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Abstract: The aim of this study was to evaluate the influence of paper bagging of grape bunches on
the morphological, mechanical, and chemical characteristics of berries of three table grapes varieties
as an environmentally-friendly technique for protecting clusters from biotic and abiotic agents.
Clusters of Italia, Autumn Royal, and Regal Seedless grape cultivars were bagged and compared to
a not-bagged control. Air temperature inside and outside the bags was monitored. Bunch weight
and length, number of berries per bunch, berry longitudinal and transversal diameter, berry mass,
number of seeds per berry (normal in size and aborted), soluble solid content, titratable acidity, and
skin color by CIEL*a*b* parameters were determined on four points of each berry. Berries were
evaluated using texture analysis, and the main texture profile analysis parameters were compared.
The air temperatures around not-bagged clusters were slightly higher than inside the bags. In all
the cultivars under evaluation, bagged bunches were heavier compared with not-bagged ones. In
Autumn Royal and Regal Seedless, these differences were mainly owing to the higher number of
berries and higher berry weight of the bagged bunches. Regarding mechanical properties, in seedless
varieties, the bagging treatment increased berry hardness (related to the berry firmness) and decreased
berry cohesiveness and resilience, whereas an opposite behavior was found in cv. Italia. Berry skin
break force was lower in the bagging treatment in all the analyzed varieties, indicating a softer and
easier-to-chew berry skin. The findings demonstrate that the bagging technique affected the three
variety parameters to different extents. The main differences were found in the seedless varieties in
terms of berry size and bunch characteristics. For all varieties, bagged bunches achieved the quality
level required by the market, confirming the suitability of this technique. However, the bag industry is
proposing many different bag types (differing in material, shape, color, and closing system); therefore,
further studies are needed to obtain more complete and exhaustive technical information.
Keywords: table grape; paper bag; texture profile analysis; qualitative characteristics

