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Effects of bagging treatments with different materials on aroma compo-
nents and their biosynthetic gene expression in ‘Shine Muscat’ grape

berry

WANG Jiyuan, FENG Jiao, HOU Xudong, TAO Jianmin"

(College of Horticulture, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China)

Abstract: [ Objective ] Aroma is one of the important sensory indexes related to fruit flavor. The flavor of
grape berry consists of sweetness, sourness and aroma. Bagging can improve the appearance and internal
quality of the fruit. Yet its effect may vary greatly among different bagging materials, which regenerate dif-
ferent microclimates. Temperature and humidity affect enzyme activities and respiration rate, and light in-
tensity affects the supply of assimilates. In this study, experiments were performed to investigate the effects
of fruit bagging with 4 types of bags on fruit flavor quality and genes expression in ‘Shine Muscat’ grape in
order to understand the regulation mechanisms of aroma biosynthesis and the impact on the expression of
key enzyme genes in monoterpene biosynthesis pathway, and to select the appropriate fruit bagging materi-
als for commercial production. The 4 types of bags were the ordinary monolayer white paper bags (white
bags for short), transparent micro—porous plastic bags (transparent bags for short), yellow outside black in-
side double—layer paper bags (black bags for short), and monolayer green paper bags (green bags for
short), and bagging with white bags was used as the control. [Methods] The samples were collected every
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10 days from July 25 for 6 times. The samples were collected randomly from both the shade and sun sides
with 3 biological replicates each with about 50 —60 berries. The expression of genes including DXS3,
GPPS and LIS were analyzed using qRT-PCR. Berry diameters and weight were collected using an elec-
tronic vernier caliper and an electronic balance accuracy (0.01 g), respectively. A handheld sugar meter
was used to determine the Brix of the berries bagged with the 4 types of bags, and titration method used to
determine the titratable acid content. The samples collected on September 5 were used to detect the aroma
components with GC—MS. Juice was extracted after cleaning and centrifuged. 8 mL of the clear superna-
tant was transferred into a 15 mL bottle, to which 3.0 g NaCl and 5 pL. 3—octanol (818 mg- ™) were add-
ed as the internal standards. The bottles were sealed, water bathed at 50 °C for 30 min, inserted with a sol-
id—phase micro—extraction head and magnetic stirred at 950 r+min™' and 50 °C for 40 min. After adsorp-
tion, the sample was transferred to the gas chromatographic injector set at 220 °C to analyze for 2 min.
[Results] The quality parameters of fruit included size, weight, sugar—acid ratio and so on. Compared
with the control, fruit bagged with transparent bags had a lower content of titrable acidity and a higher con-
tent of soluble solids, and therefore their flavor was better. The content of soluble solids in fruit treated
with green bags and black bags was lower, and hence their fruit flavor was lighter. DXS3, GPPS and LIS
genes were the key genes in monoterpene synthetic pathway. The expression levels of these genes affect
monoterpene synthesis, thus affecting the rose flavor. The expression of DXS3, GPPS and LIS were up—reg-
ulated with transparent bags, which was beneficial to monoterpene generation. The peaks of DXS3, GPPS
and LIS expression were delayed and down—regulated by black bags, which was negative to monoterpene
production. Green bags had no significant effect. Fruit bagging significantly influenced the aromatic com-
position. 37 species of aromatic components were detected in white bag treatment, and 41 were found in
fruit treated with transparent bags, 4 more than the control. The number of aromatic components was only
25 in fruit treated with green bags, while it was 33 in black bag treatment. The aromatic components in-
cluded alcohols, aldehydes, ketones, esters, alkenes, alkanes, phenolic compounds, and others. The rela-
tive contents of alcohols and aldehydes were highest and determined the overall fragrance in ‘Shine Mus-
cat’ grapes. The relative contents of ketones, esters and others were lower. Transparent bag treatment in-
creased the species of aromatic components and relative contents of terpenoids such as linalool, cis—linalo-
loxide and geraniol, and strengthened the flavor. The relative contents of terpenoids in fruit bagged with
black bags were reduced. The species of aromatic components in fruit bagged with green bags were the
fewest. [Conclusion] Fruit bagging with different bags had significant difference on aroma components
and the expression of key biosynthesis genes in ‘Shine Muscat’ grape.
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Table 1 The primers for qRT-PCR 1.3 HEAE
LR ERARK 31 o JoT 15 P SR AR 22 NIST/WILEY FAH 3G SCHk
Gene category Genename Primer sequence(5’—3") j[gjé % , ﬁﬁ m% E*R UEI —Y£ﬂ)—m ?%*H Xd./axi. , ﬁ)]ﬁmu %Ei‘}gﬁ
fRBEAZRTIIERA DXS3 F:GAAGGCTCTGTTGGAGGGTTT _Srifgr e 2L
Gene in the early R:TCCTCTGGTGATGCCTGTTCT 3 FRAE B S
step of pathway IRIE K FH Excel \SPSS17.0 84 AT 48143
BRI coPPS F:AGAATCTGGGATTGGCATTCC W
Gene in the middle R:TGGCGGATGTCAGACAATGA ©
step of pathway i N
USRI LIS F:TGGGATTCTCTCCTGCCTTTT 2 én%'@ ga *ﬁ
Gene in the late step R:GCAGTAGGCACAAGCACAACA
‘;I;:t;:y 21 AEREMNRE@RRAFNG
B[R Efla F:GAACTGGGTGCTTGATAGGC X . . .
Reference gene R:AACCAAAATATCCGGAGTAAAAGA 22T LIE , 54 L, EFE AR Y
Ubiquitin  F:GTGGTATTATTGAGCCATCCTT BB i ok, Hh S48 an ey g o &1k

