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Abstract: The effects of fruit bagging treatments with seven different types of bags on the physic-
ochemical characteristics of three table grape cultivars: RuiduZaohong (RDZH), RuiduHongyu
(RDHY), and RuiduHongmei (RDHM) were investigated. Headspace-solid-phase micro-extraction
combined with gas chromatography mass spectrometry (HS-SPME-GC-MS) was used to determine
the compositions of monoterpenes in the fruit. The results showed that the total soluble solids in
RDZH and RDHY fruits treated with the transparent, mesh, yellow, white, and blue bags were signif-
icantly higher than the control. The sugar—acid ratio of RDZH was optimized under the transparent
bag and yellow bag treatments, and both significantly increased the sugar-acid ratio of RDHY and
RDHM. Additionally, mesh bag, transparent bag, and white bag improved the contents of phenolics to
a certain extent. The most abundant volatiles were linalool, geraniol, 3-myrcene, 3-cis-ocimene, and
-trans-ocimene, of which linalool was the main aroma component. The least squares discriminant
analysis results showed that linalool, 4-terpineol, and terpinolen could be used to distinguish the
main contribution of different bagging treatments for RDZH. Trans-isogeraniol, a-terpineol, and
terpinolen could be used for RDHY. Trans-isogeraniol, 3-myrcene, and terpinolen could be used for
RDHM. In conclusion, transparent and white bags promoted the accumulation of phenolics and
monoterpenes while pink and blue bags showed inhibitory effects.

Keywords: grapes; bagging technique; monoterpene; muscat flavor

1. Introduction

Fruit bagging technology is a key cultivation measure to produce high-quality pollution-
free fruits that can also improve their commerciality. Bagging can improve fruit coloring,
enhance fruit appearance, effectively prevent fruit surface pollution, and reduce pesticide
residues, which is one of the important technical measures used in the fruit industry
nowadays [1-4]. At present, it has been widely used in fruit tree production on apple,
pear, grape, and peach species [5-8]. Fruit bags of different materials and colors have
different light transmittances, which can change the microenvironment for fruit growth
and development, ultimately affecting fruit quality [9-11].

As a key indicator of the quality of grape fruits, aroma directly affects the popularity
among consumers. Particularly, muscat-flavored grapes are especially appreciated around
the world, due to their sweet floral or fruity notes. Muscat aroma-producing substances
are mainly monoterpene volatiles, including linalool, geraniol, nerol, myrcene, ocimene,
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rose oxide, terpineol, citronellol and their oxides [12-14]. Monoterpene biosynthesis is
initiated by the production of dimethylallyl diphosphate (DMAPP) and plant isopentenyl
diphosphate (IPP) in two pathways, the plastidial methylerythritol phosphate (MEP) and
primarily cytosolic mevalonic acid (MVA) pathways, with the former regarded as the
main biosynthesis route for monoterpenes in the grape mesocarp and exocarp [15-18].
Studies on the impact of cultivation techniques on the aroma of grape fruits have focused
on different climatic types, harvesting times, vine training systems, pruning manners,
and trellis systems [19-22]. Moreover, non-muscat varieties and non-aromatic varieties
have always been used as study materials. For instance, Ji et al. [23] compared the effects
of different paper bag colors, namely, red bags, green bags, blue bags, white bags, and
unbagged (CK), on the quality of Kyoho fruit. It was found that the bagging treatment
did not affect total soluble solids (TSS) or titratable acids (TA). However, it was found that
red, green, and blue bags significantly reduced the contents of terpenes and aldehydes,
where green bags had the most significant negative effect. Jiang [24] evaluated the effects
of different paper bag colors, namely, black bags, white bags, yellow bags, brown bags and
unbagged (CK), on fruit quality and aroma components in Marselan. It was found that
bagging reduced the total amount of aroma components, where black bag led to the most
negative effect, followed by brown and yellow bag, and white bag corresponded to the
least negative effect. However, few studies have reported the effects of bagging techniques
on the fruit volatile components in muscat-flavored grapes. The present study evaluated
the effects of seven different types of fruit bags on the basic physicochemical parameters,
contents of phenolics, and compositions of monoterpenes of three table grape cultivars with
muscat flavor to provide a theoretical basis for the application of grape bagging technology
to effectively control fruit quality during production.

2. Materials and Methods
2.1. Test Site

The trial was conducted in 2016 in the demonstration vineyard in Machanying Town,
Pinggu District, Beijing, China (40°13’ N, 117°12" E). The test site was a typical alluvial
plain, grapes soil-bury over-wintering zone, with an average annual temperature of 11.7 °C,
an annual rainfall of 397 mm, and a growing degree day index of 2207 (base = 10 °C). The
field capacity was 25.4%, bulk density was 1.37 g/cm?, the content of organic substances
was 21.07 g/kg, pH was 7.8, total nitrogen was 0.86 g/kg, total phosphorus was 0.87 g/kg,
total potassium was 24.1 g/kg, and the content of soluble salts was 1.03 g/kg.

2.2. Materials and Sampling

The grape cultivars used in the experiment were Vitis interspecific hybrids, including
RuiduZaohong (RDZH), RuiduHongyu (RDHY), and RuiduHongmei (RDHM). All three
cultivars were selected by the Institute of Forestry and Pomology, Beijing Academy of
Agriculture and Forestry Sciences. The grape skin of RDZH was light red with a light
muscat aroma. The grape skin of RDHY was purple-red with a strong muscat aroma. The
grape skin of RDHM was reddish-purple with a strong muscat aroma. Planted in 2010,
the trellising system was a hedge V-system, trained to one side horizontal cordon with
an inclined trunk [21,25], and the spacing in the rows and between the rows was 2 x 3 m.
Vineyard management practices, such as irrigation, fertilization, disease, and pest control,
were followed according to the local standards.

Three rows of grapevines (30 vines per row) were conducted for each cultivar. Twenty
moderate-growth vines from each cultivar were selected to control their yield at the same
level. The clusters were bagged in early July (30 days after fruit setting) with seven different
types of fruit bags (provided by Hangzhou Nongfeng Plastic Film & Packaging Co., Ltd.,
Hangzhou, China): white polypropylene micro-perforation bags, pink polypropylene
micro-perforation bags, yellow polypropylene micro-perforation bags, blue polypropy-
lene micro-perforation bags, transparent polypropylene micro-perforation bags, nylon
mesh bags, and white paper bags, which are commonly used in production (Figure 1).
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Fifteen clusters were randomly selected from each single vine for bagging treatment,
each type of bag was used on two clusters, and the remaining one cluster used a type
of bag randomly. The same conduction was repeated on twenty vines for each culti-
var. The reason the paper bag was chosen for control treatment instead of an unbagged
treatment is to protect the grape clusters from birds. RDHY is an early-ripening culti-
var with a bright red color, which could easily be eaten up by birds without the protec-
tion of the bag. Due to the different ripening stages of the three cultivars, fruits were
considered to reach maturity when the seeds turned brown. The fruits were sampled
from different fruiting positions throughout the whole vine at the end of August and
the beginning of September. Ten clusters of each treatment were collected randomly and
brought back to the laboratory to identify basic physicochemical parameters. The remain-
der of the fruits were quick-frozen in liquid nitrogen and stored at —80 °C. In the present
study, abbreviations are used in the charts and figures for different kinds of fruit bagging
treatments: white polypropylene micro-perforation bags = white bag, pink polypropylene
micro-perforation bags = pink bag, yellow polypropylene micro-perforation bags = yellow
bag, blue polypropylene micro-perforation bags = blue bag, transparent polypropylene
micro-perforation bags = transparent bag, nylon mesh bags = mesh bag, and white paper
bags = paper bag (control).