1. Introduction
The table grape industry must increase its environmental sustainability. Italy is suffering a crisis
owing to the overproduction of the main cultivated varieties (Vitis vinifera L. cvs. Italia, Red Globe,
and Victoria), poor varietal innovation, fragmentation of supply chain, and high production costs [1].
To increase attractiveness, many growers have started to invest in the introduction of new varieties,
innovative growing practices, and supporting the creation of producer organizations. In this context,
the exclusivity of a product or technique having an environmentally-friendly approach is considered a
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useful tool [2]. Since 2002 in Sicily, and more recently in Apulia, the bunch-bagging technique has been
studied and developed, leading to a new market product with low environmental impact.
Fruit bagging is an agricultural practice (or a physical protection technique) that helps to produce
high quality fruit and is common in many countries such as Japan, China, and Spain [3–5]. This practice
is commonly applied to several species, and the resulting products have higher visual quality through
the promotion of peel coloration and reduction of fruit cracking and russeting. The bagging technique
can modify the microenvironment to improve fruit development [6], which may result in several
changes in internal fruit quality, as is the case for grapes produced under plastic coverings [7]. Bagging
has been used extensively in several fruit crops with different aims, such as improvement of skin color
or reduction of incidence of diseases, insect pests, mechanical damage, skin sunburn, agrochemical
residues, and bird damage [5,8–13]. In previous studies, variable results have been reported regarding
whether bags influence fruit quality; however, these different outcomes can be explained by different
conditions, such as the climate, type of bags [14,15], fruit type, timing of bag placement [16], or
duration of exposure to natural light following bag removal, as well as fruit- and cultivar-specific
responses [6–10]. Pre-harvest bagging of fruit has been extensively used in fruit production, and
although some fruits benefit from bagging, for others, this practice is not recommended. Certain
fruits showed no significant change in fruit quality compared with their non-bagged control [10,17,18].
Bagging is practiced in Japan, Australia, and China for peach, apple, pear, grape, and loquat cultivations,
which optimizes fruit quality by reducing physiological and pathological disorders and improving
fruit coloration [19]. This improved appearance leads to an increase in product market value [11].
In table grapes, bagging leads to bunches more uniform in berry skin coloration [20], although
several studies indicated that pre-harvest fruit bagging can both promote [8,12,21] and inhibit fruit
color development [22–25]. On the basis of these previous studies and the variable and sometimes
contradictory results produced by the bagging technique on different fruits, the aim of this study was
to evaluate the use of fruit bagging as a tool to produce high quality grapes on Sicily Island (Southern
Italy), reducing the need for chemical treatments. We aimed to develop a bagging protocol that
can be added to current table grape management practices in Mediterranean environmental climate
conditions. The influence of bagging on the morphological, mechanical, and qualitative characteristics
of berries was investigated in three of the most commonly cultivated table grape varieties in Sicily.
2. Materials and Methods
The trial was conducted in a biodynamic vineyard, located in Castrofilippo (Agrigento Province,
Southern Italy (37◦ 190 43” N; 13◦ 460 07” E), during 2016. Castrofilippo’s climate is classified as warm
and temperate. The winter months are rainier than in the summer months. This is considered a Csa
climate (hot summer Mediterranean climate) according to the Köppen–Geiger classification. The
average annual temperature is 15.4 ◦ C and the rainfall is around 461 mm per year. The lowest amount
of rainfall occurs in July, with an average amount of 5 mm. Most of the precipitation falls in October,
averaging 72 mm. The highest average temperatures occur in August (23.7 ◦ C) and the lowest in
January (8.5 ◦ C) [26]. Three varieties were used for this study: Italia, Autumn Royal, and Regal
Seedless. All three varieties were grafted onto Ruggeri 140 rootstock, trained to Tendone horizontal
trellis, pruned with the Guyot system, leaving four canes and four spurs per plant, and drip irrigated
with 3000 m3 /ha per season. Plant distances were 2.8 × 2.8 m. Three vines/variety per three randomized
blocks were used as control and another three as bagged treatment (total of nine vines per variety). All
bunches of the three varieties were bagged at pea size (BBCH 75) from the second week of June until
the first week of July (vintage 2016). The bags remained on the vines for at least 90 days and they were
not damaged during the season. The bags were composed of cellulose, 30 × 40 cm in size, opened only
on the top part, a grammage of approximately 55 g/m2 (±4%) (test method reference T410 om-98), and
a thickness of 72 µm (±5 µm) (test method reference T411 om-97). Each bag was secured by tying it
tightly around the fruit peduncle. After bagging, the air temperature inside and outside the bags was
