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Abstract: [ Objective ] Volatile compounds are of importance to the quality of grape berries and wines.
They largely determine the aromatic quality and variety characteristics. Green leaf volatiles (GLVs) are
short—chain acylic aldehydes, alcohols and esters produced by plants via enzymatic metabolism of polyun-
saturated fatty acids. These compounds, which are normally the most abundant volatiles in grape berries,
not only endow grape berry and wine with ‘leaves’, ‘grass’ or ‘fresh vegetative’ odor, but also provide
the direct precursors for the synthesis of hexyl acetate. Hexyl acetate in wines is found to be grape depen-
dent and contribute to fruity character. Different from free—form volatiles, glycosidically bound GLVs in
grape berry are rarely paid attention on possibly because they don’t have direct contribution to the aroma
attributors. But they possess potential importance in grape varieties used for making wine. In the wine—
producing regions of east China, the quality of berries and wines are largely interfered with excessive rain-
fall during grape maturation season. To minimize the declining of berry aroma quality, rain—shelter mea-

surement has been implemented. The present study aimed at evaluating the effects of rain shelter on the
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accumulation of GLVs and the lipid—derived esters in developing ‘Cabernet Sauvignon’ grape berries.
The research outcome will provide theoretical basis for this cultivation mode application. [ Methods ] The
experiment was carried out in a ‘Cabernet Sauvignon’ (Vitis vinifera L.) vineyard of the Chateau Changyu
Afip Global (44°30'N, 116°80’ E), located in Miyun County of Beijing, in 2012 and 2013 vintages. The
own-rooted grapevines were planted in south—north row orientation with 1.0 m X 2.5 m spacing, and they
were trained into a sloping trunk with a horizontal cordon. The rain—shelter roof was set up on the 14th
day after flowering (DAF, 14th June) in 2012 and 36 DAF (13th July) in 2013. A randomized block design
was adopted, and a total of six blocks were chosen to create three rain—shelter cultivation replicates and
three open—field cultivation replicates. Each block comprised 40 grapevines. To understand the change in
microclimate around the grapevines under the rain—shelter and in the open field, dataloggers and probes
were installed around the clusters for collecting microclimatic data. Grapes were sampled at 20, 37, 50,
64, 71,78, 87,97, 112, 125 and 135 DAF for the 2012 vintage and at 14, 28, 41, 57, 67, 78, 97, 112 and
124 DAF for the 2013 vintage. The harvested samples were placed in plastic bags and quickly transported
to the laboratory. About 100 fresh berries per replicate were used for the determination of total soluble sol-
ids and titratable acids. The remaining samples were immediately frozen in liquid nitrogen and stored at —
80°C. Free—form volatile compounds were extracted from fruits by using headspace solid phase micro—ex-
traction (HS=SPME) method, and glycosidically bound volatiles were separated through a Cleanert PEP-
SPE column, followed by the hydrolysis by glycosidase AR2000 and the adsorption of HS—SPME. The
qualitative and quantitative analyses of free and glycosidically bound volatiles were performed via the
technology of gas chromatography—mass spectrometry. [Results]Both total solar radiation and photosyn-
thetically active radiation reaching the grape clusters were reduced by about 20%, and ultraviolet radia-
tion was decreased by 40% under the rain shelter. With the growth and development of grapes, total solu-
ble solids increased and titratable acids declined especially after veraison. The rain—shelter application,
compared with the open—field cultivation, resulted in a significant increase in total soluble solid content in
the 2012 vintage, but no significant difference in both total soluble solids and titratable acids in the 2013
vintage. Combined the two—year data, free—form straight—chain aliphatic alcohols, including (£)—2-hexe-
nal and (E£)~hexenoic acid with green leaf odor, under the open—field cultivation was higher than those un-
der the rain—shelter cultivation. However, rain— shelter application raised the levels of glycosidically
bound straight—chain aliphatic alcohols, such as (E)-2—hexen—1-ol, hexanol and (£)-3—hexen—1-ol, as
well as free and glycosidically bound hexenal and hexenoic acid. Additionally, free and bound straight—
chain aliphatic esters (fruity aroma) were increased in the rain—shelter grape, including hexyl acetate, eth-
yl octanoate, and (Z)—3—hexen—1-ol acetate. The two—way analysis of variance indicated that 22 free—
form and 15 glycosidically bound—form volatiles dramatically differed between the vintages, and 6 free—
form and 4 bound—form GLV compounds varied with the cultivation treatments. F test showed that vintage
influence was stronger than the cultivation mode. There was significant interactive effect of vintage and
rain—shelter treatment on the concentrations of 6 free—form GLV compounds including (£)-2-hexenal,
nonanal, decanal, 1-hexanol, (£)-2-hexenol and 1-octanol. In addition, four bound—form GLV com-
pounds, decanal, 1-hexanol, 1-heptanol and 1-dodecanol, also exhibited a significant difference. There
was difference in the total rainfall (524.2 mm and 465.6 mm) existed in the whole period of berry develop-
ment between 2012 and 2013 vintages. Excessive rainfall was considered to interfere with the accumula-
tion of green leaf volatiles, but the rain—shelter application could effectively avoid the effect, which was
displayed in the 2012 vintage with more rainfall compared to the 2013 vintage. [ Conclusion] Compared