-. ]
‘-w{ Di

o
Figure 1. Fruit bagging treatment with different types of bags. (A): white polypropylene micro-
perforation bags; (B): pink polypropylene micro-perforation bags; (C): yellow polypropylene micro-
perforation bags; (D): blue polypropylene micro-perforation bags; (E): transparent polypropylene
micro-perforation bags; (F): nylon mesh bags; and (G): white paper bags.

2.3. Measurements and Methods
2.3.1. Determination of Basic Physical and Chemical Indicators

The mass of each treated cluster was weighed by an electronic scale J]M-A20002 (Cixi
Red diamond Equipment Co., Ltd., Ningbo, China). The TSS was determined by a portable
Brix meter PAL-1 (Atago Co., Ltd., Tokyo, Japan), and TA was determined by titration with
0.1 mol/L NaOH. The sugar-acid ratio was obtained by dividing the TSS by the TA. The
remaining fruit samples were rapidly frozen in liquid nitrogen and stored in an ultra-low
temperature refrigerator (—80 °C).

2.3.2. Measurement of Phenolic Contents in Grape Fruits

The total anthocyanins [26], proanthocyanidin [27], and flavonoid [28] contents were
determined by ultraviolet and visible spectrophotometer P330 (Implen, Westlake Village,
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CA, USA) with three replicates. The maximum absorption wavelength of the anthocyanins
extract was measured with a spectrophotometer, and the corresponding compound was
malvidin. Therefore, dimethyl-delphinidin-diglucoside-chloride was used as a standard,
and the standards for proanthocyanidin and flavonoid were, respectively, proanthocyanidin
and catechin.

2.3.3. Extraction of Monoterpenes

Extraction of monoterpenes followed previously published method with modifica-
tions [29]. The grape fruits stored in the ultra-low temperature refrigerator at —80 °C were
taken for examination, where 50 g was weighed for the monoterpene extraction analysis.
The grape fruits were rapidly frozen in liquid nitrogen to remove impurities, such as
pedicels or seeds. Then, 0.5 g of D-glucono-delta-lactone was added to inhibit the activity
of glycoside hydrolase. Next, the grape fruits were ground by a stainless grinder A1l (IKA
Works, Guangzhou, China) and then mixed with 2 g of cross-linked polyvinylpyrrolidone
(PVPP) under liquid nitrogen to prevent the oxidation of the sample. The flesh was macer-
ated for 2 h at room temperature, followed by centrifugation (8000 r/min) for 10 min to
collect the clear juice. Afterwards, the supernatant was transferred to a 50 mL centrifuge
tube. Thereafter, the free volatiles were extracted under the following headspace-solid-
phase micro-extraction (HS-SPME) conditions: 5 mL of juice was mixed with 10 pL of
4-methyl-2-pentanol (internal standard) and 1 g of NaCl in a 20 mL Teflon silicone screw-
top vial. The vial was equilibrated at 40 °C for 30 min with stirring at 500 r/min. Afterward,
an activated SPME tip (Supelco, Bellefonte, PA, USA) was inserted into the headspace of
the vial, and the volatile components were adsorbed at 40 °C for 30 min. Additionally,
the SPME tip was inserted into the GC inlet for at 250 °C for 8 min to release the volatiles.
Three replicates per treatment.

2.3.4. Detection of Monoterpenes and the Qualitative and Quantitative Analysis

Gas chromatography and mass spectrometry (GC-MS) model: Agilent 7890B GC and
Agilent 5977A MS (Agilent Technologies, Santa Clara, CA, USA). The capillary column
was HP-INNOWAX (60 m x 0.25 mm x 0.25 um, J&W Scientific, Folsom, CA, USA). The
GC-MS conditions referred to the method published by Wu et al. [30]: high-purity helium
was used as the carrier gas (He, >99.999%) at a flow rate of 1 mL/min; the inlet temperature
was 250 °C, the sample was under spitless injection, and the resolution time was 8 min;
and the ramp-up procedure was conducted at 50 °C for 1 min, then ramped up to 220 °C at
3 °C/min, and kept for 5 min. The mass spectrometry ionization method was electronic
ionization, the ion source temperature was 230 °C, the ionization energy was 70 eV, the
quadrupole temperature was 150 °C, the mass spectrometry interface temperature was
280 °C, and the mass scan range was 30-350 m/z

The detection conditions of GC-MS and the qualitative and quantitative analysis
of aroma substances were referred to in previous studies [31]. The mass spectra were
retrieved from the NIST 11 library using full-ion scanning spectra. The retention indices
were calculated based on the chromatographic retention times and the mass spectra of
existing standards. For compounds with standards, the corresponding standard curves
were used for quantification, whereas for compounds without standards, the NIST 05
library of standards with similar chemical structures, functional groups, and numbers of
carbon atoms were used for quantification.

2.4. Data Processing and Statistical Analysis

The data were compiled and plotted using Microsoft Excel 2007 software (Microsoft
Corporation, Redmond, WA, USA). A statistical analysis of the data was performed using
the analysis software Sigma Plot 12.0 (Systat Software Inc., San Jose, CA, USA), using
Student-Newman-Keuls multiple comparisons for significance ANOVA with the lowest
significant level of p < 0.05. Furthermore, the cluster analysis and least square discriminant
analysis were performed using MetaboAnalyst 4.0 (Xia Lab @ McGill, Quebec, QC, Canada).
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3. Results and Analysis
3.1. Effects of Fruit Bagging Treatment with Different Types of Bags on the Basic Quality
Indicators of the Three Table Grape Cultivars

As shown in Table 1, there was no significant effect from the different types of fruit
bags on the cluster weight or TA of RDZH. However, there was a significant effect on TSS:
the content was the lowest with the paper bag and pink bag treatments, while the content
in the other five treatments was significantly higher than the paper bag, with the white
bag and blue bag treatments showing the highest content. The effect on the sugar—-acid
ratio was highest under the mesh bag treatment, followed by the pink bag, blue bag, and
paper bag treatments, and lowest in the yellow bag and transparent bag treatments. Studies
have shown that when the sugar-acid ratio of the table grape is between 20 and 40, the
sugar—acid ratio is directly proportional to the consumer preference, the sugar-acid ratio is
inversely proportional to consumer preference when it exceeds 40, and the difference was
perceptible when the difference between the sugar-acid ratios of two samples was not less
than 5 [32,33]. The sugar—acid ratios of RDZH under different treatments were all above
40. Therefore, the lower the value, the better the balance of the sweet and sour taste of the
fruit. The sugar-acid ratios under the yellow bag and transparent bag treatments were the
lowest. However, the difference between them and most of the other treatments was less
than five, and only more than five from the mesh bag treatment, so the fruit taste of the
mesh bag treatment was over-sweet.

