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Aromatics in Floral Organs of Malus Brandywine during Different Flowering Stages
ZHOU Chenchenl, FAN Junjunz, TAN Ruinanl, YANG Feng3, ZhANG Wangxiang1 :
(1. College of Forestry, Nanjing Forestry University, Nanjing, Jiangsu 210037, China; 2. College of Horticulture and
Landscape Architecture, Jinling Institute of Technology, Nanjing, Jiangsu 210038, China; 3. Qingdao Municipal Supervision
and Consulting Co., Ltd., Qingdao, Shandong 266000, China)
Abstract: [Objective] Release of aromatics from floral organs of Malus Brandywine was studied for new variety breeding.
[Method] Freshly picked floral organ samples of the strongly fragrant Malus Brandywine in different flowering stages were
analyzed for aromatic components by SPME-GC-MS. [Result] (1) There were 23, 30, 30, and 32 volatiles detected in the
floral organs from budding to full bloom stage. They included predominantly (Z)-3-hexen-1-ol, linalool, hexanoic acid-methyl
ester, (Z)-3-hexen-1-ol, and 6-methyl-5-hepten-2-one, and a-farnesene. The total fragrance release was in an increasing trend
initially to peak at the full bloom stage before decline toward the end. The released aromatics consisted largely of terpenes
(14.47-37.30%) and aldehydes and ketones (21.64-38.78 %) with the highest relative contents of terpenes at full bloom, while
aldehydes and ketones when large buds appeared. The terpenoids increased at opening of the flowers followed by a decline,
while alkanes and esters decreased at first but rose later. A principal component analysis on the volatiles at different flowering
stages showed a cumulative variance contribution of 87.64%. On PCI, linalool contributed the most and significantly

correlated positively in the large bud stage, whereas nonanal the most and significantly correlated negatively in the initial
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flowering stage. (2) At full blooming, 28, 32, and 25 volatiles were detected in the petals, pistil (including calyx), and stamens,

respectively. The greatest fragrance release in quantity came from the pistil and the least from the petals. A principal

component analysis on the compounds in different organs yielded a cumulative variance contribution of 98.65 %. On PC1 and

PC2, hexanoic acid-methyl ester, linalool, and a-farnesene contributed more and were the major aromatics in the petals,

stamens, and pistils, respectively. The 3 floral organs were in different quadrants and significantly differed in the composition

of the aromatics they released. [ Conclusion]

(Z)-3-hexen-1-ol, linalool, hexanoic acid-methyl ester, (Z)-3-hexen-1-ol, 6-

methyl-5-hepten-2-one, and a-Farnesene were the major volatiles in floral organs of Malus Brandywine. Terpenes were the

dominant aromatics released during the full bloom stage. Significantly differences in the aromatic composition of the fragrance

discharged from different floral organs. The releases of these volatiles took place mainly in the pistil.

Key words: Malus; flowering period; floral organs; volatile components; floral fragrance release pattern
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Fig. 1 Peak areas of Malus Brandywine volatiles at different
flowering stages
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Table 1 Identification of volatiles in different flowering stages of Malus Brandywine

A%} 25 Relative content/%

Lt B 1] ,
Cj)mp::?nd Reti:(l)n time/s N . _Wﬁ/ﬁﬂ . gﬁ/ﬁ.ﬂ EKTEEUQ.
Bud Initial flowering ~ Flowering End flowering