with the open—field cultivation, rain—shelter cultivation in this study greatly lessened the green leaf odor
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of grape berries and consequently improve fruity aroma of grapes and wines. The improvement in total sol-

uble solids and fruity aroma under the rain—shelter was significant in the vintage that received higher rain-

fall. Based on our results, it is concluded that simple rain—shelter cultivation can effectively relieve the de-

terioration of berry quality especially in the vintage with much rainfall.

Key words: Grape berries (Vitis vinifera L. ‘ Cabernet Sauvignon’); Green leaf volatiles; Rain—shelter cul-

tivation
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Table 1 Concentrations of free and glycosidically bound green leaf volatiles and derivatives in grape berries at commercial maturity
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Table 3 Concentrations of green leaf volatiles under open—field and rain—shelter cultivation during the grape berry

development in 2013 ( peel” )
HHEARIDEE HHER RS HAERR RIS HEHEARIDI RS
Straight—chain aldehydes Straight—chain alocohols Straight—chain acids Straight—chain esters
165 . - - -
NN ZEAT . ZEA N ZEAT - 2EO7
AFi) R e s e s e AR e
. Glycosidically Glycosidically Glycosidically Glycosidically
Time  Free—form Free—form Free—form Free—form
bound bound bound bound
after  compounds compounds compounds compounds
flowe compounds compounds compounds compounds
owe—
ring/d  #FH R RRHbL  GRERN O FRMb  GRERR FRMb GRERN ERMD GRERN ERMb RN EEMb R EEMb REGE
Open— Rain— Open— Rain— Open— Rain— Open— Rain—  Open— Rain— Open— Rain— Open— Rain— Open— Rain—
field shelter field  shelter field shelter field shelter  field shelter field shelter field shelter field shelter
14 6747.63x 6747.63+ 0.11x 0.11x 37.80+ 37.80+ 126.01 126.01+ 40.63+ 40.63+ 0.71x 0.71x 10.76+10.76+ 0.71= 0.71%
444.29 44429 0.00  0.00 2.78 2.78  £5.57 5.57 0.91 091 0.10 0.10 0.69 0.69 0.10 0.10
28 4674.16= 4674.16x 0.08+ 0.08+ 21.73+ 21.73+ 67.56+ 67.56+ 37.38+ 37.38+ 0.40+ 0.40+ 396+ 3.96+ 040+ 0.40+
268.27 268.27 0.01 0.01 1.48 1.48 6.70 6.70  0.81 0.81 0.03 0.03 0.55 0.55 0.03 0.03
41 438273+ 3838.92+ 0.04+ 0.13x 16.70+ 19.18+ 4222+ 68.15+ 41.19+ 36.22+ 0.65+ 0.79+ 3.17+ 4.36+ 0.79+ 0.65+
306.94 35191 0.00 0.01 1.83 2.34 3.86 2.13 2.23 1.27 0.09 0.06 0.22 0.64 0.06 0.09
57 5869.09+ 9043.69+ 0.03+ 0.09+ 12.71+ 23.44+ 4150+ 78.71x 40.26x 46.19+ 0.67+ 0.67+ 1.65+ 2.02x 0.67x 1.67+
527.19 826.29 0.00 0.02 2.44 6.77 345 14.66 1.06 1.07 0.15 0.06 0.20 021 0.06 0.15
67 18299.49+ 18936.26+ 0.03+ 0.10+ 35.76+ 30.70+ 75.11+ 98.66+ 48.06+ 42.48+ 0.74+ 0.37+ 243+ 283+ 0.37+ 4.24+
1318.49 738.44 0.01 0.01 2.69 3.77 6.34 1246 1.86 0.74 0.04 0.02 0.22 0.19 0.07 0.38
84 22 045.17+ 23 004.98+ 0.04+ 0.07x 69.10£ 66.06+= 75.94+116.12+ 61.20+ 48.78+ 0.52+ 0.43+ 3.65+ 570+ 043+ 2.52+
2 097.38 987.40 0.00 0.01 5.06 5.49 5.23 732 527 1.20  0.09 0.02 042 050 0.02 0.09
97 21 087.42+ 20460.67+ 0.04+ 0.06 99.93+ 79.82+ 7236+ 77.58+ 82.22+ 5130+ 0.54+ 0.29+ 3.11x 4.09x 0.29+ 0.54+
41426 1212.63 0.00 0.01 5.00 4.00 4.89 534  4.65 2.55 0.06 0.02 0.25 0.37 0.02 0.06
112 2092097+ 18 172.38+ 0.05+ 0.05+ 110.67+ 156.28+ 80.52+ 120.29+ 65.74+ 51.18+ 0.47+ 0.69+ 297+ 2.84+ 0.69+ 047+
494.54 436.92 0.01 0.01 9.86 8.47 3.57 6.71 0.59 1.01  0.06 0.01 0.20 044 0.14 0.06
124 167672+ 16512.76+ 0.05+ 0.06+ 269.66+207.28+ 97.08+ 141.63+ 60.68+ 54.08+ 0.36x 0.51+ 2.66x 2.96+ 0.43+ 0.40+
237.15 389.39 0.01 0.01 11.38 3.35 6.84 591 3.70 142 0.01 0.03 0.14 0.16 0.03 0.01
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Fig. 2 Comparison of concentrations of free—form green leaf volatiles during berry development
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Fig. 3 Comparison of concentrations of glycosidically bound green leaf volatiles during berry development
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Table 4 Two—way analysis of variance for vintage and rain—shelter effects on green leaf

