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Abstract

In this study, the effect of postharvest coating of chitosan (CH) 1.0%, gum ghatti (GG) 1.0% and combine of each other, on
nutritional properties, phenolic compounds and antioxidant capacity of ‘Rishbaba’ grape (Vitis vinifera L.) was evaluated
during 60 days of cold storage. Coating with 1.0% CH solely or in combined with 1.0% GG caused a considerable retain in
grape berries phenolic acids compared to uncounted samples after the 60th day. Moreover, flavanols and flavan-3-ols content
were found to be highest in fruits treated with CH and GG complex. At the end of storage, the highest concentrations of
delphinidin, cyanidin, pelargonidin and malvidin were found in grapes coated with CH in combined with GG. The highest
antioxidant capacity and the lowest polyphenol oxidase activity were related to samples treated with CH and GG complex.
Also, the combination effects of CH and GG at 1.0% were the most efficient for soluble sugars and polyamines accumula-
tion. The CH + GG complex had the best result on prohibiting grape fungal decay. The results showed a research increase
of this complex that these are a strong potential strategy to produce coatings for improving the postharvest quality of fruits
and could be considered as a good solution to preserve many components of them.
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Introduction that possess oxygen radical scavenging and protective agents

against cardiovascular, degenerative diseases and cancer.

Table grapes are non-climacteric fruits with a relatively low
physiological activity that widely cultivated in the world.
‘Rishbaba’ cultivar is one of the high-quality seeded table
grapes cultivars produced in Iran. This kind of grape is sweet
and juicy, has a good potential for postharvest storage due
to its thick skin and fleshy berry [1]. Rishbaba grapes are
considered as major sources of phenolic compounds (as bio-
active nutrients), minerals, soluble sugars and polyamines
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These compounds are quantified in some fruits and show a
high correlation with antioxidant activity [2].

Increased use of grapes in the world has encouraged fur-
ther investigation into the development of effective posthar-
vest conditions to preserve these fruits. Unfortunately, grape
berries are easily dehydrated and their losses are high during
transportation and shelf, which is due to high susceptibility
to enzymes activity (such as polyphenol oxidase) and patho-
genic infection [3]. Botrytis cinerea causes gray mold rot
and it is the main cause of postharvest disease in grape fruit.
It is possible to control it efficiently using synthetic chemi-
cal fungicides (for example SO, and polyamines), physi-
cal (such as UV-C and Co,) and the biological preservative
(Aureobasidium pullulans and Hanseniaspora uvarum) [4].
However, due to the negative effects of fungicides residues
in the environment on human health, there is a great demand
for new measures to control postharvest diseases of grape
[3]. Fungicides spray such as SO, is the most commonly
used, delaying decay of grapes. However, due to the health
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hazards of using fungicides, their use is restricted and there
is a need for natural substitutes [5].

One of the natural techniques to preserve fruits is to use
edible coatings, groups of ecofriendly biodegradable com-
pounds based on organic materials such as polysaccharides
(chitosan, pectin, starch), other biopolymers featured and
some of the gums (such as guar gum, gum ghatti, quince
seed gum and etc.). They have the low toxicity to mamma-
lian cells, antimicrobial activity and preservation of bioac-
tive ingredients [6—8]. Edible coatings are considered as the
liquid form of edible materials, which can also have other
biochemical particles such as nanoparticles. In recent years,
successful application of nanotechnology in a wide range of
science had been the main incentive to employ this technol-
ogy in production of packaging materials with a variety of
purposes. Mixtures of nanoparticles with packaging materi-
als imply antimicrobial effects that may enhancement of the
shelf life of some products [9].

The post-harvest quality and extend the shelf life of
‘Rishbaba’ grapes can be improved by edible coatings that
are good options. Researches have shown that some coat-
ings have potentially positive effects on metabolic changes
of fruit such as enhancements of functional substances and
efficiently improve the quality of horticultural commodities
[4, 10]. Chitosan (CH), as a cationic polysaccharide, is a
natural polymer, which is commercially available through
deacetylation of chitin from the exoskeleton of crustaceans.
The CH coatings prove a good potential to lower fungal
rot and reduce gas exchanges and aroma. In addition, it is
a good option as an internal quality preservative and may
demonstrate to be a promising green material owing to its
renewability [11].

Recently, Gum ghatti (GG) or Indian gum, is an exudate
gum from the tree Anogeissus Indifolia, has received atten-
tion. GG has desirable oil and water emulsification stability.
GG can be new material in the preparation of edible coatings
and films. Joshi et al. showed that by addition of clove oil
to an edible coating emulsion based on GG, the shelf life of
papaya was extended following by maintaining its quality
[12]. The addition of GG to CH the coating can improve bio-
active nutrients of grapes and prolong antimicrobial activity,
also the effects of CH and GG coating as a less hazardous
method, have not been reported in previous researches.

The novelties of the present study that less attended in
previous researches are including develop new edible coat-
ings based on CH and/or GG, determine their effect on indi-
vidual phenolic acid, flavonols, flavan-3-ols, anthocyanin,
soluble sugars, polyamines, antioxidant capacity, polyphenol
oxidase activity and fungal decay of ‘Rishbaba’ grapes dur-
ing cold storage. In addition, these coatings prevent contami-
nation of grapes to avoid the economic losses.
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Materials and methods
Fruit materials and treatments

Table grape fruits (Vitis vinifera L. Rishbaba) were provided
from a local market in Malayer, Iran. The fruits with no sign
of mechanical damage and decay were chosen and standard-
ized in small bunches of similar color, size and form. The
CH and GG (with Food Grade) were obtained from Sigma
Aldrich (Germany). The experiments were conducted in
three replications. Treatments contained 1.0% CH and 1.0%
GG at four storage times (0, 20, 40 and 60 days). The dif-
ferent CH and GG coating treatments were named CK (GG
0% + CH 0%; control-distilled water); GG (GG 1.0% + CH
0%); CH (CH 1.0% + GG 0%); CH + GG (GG 1.0% + CH
1.0%). Based on the results of a previous study by above-
mentioned researchers, coating with a concentration of 1.0%
CH and 1.0% GG was more efficient on biophysical and
safety properties of grape postharvest storage, so we used
this concentration [13].

