07 0.08 0.03 0.06 0.10 — — — — — —
3-Methyl-butanal — — 0.05 0.02 0.03 0.04 — — — — — —
Pentanal — — — 0.19  0.29 0.41 — 0.03 — 0.02 — —
(E)-2- (E)-2-Pentenal 0.04 0.05 0.10 0.06 0.08 0.21 — — — — — —
Hexanal 2.14  3.03 3.59 5.46 6.13 14.34 0.83 1.61 2.07 0.64 0.74 1.16
2- 2-Hexenal 2.14  4.38 3.03 1.25 4.33 0.94 0.25 0.44 0.68 0.23 0.31 0.44
Heptanal 0.05 0.05 0.10 0.08 0.08 0.17 0.04 0.06 0.11 0.02 0.02 0.05
(Z)-2- (Z)-2-Heptenal 0.18 0.24 0.27 0.41 0.64 0.88 0.10 0.16 0.17 0.06 0.05 0.08
Benzaldehyde 0.04 0.06 0.25 0.08 0.17 0.40 — — — — — —
Octanal 0.03 0.05 0.05 0.07 0.06 0.10 0.01 0.03 0.03 0.01 0.01 0.02
Egzgi:gﬁ:l—leptadienal 0.97 1.44 2.30 1.62 2.55 5.33 0.08 0.17 0.43 0.02 0.08 0.13
(E)-2- (E)-2-Octenal 0.11 0.14 0.14 0.18 0.31 0.39 0.17 0.24 0.16 0.10 0.09 0.09
(E)-4- (E)-4-Nonenal — — — 0.08 N < 0.11  0.09 — 0.07 0.06 -
e Nomadiensl - — — — — — 015 008 007 015 0.3 0.07
(E)-6- (E)-6-Nonenal 2.21 3.06 3.60 0.47 0.36 0.45 1.73  2.60 2.71 2.70 2.43 2.13
Nonanal 1.12  1.25 1.02 0.67 0.42 0.71 0.86 1.18 0.92 1.10 0.79 0.72
(E)-2- (E)-2-Nonenal 3.17 1.77 1.79 0.69 0.46 0.15 0,50 0.43 0.21 0.42 0.28 0.13
EE:%gigzgiNonadienal 14.63 9.15 12.83 1.11 1.09 0.25 99.81 84.26 54.32 95.68 81.60 42.75
Tridecanal - 0.06 0.07 0.10 - 0.02 0.08 0.05 0.03 0.04 0.02 0.05
Tetradecanal 4 0.11  0.19 — — — 0.11 — — — — -
Pentadecanal 0.17 0.83 1.12 0.69 0.09 0.24 0.66 0.39 0.36 0.23 0.14 0.22
Total 28.18 27.08 32.52 14.28 18.96 27.49 105.54 91.92 62.44 101.55 86.82 48.14
(18) 1-Propanol 0.02 0.03 0.12 0.06 - 0.04 - 0.02 — - — -
Alcohols -3-  1-Penten-3-ol 0.13 - 0.26 0.14 0.26 0.46 — — 0.09 — 0.02 —
Cyclopentanol 0.13 7 0.29 - — - — — - - - 0.03
1-Pentanol 0.05 0.07 0.12 0.16 0.17 0.23 - - 0.02 — - —
(Z)-2- -1-  (Z)-2-Penten-1-ol 0.03 0.06 0.10 0.05 0.07 0.05 — — — — — —
(E)-3- -1-  (E)-3-Hexen-1-ol 0.26 1.36 2.06 0.24 0.77 0.43 - - - - - -
(E)-2- (E)-2-Hexenol 0.12 0.26 0.18 — 0.50 — — — — — — —
1-Hexanol 1.41 3.13 3.47 2.17 5.04 2.62 - - 0.15 — - —
1-Heptanol 0.00 0.03 0.03 — — — — — — — — —
-3-  1-Octen-3-ol 0.13  0.20 - 0.23  0.60 0.93 0.04 0.13  0.17 0.05 0.04 0.10
1-Octanol — — 0.04 — — — — — — — — —
Linalool — 0.16 — — — — 0.09 0.31 0.22 0.28 - —
2,6- 2,6-Nonadien-1-ol — - — — - — - - — - 0.66 -
Egzggézgfl\]onadienflfol o o o o o o 3.9 2.20 o 1.05 o 1.44
E%;ig:Non;iil—ol 0.53 0.08 1.10 — - - 1.27  2.09 3.39 0.99 0.54 1.55
2~ —1-  (E)-2-Nonen-1-ol — — — — — — 2,30 1.80 3.76 0.59 0.36 0.91
1-Nonanol - - - = = 005 — L7l L0 — — 037
3 -2-  3-Butyn-2-ol - — = — 005 030 — - —  0.88 0.49 —
Total 2.80 5.38 7.78 3.05 7.47 5.11 7.65 8.25 8.91 3.84 2.12 4.38
(8 -3- 1-Penten-3-one — - 0.15 0.14 — - — — - - — —
Ketones -2 Acetoin 0.20 0.5 0.80 0.15 048 0.98 — - - - = =
-3- 1-Hepten-3-one — — — — — 0.25  0.02  0.05 — — — —
5- -3~ 5-Methyl-3-heptanone  0.15  0.35 — 0.43  0.43 0.41 — — — — — —