monitored using watchdog sensors (Spectrum Technologies, Aurora, IL, USA). Five sensors for each
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treatment were placed from 19 July to 17 October 2016. Hourly temperature data were recorded for
each month. In the third week of August, the vineyards were protected from rain by covering them
with polyethylene films.
Fifteen bunches for each treatment and variety were harvested (13 September cv. Regal and
Autumn Royal; 10 December cv. Italia). The following parameters were measured for each bunch
sample: length, weight, and number of berries per bunch. For each treatment and variety, on three
replicates of 150 berries, the longitudinal (D.L.) and transversal diameter (D.T.), berry mass average
and variability, number of seeds per berry (normal in size and aborted), and skin CIEL*a*b* color were
determined at four points (one apical, one basal, and two equatorial faces) for each berry using a CR
410 Chroma Meter (Minolta Corp., Osaka, Japan). Instrumental color data are provided as CIEL*a*b
coordinates, which define the color according to three-dimensional space. L* indicates the lightness and
is an approximate measurement of luminosity taking values within 0–100, a* indicates the green-red
chromaticity coordinates and has positive values for reddish colors and negative values for greenish
colors, and b* is the blue-yellow chromaticity coordinates and has positive values for yellowish colors
and negative values for bluish colors [27]. Standard illuminant C was used as the reference [28,29].
The selected berries were crushed and the musts were used for the determination of soluble solid
content (SSC), expressed as ◦ Brix, using a digital refractometer DBR 95 (XS Instruments, Carpi, Italy).
Titratable acidity (TA) was determined according to the International Organisation of Vine and Wine,
OIV-MA-AS313-01 method [30] using an automatic compact titration (Crison Instrument SA, Barcelona,
Spain), and is expressed as g/L of tartaric acid.
The measurements of the mechanical properties of berries were recorded for each cultivar,
treatment, and mechanical test on a subset of 30 berries, directly taken with the attached pedicel from
the whole bunches. For all texture analysis tests, the measurements were recorded using a Universal
Testing Machine TA.XTplus Texture Analyzer (Stable Micro System, Godalming, Surrey, UK) equipped
with a HDP/90 platform and a 5 kg load cell. Mechanical properties of the whole berry were evaluated
using texture profile analysis (TPA) following the method reported by Letaief et al. [31]. Each whole
berry was compressed at a speed of 1 mm/s using a 35 mm P/35 flat cylindrical probe (Stable Micro
Systems) under a 25% berry deformation. Two compression cycles were conducted with a waiting
time between the two cycles of 2 s. The TPA parameters of berry hardness, cohesiveness, gumminess,
springiness, chewiness, and resilience were calculated using Texture Exponent software (Stable Micro
Systems). In detail, berry springiness was evaluated as the length (mm) of the second compression
(d2 ) [31]. Berry skin break force was evaluated by a puncture test, using a P/2N needle probe (Stable
Micro Systems) and a speed of 1 mm/s [32]. The berries were punctured in the equatorial portion to
determine the berry skin break force (Fsk in N) and berry skin break energy (Wsk in mJ) [32]. Berry
skin thickness (Spsk in µm) was calculated as the distance between the point corresponding to a P/2 2
mm cylindrical probe (Stable Micro Systems) contact with the berry skin (trigger) and the platform
base during a compression test [33], conducted at a speed of 0.2 mm/s.
Data were examined by one-way analysis of variance using SISTAT 10® software (Systat Software,
Inc., San Jose, CA, USA). Mechanical properties data were evaluated using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA).
3. Results
On average, the air temperatures were slightly higher outside than inside the bag in July, August,
and September (0.36, 0.23, and 0.15 ◦ C, respectively), whereas in October, no differences were recorded
(−0.04 ◦ C) (data not shown). This trend was particularly relevant if the differences in cumulative
temperatures were considered. Outside the bag, higher accumulation was found with respect to inside
the bag: +8.7, +5.4, and +3.7 ◦ C in July, August, and September, respectively, whereas a reduction
(−1 ◦ C) was found in October (data not shown). The different trends in temperatures in the period
between August and October were probably the result of the effect of plastic covers in reducing
solar radiation under the covering and, finally, differences between the outside and inside of the bag
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(Figure 1). In October, as the hours and intensity of sunlight decreased compared with the previous
months, both the greenhouse effect due to the vineyard plastic covering and the insulating effect of the
cluster bag were likely reduced, eliminating any difference in temperature between the outside and
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Figure 1. Hourly temperature (◦ C) outside (O) and inside (I) the bag in (a) July, (b) August, (c)
Figure 1. Hourly temperature (°C) outside (O) and inside (I) the bag in (a) July, (b) August, (c)
September, and (d) October.
September, and (d) October.