Formulations of edible coatings

Chitosan solutions were prepared by dissolving 1.0% of
CH in 2 mL of glacial acetic acid (1%) and dissolving by
continuous shaking at 55 °C for 30 min [14]. Gum ghatti
solutions were prepared at 1.0% w/v in distilled water and
shook at 55 °C for 30 min. Afterward, CH and GG solutions
were mixed with each other to prepare planed combination
treatments after stirring for 30 min [13].

Application of coating

The grape fruits were randomly divided into four groups
(control and treatments). The fruits were dipped in the CH,
GG or CH + GG solution for 5 min and then were air-dried
at 20 °C for one hour. Finally, approximately 800 gr grape
bunches packed in polyethylene plastic containers (dimen-
sions 21 cm X 14 cm X 8 cm). The packed grapes were
stored in the refrigerator under temperature conditions of 1
+ 0.5 °C and relative humidity of 85-90% for 60 days. Every
20 days (storage times were 0, 20, 40 and 60 days), approxi-
mately 200 gr of samples were taken randomly from packed
samples in the refrigerator for the following quality analysis.

Phenolic compounds, total phenol and flavonoid

In this study, phenolic compounds including phenolic acids,
resveratrol and flavonoids were determined based on the
method explained by Koponen et al. [15] with some changes.
For analysis of phenolic acids, 3 g of each treatment were
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boiled in 0.1 N HCL for 25-30 min. Absorbance was meas-
ured at 254 nm. Potassium dihydrogen phosphate and ace-
tonitrile (80:20, v/v) were in mobile phase. The flow rate was
1 mL min~".

To extract total phenolic and flavonoid contents 10 g of
fruit samples, homogenized in 10~15 mL of methanol (80%)
and sodium bisulfate (0.5%) and centrifuged (12,000 rpm,
15 min) at ambient temperature, then filtered and repeated.
Total phenolic contents were determined following Singleton
and Rossi, with a few changes [16]. The level of absorbance
was determined at 765 nm. Based on gallic acid equivalents
(GAE) standard curve the total phenolic contents were cal-
culated and expressed as mg kg~! of fresh weight. Flavonoid
contents were measured following Zhishen et al. so that, the
absorbance was measured at 415 nm with a spectrophotometer
(Varian Cary 300, USA) [17]. A standard curve of quercetin
was used for calculating this parameter, which was expressed
inmgkg™!.

Anthocyanidins and total anthocyanins

Extraction procedure of anthocyanidins was performed fol-
lowing Downey et al. using 5 g of the skins, with 10 mL of the
solvent including 1% (w/v) HCI in methanol and water mixture
(60:40), and then it was left for 10 min [18]. Anthocyanidins
(delphinidin-3-glucoside, cyanidin-3-glucoside, pelargoni-
din-3 glucoside, malvidin-3-glucoside) were determined using
a HPLC system. Spectra were recorded at 518 nm.

Total anthocyanin concentration was measured following
Krizek et al. [19] and modified as required. Then, 10 mL of
methanol containing HC1 (1% (v/v) was mixed with 0.1 g of
the grape; after that, it was homogenized and centrifuged at
12,000 rpm for 15 min. After 24 h in the dark place, measure-
ments were done at 550 nm with a spectrophotometer (Varian
Cary 300, U.S.A). The extinction coefficient for anthocyanin
was 33,000 mol~! cm™!.

Antioxidant capacity

The DPPH radical scavenging capacity was measured using
2, 2-diphenyl-1-picrylhydrazyl (DPPH). In brief, 10 pL of
grape extract was mixed with 3 mL of 0.1 mM DPPH solu-
tion. The mixture was shaken and then left in the dark for 1 h.
The decline in absorbance was determined at 517 nm (using a
UV-visible spectrophotometer, Varian Cary 300, U.S.A) [20].
The antioxidant capacity was determined as follows:

DPPH (%) = [(Ablank — Asample)/Ablank| x 100.

Polyphenol oxidase

The activity of polyphenol oxidase (PPO) was measured
spectrophotometrically at 420 nm for 10 min (Spekol 2000,
Analytic Jena, Germany) in all samples [21].

Polyamines

For determination of polyamines, 2 g of frozen sample was
homogenized in 2 mL of 4% HCIO, including 1,7 diamino-
heptane-2 HCI as standard. Following 1 h at 4 °C, the sam-
ples were filtrated and then 1 mL of carbonate buffer (pH 9)
and 1 mL of dansyl chloride solution were added to 0.2 mL
of the mixture. When one hour at 60 °C passed, the dan-
sylated polyamines (putrescine, spermidine and spermine)
were extracted. Acetonitrile/H,o (72/28, v/v) were in mobile
phase. The flow rate was 2 mL min~! and concentrations
were expressed in nmol g~! fresh weight (FW) [22].