( 1 Continued table 1)
Peel Flesh
Organic Aroma
compounds component A B C D E F A B C D E F
3- 3-Octanone - — 0.51 — — — — 0.11 0.17 — — —
_ 5 o
Z*Melh;lff)*hepzten*Zone B B 0.04 009005 0.04 o o B a o B
3- -2 3-Octen-2-one - — - — 0.06 0.13 - - - — - —
E B35 Octdion2-one 0.22 043 0.99 027 059 1.32 0.0 0.20 031 0.09 0.12 0.15
Total 0.56 1.23 2.48 1.08 1.61 3.13 0.13 0.35 0.49 0.09 0.12 0.15
(5) Ethyl acetate 0.12 0.11 0.08 0.30 0.10 0.14 0.07 0.08 0.08 0.09 0.06 0.12
Esters n-Caproic acid vinyl ester 0.16  0.29 0.30 0.29 0.80 0.48 0.11 0.18 0.19 0.08 0.10 0.12
Methyl salicylate — 0.05 0.29 — — — — — 0.04 — — —
Methyl ester-hexadecanoic acid o o 0.01 011 0.010.04 o o o 0.01 o a
2 (4H)-Benzofura-
none, 5, 6,7, 7atetrahydro-4, 4, 7a- — — — — 0.01 0.02 & — — — — —
trimethyl-
Total 0.28 0.46 0.69 0.70 0.93 0.68 0.18 0.26 0.31 0.18 0.15 0.24
(10) 1-Octene — — — — - — N - 0.02 - — -
Olefins 2,4~ 2,4-Octadiene 1.80 2.35 2.97 2.54 3.29 6.84 0.19 0.33 0.59 0.16 0.20 0.27
Nonane 0.02 — — — X — . vl — — — —
Decane - - - 0.04 - 0.05 N - - - - -
Tridecane — - — — — 0.03 — — — — — 0.02
Tetradecane - rd 0.06 — X — - - — - — -
Caryophyllene - — 0.01 - 0.01  0.09 0.03 0.01 0.03 0.01 0.01 0.08
a- Humulene 7~ — — -~ 0.02 0.13 0.29 0.20 0.20 0.25 0.32 0.32
Pentadecane 7 = N — — — 0.06  0.08 0.22 0.05 0.02 0.05
Tridecane 7~ * - \~ - 0.03 — - — - — 0.02
Total 1.82 2.35 3.05 2.58 3.31 7.18 0.56 0.62 1.06 0.47 0.55 0.76
(2) 2-Ethykfuran 0.07 0.11 0.19 0.14 0.18 0.21 — 0.03 0.07 0.02 0.01 0.02
Others 2- 2-Pentylfuran 0.13 0.24 0.40 0.18 0.32 0.21 0.42 0.94 1.25 0.41 0.37 1.00
Total 0.19 0.35 0.59 0.31 0.50 0.42 0.42 0.97 1.32 0.43 0.38 1.03
e (A~F A SR S IRL T T A .

“

Notes: “—”Not detected; A-F represent 6 cucumber varieties of ‘ Nanshui No.8” *Biyu cucumber” ¢ Nanshui No.2” * Mandilu” * Ningyun

No.3” and‘Jinyou No.35” respectively. The same below.
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Fig.1 Types and proportions of aromatic substances in peel and flesh of cucumber
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Table 2 Characteristic aromatic substance components and contents in peel and flesh of cucumber

Peel

Characteristic Aroma Ref

aroma substance value elerence A B C D E F
Propanal Stimulating [13] 0.584+0.04 ¢ 0.93+0.26 bc 1.054+0.17 ab  0.5440.07 ¢ 1.0640.09 ab  1.38+0.32 a
Parental Fresh [13] - - - 0.194+0.02 b 0.2940.04 b 0.41+0.12 a
Hexanal Green grass [12] 2.144+0.28 bed 3.03+1.18 bed 3.5941.39 bed 5.4640.81 be 6.134+0.71b  14.34+5.35 a
g:Hexenal Smell of apple [12] 2.1440.18 be 4.38-£0.74 a  3.03+0.60 b 1.254+0.17 cd 4.33+£0.40a  0.94+0.12 d
Eé;:giHepten—ll Fresh fragrance [14] 0.1840.03 de 0.244+0.06 cde 0.2740.07 cd  0.4140.01 ¢ 0.644+0.09 b 0.884+0.21 a
(E,E)-2,4- + £ 1444041 30+ +0.1: 540.: 5.3300.¢
(E.E)-2.4-Heptadicnal Fresh fragrance [15] 0.974+0.26 def 1.44+0.42 cde 2.304+0.68 bc  1.6240.13 bed 2.554+0.37 b 5.3310.32 a
Egjgimnem] Fruity [15] 2.21+0.12b  3.0640.61 ab 3.604+1.01 a  0.4740.03 ¢d 0.36+0.06 d  0.4540.11 cd
Nonanal Smelll of orange like [12] 1.1240.12 abe 1.2540.23 a 1.0240.26 abed 0.6740.04 de 0.4240.06 e 0.7140.12 cde
(E,2)-2,6- 12] 14.63+1.46 d 9.15+3 d 12.83+3.96 d 1.11+0.24 1.09+0.1 25+0.08
(E,Z)-2.,6-Nonadienal ~ Smell of cucumber (1z] 63x1.46d  9.15%+3.00 8313 A1+0.24 e :09+0:10 e 0.2540.08 e
1-Hexanol Smell\ of strawberry [16] 1.41+0.37 ¢d 3.1340.85 be 3.474+0.77 ab  2.17£0.23 bc 5.0440.36 a 2.62+1.53 be