545K Terpenes
F5 5% Linalool 9.92 — 25.19+527a 1475+£0.63b 13.05£1.99b
T/ Nonanal 9.96 18.48+0.25 — — —
(E)-4,8-—Hi%k-1,3,7-F =% (E)-4,8-Dimethylnona-1,3,7-triene 10.17 — — 9.74+254a 571£0.59b
B-4 %' 2 i 3-Buten-2-one,4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 15.54 — — 0.71£025b 2.424+0.63a
F M LA EA 5,9-Undecadien-2-one, 6,10-dimethyl- 17.68 — 1.12£0.09b 4.70+0.33a 4.83+0.33a
ZA-B-4 % 2% i 2-Butanone,4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 17.92 — 0.05£0.01b 036%£0.16b 2.46+0.85a
a-y2 e Jfi a-Farnesene 19.55 1447+4.67a 694+244b 7.04£326b 7.28%+1.39b
E42K Esters
L2 H 1% Hexanoic acid, methyl ester 6.57 126+1.51¢ 11.67+1.24a 7.12+285b 7.31+£0.82b
ZRMEERG 3-Hexen-1-ol, acetate, (Z)- 8.01 937+2.77a 3.93+0.74b  0.82+0.04c 0.70+0.61 ¢
5-PEFIR s 5-Heptenoic acid, methyl ester 8.29 — — _ 0.0140.01
2-2.3% iR H i Hexanoic acid, 2-ethyl-, methyl ester 8.62 — — 0.42+020a 0.34%0.12b
IR TS 1% 1,6-Octadien-3-ol, 3,7-dimethyl-, propanoate 8.82 1.30£0.12 — — —
4 IR H I 4-Octenoic acid, methyl ester 10.19 — 2.5440.29 — —
MR H G Octanoic acid, methyl ester 10.37 032%£0.12b 298%0.46a 2.00+0.73a 2.49+£0.35a
SRR M Geranyl isovalerate 10.85 0.34+0.14a 0.06+0.01b — —
JIii-3- 243 T AR Butanoic acid, 3-hexenyl ester, (Z)- 11.72 — 1.17£031a 038+0.03b 0.75+0.24b
(10E)-10-+-L4%-8-%k 8 H I 10-Heptadecen-8-ynoic acid, methyl ester, (E)- 12.59 — — — 0.20+0.15
N -3- SR 2- 3L T HRTR cis-3-Hexenyl-a-methylbutyrate 12.86 236+047a 1.66+0.16b — —
3-HE2- TR -2- 7% £ 2-Butenoic acid, 3-methyl-, 2-phenylethyl ester 15.04 — — — 1.144+0.44
(Z,2)-3-C 352 36-2- T MG RIS (Z2)-(Z)-Hex-3-en-1-yl 2-methylbut-2-enoate 15.09 — 0.8710.14 — —
i -3- LU 2K F R I 3-Hexen-1-ol, benzoate, (Z)- 21.83 — — 0.08+0.07 -
PR 5 5 R B 15 Methyl tetradecanoate 25.90 — — 0.11£0.04a 0.16+0.06a
EE2& Alcohols
% 3-Hexen-1-ol, (Z)- 5.82 9.00+0.50a 7.71+1.25ab 5.57+1.18ab 4.40+0.45b