Soluble sugars

Homogenized 1.5 g of samples with 10 mL 80% ethanol was
centrifuged at 8000 rpm for 15 min and filtered to meas-
ure fructose, glucose, and sucrose. Concentrations of fruc-
tose, glucose, and sucrose were expressed in umol g~! fresh
weight [23].

Nutrient content

Grapes were dried in 72 °C for 48 h and used for evalua-
tion of potassium (K), magnesium (Mg), calcium (Ca), zinc
(Zn), manganese (Mn), iron (Fe). Potassium was measured
by flame photometer (SKZ1044A K Na Digital Flame Pho-
tometer., China) and other minerals were measured through
atomic absorption spectrophotometer (contrAA 700, Russia,
Kurkino).

Microbial analysis

In this study, molds and yeasts were determined based on the
method explained by Jafari et al. [24] with some changes.
To evaluate the molds and yeasts in the grapes, 10 g of each
sample was mixed in 90 ml of sterile physiological serum
and homogenized. Then, 0.1 mL sample of serial dilutions
of grape homogenates were spread on plates of PDA. The
Petri-dishes were incubated at 25 °C for 5 days and yeast and
mold counts of grapes were expressed as log colony forming
unit) CFU (g™ !.

Statistical analysis

The collected data was analyzed using ANOVA in SAS soft-
ware (SAS Institute Inc., Cary, NC, USA) and differences
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among means were determined by the Tukey’s multiple
range test using a significance level of 0.05.

Results
Phenolic acids and total phenolic

The phenolic acids in grapes are the main compounds for
health benefits. The phenolic acids and total phenolic of the
berries treated with CH with and without GG are shown
in Table 1. Phenolic acids such as gallic acid, caffeic acid,
p-coumaric acid, ferulic acid and resveratrol (as a natu-
ral stilbene in grape) are mainly present in grapes. All of the
phenolic acids were decreased during storage time (Table 1).
Results showed that resveratrol and p-coumaric acid were
very important substances extracted from phenolic acids that
had the highest levels. The resveratrol and p-coumaric acid
of uncoated grape decreased from 11.9, 10.1 pg g~ FW to
9.4, 8.2 ug g~! FW during 60 days but in the coated grapes,
these changes in value were less so that in CH + GG coated
on the 60™ day, it is still over 9.5 pg g~' FW. Other phenolic
acids such as gallic acid, caffeic acid and ferulic acid, which
were first measured in ‘Rishbaba’ grape, also showed a much
lower reduction after 60 days of storage with CH + GG
coating compared to the CK sample. For example, caffeic
acid decreased from 1.4 pg ¢~ FW to 1.2 pg ¢! FW dur-
ing storage, while in the control sample it decreased to less

than 1 pg g~! FW. Overall, the grape fruits coated with CH
+ GG and the uncoated sample were significantly different
(on average, the amount of phenolic acids in the grape fruits
coated with CH + GG were almost twice as high as the con-
trol sample during 60 days).

The total phenol contents decreased during storage time,
which may be due to oxidation of sensitive phenolic com-
pounds. The CH + GG treated grapes displayed a signifi-
cantly different compared to control during cold storage
period. The total phenolic content was highest in the grapes
coated by CH, CH + GG (more than 1.15%) compared to
GG coated and control grapes during the 60" day of storage.

Flavonoids and total flavonoid

In this study, for the first time, the flavonoids in ‘Rishbaba’
grape were examined separately. All flavonoids were catego-
rized into two groups of flavan-3-ols and flavanols (flavanols
such as myricetin, quercetin, kaempferol and flavan-3-ols
such as catechin, catechin hydrate, and epicatechin). The
flavanols and flavan-3-ols of the berries treated with CH
with and without GG are shown in Table 2. In our research,
the flavonoids decreased during storage time. For example,
catechin from the flavanols category and quercetin from fla-
van-3-ols category had highest levels that at the first time of
storage both of them were 13 pg g~! FW and during 60 days
they were decreased. On the 60™ day, in uncoated grape
catechin and quercetin were 4.9 and 10.4 pg g~! FW but in

Table 1 The effect of pretreatment with chitosan and gum ghatti on phenolic acids, resveratrol and total phenolic of ‘Rishbaba’ grape stored at 0