Table 1. Effects of fruit bagging treatment with different types of bags on the basic quality indicators
of the three table grape cultivars.

. Cluster Total Soluble Titratable

Cultivar Bag Type Weight/s  Solids/® Brix Acidity/(%) TSSITA
White bag 595 £74a 156 £0.1a 0.312 £ 0.002 a 498+ 03D
Pink bag 558 £73a 140£0.1c 0.271 £ 0.002 a 51.6 04D
Yellow bag 614 £97a 148 £0.1ab 0.322 £ 0.013 a 460+ 15c¢
RDZH Blue bag 643 £80a 151£0.1a 0.299 £+ 0.001 a 50.5+03b
Transparent bag 600 =26 a 143+ 0.0b 0.307 £ 0.001 a 464 +02c
Mesh bag 514 £85a 148 £0.0ab 0.270 £ 0.003 a 548+ 03a
Paper bag 692 £104 a 138 £0.0c¢ 0.270 £ 0.001 a 51.3+02b
White bag 354 £55a 20.7+0.0d 0.395 £ 0.0.02 a 523+02b
Pink bag 404 +59a 21.3+01c¢ 0.386 4 0.006 b 555+ 03D
Yellow bag 375+£21a 21.8+01Db 0.360 + 0.001 d 60.5+04a
RDHY Blue bag 381 +£42a 192+01e 0.360 £ 0.004 d 532+06Db
Transparent bag 375+21a 230+0.1a 0.377 £ 0.002 ¢ 609+02a
Mesh bag 380+£37a 21.0+02c 0.381 £ 0.001 be 5514+03b
Paper bag 387 £55a 187 £0.1f 0.357 +0.003 d 524+05Db
White bag 666 £ 59 a 169 £0.6a 0.562 4 0.002 b 29.5+ 1.6 bc
Pink bag 667 £142a 155 +02b 0.505 £ 0.009 be 31.0+03b
Yellow bag 592+ 14a 159 £ 0.6 ab 0.447 £ 0.001 e 358+ 15a
RDHM Blue bag 597 £90a 159 £ 0.8 ab 0.496 £+ 0.001 ¢ 30.1+19bc
Transparent bag 601 +52a 155+ 02b 0.466 £ 0.006 d 33.6+03a
Mesh bag 644 £107 a 173 £03a 0.634 £ 0.005 a 274+ 06¢
Paper bag 706 £97 a 16.0 £ 0.7 ab 0.508 £ 0.001 be 316+ 17D

p-values Cultivar <0.001 <0.001 <0.001 <0.001

Treatment 0.547 <0.001 <0.001 <0.001

Cultivar x Treatment 0.591 <0.001 <0.001 <0.001

Note: Data are average & SE. Different letters stand for the significant difference (p value < 0.05). The same
applies below.

There was no significant effect from the different types of fruit bag treatments on
the cluster weight of RDHY. The TSS of the RDHY bagging treatments were significantly
higher than that of the paper bag treatment. In descending order, they were transparent
bags, yellow bags, pink and mesh bags, white bags, and blue bags. The TA results showed
that all treatments were higher than the paper bag treatment, with white bags being the
highest, followed by the pink, mesh, transparent, yellow, and blue bags. The sugar-acid
ratio of RDHY was high, above 52 for all treatments, with that under transparent and
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Whitebag 1 b
Pink bag 1 ab
Yellowbag ] ab

yellow bags treatments being the highest, which were above 60, followed by pink and mesh
bags, and finally bluebags, paper bags, and white bags. Therefore, the fruit taste under the
transparent and yellow bag treatments was over-sweet, while the fruit sugar—acid ratio
under the blue, paper, and white bag treatments were relatively balanced.

There was no significant difference in cluster weight between the treatments of RDHM.
The TSS under the mesh and white bag treatments were higher than that of the paper
bag, whereas the TSS under the pink and transparent bag treatments were lower than that
under the paper bag treatment. The TA results showed that the mesh bag treatment was
the highest, followed by the white, paper and pink bags, then by the blue bag, transparent
bag, and finally the yellow bag as the lowest. The results of the sugar—acid ratio were that
the yellow and transparent bags were the highest, followed by paper, pink, blue and white
bags, while the mesh was the lowest. The sugar—acid ratio of RDHM was below 40 for
all treatments, so it was believed that the higher the value, the better the balance of taste,
i.e., the yellow and transparent bags were better than the others, while the mesh, white,
and bluebags were worse (sour taste).

3.2. Effects of Fruit Bagging Treatment with Different Types of Bags on Phenolic Contents in the
Three Iable Grape Cultivars

Fruit bagging treatment with different types of bags had a significant effect on the
contents of phenolics in fruits (Figure 2). The results of the total anthocyanins were relatively
consistent with the color of fruit peels of the cultivar: RDHM had reddish-purple peels
with the highest total anthocyanin content; RDHY had red peels with the second highest
total anthocyanin content; and RDZH had light red peels with the lowest total anthocyanin
content. The differences among the seven different types of fruit bags were as follows:
RDZH had the highest content under the mesh bag treatment, the lowest under the white
bag treatment, and the other treatments were in between; RDHY had the highest in the
yellow bag treatment, the lowest in the pink bag treatment, and the other treatments were
in between; and the total anthocyanin content of RDHM was higher than that of paper bags
in all bag treatments, with transparent bags and mesh bags reaching significant levels.

A Whitebag ——%  ab B Whitebag ———» b C
Pinkbag — ¢ Pinkbag —————) ab

g Y b = Yellowbag ———+w ab = Yellowbag ——————3 ab
g uebag N Bluebag ——— ab 5 Bluebag —————Hh C
Transparentbag ——— ab ~ Transparentbag ¥ ab Transparentbag % ab

Meshbag ——————3— 2 Mesh bag ———% a Meshbag ——————) a
Paperbag 1 ab Paperbag —% b Paper bag —————— ab
White bag mm— 20 White bag IEEEEE—— 2D White bag IE—— b
Pink bag m— b Pink bag — b Pink bag - C

& Yellowbag IS 2 - Yellow bag a > Yellow bag ab

z Bluebag EEESS—  2b z Bluebag  —— 2D 5 Bluebag IE— 2D

Transparentbag  IEES—  ab A Transparentbag IEEEEE———— b Transparent bag ab

Meshbag IS b Mesh bag I 2D Mesh bag ab
Paper bag NS b Paper bag ab Paper bag I 2
White bag | b ab White bag a White bag IS ab
Pink bag Ty 3D Pink bag b Pink bag I ab

= Yellow bag === ab = Yellow bag b = Yellow bag D b

= Bluebag T ab ) Blue bag a = Bluebag I ab

a Transparentbag | }— a & Transparent bag a a Transparent bag I————H  ab
Mesh bag | no 2 Mesh bag b Mesh bag I
| s— ) Paper bag a Paper bag I——— 2 )

0.000 0.020 0.040 0.060 0.0 5.0 10.0 15.0 20.0 0.0 15 3.0 45 6.0

anthocyanins (mg-g™')

flavanoid (mg-g ) proanthocyanidin (mg-g™)

Figure 2. Effects of fruit bagging treatment with different types of bags on the total contents of antho-
cyanins (A), flavonoids (B), and proanthocyanidins (C) in the three table grape cultivars. Different
letters besides the bars with the same color stand for the significant difference (p value < 0.05).