3-H1 41X 4-Penten-1-ol, 3-methyl- 6.22 — 0.12+0.04a 0.04£0.01ab 0.11%£0.05a
7K . Phenylethyl Alcohol 10.51 — — 235+0.73b  4.82+0.61
4-F A FE A 2 ¥ 2-(4-Methoxyphenyl)ethanol 17.07 — — 0.25+0.10a 0.1940.06a
FEHA2K Aldehydes and ketones
4-3% 525 H i 4-Hydroxychalcone 5.20 13540232 0.44+0.09ab 0.5640.19ab 1.18+1.00a
FH 3L P 5-Hepten-2-one, 6-methyl- 7.67 1498+1.29a 1039+2.10b  6.49+0.49¢c 7.56%0.12¢
4-F A F /KB 2,6,6-Trimethyl-2-cyclohexene-1,4-dione 10.95 — 1.76+0.16a 2.01+1.10a _
2,2,6- = HJE-1,4- 31 . i 1,4-Cyclohexanedione,2,2,6-trimethyl- 11.51 — 0.57+£022ab 0.90%+0.14a —
Z4% Decanal 12.25 2.934+0.58a 1.83+£0.29b — 1.0640.07 ¢
4-TF F 3 57 {3 /Rl 4-Methyleneisophorone 12.78 1.04+0.18d 3.28+095¢ 6.51+0.83b 8.56+0.30a
2-+ =i 2-Tridecanone 19.24 — 2.15+0.89bc 11.44+566a 7.00+£2.12ab
2-+ Tk 2-Pentadecanone 25.34 — 1.22£0.61bc 567+224a 3.17£1.10a
kR Alkanes
4§t Decane 7.87 0.14+0.01a 0.11£0.00a — —
1E+—%¢ Undecane 9.78 2.11%£041a 1.25%032b — —
3-H13E-+—%i Undecane, 3-methyl- 11.33 1.974+0.24 — — —
IE+ %% Dodecane 11.99 10.46+1.50a 6.6010.64 231+039¢ 3.76+0.53¢
1E+ =%t Tridecane 14.35 1.11+030a 0.87+0.14a 1.18£0.03a 1.20%+0.12a
7-H #+-L ke Heptadecane, 7-methyl- 15.20 0.54+0.03a 0.40+0.04a — —
9-H %+ /L)% Nonadecane, 9-methyl- 15.30 — 0.15+0.05 — —
10-H 3 — )% Eicosane, 10-methyl- 15.49 0.35+0.06 — — —
3-H £+ =) Tridecane, 3-methyl- 16.05 2.19+031a 129+024b 0.52+0.03 ¢ —
3-WF H J+ =% Tridecane, 3-methylene- 16.43 1.154+0.05 — — —
IE+PO%E Tetradecane 16.76 2.79+044b 1.76+020c 2.51+028b 4.14+035a
IE-F75%t Hexadecane 22.40 — — — 0.36+0.03
1E =4} Heneicosane 28.45 — — — 0.82+0.49
)X Phenols
i F 2 H i Benzene, 1-methoxy-4-methyl- 8.43 — — 336+1.78a 1.69F+0.68b
i3 2% 2, 315k Benzene, (2-methoxyethyl)- 9.61 — — — 1.1240.07
2,6- T X} i Butylated Hydroxytoluene 19.82 — — 0.09+0.03 —