+1°C
Treatments Day Gallic acid (ug  Caffeic acid (ug p-Coumaric acid ~ Ferulic acid (ug Resveratrol (pg g~! FW) Total phenolic
g~ FW) g FW) (hg g™ FW) g ' FW) (mg g~ FW)
CK 0 5.9+0.07a 1.4 +0.02a 10.1 +£0.03a 3.9 +0.04a 11.9 + 0.03a 2.5 +0.06a
GG 5.9+0.07a 1.4 +0.02a 10.1 £ 0.03a 3.9 +0.04a 11.9 + 0.03a 2.5 +0.06a
CH 5.9+0.07a 1.4 +0.02a 10.1 £ 0.03a 3.9 +0.04a 11.9 + 0.03a 2.5 +0.06a
CH + GG 5.9+0.07a 1.4 +0.02a 10.1 +£0.03a 3.9 +0.04a 11.9 + 0.03a 2.5 +0.06a
CK 20 4.3 +0.04e 1+0.0le 9.3 +0.05g 3.8 +0.05b 10.6 £ 0.02d 1.5 +0.02¢e
GG 4.5+ 0.08d 1.1 £0.01d 9.4 +0.01f 3.8 +0.02b 10.8 £ 0.07d 1.59 + 0.02¢
CH 5.1+0.07c 1.3 +0.03b 9.8 +0.05¢ 3.9 +0.02a 11.6 + 0.06b 2.05 +0.02¢
CH + GG 57+0.1b 1.3 £ 0.02b 9.9 + 0.02b 3.9 +0.02a 11.7 +£ 0.04b 2.15+0.02b
CK 40 4 + 0.09f 1 +0.03e 8.5 + 0.04k 3.4 +0.03d 10.1 £ 0.05g 1.01 £ 0.01h
GG 42 +0.07e 1 +0.02¢ 8.7 £0.01i 3.4 +0.04d 10.3 £ 0.03f 1.13 £ 0.02g
CH 5+ 0.03¢c 1.2 + 0.05¢ 9.2 +0.06g 3.8 +0.01b 10.6 + 0.02d 1.53 + 0.05e
CH + GG 5.3 +0.04c 1.3 +0.02b 9.7 +0.01d 3.8 +0.01b 11 £0.01c 1.73 £ 0.07d
CK 60 3.8 +0.12f 0.8 +0.01g 8.2 + 0.05k 3 +0.06e 9.4+ 0.011 0.85 +0.01j
GG 3.9 +0.03f 0.9 + 0.05f 8.4 +0.02j 3 +0.05e 9.6 + 0.06h 0.94 + 0.031
CH 4.6 +0.05d 1.1 +0.05d 8.9 + 0.09h 3.3 +0.05d 10.1 £ 0.04¢g 1.15 £ 0.03g
CH + GG 5+0.1c 1.2 +0.01c 9.5 +0.04¢ 3.5+ 0.03¢ 10.5 £+ 0.05e 1.29 + 0.03f

The means showing same letters in each column are not different statistically (P < 0.05)
Chitosan 0%-Gum ghatti 0% (CK); Chitosan 0%-Gum ghatti 1% (GG); Chitosan 1%-Gum ghatti 0% (CH); Chitosan 1%-Gum ghatti 1% (CH +

GG)
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Table 2 The effect of pretreatment with chitosan and gum ghatti on flavonoids (flavanols and flavan-3-ols) and total flavonoid of ‘Rishbaba’

grape stored at 0 + 1 °C

Treatments Day

Flavan-3-ols (ug g~' FW)

Flavanols (ug g~ FW)

Total flavonoid

: : : , — : (mg g™ FW)
Catechin Catechin hydrate Epicatechin Myricetin Quercetin Kaempferol

CK 0 13 +0.1a 0.8 +0.02a 1.4 + 0.04a 1.8 +£0.02a 13 +0.07a 1.4 +£0.01a 2.01 £ 0.04a
GG 13 +0.1a 0.8 +0.02a 1.4 + 0.04a 1.8 +£0.02a 13 +0.07a 1.4 +0.01a 2.01 £ 0.04a
CH 13 +0.1a 0.8 +0.02a 1.4 + 0.04a 1.8 +£0.02a 13 +0.07a 1.4 +£0.01a 2.01 £ 0.04a
CH + GG 13 +0.1a 0.8 +0.02a 1.4 +0.04a 1.8 +0.02a 13 +0.07a 1.4 +0.01a 2.01 £ 0.04a
CK 20 6.6+0.09h 0.7+0.01b 1.2 +0.05¢ 1.5 +0.04d 12.1 + 0.02f 1.1 +0.06d 1.4 +0.03¢
GG 69+0.082 0.7+0.01b 1.2 +£0.02¢ 1.5+0.02d 12.2 +0.02e 1.2 +£0.02¢ 1.48 +0.01d
CH 84 +0.12¢ 0.7+0.03b 1.3 +0.04b 1.7+ 0.01b 12.6 + 0.03d 1.4 +0.02a 1.68 £ 0.02¢
CH + GG 123 +0.06b 0.8 +0.0la 1.4 +0.02a 1.8 +0.03a 12.8 + 0.03b 1.4 +0.03a 1.81 £ 0.02b
CK 40 5.8+0.1j 0.6 +0.03c 1 +0.03e 1.3 +£0.03¢ 11.3 +0.03i 1+0.03d 1.02 £ 0.01g
GG 6.3 +0.1i 0.6 +0.02¢ 1 +0.05e 1.4 +0.03¢ 11.4 + 0.06h 1.1 +£0.03d 1.1 £0.01f
CH 7.7 + 0.05f 0.7+ 0.01b 1.1 +0.01d 1.5 +0.04d 12.2 +0.05¢ 1.2 +0.01c 1.42 +0.03e
CH + GG 11.8+0.03c 0.7 +0.03b 1.3 +0.01b 1.6 + 0.04c 12.7 + 0.05¢ 1.3 +0.02b 1.65 +0.02c
CK 60 4.9 +0.051 0.4 +0.01e 0.7 = 0.01f 1 +0.05g 104 +£0.01k 0.5 +0.01f 0.8 +0.02i
GG 52+0.07k 0.5 +0.04d 0.9 +0.03e 1.1 +0.03f 10.5+0.09k 0.7 +£0.02¢ 0.87 = 0.01h
CH 6.8 +£0.06g 0.6 +0.02c 1+0.07e 1.3 +£0.07¢ 11.2 +0.02j 1 +0.05d 1.03 +0.01¢g
CH + GG 10.5+0.05d 0.6 + 0.04c 1.2 +0.05¢ 1.5 +0.01d 11.9 +£0.01g 1.2 +£0.03¢ 1.12 + 0.02f

The means showing same letters in each column are not different statistically (P < 0.05)
Chitosan 0%-Gum ghatti 0% (CK); Chitosan 0%-Gum ghatti 1% (GG); Chitosan 1%-Gum ghatti 0% (CH); Chitosan 1%-Gum ghatti 1% (CH +

GG)

coated samples especially CH + GG showed less decrease.
In the case of catechin hydrate and kaempferol, which had
lowest levels of total flavonoid contents, a significant dif-
ference was observed between the control and CH + GG
samples after 60 days of storage. Therefore, during 60 days
of storage, the total flavonoid contents were highest in the
grapes coated by CH and CH + GG imore than 1 mg g!
FW) compared to GG coated.