From July to October, the daily external temperatures were higher than those inside the bag
Table 1. Day and night temperatures (°C) inside and outside the bag.
(Figure 1, Table 1). The night temperatures were higher inside the bag in July and October (Table 1).

Month

External

±σ

Internal

±σ

ΔE–I

21.64±σ
26.48
3.7
19.602.1
22.453.1
16.981.2
21.092.8
16.241.0

2.1
3.1
1.2
2.8
1.0
3.0
0.6

21.75
Internal

2.0
2.7
1.1
2.6
0.8
2.8
0.5

–0.11
±σ

◦ C) inside and outside the bag.
Table July
1. Day and Day
night temperatures
(3.7
30.87
30.04
3.4 0.83

Night
External

Month
July
August

August

Day
Night

September
Day
Night

September
October

October
Day

Day
30.87
Night
21.64
Day
26.48
Night
19.60
Day
22.45
Night
16.98

26.21
30.04
19.40
21.75
22.23
26.21
16.88
19.40
21.05
22.23
16.37
16.88

0.27
3.4
0.20
2.0
0.22
2.7
0.10
1.1
0.04
2.6
–0.13
0.8

Night
ΔE–I
and internal differences;
±σ =21.05
standard deviation.
Day= external 21.09
3.0
2.8

∆E–I
0.83
−0.11
0.27
0.20
0.22
0.10

0.04
Night
16.24
0.6
16.37
0.5
−0.13
Table 2. Fruit quality parameters for bagged (B) and not bagged (NB) grapes: bunch mass (g), berry
∆E–I = external and internal differences; ±σ = standard deviation.
number, berry mass (g), rachis length (cm), compactness index, shape (longitudinal and transversal
diameter, DL/DT), percentage of aborted seeds, SSC (soluble solid content, °Brix), titratable acidity
(g/L),
soluble
content/titratable
acidity the
ratioquality
(SSC/TA).
In
all and
varieties,
thesolid
bagged
bunches satisfied
requirements of the market [34]. In all

cultivars, bagged bunches were heavier
compared
with the
non-bagged
Autumn
Royal
Regal
Seedless control. In Autumn
Italia Royal and
Regal Seedless,
were
number
in NB
the bagged
Parameterthese differences
u.m.
B mainly
NB owing
Sig. to the
B higher
NB
Sig.of berries
B
Sig.
bunches
(33%
and
20%
more
berries
per
bunch
for
the
two
varieties,
respectively;
p
≤
0.01
and
p
≤
0.05,
Bunch mass
g
965.40 661.24
**
638.00 439.98
**
969.50 863.09
**
respectively)
as well as to a nhigher
berry weight
Cv. Italia
showed
same trend
in bunch
Berry number
124.49
93.60 (p ≤
** 0.05).
114.48
95.40
* the131.00
111.40
**
Berry mass
Rachis Length
Compactness Index
Shape DL/DT
Aborted seed

g
cm

%

8.09
25.10
4.96
1.29
100

7.02
29.30
3.19
1.24
100

*
*
**
n.s.

5.50
32.50
3.52
1.43
100

4.83
28.10
3.40
1.49
100

*
n.s.
n.s.
n.s.

7.66
26.70
4.91
1.24
43

7.95
26.50
4.20
1.23
9

n.s.
n.s.
*
n.s.
*
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weight and number of berries per bunch, but the differences were limited (Table 2). In Italia cv., the
paper bag produced an increase in the number of seeds aborted per berry (p ≤ 0.05, Table 2).
Table 2. Fruit quality parameters for bagged (B) and not bagged (NB) grapes: bunch mass (g), berry
number, berry mass (g), rachis length (cm), compactness index, shape (longitudinal and transversal
diameter, DL/DT), percentage of aborted seeds, SSC (soluble solid content, ◦ Brix), titratable acidity
(g/L), and soluble solid content/titratable acidity ratio (SSC/TA).
Autumn Royal

Regal Seedless

Italia

Parameter

u.m.

B

NB

Sig.

B

NB

Sig.

B

NB

Sig.