Differences in flavonoid content between the cultivars were also found. The flavonoid
content was significantly higher in RDHY than that in RDZH and RDHM, while that in
RDHM was slightly higher than in RDZH. The flavonoid contents under different types of
fruit bag treatments were found to be the following. RDZH under the mesh bag treatment
was significantly higher than that under the paper bag treatment, RDZH under the pink
bag treatment was significantly lower than that under the paper bag treatment, and the
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flavonoid content under the remaining four treatments was between those under the mesh
and paper bag treatments. For RDHY, yellow bags were significantly higher than pink bags,
and the remaining five treatments were between them with no significant difference. For
RDHM, the white, blue, transparent, and paper bags were at the same level, which was
significantly higher than the pink, yellow, and mesh bags.

The differences in proanthocyanidin content among the cultivars were as follows:
RDHY showed the highest result, followed by RDHM, while RDZH was the lowest. The
results of proanthocyanidin in different types of fruit bags were found to be the following.
For RDZH, the mesh bag treatment significantly increased the content of proanthocyanidin,
the blue bag treatment significantly decreased the content of proanthocyanidin, while
the rest of the treatments and the paper bag treatment were at the same level. The white
and pink bag treatments for RDHY and the yellow bag treatment for RDHM significantly
reduced the proanthocyanidin content.

3.3. Effects of Fruit Bagging Treatment with Different Types of Bags on the Compositions and
Contents of Monoterpenes in the Three Table Grape Cultivars

3.3.1. Compositions and Contents of Monoterpenes in the Three Table Grape Cultivars

The 26 monoterpenes differed in the three table grape cultivars (Table 2). Citronellal
(M15) and trans-isogeraniol (M24) were not detected in RDZH, citronellal (M15) was not
detected in RDHY, while the remaining 24 compounds were detected. The six compounds
with the highest monoterpene content in the RDZH and RDHY fruits were linalool (M16),
geraniol (M25), geranic acid (M26), (3-cis-ocimene (M6), p-myrcene (M1), and (3-trans-
ocimene (M4). The six compounds with the highest monoterpene content in the RDHM
fruits were linalool (M16), geraniol (M25), 3-myrcene (M1), 3-cis-ocimene (M6), 3-trans-
ocimene (M4), and o-terpinol (M19). The contents of neral (M18) and geranial (M20) were
similar in the three cultivars. The contents of cis-rose oxide (M8) and trans-rose oxide
(M9) were the highest in RDHY, and the contents in RDZH and RDHM were similar. The
contents of cis-furan linalool oxide (M12), trans-furan linalool oxide (M13), and nerol (M22)
were the highest in RDHY, followed by RDHM, and the lowest in RDZH. The contents
of nerol oxide (M14), 3-citronellol (M21), and geranic acid (M26) were also the highest
in RDHY, followed by RDZH, and the lowest in RDHM. The geraniol (M25) content was
the highest in RDHM, followed by RDZH, and then RDHY. The contents of the remaining
15 monoterpenes were the highest in RDHM, followed by RDHY, and RDZH had the lowest
content. Total monoterpenes also showed the same pattern of RDHM > RDHY > RDZH
(Figure 3).

16,000
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2

= 12,000 |
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(&} —
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Figure 3. Effects of fruit bagging treatment with different types of bags on the total contents of
monoterpenes in the three table grape cultivars. Different letters on the bars of certain cultivar stand
for the significant difference (p value < 0.05).
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Table 2. Effects of fruit bagging treatment with different types of bags on monoterpene contents in three table grape cultivars (ug-L~1).