Anthocyanidins and total anthocyanin content

Berry anthocyanidins such as delphinidin-3-glucoside, cya-
nidin-3-glucoside, pelargonidin-3 glucoside, and malvidin-
3-glucoside were also evaluated. From the beginning to the
end of storage times, all of the anthocyanidins derivatives
decreased (Table 3). Among the coated grapes, CH and CH
+ GG had significantly different variables compared to the
untreated samples. At the end of storage time, the highest
concentrations were found with the formula CH + GG for
delphinidin, cyanidin, pelargonidin, malvidin equal to 3.55,
2.18, 3.54, 1.93 mg g~! FW of berry. Data analyses dem-
onstrated a significant difference between some coated and
uncoated samples during storage. Total anthocyanin content
decreased in both coated and uncoated samples. There was
a notable change in the content of anthocyanin in the sam-
ples coated with CH and CH + GG (from 67.1 at the first
time to 21.6, 23.8 mg Kg~! FW of berry during 60 days,

respectively) and CK sample (from 67.1 at the first time to
18.2 mg Kg~' FW of berry during 60 days) (Table 3).

Antioxidant capacity

In our study, the grape's antioxidant capacity was decreased
during 60 days. As shown in Fig. 1, the DPPH radicals are
55.2% in the beginning and then slowly decrease for all
treatments. A significant difference was observed between
grapes treated with CH + GG coated and control samples.
The antioxidant capacity of CH + GG coated berries was
significantly higher than CH alone and GG alone throughout
storage. The fruit coated with CH 4+ GG shown the highest
antioxidant capacity (25.5% during 60 days of storage) fol-
lowed by the grapes coated with CH (19.5% during 60 days
of storage) and then GG coated.

Polyphenol oxidase activity

The highest PPO activity was observed (42.8 U/mg pro-
tein) in the first time. Activity of PPO decreased in all sam-
ples during the 20 days of storage. The PPO activity was
stopped in all treatments during the 20 days of storage fol-
lowed by a high-rate decline during the 60 days of shelf life
(Fig. 2). On the 60™ day of storage, the activity in the control
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Table 3 The effect of pretreatment with chitosan and gum ghatti on anthocyanidins and total anthocyanins of ‘Rishbaba’ grape stored at 0 +

1°C
Treatments Day Delphinidin-3-gluco-  Cyanidin-3-glucoside Pelargonidin-3 gluco- ~ Malvinidin-3-gluco-  Total antho-
side (mg g~! FW) (mg g7 FW) side (mg g~! FW) side (mg g~' FW) cyanins (mg g~
FW)

CK 0 5.04 +0.03a 3.34+0.01a 491 +0.05a 2.17 +0.01a 67.1+0.2a
GG 5.04 +0.03a 3.34+0.01a 491 +0.05a 2.17 +0.01a 67.1+0.2a
CH 5.04 +0.03a 3.34+0.01a 491 +0.05a 2.17 +0.01a 67.1+0.2a
CH + GG 5.04 + 0.03a 3.34+0.01a 491 +0.05a 2.17 +0.01a 67.1+0.2a
CK 20 3 +0.01f 1.85 + 0.02f 3.42 +0.03d 1.8 +0.04d 58.5+0.4e
GG 3.24 +0.04e 1.97 + .0.02f 3.55+0.02¢ 1.89 +0.02d 59.1+0.1d
CH 3.75 +0.02¢ 2.81 + 0.04¢ 4.8 +0.02a 2.08 +0.01b 60.8 + 0.1c
CH + GG 3.94 +0.01b 2.99 +0.02b 4.89 + 0.02a 2.13 +0.01b 62.7+0.1b
CK 40 2.6 + 0.05h 1.7 + 0.06f 2.9 + 0.06f 1.41 £ 0.02e 43 +0.3i
GG 2.69 + 0.02g 1.78 + 0.02f 3.12 £ 0.05¢ 1.47 £ 0.01e 44.1+0.2h
CH 3.5+0.07d 2.57 +£0.02d 4.51 £ 0.02b 1.95 £ 0.03¢ 472+0.3¢g
CH + GG 3.76 £ 0.05¢ 2.79 + 0.03¢ 4.78 + 0.02a 2.1 +0.02b 492 +0.1f
CK 60 2 +0.02j 1.35 £ 0.04¢ 2.7+ 0.01h 1.4 +0.03e 18.2 + 0.2m
GG 2.17 £ 0.01i 1.41 + 0.05g 2.81 +£0.03g 1.44 +0.02e 19.1 + 0.081
CH 3 +0.01f 1.78 + 0.04f 3.1+0.07e 1.78 £ 0.02d 21.6 + 0.3k
CH + GG 3.55 +0.02d 2.18 £ 0.01e 3.54 +0.03¢ 1.93 +0.01c 23.8+0.2j

The means showing same letters in each column are not different statistically (P < 0.05)
Chitosan 0%-Gum ghatti 0% (CK); Chitosan 0%-Gum ghatti 1% (GG); Chitosan 1%-Gum ghatti 0% (CH); Chitosan 1%-Gum ghatti 1% (CH +