Bunch mass
Berry number
Berry mass
Rachis Length
Compactness Index
Shape DL/DT
Aborted seed
Soluble Solids
Content
Titratable acidity
SSC/TA

g
n
g
cm

661.24
93.60
7.02
29.30
3.19
1.24
100

**
**
*
*
**
n.s.

638.00
114.48
5.50
32.50
3.52
1.43
100

439.98
95.40
4.83
28.10
3.40
1.49
100

**
*
*
n.s.
n.s.
n.s.

%

965.40
124.49
8.09
25.10
4.96
1.29
100

969.50
131.00
7.66
26.70
4.91
1.24
43

863.09
111.40
7.95
26.50
4.20
1.23
9

**
**
n.s.
n.s.
*
n.s.
*

◦ Brix

15.3

15.5

n.s.

19.0

16.3

*

16.9

17.2

n.s.

g/L

3.1
39.5

3.1
40.0

n.s.
n.s.

3.9
40.0

3.7
35.2

n.s.
*

4.4
30.7

6.1
22.5

*
*

Sig. *, **, and n.s. indicate significant differences at p ≤ 0.05, 0.01, and not significant differences, respectively, among
grape treatments (bagged vs. not bagged); u.m. = unit of measurement.

Owing to the higher number of berries per bunch in bagged grapes, an increased bunch
compactness (number of berries/rachis length) was found, especially in cv. Autumn Royal (p ≤
0.01, 4.96 and 3.19 for bagged and not bagged grapes, respectively; Table 2).
According to OIV resolution VITI 1/2008 [35], table grapes are considered ripe when SSC ≥ 16
◦ Brix. For SSC < 16 ◦ Brix and SSC > 12.5 ◦ Brix, table grapes are considered ripe when the maturity
index (SSC/TA) is >20 [35]. The berry must composition reported in Table 2 shows that all samples
studied can be considered ripe. In particular, in cv. Autumn Royal, bagged bunches did not differ from
those not bagged in terms of soluble solids content and sugar/acidity ratio, whereas the use of bags in
Regal Seedless grapes significantly increased the soluble solids content (19.0 and 16.3 ◦ Brix for bagged
and not bagged grapes, respectively; p ≤ 0.05). In Italia grapes, a consistent difference was found in
titratable acidity (4.4 vs. 6.1 g/L for bagged and not bagged grapes, respectively; p ≤ 0.05) and maturity
index (30.7 vs. 22.5 for bagged and not bagged grapes, respectively; p ≤ 0.05), probably owing to the
longer period that bunches spent inside the bag (Table 2).
Regarding CIEL*a*b* parameters, in Autumn Royal grapes, all color coordinates were statistically
affected by the paper bags (p < 0.05). The bagged grapes presented higher values of lightness (L*),
redness (positive a*), and yellowness (positive b*). Therefore, the not bagged grapes were darker (27.4),
less red (5.2), and more blue (0.1) compared with the bagged samples (L* = 30.4; a* = 5.6; b* = 1.1). The
use of paper bags in white varieties (Italia and Regal Seedless) did not significantly affect b* in Regal
and L* and a* in Italia; therefore, non-bagged Regal Seedless grapes were darker (L* = 42.2 and 44.3
for not-bagged and bagged grapes, respectively). These results lead us to suggest that the bagging
technique slightly delayed the phenolic ripening process of black cultivar Autumn Royal, whereas
any evident color effect was produced in white varieties (Table 3). Bagging reduced the coefficient of
variation of b* in red grapes (Autumn Royal; Table 4).
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Table 3. Skin CIEL*a*b* color parameters, L*(Lightness), a*(red/green coordinate), and b*(yellow/blue
coordinate), of bagged (B) and not bagged (NB) berry skin of the three table grape varieties.
Autumn Royal
Parameter
L*
a*
b*

B

NB

30.37
5.65
1.08

27.42
5.20
0.11

Regal Seedless

*
*
*

B

NB

44.28
−6.11
18.95

42.23
−6.77
18.47

Italia

*
*
n.s.

B

NB

37.84
−4.40
11.62

37.72
−4.39
10.97

n.s.
n.s.
*

Note: *, and n.s. indicate significant differences at p ≤ 0.05, 0.01, and not significant differences, respectively, among
grape treatments (bagged vs. not bagged).