€Xano and fresh
1- _ - _ _ _
1-Nonanol Smell of rose (17] 0.050.00 ¢
giPcmyl—Furan Smell of vegetable [18] 0.13+0.01d 0.2440.00 cd 0.40+0.12 ¢ 0.1840.02 cd 0.3240.05 cd  0.21+0.04 cd

Flesh
Characteristic Aroma Ref

aroma substance value elerencs A B C D E F
Propanal Stimulating (13] / o o o o o
Parental Fresh [13] - 0.0340.00 ¢ - 0.02+0.01 ¢ - —
Hexanal Green grass [12] 0.8340.10d 1.6140.13 ¢d 2.07+0.17 bed  0.64+0.07 d 0.7440.10d  1.16+0.02 cd
giHexeml Smell of apple [12] 0.25+0.03d  0.4440.03 d 0.68+0.06d  0.23+0.01 d  0.314£0.03 d 0.44+0.00 d
Eg:g:Hcplmal Fresh fragrance [14]  0.10£0.01de 0.16+0.01 de 0.17£0.01 de  0.06£0.01 de 0.05+0.01 ¢  0.08+0.00 de
(E,E)-2,4- 5 +0.00f 740.02 f + f 40.01 1 40.01 4+0.01
(E.E)-2.4-Heptadienal Fresh fragrance [15] 0.0840.00 0.1740.02 0.4340.04 ¢ 0.0240.01 0.08+0.01 0.1340.01
E%;:S:Nonen'll Fruity [15] 1.7340.03bc  2.60£0.13 ab 2.714+0.18 ab 2.7040.05 ab  2.4340.15 ab 2.13£0.00 b
Nonanal Smelll of orange like [12] 0.86+0.06abed 1.18+0.06 ab 0.9240.03 abed 1.1040.03 abc 0.7940.05 bede0.72+0.05 cde
(E.Z)-2,6- \%

(E,Z)-2,6-Nonadienal

Smell of cucumber

[127] 99.814+12.55a

84.264+9.50ab 54.32£5.05bc

95.6843.50a

81.60+6.49ab

42.754+1.08c

1-Hexanol Smell of strawberry [16] — — 0.154+0.07 d _ _ o
and fresh
1- _ . _ _ . -
1-Nonanol Smell of rose [17] 1.71£0.30 a 1.10£0.00 b 0.3740.37 ¢
2-Pentyl-Furan Smell of vegetable [18] 0.424+0.03 ¢ 0.94+0.08 b 1.2540.01 a 0.4140.07 ¢ 0.37+0.06 cd 1.004+0.16 ab
(P<C0.05),
Note: The different letters within a same row represent significant differences (P<20.05).
’ ’ o
, ¢ 2 ¢ 8§ 7
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Identification and Comparison of Aroma Components
in Peel and Flesh of Cucumber

SHANG Mingyue, WU Yan, CHEN Jinfeng and LOU Qunfeng

(State Key Laboratory of Crop Genetics and Germplasm Innovation/College of Horticulture,

Nanjing Agricultural University,Nanjing 210095, China)

Abstract In order to reveal the aroma differences between peel and flesh of cucumber and the aroma
characteristics of cucumber fruits in different varieties, gas chromatography-mass spectrometry (GC-
MS) was used to detect and analyze the aroma components in the peel and flesh of cucumber. The re-
sults showed that 60 and 47 aroma compounds were detected in the peel and flesh of tested cucumber
varieties, respectively, which mainly included aldehydes, alcohols, ketones, esters and hydrocarbons.
Aldehydes were the main flavor compounds in flesh of cucumber, and its content was 83.78% —
96.31% of the total flavor compounds, which was significantly higher than that in peel of cucumber.
While other aromatic substances such as alcohols, ketones, and esters were mainly distributed in the
flesh. By comprehensive comparison of the differences of characteristic aromatic compounds in the peel
and flesh of cucumber, it suggested that the cucumber flavor of cucumber fruits mainly came from the
flesh, while the fresh fragrance came from the peel. There were significant differences in aroma and
flavor among the six cucumber varieties, among which the fruit type varieties for greenhouses con-
tained more (E)-6-nonenal and nonenal than other tested varieties, and had unique flavor of sweet
fruit. *Nanshui No. 8 had the highest (E,Z) -2-6-nonenal content, and the flavor of cucumber was the
strongest among all tested varieties.

Key words Cucumber; Peel; Flesh; Aromatic compounds; GC-MS
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