GG)
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Fig. 1 Effect of chitosan, gum ghatti, chitosan-gum ghatti coatings
on antioxidant capacity (assay as DPPH) of Rishbaba grapes stored
at 0 + 1 °C with 85% relative humidity for 60 days. The means show-
ing same letters in each point are not different statistically (P < 0.05).
Chitosan 0%-Gum ghatti 0% (CK); Chitosan 0%-Gum ghatti 1%
(GG); Chitosan 1%-Gum ghatti 0% (CH); Chitosan 1%-Gum ghatti
1% (CH + GG)

samples was 6.64 U/mg protein, this figure was higher in the
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Fig.2 Effect of chitosan, gum ghatti, chitosan-gum ghatti coatings on
polyphenol oxidase activity (PPO) of Rishbaba grapes stored at 0 = 1
°C with 85% relative humidity for 60 days. The means showing same
letters in each point are not different statistically (P < 0.05). Chitosan
0%-Gum ghatti 0% (CK); Chitosan 0%-Gum ghatti 1% (GG); Chi-
tosan 1%-Gum ghatti 0% (CH); Chitosan 1%-Gum ghatti 1% (CH +
GG)

treatment samples. Such observations demonstrate that some
coatings in this study (such as CH and CH + GG) delayed
the undesirable changes.
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Table 4 The effect of

. ) Treatments Day Putrescine (nmol g~! FW) Spermidine (nmol  Spermine (nmol g~! FW)

pretreatmf?nt with chltgsan and o~ FW)

gum ghatti on polyamines of

‘Roishbaba’ grape stored at 0 + CK 0 12.18 +0.03a 21.35+0.1a 20.41 £0.12a

e GG 12.18 +0.03a 21.35+0.1a 2041 +0.12a
CH 12.18 + 0.03a 21.35+0.1a 2041 +0.12a
CH + GG 12.18 +0.03a 21.35+0.1a 2041 +0.12a
CK 20 10.01 + 0.07f 16 + 0.06g 11.09 + 0.09h
GG 10.41 + 0.02e 16.33 + 0.05f 112 +0.13h
CH 11.55 £ 0.04c 18.8 + 0.03d 18.1 +£0.11c
CH + GG 12.09 + 0.04b 19.45 £ 0.07b 19.11 + 0.1b
CK 40 6.15 + 0.04k 13.8 + 0.08j 10.02 + 0.02j
GG 6.33 + 0.05j 14.1 £ 0.04i 10.2 + 0.091
CH 9.12 + 0.03h 18.7 £ 0.08d 14.92 + 0.06f
CH + GG 11.09 + 0.09d 19.23 + 0.05¢ 17.07 + 0.08d
CK 60 5.5+ 0.02m 10.5 £ 0.031 9.1 +£0.041
GG 5.72 + 0.041 11.96 + 0.06k 9.41 + 0.06k
CH 8.99 + 0.08i 14.9 + 0.02h 13.99 + 0.07¢
CH + GG 9.32 +0.07¢g 17.7 + 0.08e 16.53 + 0.13e

The means showing same letters in each column are not different statistically (P < 0.05)

Chitosan 0%-Gum ghatti 0% (CK); Chitosan 0%-Gum ghatti 1% (GG); Chitosan 1%-Gum ghatti 0% (CH);
Chitosan 1%-Gum ghatti 1% (CH + GG)

Polyamines

The polyamines such as putrescine, spermidine and sper-
mine at the first time were 12.18, 21.35 and 20.41 nmol g~!
FW of berry for all grapes. As shown in Table 4, there is a
dramatic decrease in polyamines such as putrescine, sper-
midine and spermine in uncoated and GG coated samples
compared with other coated samples especially CH + GG.
During 60 days of storage, the highest putrescine, spermi-
dine and spermine was achieved with CH + GG (9.32, 17.7,
16.53 nmol g~! FW of berry respectively) and the lowest
levels were found in CK sample (5.5, 10.5, 9.1 nmol g_1 FwW
of berry respectively).

Soluble sugars

The soluble sugars stored in grapes can be in hexoses form
(glucose and fructose) dominated with trace sucrose. In our
study, a variety of grapes (Rishbaba) showed that glucose
content was almost always higher than that of fructose.
The effect of CH and CH + GG and their interaction on
berry soluble sugar concentration were significant. During
60 days, the greatest fructose concentration was obtained
with CH coated without and/or with GG (CH + GG). More-
over, the highest glucose concentration was found in CH +
GG treatment (Table 5). The highest concentrations of solu-
ble sugars were in grapes coated with 1% of CH and 1% GG
treatment. The glucose, fructose and sucrose concentrations
were the lowest in uncoated grapes (CK).

Mineral contents

The mineral compositions of grapes are summarized in
Table 6. In terms of the content of potassium during the 20th
and 40th days, there was a significant difference between CK
and GG compared with CH + GG. As to calcium content,
there were significant differences between coated samples
and uncoated samples. During 20, 40 and 60 days of stor-
age, there were significant differences between CK and GG
samples in comparison with CH + GG. During 20 days, the
effect of all treatments especially CH + GG on berry manga-
nese content was significant compared to the controls. Dur-
ing the 60th day, the manganese content was better preserved
in CH + GG treatment. There were significant differences
in the iron content between the control and all treatments
samples. There was also a significant difference between the
sample treated with CH alone and GG alone compared with
CH + GG. There was no significant difference in terms of
magnesium and zinc content between coated and uncoated
samples.