Table 4. Coefficient of variation (±c.v. %) of skin CIEL*a*b* color parameters, L*(Lightness), a*(red/green
coordinate), and b*(yellow/blue coordinate), of bagged (B) and not bagged (NB) berry skin of the three
table grape varieties.
Autumn Royal

Regal Seedless

Italia

Parameter

B

NB

B

NB

B

NB

L*
a*
b*

13.4
44.5
249.0

12.2
51.8
1537.0

9.7
25.9
22.3

10.2
25.7
21.9

5.8
28.2
19.3

6.0
27.5
18.4

The mechanical properties of bagged and control (not bagged) grape berries were also evaluated.
The berry skin break force of all bagged berries were lower compared with the control treatment;
however, only in the case of white grapes (Regal and Italia) were the differences induced by the
treatment significant (p ≤ 0.01; Table 5). No significant (p > 0.05) influence of the treatment was
found on the berry skin thickness parameter. Whole-berry texture profile analysis resulted in six
parameters, three of which showed a significant (p ≤ 0.05) influence of the paper bag treatment: berry
hardness, berry cohesiveness, and berry resilience. However, the resulting data showed a different
behavior depending on the seed content of these varieties: berry skin hardness decreased for the
bagged grapes of seedless varieties, whereas the opposite trend was found for the Italia seeded cultivar.
Berry cohesiveness (strength of internal bonds composing the berry body) and berry resilience (berry
ability to regain original position) [36] were affected by this trait (Table 5).
Table 5. Mechanical properties of bagged (B) and not bagged (NB) berries at harvest as induced by
the treatment.
Autumn Royal

Regal Seedless

Italia

Parameter

u.m.

B

NB

Sig.

B

NB

Sig.

B

NB

Sig.

Berry skin break force (Fsk )
Berry skin break energy (Wsk )
Berry skin thickness (Spsk )
Berry hardness
Berry cohesiveness
Berry gumminess
Berry springiness (as d2 )
Berry chewiness
Berry resilience

N
mJ
µm
N
N
mm
mJ
-

0.556
0.159
205
37.6
0.426
15.92
3.75
58.9
0.262

0.600
0.176
196
32.1
0.471
15.08
3.75
57.7
0.271

n.s.
n.s.
n.s.
**
*
n.s.
n.s.
n.s.
*

0.911
0.817
236
19.2
0.460
8.74
3.05
26.9
0.224

1.039
0.881
206
16.2
0.527
8.38
3.00
25.3
0.263

***
n.s.
n.s.
*
***
n.s.
n.s.
n.s.
***

0.755
0.621
207
12.8
0.497
6.00
4.19
24.9
0.236

0.900
0.742
235
16.5
0.446
7.01
3.81
26.4
0.206

**
n.s.
n.s.
*
**
*
***
n.s.
**

Sig.: *, **, ***, and n.s. indicate significant differences at p ≤ 0.05, 0.01, and 0.001, and not significant differences,
respectively, among grape treatments (bagged vs. not bagged); u.m. = unit of measurement.