R: AACCTCCAATCCAGTCATCTAC

Z5E . BB WA RS ] E R S Im A, (2 T
4 min, 95 CAEM: 20 5,60 CiB K 205,72 CIEM 40 s, TETEY) S Ew e R e, 2R 0 F, R
A0MEIR , AR X =2-AACH ACt=Ct(H)  FIZRASSESIn] i PE B Y o B eIk, BHIR LU AR

x2 AREREX PAXHE RELMRHIZMM
Table 2 Effects of different fruit bags on fruit quality of ‘Shine Muscat’ grape

aha Rt RO L8 3N o (AITHER) o (RIEPEREIEY))
Longitudinal Transverse Average berry Titrable acidity Soluble solids
Treatments . .
diameter/mm diameter/mm mass/g content/% content/%
ZAA% Black bag 31.26+0.14 b 24.16x0.35 a 11.87+0.21 b 0.22+0.04 a 22.01+0.23 ¢
BIAAE Transparent bag 34.52+0.33 a 25.31+0.23 a 12.51£0.37 a 0.19+0.01 a 28.05+0.31 a
£§4% Green bag 31.16+0.76 b 23.90+0.28 a 11.75+0.32 b 0.21£0.12 a 22.53+0.45 ¢
4% White bag 32.25+0.42 b 24.34+0.42 a 11.82+0.43 b 0.20+0.03 a 24.25+0.39 b

TE: RSV AR NE TR 5% R E 2SR T

Note: Different small letters in the same columns indicate significant difference at P<0.05. The same below.
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Table 3 Numbers of aromatic components detected in different treatments

b3 i 3 Tl [ ke Biks Eiatey] At 582
Treatments Alcohol Aldehyde  Ketone  Ester  Alkenes  Alkanes Phenolic compounds ~ Others  Total
A% Black bag 7 7 1 2 3 10 2 1 33
A4S Transparent bag 10 8 2 4 4 10 1 2 41
248 Green bag 6 6 1 1 1 7 2 1 25