Yeast and mold counts

The changes in the population of yeast and molds in coated
and uncoated grapes are presented in Fig. 3. On the shelf,
within the storage times, decay increased. At the end of
storage, the decay rate of control (7.3 log CFU g~!) was
significantly higher than other groups (GG, 7 log CFU g~ ;
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Table 5 The effect of

. . Treatments Day Glucose (umol/g FW) Fructose (umol/g FW) Sucrose (umol/g FW)

pretreatment with chitosan and

gum ghatti on soluble sugars CK 0 30 0.1 22.1 + 0.1k 0.85 +0.01d

ifllfghbaba grape stored at 0 GG 30 + 0.1 22.1 0.1k 0.85 + 0.01d
CH 30 +£0.1j 22.1 £ 0.1k 0.85+0.01d
CH + GG 30 +0.1j 22.1 £ 0.1k 0.85 +£0.01d
CK 20 30.1 £ 0.07j 22.3 +0.15k 0.85 +0.03d
GG 30.4 + 0.06i 22.7 +0.13j 0.86 + 0.02d
CH 35.1 £0.15¢ 28.1 +0.12¢ 0.94 +0.07d
CH + GG 40.6 +0.12b 30.1 +£0.1c 0.98 +0.03d
CK 40 33.1 +£0.16h 23.1 +0.2i 0.9 +0.01d
GG 34.5 +0.12f 24.1 £ 0.17h 0.95 +0.04d
CH 38.5 + 0.08¢c 29.9 +0.14d 1.15 +0.02d
CH + GG 41.4 + 0.06a 32.1 +0.11b 1.24 + 0.02¢
CK 60 336 +0.1g 25.2 +0.26g 1.02 + 0.06d
GG 35.8 +£0.15d 26.4 + 0.23f 1.11 +0.03d
CH 41.1 +0.1a 30.3 +£0.2¢ 1.37 + 0.05b
CH + GG 41.6 +0.15a 32.6 +0.15a 1.42 £ 0.02a

The means showing same letters in each column are not different statistically (P < 0.05)

Chitosan 0%-Gum ghatti 0% (CK); Chitosan 0%-Gum ghatti 1% (GG); Chitosan 1%-Gum ghatti 0% (CH);

Chitosan 1%-Gum ghatti 1% (CH + GG)

Table 6 The effect of pretreatment with chitosan and gum ghatti on mineral contents of ‘Rishbaba’ grape stored at 0 + 1 °C

Treatments Day Potassium (%) Calcium (%) Magnesium (%) Iron (ppm) Zinc (ppm) Manganese (ppm)
CK 0 2 +0.08a 0.212 + 0.002a 0.175 + 0.003a 25.54 +0.1a 13.5 £ 0.09a 9.95 + 0.05a
GG 2 +0.08a 0.212 + 0.002a 0.175 + 0.003a 25.54 +0.1a 13.5 £ 0.09a 9.95 + 0.05a
CH 2 +0.08a 0.212 + 0.002a 0.175 + 0.003a 25.54 +0.1a 13.5 £ 0.09a 9.95 + 0.05a
CH + GG 2 +0.08a 0.212 + 0.002a 0.175 + 0.003a 25.54 +0.1a 13.5 £ 0.09a 9.95 + 0.05a
CK 20 1.41 +0.05b 0.163 + 0.004f 0.156 + 0.002¢ 18.5+0.11e 12.7 £ 0.01d 9.09 + 0.04e
GG 1.5 + 0.09b 0.17 + 0.001f 0.156 + 0.002¢ 20.01 +0.11d 12.75 + 0.05d 9.41 +0.03d
CH 1.72 + 0.08b 0.206 + 0.002b 0.169 + 0.002b 23.17 +£0.1c 12.92 + 0.01c 9.7 £0.01c
CH + GG 1.81 + 0.04b 0.211 +0.001a 0.174 + 0.002a 2412 +0.11b 13.01 + 0.05b 9.8 +0.06b
CK 40 1.15 + 0.02¢ 0.148 + 0.003g 0.154 + 0.002¢ 16.84 + 0.09g 9.65 + 0.05h 6.45 +0.01i
GG 1.2 +£0.07¢c 0.17 + 0.003f 0.155 + 0.002¢ 18.81 + 0.08d 9.76 + 0.01g 6.59 + 0.05h
CH 1.55 +0.02b 0.202 + 0.001c 0.166 + 0.004b 19.96 + 0.1d 10.22 + 0.02f 7.01 +0.03g
CH + GG 1.61 + 0.05b 0.208 + 0.001b 0.169 + 0.001b 20.01 +£0.12d 10.3 £ 0.01e 7.56 + 0.01f
CK 60 1.03 +0.04d 0.133 +0.01i 0.146 + 0.001d 16.53 + 0.15h 6.1 +0.021 4.28 +£0.02m
GG 1.09 +0.01d 0.164 + 0.006f 0.151 + 0.003¢c 17.54 + 0.17f 6.35 + 0.05k 4.45 +0.011
CH 1.22 +0.01c 0.19 + 0.001e 0.163 + 0.001b 18.98 + 0.0d 7.02 + 0.05j 5.03 +0.01k
CH + GG 1.25 £ 0.01¢c 0.195 + 0.003d 0.166 + 0.002b 20.05 + 0.09d 7.1 +£0.02i 6 + 0.08;j

The means showing same letters in each column are not different statistically (P < 0.05)

Chitosan 0%-Gum ghatti 0% (CK); Chitosan 0%-Gum ghatti 1% (GG); Chitosan 1%-Gum ghatti 0% (CH); Chitosan 1%-Gum ghatti 1% (CH +
GG)

CH, 6.3 log CFU g~! and CH + GG, 6 log CFU g™!). On
the 40™ day of storage, the levels of decay for all samples
increased clearly. CH + GG had the best result on prohibit-
ing the grape decay.