4. Discussion
Berry size is an important parameter for growers owing to its attractiveness to consumers. In table
grapes varieties, berry size is related to different physicochemical characteristics [37]. After setting, the
fruit grows slowly and increases in size up to maturity. The bagging technique has been extensively
used in many fruits, and different effects on fruit size have been found. In our case, covering grapes
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with a paper bag at the pea size developmental stage influenced both their growth and size. In bagged
grapes, the highest mass was more owing to the berry size than to the number of berries per bunch.
Studies on the effects of fruit bagging on fruit size and weight showed contradictory results, and these
contrasting outcomes may be because of the use of different bag types, fruit age at bagging, and climatic
conditions [12,38–43]. Positive effects of bagging on fruit growth, size, and weight have been reported
in carambola [44], mango [45,46], longan fruit [47], date palm [48], and olive [43]. Pre-harvest fruit
bagging was reported to reduce fruit size and weight in loquat [13], pears [49], pomegranate [50], and
apple [51]. For certain fruits, there was no significant change in size compared with their unbagged
control, for instance, in banana [52,53] and pear [8,54].
The practice of pre-harvest bagging is used in several fruit crops to delay ripening [55], to reduce
splitting and mechanical damage [12], and to improve marketability [56]. Contradictory effects reported
on fruit maturity likely reflect differences in the type of bag used, fruit stage when bagged, and/or
fruit- and cultivar-specific response [8]. In banana [53,57], litchi fruit [58], peach [15,59], and date
palms [48,60], researchers described the bagging practice as an enhancer of fruit maturity, accelerating
the ripeness. In contrast, bagging did not affect fruit maturity in apple [61], whereas Signes et al. [20]
reported that pre-harvest bagging delayed ripening in table grapes cv. Perla. Little or no effect was
reported in 40 varieties of Vitis vinifera [62].
In our study, differences in sugar accumulation were found only in cv. Regal Seedless, and
differences in titratable acidity only in cv. Italia. The slightly lower content of sugars and the
simultaneously lower content of organic acids in bagged Italia grapes compared with unbagged grapes
imply a delay in the ripening process caused by the implementation of pre-harvest bagging.
One of the main concerns for grape growers using fruit bags is how this practice may affect fruit
color, as different bag materials can partially exclude light from reaching the fruit. Several research
studies examined the effect of bagging in different species and indicated that pre-harvest fruit bagging
can both promote or inhibit fruit color development depending on the bagging conditions. Studies
reported that bagging improves fruit color by increasing the anthocyanin content in litchi [12,21,63],
apple [16,61,64–66], pear [8,67,68], mango [46,69], and sweet orange [70]. In our experimental conditions,
bags increased color uniformity and reduced the color variation in Autumn Royal (Table 3), even if
a variability in terms of whole berry anthocyanins was previously reported [71]. Signes et al. [20]
reported that pre-harvest bagging with cellulose bags increased the uniformity of color development in
the black grape variety Perla, and Hofman et al. [10] reported similar results in mango fruits. However,
the effect of fruit bagging more often inhibits than promotes color development [24]. The effect on
color depends on several factors including the stage of fruit development when bagged, the bagging
date, the kind of bag used, the date of bag removal, and the climatic conditions of the area [8,61,72,73].
Color was inhibited in plum fruit [23], Red Fuji apple [74,75], and pear [54]. The color space system
used in this study (CIEL*a*b*) is one of the most popular methods for objectively measuring color,
especially in the fruit production and food industry. However, the results obtained in this study using
this color space showed no unequivocal results (Table 2). A shared higher color lightness in bagged
grapes was found [20], especially in Autumn Royal and Regal (p ≤ 0.05) and, to a lesser extent, in cv.
Italia, although this difference was not significant (p > 0.05). Reduced color (b*) in Autumn Royal and
Italia bagged grapes may be the result of modification of the light, atmosphere, and temperature [76,77]
inside the bag, leading to a reduced anthocyanin accumulation [8,78]. Regardless, a positive bag effect
may occur during late season on qualitative and sanitary parameters. In the late season (from October
onward), bagging seems to create warmer conditions, which is useful for improving the quality of
autumn–winter late harvest grapes (Figure 1).
Berry texture parameters may be evaluated using a wide number of berry portions: skin, flesh (or
pulp), and seeds, each of them contributing, to different extents, to the consistency and elasticity of a
berry. These properties are important for consumer acceptance and preference because, among others,
they determine the tactile sensory characteristics of the product [79–83]. The use of instrumental