148 White bag 9 7 2 3 0 13 1 2 37
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Table 4 The content of aromatic components detected in different fruit bagging treatments wl(ng-g")
Qb i3 i il it ke Pk AL A FAte 582k
Treatments Alcohol Aldehyde Ketone Ester Alkenes Alkanes  Phenolic compounds  Others Total
s 546.91+ 645.79+ 0.48+ 3.37+ 2.53+ 2.64+ 14.58+ 0.12+ 1216.42+
Black bag 82.15b 75.89 a 0.01 b 0.25a 0.38 a 0.35b 247h 0.01b 162.47 a
BIHAS 916.78+ 536.95+ 0.75+ 3.28+ 1.95+ 3.00+ 21.53+ 0.45+ 1484.69+
Transparent bag 125.17 a 66.78 a 0.08 a 043 a 027 a 0.57 ab 491 ab 0.04 a 201.33 a
3N 666.73+ 630.9+ 0.78+ 0.39+ 0.13+ 247+ 2441z 0.26x 1326.07+
Green bag 90.88 b 7038 a 0.08 a 0.13 ¢ 0.01b 0.48 b 4.12a 0.01 a 171.15 a
S 591.07+ 620.72+ 0.96+ 1.44+ 0.00+ 4.85+ 16.58+ 0.36+ 1235.98+
White bag 86.59 b 63.79 a 0.15a 0.08 b 0.00 ¢ 0.85 a 2.33b 0.03 a 153.47 a

222 REFEBESHFAS >N BRSTLUE ol i, AR HBORAEE TW A EE A 75
L ERY R AR S NEHE RS AT EEE B MEE AR SR AR, R Bk
SR, B BORARE A EAREE S S, AR 6.53.11.29.7.59.3.74 ng- ¢! ERASHIFHIER R
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BHAS ) e BB RS & i fe i, AR O B R4S S, BB AR FRIRAR ., LA, 7 i i 4 SR 5
MRIA RS, FIE), EFHASM RIS RS AR b oEEEMEY S, ESHERS P RE A
AR Y RS BN E LTI E A BAREE . R B .

K5 ARRERIPERREAESHS

Table 5 The contents of the main alcohol aromatic components in different fruit bagging treatments

HrR /(g

Lamrsk e

~ : ~ ~ S
Compound ~ Compound name Molecular 4% SRR AL R
formula  Black bag Transparent bag  Green bag White bag
i Pz C,HsO 241.05+43.21 ¢ 529.67+64.56 a  393.59+52.89 be 305.31+48.75 ¢
Alcohol Ethanol
CL CeHi,O  259.96+34.78 a 119.54+£23.98 b 189.17+28.56 a  170.93+19.55 a
Hexanol
Mi-c,0~5-=H FE-5-Z A HEPU A ALK -2~ CioH0; - 6.83:1.25 a 1.19£0.24 b 0.74+0.03 b
2-Furanmethanol,5—ethenyltetrahydro—.alpha.,.alpha.—
S—trimethyl-,cis—
2,2,6- = 1 3E-6- L Jm I DU S ~2H- K -3~ CioH 50, - 7.42£1.33 a 0.66=0.15 b 0.12+0.01 b
2H-pyran—3-ol,6—ethenyltetrahydro—2,2,6—trimethyl—
- CisHx0 1605251 - - -
Trans—Farnesolm
2,6-ZHIHE-3,7-3¢ T H5-2,6- B CioHi50, - 1.04+0.32 - -
2,6—Dimethyl-3,7-octadiene-2,6—diol
PO HIBEE Linalool CioHisO 27.86+4.59 ¢ 223.13+£30.45a 79.33+8.73b  101.94+11.27 b
1/\\4]0“‘}’]“*:?6“8 il B a-Terpinenol CiHs0 0.72+0.11¢  11.29+125a 2.79+0.25 b 3.46£0.79 b
cohols
M Geraniol CioH,50 0.7+1.48 ¢ 7.59+0.03 a - 2.87+0.02 b
FEAETE Cis—Geraniol CioH;50 0.57+0.14 ¢ 3.74+0.05 a - 1.87+£0.23 b
I A AL BB Cis—Linaloloxide CiH0, - 6.53+0.73 a - 3.830.28 b
T R A4 TR AN W) B R OR 22 59K 5% KPR AR KN
Note : Different letters within the same row indicate significant difference at P<0.05. “~"indicates not detected.
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Table 6 The contents of the main aldehydes from different fruit bagging treatments

\ oo !