Code

Cultivar

Treatment x

Compound Type of Bags Cultivar Treatment .
: : Value Value Cultivar
White Bag Pink Bag Yellow Bag Blue Bag Transparent Bag Mesh Bag Paper Bag pva P p Value
M1 B-Myrcene RDZH 289.51 + 0.28 b 76.89 +3.10 e 84.73 £ 0.84 ¢ 8121 £351e 356.47 & 11.65 a 219.73 +£1.30 ¢ 169.38 +1.93 d <0.001 <0.001 <0.001
RDHY 234.83 +8.28a 100.46 + 4.86 b 160.64 + 22.52 ab 163.84 £ 3.95a 502.35 & 21.37 a 815.37 +- 8.74 a 162.01 + 4.84 ab
RDHM 1232.81 £3.35b 22514 +241¢g 558.30 & 22.70 e 457.62 +18.14 1538.13 £ 51.74 a 998.11 +1.79 ¢ 828.12 +51.22d
. RDZH 2572 +0.74a 537 +0.02d 5.74 4+ 0.15 ¢ 498 4+0.10e 2294 4093 a 21.58 + 0.55 a 9.10 +0.09 b <0.001 <0.001 <0.001
M2 Limonene RDHY 14.47 4+ 0.07 ¢ 6.93+0.17d 14.28 +2.38 ¢ 12.28 + 0.45 ¢ 3321 +0.82b 50.62 +1.35a 11.84 + 0.06 ¢
RDHM 61.36 + 0.79 a 22154 0.01 ¢ 52.30 =+ 2.05 ab 28.21+0.37b 138.64 +£5.32a 4297 + 8.24 ab 6191 +1.11a
RDZH 4384 0.04b 1.81 £0.03 ¢ 1.98 + 0.07 be 1.93 + 0.06 be 5.14 +0.14 a 329+£024b 2.93 + 0.03 be <0.001 <0.001 <0.001
M3 Phellandrene  pppyy 345+ 0.05¢ 208 +027d 324+032¢ 3224000 ¢ 563+0.15b 1044 £0.15a 316+ 001 ¢
RDHM 9.92 4+ 0.07 b 3.57 4 0.03 6.99 +0.28 d 549 +0.11e 1538 + 0.56 a 8.99 +0.11 ¢ 8.54 4 0.30
B-trans- RDZH 11496 + 1.71a 29.84 +1.09d 31.25+1.39d 27.56 + 1.54d 124.59 + 4.50 a 103.83 £2.19b 53.45 + 0.26 <0.001 <0.001 <0.001
M4 Ocimene RDHY 70.66 £ 0.14 b 34.95 4+ 0.72 ¢ 60.21 = 10.42 be 58.69 =+ 0.95 be 171.69 £ 5.13b 266.60 & 4.90 a 59.39 =+ 0.90 be
RDHM 289.22 +0.70 b 7717 £ 0.06 d 198.41 + 12.47b 147.79 + 16.54 518.90 = 15.56 a 24731 +1.34b 248.07 +8.29b
M5 y-Terpinen RDZH 491+0.02a 2.09 4+ 0.02b 2.08 £ 0.04b 2.00 £ 0.02b 46540.10a 478 +£0.25a 2.64 4+ 0.01b <0.001 <0.001 <0.001
RDHY 349 +0.03 1.84 +0.26d 333 +035¢ 3.02 4 0.06 6.49 £ 0.09 b 1194+ 1.11a 2.94 4 0.03 ¢
RDHM 9.2140.04b 3.8540.00d 7.87 £0.32b 5.50 + 0.50 ¢ 1891 4+ 0.87a 844 +0.19b 894+ 024b
B-cis- RDZH 304.88 + 1.67 a 73.78 £2.79 ¢ 76.99 - 2.09 ¢ 66.65 & 2.89 ¢ 316.65 + 12.28 a 269.59 +7.22 a 132.39 £ 0.95 b <0.001 <0.001 <0.001
M6 Ocimene RDHY 178.49 £ 0.86 b 86.59 & 1.22 ¢ 156.88 = 26.79 b 147.94 +3.83b 44409 +11.32b 691.05 + 8.78 a 147.80 £2.01b
RDHM 736.44 + 4.87 b 195.07 +0.18 d 517.19 +32.10 b 367.11 + 40.19 ¢ 1380.25 + 41.72a 638.25 + 1.87b 635.52 = 19.41 b
M7 Terpinolen RDZH 31.97 + 0.56 a 5.96 + 0.05 d 5.80 & 0.20 d 493 4+0.01d 26.19 +1.53 ¢ 2847 +0.95b 820+0.17d <0.001 <0.001 <0.001
RDHY 15.56 + 0.09 ¢ 518 +0.20d 14.71 £ 2,55 ¢ 12.28 £ 0.88 ¢ 35.92 4+ 0.71b 58.75 +1.99 a 11.08 + 0.17 ¢
RDHM 61.68 4+ 0.85b 25.54 4 0.00 d 69.51 £ 4.02 b 34.09 + 3.96 ¢ 189.01 £ 9.36 a 63.64 = 0.49 b 7330 £1.39b
M8 cis-Rose RDZH 3.65 4 0.01 a 342 40.00b 3.39 £ 0.00 b 3.39 £ 0.00 b 3.64 £ 0.01 a 3.68 & 0.00 a 3.46 4 0.00 a <0.001 <0.001 <0.001
oxide RDHY 3.96 + 0.00 3.61 +0.01l e 3.67 +0.08 3.84+0.01e 4734 0.01b 5.32 4 0.06 a 3.89 4+ 0.01d
RDHM 347 +0.03 a 3.27 £ 0.00 ¢ 3.31+0.00b 3.29 4+ 0.01 ¢ 340 +£0.01a 3.40 4 0.00 a 3.33 4 0.00 a
MO trans-Rose RDZH 3.3440.01a 3.29 £ 0.00 a 3.28 £ 0.00 b 3.27 £0.00 b 3.34 4 0.00 a 3.36 4 0.00 a 327 4+0.00b <0.001 <0.001 <0.001
oxide RDHY 3.45 £ 0.00 ¢ 3.33 4+ 0.01 f 3.35 4 0.02 f 3.40 £ 0.00 e 3.61+0.00 b 3.76 +0.02 a 342 +0.00d
RDHM 3.26 4 0.00 a 3.26 4 0.00 a 3.26 £ 0.00 a 3.26 4 0.00 a 3.26 = 0.00 a 3.26 4 0.00 a 3.26 4 0.00 a
MI0 Allo- RDZH 96.53 & 0.27 a 23.66 + 1.13 ¢ 24.34 4 0.98 21.04 +1.01 ¢ 99.30 +3.72 a 83.22 +2.08 a 41.36 +0.37b <0.001 <0.001 <0.001
ocimene RDHY 56.56 + 0.48 ¢ 2647 +0.76 d 47.93 + 845 ¢ 4563 +£1.22 ¢ 137.47 £ 3.73b 211.96 + 3.62 a 4521 +1.02¢
RDHM 250.94 4+ 2.28 b 71.04 £ 0.05 e 194.90 + 16.88 ¢ 130.80 + 14.13 d 486.07 +£15.13a 21758 +1.49 ¢ 22847 +7.20 ¢
M1 (E,Z)-Allo- RDZH 16.95 £ 0.09 b 443 4+021e 5.25 4 0.04 e 4524025¢e 19.84 £ 091 a 14.40 = 0.09 ¢ 8.71+£0.17d <0.001 <0.001 <0.001
ocimene RDHY 10.90 + 0.29 ¢ 593+ 0.14 e 9.65 &+ 1.58 d 8.81+0.09d 2499 +0.57 b 36.96 + 0.77 a 7.70 £0.15d
RDHM 41.19 +0.69 b 15.85 + 0.57 d 37.17 £297b 26.03 & 2.74 86.13 = 3.32a 36.64 + 0.08 b 39.39 +1.14b
cis-Furan RDZH 15.89 + 0.06 d 6.03 + 0.06 e 5.75 & 0.05 e 5.78 £ 0.05 e 21.98 +0.68 a 18.36 + 0.37 b 16.79 + 0.36 ¢ <0.001 <0.001 <0.001
Mi2 linalool RDHY 2554 +0.15 ¢ 19.46 +0.41d 26.82 4+ 3.07 ¢ 25.77 +0.17 82.06 & 2.45b 9347 4+ 0.03 a 27.80 4 0.44 ¢
oxide RDHM 39.33+0.19a 7.88 £ 0.03 ¢ 15.15 == 0.66 be 15.93 + 1.52 be 31.91 +0.86 b 20.24 +0.14b 15.50 + 0.04 be
MI3 trans-Furan RDZH 11.30 £0.17 b 4.66 4+ 0.03 d 43140.02f 447 +0.03 e 1692 £ 021 a 10.39 = 0.09 ¢ 11.61 £0.14b <0.001 <0.001 <0.001
linalool RDHY 11.30 + 0.25 be 8.26 +0.08 d 11.11 £ 0.92 be 9.65 4 0.19 ¢ 33.56 & 0.99 b 46.16 +0.37 a 12.22 4+ 0.02 be
oxide RDHM 19.35 £ 0.38a 441 +000d 6.81 +024d 746 +0.57 cd 1599 £ 029 b 11.10 = 0.06 ¢ 7.38 £ 0.05 cd
Mid Nerol oxide RDZH 50.06 + 0.15 a 18.61 + 0.21 ab 14.33 £0.28b 1532 £ 042 b 4523 +1.65a 53.26 +2.29 a 1847 £0.11b <0.001 <0.001 <0.001
RDHY 31.09 +0.21b 12.97 £ 0.01 ¢ 32.39 +£4.50 b 28.36 4 0.86 b 67.52+3.15b 91.02 +2.61 a 21.90 +0.12b
RDHM 41.78 £ 0.39b 18.90 + 0.01 be 32.37 +£1.99 ¢ 2335+ 1.61d 67.55 & 3.25 a 34.74 4+ 031 c 32.22 4+ 0.55 ¢
. RDZH nd nd nd nd nd nd nd
MI15 Citronellal RDHY nd nd nd nd nd nd nd ' ' '
RDHM tr tr tr tr tr 86.25 + 0.72 tr
M6 Linalool RDZH 1762.30 £ 1.90 b 21697 £ 1.07 g 4742 +1.10e 377.73 4 9.25 f 2393.30 & 34.43 a 1682.54 =+ 30.35 ¢ 1205.12 £ 1.11d <0.001 <0.001 <0.001
RDHY 129849 + 1.77 ¢ 1074.63 + 3.15 ¢ 1415.71 = 206.33 ¢ 1455.78 £ 7.22 ¢ 4130.05 + 117.28b  6503.62 & 23.10 a 1587.67 =+ 35.39 ¢
RDHM 6119.10 & 11.03 b 916.68 + 3.07 ¢ 2880.75 + 477.51bc  3001.95 + 41751 bc 623579 +9599a  4446.00 + 1501 bc  3308.75 + 94.21 bc
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Table 2. Cont.