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mechanical properties as objective analysis may also permit the classification of table grapes in
accordance with the OIV ampelographic descriptors [84].
Considering the whole berry measurements, texture profile analysis is one of the most effective
general tools used to objectively evaluate the comprehensive set of sensory-related properties of a
food [85]. TPA consists of a double compression of a food to a given deformation percentage, obtaining
a characteristic force–distance curve that allows the evaluation of properties like berry hardness,
cohesiveness, and chewiness. In our experimental conditions, the paper bagging treatment significantly
(p ≤ 0.05) influenced berry hardness (a parameter that some authors call berry firmness), [86–88] and
cohesiveness in all varieties considered. However, the presence of the seeds distinguished the outcome
of the treatment: in seedless varieties (Autumn Royal and Regal Seedless), the bagging treatment
positively increased berry hardness and decreased berry cohesiveness, whereas the opposite was found
in Italia grapes. It is unclear how the presence of the seeds influenced this behavior. Seeds contribute to
whole-berry TPA parameters because they are present in seeded varieties that were re-evaluated with
this method [81]; however, their presence is enclosed by the flesh, possibly limiting their contribution
to the obtained numerical TPA values. Therefore, the different behaviors for these TPA parameters
depending on the presence of the seeds are possibly related to other factors such as different responses
by the plant.
The concomitant variations in berry hardness and berry cohesiveness had a particular effect on
other TPA parameters that are calculated on the interaction between them, namely berry gumminess
and berry chewiness [31]. Berry gumminess was significantly different only in the case of cv. Italia
(p ≤ 0.05), whereas no significant effects on berry chewiness (calculated with the influence of berry
springiness) were found, effectively resulting in a compensating effect of the berry hardness and
cohesiveness parameters when combined.
Berry skin break force is one of the key parameters used for the evaluation of the mechanical
characteristics of berry skin [81]. The ability to measure the resistance to penetration of a given berry
skin could be related to a sensory resistance to chewing. The paper bag treatment influenced this
parameter, with significant decreases (p ≤ 0.01) in two out of the three varieties tested. Therefore, we
hypothesize that the outcome of the treatment is producing an easier-to-be-chewed berry skin, which
is a positive trait for the table grape industry.
In berry skin evaluation, the thickness parameter is another important indicator of acceptance.
This parameter is traditionally evaluated by histological methods that are generally time-consuming
and require special reagents and procedures. As such, the use of faster methods such as the thickness
evaluation by texture analysis simplifies and quickens the process, enabling the analysis of a large
number of berries for each sample, producing results comparable with the histological assessments [29].
Berry skin thickness was found to be a negative characteristic in the consumer acceptance of Muscadine
grapes (Vitis rotundifolia) [89], which is highly related to bitterness and astringency attributes in table
grapes [79]. In this study, the average values for skin thickness ranged between 196 and 236 µm
(Table 5), accounting for differences between bagged and unbagged treatments of +11, +30, and −28
µm for Autumn Royal, Regal Seedless, and Italia cultivars, respectively. Owing to the high standard
deviation typical of this instrumental parameter, no significant differences (p > 0.05) in berry skin
thickness were found between bagged and control (not bagged) grapes.
5. Conclusions
The bagging technique is considered a valuable tool for substantially reducing or avoiding
pesticide residues on fruit, as well as limiting damage during ripening. As such, the benefits in terms
of sustainability using bags are priceless, even considering the cost of labor and bags necessary to
apply this technique in the field. However, bagging may modify the quality parameters of table grapes
to different extents. In our study, this practice produced different results from both qualitative and
quantitative viewpoints, mainly depending on the variety. The main differences were found in the
seedless varieties in terms of berry size and bunch characteristics, which we examined over one year.
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Growers have always monitored the color parameter, which can be influenced by extrinsic factors from
the use of bags. In our results, color was modified by paper bagging depending on the variety.
In all the varieties studied, the bagged bunches achieved the quality level required by the market.
The bag industry is producing many different bag types (material, shape, color, and closing system);
therefore, further studies may be required to evaluate the suitability of these different bags in terms of
influence on the quality of table grapes.
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