(AER/E /]iflj Tﬁl /5:;5 &) A sy A
Compound name oleeutar AR B B RES

formula Black bag Transparent bag Green bag White bag
2-C T 2-Hexenal (E)- CeH100 552.32+57.48 a 521.80+63.22 a 618.04+68.91 a 602.21+59.74 a
2,4-C. IS 2,4-Hexadienal (E,E)— CeHs0 89.74+21.73 a 9.21+2.13 b 7.96+1.57 b 11.38+2.75 b
K L Benzeneacetaldehyde CsHiO 0.96+0.12 ¢ 4.61+0.32a 2.12+0.25 b 4.45+0.56 a
ZE [ Decanal CioH200 0.72+0.28 b 0.73+0.33 b 1.46+0.14 a 1.36+0.45 a
bicwidies 2,6-Octadienal,3,7-dimethyl-,(E)- CioHisO 0.61+0.12 a 0.30+0.05 a - —
+H [ Pentadecanal CisH300 0.11£0.01 a 0.30+0.03 a - -
BEYIHELE CyHa0 - 0.15£0.03 a - 0.1220.01 a
5,9,13=Trimethyl-4,8,12~tetradecatrienal dodecanal
T-#% Nonanal CoHis0 1.33+0.15a - 1.19+0.18 a 0.96+0.13 a
+75B% Hexadecanal CiHx0 - 0.15+0.01 a 0.13+0.01 a 0.24+0.02 a
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Table 7 The contents of the main ketones and esters from different fruit bagging treatments

REPh)e Wk mmas o HERS

N K Wy 2 e I3 ¥ w/(ng-g")
Compont. Comp e T A Fi
formula Black bag Transparent bag  Green bag White bag
fiid A EPIH Geranyl acetone CiH»0 0.48+0.01 ¢ 0.60+0.04 b 0.78+0.08ab  0.96+0.12a
Ketone 2N -3 F -2 B — 1 Tl CuH0 - 0.15:0.03 - -
3-Methyl-2-pentyl-2-cyclopenten—1-one
2+ JUEER 2-Nonadecanone CioH30 - - - 0.12+0.01
5 AR R 5Tl CisH204 3.13£0.21 a 2.38+0.38 a 0.39+0.02 ¢ 1.08+0.03 b
Ester Phthalic acid,bis—iso—butyl ester
4= LA TleiR HH R CiH30, - 0.15£0.05 a - 0.24:0.02 a
14-Methylpentadecanoic acid methyl ester
15— RS 0e iR HH CisHi0s 0.24x0.01 b 0.45£0.03 a - -
Hexadecanoic acid,15—methyl—, methyl ester
AR IRIE T S 1 CaoH0s - 0.300.02 a - 0.12+0.01 b

1,2-Benzenedicarboxylic acid, butyl octyl ester

AT RIE I el e R AR 2, ek ke
Wy Jo0) 4 25 A AT T B RS E o 4 MRAR R R R
A 2RI A Y - T RS TR R A
TR R A, M AR AR — PR
BERACE Y \ IR AR e . B RRARAIE AR
PSS g EP i Se N (e LS S & A N EZ V|
KM HA AR BRI A — MR ey