Code

Compound

Cultivar

Treatment x

Type of Bags Cultivar Treatment .
: : Value Value Cultivar
White Bag Pink Bag Yellow Bag Blue Bag Transparent Bag Mesh Bag Paper Bag 14 14 p Value
M17 4-Terpineol RDZH 1.77 + 0.00 a tr tr tr 173+ 0.01a 1.78 £ 0.02a tr <0.001 <0.001 <0.001
RDHY 1.70 + 0.01 ¢ 1.50 + 0.01 e 1.70 = 0.05 ¢ 1.56 + 0.01d 222 +0.04b 297 +£0.01a 1.62 4 0.01 ¢
RDHM 249 +0.01a 1.67 + 0.01 ¢ 249+ 020a 1.87 + 0.07b 415+0.18a 235+0.02a 235+ 0.04a
RDZH 3.02 +£0.07b 2.94 +0.03b 334+0.12a 2.94+0.04b 2.92 +0.03b 3.19 £ 0.10 ab 2.88+0.05b <0.001 0.002 0.115
M18 Neral RDHY 2.85+0.02a 2.81 +0.08a 2.80 +0.05a 2.78 +£0.05a 2.78 +0.05a 2.82 +0.08a 2.84 +0.08a
RDHM 2.87+0.07a 291+0.10a 314+0.15a 2.86 £ 0.07 a 3.03+0.11a 3.04 £ 0.03 a 2.88 +0.03 a
MI9 a-Terpineol RDZH 78.80 £ 0.47 a 1524 +0.29 b 14.97 + 0.47 b 14.84 + 0.08 b 64.10 + 3.54 a 67.72 £3.09 a 21.49 +1.32 ab <0.001 <0.001 <0.001
RDHY 41.00 + 0.89 ¢ 17.17 + 0.80 f 50.68 + 6.14 ¢ 35.07 £0.99d 106.46 + 5.58 b 189.84 + 0.47 a 3145+0.15¢e
RDHM 156.97 + 0.02 b 68.73 +0.01d 21225 + 3557 b 97.82 +£9.03 ¢ 480.07 + 26.69 a 182.72 +1.31b 199.46 +1.20 b
. RDZH 3.90 +0.03 ¢ 3.69 +0.02 e 491 +0.04a 3.72 +0.00 e 3.78 +£0.02d 447 +0.04b 3.51 +0.01 f <0.001 <0.001 <0.001
M20 Geranial RDHY 333 +0.02a 3.05+0.02b 3.01 +0.03b 297 +£0.02b 297 +0.01b 3.04+0.01b 3.07 £0.01b
RDHM 336 +£0.02b 342 +0.01ab 456 +0.28a 3.45 + 0.08 ab 422 +0.03a 4.44 +0.09 a 3.74 £ 0.00 a
- RDZH 30.38 £ 0.06 b 12.90 + 0.10 e 10.64 + 0.04 f 11.32 £ 042 f 35.68 £ 0.43 a 28.60 + 0.68 ¢ 20.54 +0.37d <0.001 <0.001 <0.001
M21 Citronellol RDHY 75.53 + 1.19 ab 57.75 +1.23b 56.67 + 6.43 b 65.77 + 0.81 b 74.25 + 3.74 ab 105.02 + 1.84 a 76.98 + 1.52 ab
RDHM 10.22 + 0.36 a 3.81+0.04c 897 +1.26a 5.23 +0.60 b 14.33 + 0.41a 15.10 + 0.09 a 9.04 + 0.00 a
RDZH 85.60 + 0.46 b 4390 +0.16d 37.79 +£0.17d 3772 +1.82d 96.57 £ 243 a 93.31 + 2.43 ab 48.96 £1.09 ¢ <0.001 <0.001 <0.001
M22 Nerol RDHY 10032 £ 142 a 72.64 + 2.06 b 81.21 +8.18b 86.08 + 0.92 b 62.70 £ 2.76 ¢ 102.40 £ 0.90 a 83.52 +2.03b
RDHM 66.07 + 0.54 4630+ 0.31e 117.83 £ 1691 b 5495+ 4.61d 167.17 £ 7.33 a 138.46 + 0.56 b 90.92 +0.45b
cis- RDZH 0.52 + 0.00 ab 0.53 + 0.00 ab 0.50 + 0.03 ab 0.46 + 0.00 b 0.42 +0.01 ¢ 0.64 + 0.06 a 0.41 + 0.00 ¢ <0.001 <0.001 <0.001
M23 Isogeraniol RDHY 1.02 4 0.00 ¢ 0.70 +0.07 d 0.90 +0.05d 1.14 +0.03b 0.84 +0.09d 123 4+0.05b 1.46 +0.09 a
RDHM 0.49 +0.01a 0.53 +0.02a 0.83+0.22a 0.44 +0.01b 091 +0.02a 113+ 0.01a 0.79 £0.02a
trans- RDZH nd nd nd nd nd nd nd <0.001 <0.001 <0.001
M24 Isogeraniol RDHY tr tr 0.55+0.02b tr 0.58 +0.02b 0.82 +0.05a tr
RDHM tr tr tr tr 0.95 +0.01 a 0.71 +0.00 b tr
) RDZH 1479.47 +11.82 a 960.55 + 2.19b 102042 + 3.25b 918.98 + 57.23 b 1428.81 £+ 35.10 a 1356.98 + 33.83 a 1005.08 + 27.40 b <0.001 <0.001 <0.001
M25 Geraniol RDHY 1152.08 £22.92a  457.63 +£14.53b 576.93 + 60.73 b 49757 + 574 b 461.10 + 23.04b 751.39 + 1220 a 579.61 + 16.96 b
RDHM 787.40 £+ 6.12b 799.42 +£9.01b 1818.86 + 269.13 a 948.40 + 98.76 b 1938.07 + 65.03 a 1927.52 + 4.34 a 1371.84 + 8.79 a
L RDZH 485.05+1.76a 361.99 + 20.49 184.12 +7.55d 229.83 +7.17 ¢ 47483 +27.11a 520.57 + 28.02 a 317.48 £ 1.66 b <0.001 <0.001 <0.001
M26 Geranic acid RDHY 135211 £5342b  a839.78 £81.15¢c  1586.83 + 11041 b 126526 + 13.28 b 1537.73 £ 86.14b  2365.66 £ 64.53a 140563 £ 1742b
RDHM 45.46 +£1.35b 68.84 £7.05b 147.77 + 30.49 a 47.65 + 8.64 b 105.64 + 0.36 a 157.80 +£2.19a 11527 + 031 a

Note: “tr” represents trace amount; “nd” represents not detected.
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3.3.2. Effects of Fruit Bagging Treatment with Different Types of Bags on the Compositions
and Contents of Monoterpenes in the Three Table Grape Cultivars