RN ZHAR AR P R PIEE R L R—AT P ARRNG FREORTE 0.05 KF EZREE . R2F.
"—" indicates that the data have not been reported by other studies or the compound has not been detected. Different lowercases in the same line indicate the

significant difference at 0.05 level. The same as table 2.
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Fig.2 Relative contents of volatiles in floral organs at different
flowering stages
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Table 2 Identification of Malus Brandywine volatiles in floral organs

FHX} 2 Relative content/%

I (ARl
Cfrﬁn;o?nd Ret?r\xi:rt]iie/s e ﬂ&%ﬁ WS
Petals Pistil Stamens
4% Terpenes
75158 Linalool 9.92 10.01£2.00b — 23.59+4.01a
(E)-4,8- 1 %£-1,3,7-F =i (E)-4,8-Dimethylnona-1,3,7-triene 10.15 — 6.031+0.60 —
B-4 % %[l 3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 15.53 — 1.814+0.34 —
FHHEPIEA 5,9-Undecadien-2-one, 6,10-dimethyl- 17.66 2.29+0.59b 2.631+0.01 ab 3.85+0.72a
TA-B-#% >l 2-Butanone, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 17.90 — 3.05+048a 0.91+0.28b
a-y2 e Jfi a-Farnesene 19.55 333+1.14b 34124290 a 3.74+£257b
fis 2K Esters
LR F S Hexanoic acid, methyl ester 6.54 3541%+2.72a 2.87+0.67b —
LR RS 3-Hexen-1-ol, acetate, (Z)- 7.98 0.59+0.18b  20.47%+0.39a —
5-PEJE R % 5-Heptenoic acid, methyl ester 8.25 — 0.03£0.01 —
R H I Heptanoic acid, methyl ester 8.29 1.11+038 a — 0.40+037b
2-Z. 5 C 2 H % Hexanoic acid, 2-ethyl-, methyl ester 8.62 0.17£0.01 — —
4-3EJEER H G 4-Octenoic acid, methyl ester 10.17 591£1.06 b — 1233£1.70 a
SETR F g Octanoic acid, methyl ester 10.32 13.60+533 a 2.60+0.12 b 4.89+0.06 aab
3-T#R CLJ# TG Butanoic acid, 3-hexenyl ester, (E)- 10.71 — 0.91+0.09 —
JBi-3- L) 2 T 2 HE Butanoic acid, 3-hexenyl ester, (Z)- 11.68 — 4.9940.55 —
2- TR UG Butanoic acid, 2-methyl-, hexyl ester 12.84 — 3.00£0.49 a 0.53+£0.03 b
CR 57 J4 1 Tsopentyl hexanoate 13.16 — — 0.20£0.05
3-8 Hi§ 3-Nonenoic acid, methyl ester 14.60 — 0.26+0.01 —
(Z,2)-3- O 3E2-H3-2- T ISR EE (2)-(Z)-Hex-3-en-1-yl 2-methylbut-2-enoate 15.01 — 2.3940.00 _
TR EE R Hexanoic acid, 3-hexenyl ester, (Z)- 16.35 0.51+0.09b 2.44+0.05a —
LR CUE Hexanoic acid, hexyl ester 16.44 0.25+0.02b 0.85+0.04 a —
IR -3- L A4 H BRI 3-Hexen-1-ol, benzoate, (Z)- 21.81 — 0.45+0.06 a 0.22+0.02 a
A 5 52 R F 5 Methyl tetradecanoate 25.90 0.3140.15 — —
¥ Alcohols
Ii% 3-Hexen-1-ol, (Z)- 5.78 4.45+0.90 a 584+131a —
3-F13E-1,5-I% ¥ 1,5-Pentanediol, 3-methyl- 5.93 — 0.04+0.00 —
6-Ff 3:-5-PiJfi-2-F 5-Hepten-2-ol, 6-methyl- 7.78 — 0.84+0.16a 1.15£1.62a
%% Z.% Phenylethyl Alcohol 10.48 — — 11.04+1.59
E&HZE Aldehydes and ketones
4§23 A HR 4-Hydroxychalcone 5.20 0.35+£0.02 a 0.07£0.02 a 0.16£0.01 a
2 HI Benzaldehyde 7.43 — 0.11£0.02 —
FH 3 PR 5-Hepten-2-one, 6-methyl- 7.66 5.64+0.65a 0.57+0.17b 7.75+1.86a
Z&% Decanal 12.20 0.55+0.09 b 0.73+0.04 b 2.2840.29a
43 {1 3 5 /R A 4-Methyleneisophorone 12.76 1.91+0.23b — 12.06+1.82 a
3,5-F )il 3,5-Heptadienal, 2-ethylidene-6-methyl- 13.22 — 0.0240.00 —
2--|" =%z 2-Tridecanone 19.24 6.621+3.78 a — 2.58+0.17b
2-+ i) 2-Pentadecanone 25.34 2.78%1.29a 0.17£0.00 b 0.85+0.12 ab
eI Alkanes
1E+—%% Undecane 9.77 1.19£0.10 b 0.59+0.03 ¢ 1.73£0.10 a
3-H &+ —%% Undecane, 3-methyl- 11.33 0.37£0.08 — —
1E+ %t Dodecane 11.97 0.75+£0.06 b 0.31£0.08 ¢ 1.45+0.01 a
IE+ =%t Tridecane 14.35 0.41£0.06 a 022+0.04a 0.49+0.05a
3-H %+ =) Tridecane, 3-methyl- 16.05 0.1440.01 — —
IE+PU%E Tetradecane 16.75 0.38+0.02 b 0.31+0.06 b 091+0.29a
IE+75%E Hexadecane 22.39 0.17£0.02 b 0.06+0.00 c 0.42+0.05 a
3% Phenols
i F 2 H i Benzene, 1-methoxy-4-methyl- 8.43 — 1.21+0.34b 2.814+0.02 a
FH IR 2 3% Benzene, (2-methoxyethyl)- 9.61 0.73£0.16 b — 3.64£0.14a
2,6- T Xt H Y Butylated Hydroxytoluene 19.80 0.05+0.04 — —
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Fig. 5 Principal component analysis based on volatiles
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