it 1=750 s B AR h A IR 2
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Table 8 The contents of the main alkanes and alkenes from different fruit bagging treatments
N eo !
AR (et e :;(:g R — .
Compound ~ Compound name AR FEILE 2SN EES
formula Black bag Transparent bag Green bag White bag
fike VAGEE - SN2 =0 CsH.,0.Si, - - - 0.12+0.01
Alkanes Octamethyl-cyclotetrasiloxane
| F B R AU CioH1005Sis 0.60<0.11 a 0.90+0.23 a 0.65+0.15a  0.84+0.18 a
Cyclopentasiloxane,decamethyl—
T T RS E CiH1606Sis 0.24=0.01 b 0.45+0.03 a 0.2620.02b  0.36+0.03 a
Cyclohexasiloxane,dodecamethyl—
RIVAUIE STVING £ =8 CisHsOsSis - 0.15+0.02 a 0.130.01 a -
Hexadecamethyl—cyclooctasiloxane
Z445% Decane CioHa: 0.24+0.03 a - - 0.12+0.01 b
3,6- A~k CisHag - 0.3+0.02 - -
3,6—-Dimethyl-undecane
+—4% Undecane CuHa - - 0.2620.05 0.24+0.06
+ = 4% Dodecane CioHa 0.12+0.02 - - -
[ PU%E Tetradecane CisHzo - - - 0.12+0.01
+ 4% Pentadecane CisHs, 0.24+0.02 b 0.30+0.03 b 0.65+0.12 a -
+75%8 Hexadecane CigHa 0.60+0.11 b 0.30+0.13 b - 1.73+0.34 a
F-E%E Heptadecane C17Hae 0.12+0.02 - - -
+J1%5¢ Nonadecane CioHao - - - 0.36+0.04
4% Eicosane CxoHa 0.24+0.01 a - - 0.24+0.02 a
A PUkE Tetracosane CaHso - - - 0.24+0.01
2-H1 4B JE 2-Methylheptadecane CisHsg 0.12+0.02 - - 0.12+0.01
2—-H B+ /\JsE 2-Methyloctadecane CioHao - - - 0.24+0.03
—% 1 JUlE Nonadecane,1-chloro— CisHiCl - 0.15+0.01 a 0.13+0.01 a -
—A bk Heptacosane,1-chloro CyHssCl - 0.15+0.01 - -
2-H %+ "% Dodecane,2—methyl— C3Ha - 0.15+0.01 a 0.39+0.11a  0.12+0.03 a
2.4,6- = 3EB#E 2,4,6-Trimethylheptane  CyoHan 0.12+0.01 - - -
3-H3 ke Pentadecane,3—methyl— - 0.15+0.02 - -
ks 1,3,5,5- DU 3E-1,3-3 2 45 CioHi - 0.30+0.02 - -
Alkenes 1,3-Cyclohexadiene, 1,3,5,5~tetramethyl—
1-+738 1-Cetene CisHs - - 0.13+0.01 -
K IHH Longicyclene CisHa 0.72+0.05 a 0.30+0.03 b - -
K45 Longifolene CisHa 1.57+0.23 a 1.20+0.13 a - -
a~7iZ4 a—Bulnesene CisHas 0.2420.04 a 0.1520.06 a - -
R9 AERERIHITEMRLED HURBESHS
Table 9 The contents of the main phenolics and other aromatic components from different fruit bagging treatments
ferr s feartas ?[()Tefflar :g.g ! AU 248 4%
Compound Compound name AR SRR D <
formula Black bag Transparent bag  Green bag White bag
LAY 2.4-RUT HEZER) CiH»0 14.342235b  21.53+4.76a  24.28+397a 16.58+2.11b
Phenolic Phenol,2,4-bis(1,1-dimethylethyl)—
compounds 5 6 — ki T3t 4- AR Butylated hydroxytoluene  CisHaO  0.2420.12a - 0.13:0.02a -
HoAth ZIRILSAALIE Triphenylphosphine oxide CyHisOP  0.12¢0.01b  0.3:0.02 a 0.26£0.01a  0.24%0.02 a
Others 1+ /U LR L 1-Octadecanesulphonyl chloride  CyHuCIOS - 0.1520.01 - -
1A% =4 Cetrimonium Bromide CoHeBIN - - - - 0.12+0.01
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Fig. 1 Changes in the expression levels of monoterpene biosynthesis genes during berry development
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