The total monoterpenes in different types of fruit bags varied significantly (Figure 3).
For RDZH, transparent bags had the highest total monoterpenes (5569.0 pg-L~!), which was
significantly higher than white bags (4904.8 ug-L~!); white bags were significantly higher
than mesh bags (4597.7 ug-L~!); and all three were significantly higher than paper bags
(3107.2 ug-L~1). The pink, yellow, and blue bags were significantly lower than paper bags.
The total amount of monoterpenes was 12,422.2 ug-L~! for the RDHY mesh bag treatment
and 7934.9 pg-L~! for the transparent bag treatment, both of which were significantly higher
than the paper bag treatment (4294.1 pg-L.~!), while the white, yellow, blue, and paper
bag treatments were at the same level, and pink bags were significantly lower than paper
bags. Furthermore, RDHM and RDZH showed similar patterns, where the total amount
of monoterpenes in the transparent bag treatment was the highest (13,448.0 pg-L~!) and
significantly higher than the white bag treatment (9994.3 pig-L~1), the white bag treatment
was significantly higher than the mesh bag treatment (9300.2 pg-L~!), and all three were
significantly higher than the paper bag treatment (7299 ug-L~!). The yellow, blue, and
paper bag treatments were at the same level, and the pink bag treatment was the lowest.

The cluster analysis results showed that the seven treatments on RDZH were mainly
clustered into three categories (Figure 4A). The first category consisted of mesh bags, white
bags, and transparent bags, which promoted the accumulation of monoterpenes in RDZH
fruits. The second category was paper bags, which were the experimental control. The
third category included yellow, pink, and blue bags, which inhibited the accumulation of
monoterpenes in RDZH fruits. The 26 monoterpenes of RDZH were mainly clustered into
four categories. The first category contained neral (M18) and geranial (M20), which were
high in the yellow and mesh bag treatments and low in the other treatments. The second
category contained only cis-isogeraniol (M23), which was high in the mesh, white, pink,
and yellow bag treatments, but low in the blue, transparent, and paper bag treatments. The
third category included 22 compounds, such as 3-myrcene (M1), phellandrene (M3), and
B-citronellol (M21), which were high in the mesh, white, and transparent bag treatments
and low in the yellow, pink, and blue bag treatments. The fourth category contained
only geranic acid (M26), which was high in the mesh, white, transparent, and pink bag
treatments and low in the paper, blue, and yellow bag treatments.

The seven treatments on RDHY were mainly clustered into three groups (Figure 4B).
The first group included white bags, which contained high levels of nerol (M22), geraniol
(M25), neral (M18), and geranial (M20), while the other compounds were at intermediate
levels. The second category comprised the pink, yellow, blue, and paper bags. Most
of the monoterpenes were inhibited by the second category of treatments. The third
category included transparent and mesh bags, which promoted the accumulation of the
most monoterpenes. Twenty-six kinds of monoterpenes were mainly clustered into four
groups. The first group contained nerol (M22), geraniol (M25), neral (M18), and geranial
(M20), which were the most abundant in the white bag treatment and the least abundant
in the transparent bag treatment. The second group contained only cis-isogeraniol (M23),
which was high in the paper and mesh bag treatments, and low in the pink and transparent
bag treatments. The third group contained 20 compounds, including (3-citronellol (M21),
geranic acid (M26), and a-terpineol (M19), among others. The content of this group of
compounds was high in the mesh and transparent bags and low in the pink bag. The fourth
group contained only trans-isogeraniol (M24), which was high in the mesh, yellow, and
transparent bags, but low in the other four treatments.



Horticulturae 2022, 8, 411

11 of 17

Beq ysan

Beq juanedsues )

Beq alum

Beq saded

class class
15 Blue bag

Mesh bag
1 Paper bag
Pink bag
Transparent bag
White bag
Yellow bag

Beqg mojjaA
Beq anjg
Beq yuid

E

2 class
Blue bag
Mesh bag
1 Paper bag

Pink bag
Transparent bag

White bag

‘Yellow bag

Beq yuid

Beq anym

Figure 4. Cont.

Beq mojjaa

Beq anjg

Beq sadeq
Beq ysaw

Beq waredsues)

=



Horticulturae 2022, 8,411

12 0of 17

EE class
class 2

T Blue bag
| E—— Mo Mesh bag
M1 Paper bag
1 wie || 1| pinkbag
Transparent bag
M8 White bag

M12 |l vellow bag

1
Mm21
M4
M3 2

M20
M22

e .]
z zz .
Es
@ o

Beq Jaded

F]
F)
5
z
3
2
g
2
g
&

©

Figure 4. Hierarchical cluster analysis of the effects of fruit bagging treatment with different types
of bags on the monoterpene content of three table grape cultivars ((A): RDZH; (B): RDHY; and
(C): RDHM).

The seven treatments on RDHM were mainly clustered into three categories (Figure 4C).
The first category included pink and blue bags, which significantly inhibited the accumu-
lation of all 26 monoterpenes. The second category consisted of transparent bags, which
promoted the accumulation of 24 monoterpenes. The third category consisted of white,
mesh, yellow, and paper bags, which promoted the accumulation of some compounds and
inhibited the accumulation of others. Among them, the white bag treatment promoted the
accumulation of trans-rose oxide (M9), cis-rose oxide (M8), cis-furan linalool oxide (M12),
and trans-furan linalool oxide (M13), whereas the accumulation of geranic acid (M26), geran-
iol (M25), cis-isogeraniol (M23), geranial (M20), and neral (M18) were inhibited. The mesh
bag treatment promoted the accumulation of citronellal (M15), trans-isogeraniol (M24),
cis-isogeraniol (M23), neral (M18), 3-citronellol (M21), geranic acid (M26), and geranial
(M20), though it exhibited no obvious inhibitory effect on other compounds. The yellow
bag treatment promoted the accumulation of neral (M18), geranial (M20), geranic acid
(M26), and geraniol (M25), while the effect on other compounds was not significant. The
26 monoterpenes were mainly clustered into four categories. The first category contained
trans-isogeraniol (M24), cis-isogeraniol (M23), geranic acid (M26), neral (M18), geranial
(M20), nerol (M22), and geraniol (M25). This type of compound presented high content
in the mesh, transparent, and yellow bags, and low content in the pink, blue, and white
bags. The second category contained only citronellal (M15), which was only high in mesh
bags, and low in other treatments, including transparent bags. The third group contained
17 compounds, including 3-myrcene (M1), linalool (M16), and cis-rose oxide (M8). The
compounds in this group, except cis-rose oxide (M8), cis-furan linalool oxide (M12), and
trans-furan linalool oxide (M13), were high in white bags. Furthermore, 3-citronellol (M21)
was high in mesh bags, where most compounds had the highest content in transparent bags
and the lowest in the pink and blue bags. The fourth category contained only trans-rose
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oxide (M9); this type of compound had the highest content under the white bag treatment,
and the lowest content under the blue, transparent, and pink bag treatments.