volatiles and derivatives in grape berries

S W4 Free—form compounds ZEA S Glycosidically bound compounds
o Y RIRE EOORIRE G BRI R
Years Rain—shelter ~ Years* Rain—shelter Years Rain-shelter ~ Years* Rain-shelter
2% Aldehyde compounds
L Hexanal 0.35 0.05 0.03 0.42 1.39 1.43
JZ-2- L (E)-2-hexenal 12.08%* 0.02 0.06 140.82*%* 0.17 0.14
£ Octanal 19.96%* 0.16 2.93 - - -
L -2- B (E)-2-heptenal 10.14%% 225 0.01 - - -
J i -2—2E 5T (E)-2-octenal 16.56%* 1.06 0.56 - - -
T-f% Nonanal 43.97%* 0.03 11.547%* 9.247k 2.02 1.41
L1 Decanal 12.38%#* 6.77* 2.25 143.02%*%  5.31%* 6.20%*
RA-2-T- i (E)-2-nonenal 28.40%* 0.18 0.22 - - -
=2 Alocohol compounds
2- P 2—heptanol 26.19%* 0.72 0.59 0.03 0.03 0.08
1-CL ¥ 1-hexanol 0.82 0.01 0.80 26.77%%  6.02% 7.31%
X -3-C M EE (E)-3-hexen—1-ol 7.13% 0.01 0.01 0.72 2.43 0.58
iz -3-CL M EE (Z)-3-hexen—1-ol 18.78%%  0.26 1.77 144.88%% 192 234
JZ A -2- 2 Ml (E)-2-hexen—1-ol 10.96%*  0.04 0.48 2.18 7.42%% 0.58
1 45-3-1% 1-octen—3—ol 7.59%* 5.79% 1.56 4.52% 1.06 0.36
1-B i 1-heptanol 0.02 2.62 3.32 0.09 1.83 5.01%*
1-3[E% 1-octanol 220.66%*  5.11* 5.02% 7.75%% 6.88%* 0.07
1-2&1 1-decanol 121.65%*%  3.11 2.55 6.52* 3.97 4.43%*
[ il 1-dodecanol 28.91%* 6.04* 8.56%* 21.64%%  0.08 0.06
JZ -2 —1-E (E)-2—-octen—1-ol 338.89%*  13.49%* 11.04%* 12.33%% 315 3.85
2-¢: % 2—octanol - - - - - -
%25 Acid compounds
% Hexanoic acid 62.88%* 0.06 5.02% 20.82%*% 295 3.61
JZH-2-C MR (E)-hexenoic acid 74.03%* 5.74% 4.70% - - -
5 IETR Isovaleric acid - - - - - -
2% Ester compounds
ViR 4T Ethyl hexanoate 56.47%* 0.00 0.03 14.77%%  0.10 0.08
M- 2,123~ LA
(Z)-3-hexen—1-ol, acetate 1.19 0.04 0.39 - - -
T2 T Butyl butyrate 99.86°%* 0.32 0.00 5.88%* 0.05 0.04
R g Hexyl acetate 88.99%:* 0.09 0.07 - - -
1% LT Ethyl octanoate 55.44%% 0.47 0.38 20.78%*%  0.02 0.02
Z41R T Ethyl decanoate - - - 39.40%*%  0.65 0.56

s ROR R 255 (P< 0.01) % FoR B #E27(P<0.05),

Note: “**” indicates significant level of P< 0.01 ; “*” indicates significant level of P< 0.05.
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