3.3.3. Least Square Discriminant Analysis of Monoterpenes

The least square discriminant analysis was performed on the content data of monoter-
penes. From the results (Figure 5), the variable important in projection (VIP) value was
greater than 1.0, which was considered the main contributing differential compound. It
can be seen that the five compounds with larger RDZH VIP values are linalool (M16),
4-terpineol (M17), terpinolen (M7), a-terpineol (M19), and limonene (M2). The five com-
pounds with larger RDHY VIP values are trans-isogeraniol (M24), o-terpineol (M19),
terpinolen (M?7), allo-ocimene (M10), and (3-cis-ocimene (M6). Lastly, the five compounds
with higher RDHM VIP values are trans-isogeraniol (M24), 3-myrcene (M1), terpinolen
(M7), 3-cis-ocimene (M6), and x-terpineol (M19).
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Figure 5. Main compounds based on VIP value under fruit bagging treatment with different types of
bags in three table grape cultivars ((A): RDZH; (B): RDHY; and (C): RDHM).

4. Discussion

Bagging technology influences the activity of various enzymes, the respiration inten-
sity, the transport of assimilated substances, and the accumulation of volatile components
during fruit development by regulating the microenvironment inside the bag, which in-
clude factors such as temperature, humidity, light quality, and light intensity [34-36].

The results of previous studies exploring the effects of bagging treatments on fruit
quality were not consistent. For example, Sharma et al. [37] used non-bagging as a control
and found that yellow non-woven bags significantly increased soluble solids, vitamin C,
and total phenols in apples. Shang et al. [38] used non-bagging as a control and found that
the yellow and red filter coating reduced the total sugar and proanthocyanidin content of
cultivated grapes. Cheng et al. [39] found that blue and red filtered films increased soluble
solids and total sugars in Red Globe grape fruits, with the white filtered film as the control.
No significant differences were found between the orange treatment, green treatment, light-
proof treatment, or the control. The blue filter film also increased phenylalanine lyase (PAL)
activity and promoted the synthesis of anthocyanins. This study found that the TSS of
RDZH and RDHY fruits treated with the transparent bag, mesh bag, yellow bag, white bag,
and blue bag were significantly higher than the control, and that there was no significant
effect on the TSS of RDHM fruits. The sugar-acid ratio of RDZH under the transparent and
yellow bag treatments was the best, and both significantly increased the sugar—acid ratio of
RDHY and RDHM. However, the high sugar-acid ratio led to excessive sweetness, while
the sugar-acid ratio of RDHY was high overall (above 52 in all treatments). The sugar—acid
ratio of RDHM under the transparent and yellow bag treatments was above 60; hence, it
was not conducive to the balance of taste. On the contrary, the sugar—acid ratio of RDHM
was generally low (below 40 in all treatments). Therefore, the sweetness and sour taste
of the fruits under the transparent and yellow bag treatments was better. The mesh bag
treatment increased the total anthocyanins, flavonoid, and proanthocyanidin contents of
RDZH fruits, while the white, pink, and blue bag treatments, respectively, reduced the total
anthocyanins, flavonoid, and proanthocyanidin contents. The RDHY yellow bag treatment
increased the total anthocyanins and flavonoid content, while the pink bag showed a
significant negative effect. The transparent and mesh bags significantly increased the total
anthocyanins of RDHM, while the pink and blue bags had an inhibitory effect.
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The flavor of the grape fruits mainly consisted of sweetness, sourness, and aroma. The
basic taste came from the sweetness and sourness. The aroma was also one of the important
sensory evaluation indicators of fruit flavor, and the composition of flavor varied depending
on the composition and content of aroma substances [40]. Monoterpenes are important
isoprene derivatives in grape fruits, which are typical aroma components of muscat-aroma
grapes. In this study, five of the six compounds with the highest contents in RDZH,
RDHY, and RDHM were found to be consistent, namely, linalool, geraniol, 3-myrcene,
[3-cis-ocimenes, and 3-trans-ocimenes, which were in general agreement with the results
of Wang et al. [41]. The linalool content was the highest in all the treatments in this study.
It was higher than the aroma threshold [42], which was the main aroma component in all
three cultivars, giving grapes floral and citrus aromas [43]. It was also the main substance
responsible for the difference in aroma among the cultivars. Additionally, the difference
in linalool between different treatments was highly significant (216.97-2393.30 ng_l
for RDZH, 1074.63-6503.62 pg-L~! for RDHY, and 916.68-6235.79 pg-L~! for RDHM),
indicating that its contribution to the grape aroma was the greatest, which was consistent
with the results of least squares discriminant analysis. The results of previous studies
indicated that the muscat aroma in grape fruits was associated with rose oxide, which was
present in all rose-aroma grape cultivars, though it did not mean that rose oxide was absent
in non-rose-aroma grapes [13]. In this study, rose oxide was detected in all treatments and
was above its aroma threshold [44]. Since geranial was a cis-isomer of neral, both were
clustered into the same class in the cluster analysis of the twenty-six compounds of the three
cultivars, which were mainly found in the mesh bags and the yellow bags. Based on the
total free monoterpene content in the fruit, grape cultivars were classified as muscat-aroma
(total free monoterpene content >6 mg-L~!), non-muscat-aroma (total 1-4 mg-L~!), and
non-aroma (total less than 1 mg-L’l) [12]. The monoterpene compositions and contents
of different treatments showed that the transparent, white, and mesh bag treatments
promoted monoterpene accumulation in RDZH, where none of them reached 6 mg-L !,
which was a non-muscat-aroma type. However, the pink, yellow, and blue bag treatments
had significant inhibitory effects. The mesh and transparent bag treatments significantly
promoted monoterpene accumulation in RDHY (where the mesh bag was nearly two times
higher than the paper bag, and the transparent bag was nearly double the paper bag), and
the total amount of free monoterpene of this cultivar was greater than 6 mg-L~! under
these two treatments, reaching muscat-aroma level, and the pink bag had a significant
inhibitory effect.

In summary, in an open field, a simple rain-shelter cultivation mode fruit bagging
technique can effectively prevent fruit surface contamination, reduce pesticide residues,
and protect against bird pecking. Compared with traditional white paper bags, transparent
polypropylene micro-perforation bags, followed by white polypropylene micro-perforation
bags, were the most effective in terms of fruit sweet-sour taste, phenolics, and monoterpene
accumulation. The yellow polypropylene micro-perforation bag increased the total antho-
cyanins and flavonoid content of RDHY, but it had inhibitory effects on certain indicators
of other cultivars. The negative effect of pink polypropylene micro-perforation bag was the
most significant, followed by blue polypropylene micro-perforation bag. It was worthwhile
to conduct in-depth research in different orchards across several years combined with
the microenvironment (temperature, humidity, light transmittance) inside the bag, the
respiration rate of grape fruit and certain key enzymes during fruit development to have a
further understanding on the mechanisms of bagging treatment on grapes.

5. Conclusions

Different types of fruit bags provide specific microenvironments for the development
of grape fruits, which, in turn, have different effects on fruit quality. In terms of the sweet-
sour taste, for the accumulation of phenolics and monoterpenes in muscat-aroma table
grapes, transparent polypropylene micro-perforation bags and white polypropylene micro-
perforation bags were more effective than conventional white paper bags in promoting
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the accumulation of phenolics (such as total anthocyanins) and monoterpenes (such as
linalool) based on improving fruit ripeness. The negative effects of the pink polypropylene
micro-perforation bags and blue polypropylene micro-perforation bags were significant.
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