Discussion

Grape is among the main sources of phenolic compounds,
which have good effects on human health by neutralizing
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Fig. 3 Effect of chitosan, gum ghatti, chitosan-gum ghatti coatings on
yeast and mold counts of grapes stored at 0 + 1 °C with 85% relative
humidity for 60 days. The means showing same letters in each point
are not different statistically (P < 0.05). Chitosan 0%-Gum ghatti 0%
(CK); Chitosan 0%-Gum ghatti 1% (GG); Chitosan 1%-Gum ghatti
0% (CH); Chitosan 1%-Gum ghatti 1% (CH + GG)

free radicals. Phenolic acids (Table 1) benefit human
health by conferring the ability to sequester reactive oxy-
gen species (ROS) so they have protective effect against
chronic diseases [25]. One of the most important extracted
from phenolic compounds is resveratrol, as a stilbene.
Stilbenes, especially resveratrol, have been warranted
that anti-cancer and COVID-19 [26]. Therefore, they
protect these components by using CH and/or GG coat-
ings especially with formula CH + GG. In addition to its
nutraceuticals value, higher preserved resveratrol in grape
samples treated with CH + GG could protect cells against
Botrytis cinerea penetration [27]. The total phenolic and
flavonoid are shown in Table 1 and 2 respectively. Phe-
nolic and flavonoid compounds are secondary metabolites
of plants, which possess different activities such as anti-
inflammatory and anticancer effects. It has been estab-
lished that they can scavenge free radicals produced in
the body. Some of these compounds such as gallic acid,
caffeic acid, resveratrol, quercetin, etc. are widely used in
pharmaceuticals so it is important to preserve them during
storage time. Studies have shown that phenol content of
the grapes had a great difference due to pre or postharvest
treatments, ecological conditions, and genotypic variation
[28]. Given the importance of functional foods as poten-
tially healthful products, protecting the phenolic acids and
flavonoids of grapes using CH and GG (especially CH +
GQ) coatings is another major benefit of the coating. The
flavonoids such as flavanols and flavan-3-ols have antioxi-
dant activity in the body. The most important compounds
of flavan-3-ols (are derivatives of flavans) and flavanols are
catechin and quercetin, as main sources in the diet [29].
A sharp decrease of phenolic and flavonoids contents in

uncoated grapes may be cell structure breakdown or due to
the activity of yeast and mold [30]. Our study suggests that
coating with CH based formula without and/or with GG,
especially CH + GG _is a suitable method for preventing
activity of yeast and mold during storage period. These
observations are consistent with other studies. For exam-
ple, arabic gum lowered the reduction of phenolic contents
in banana [31]. In addition, in strawberry fruit, Aloe vera
gel coating enriched with ascorbic acid, calcium lactate
and cinnamon essential oil protected phenolic compound
[32]. Since the phenolic acids and flavonoids are the most
important group of natural polyphenols and have a protec-
tive role against oxidations, so protecting them by using
CH and GG (especially CH + GG) coatings is another
major benefit of the coating. Indeed, the higher stability
of phenolic compound in samples treated with CH + GG
confirms the positive effect of this polysaccharides ability
for preserving both nutritional and antioxidant of treated
berry during cold storage [27].

Grape by-products are promising and sustainable sources
of anthocyanidins (Table 3). Anthocyanidins stability was
influenced by the presence of hydroxyl or methoxyl groups
and B-ring in the structure. Anthocyanidins, as natural color-
ants, have value-added properties [33]. CH and GG coatings
protected grape anthocyanidin compounds. In this research,
grapes coated with high concentrations of CH + GG showed
significantly less reduction of anthocyanidins than the other
treatments. These compounds are highly nutrient and anti-
oxidant with many other good effects on health. There was
a relationship between polyamines, total phenol contents
and anthocyanins changes. Reduction of anthocyanin may
be because of coupled oxidation processes in the presence
of other phenolics [27, 34]. CH + GG treatment reduced
water loss, restricted gas exchange, and delayed ripening.
According to the results of this study, coating with CH-based
formula without and/or with GG, especially CH + GG mark-
edly delayed the decrease of anthocyanin contents (Table 3).
Wang and Gao studied strawberry coated with 0.5, 1.0 and
1.5 g 100 mL~! CH solutions kept at 5 or 10 °C. They main-
tained that anthocyanin was greater in the coated samples
compared to the uncoated samples [35]. Their finding is in
agreement with our results. Because grapes are widely con-
sumed in the world so the evaluation of its bioactive com-
pounds such as antioxidant capacity (DPPH assay) is impor-
tant. The antioxidant capacity decreased during the storage
time. CH + GG coating are considered an effective strat-
egy to preserve these compounds (Fig. 1). As known, some
compounds like phenolics, flavonoids, and anthocyanins
support antioxidant activity in grape and other fruits [27].
Antioxidant capacity and total phenol showed that phenolic
alone made no notable contribution to antioxidant activity.
Antioxidant capacity may depend on phenols and phenolic
acids, flavonoids, lignans, tannins, coumarins, and quinones
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stilbenes rather than total phenol content. Sanchez-Gonzalez
et al. studied Muscatel table grapes coated with CH (1%),
hydroxypropylmethylcellulose (1%) and bergamot essential
0il (2%). They found no significant difference between the
coated and control samples in terms of total phenol content
[36]. These results were almost similar to the results of our
research, although in our study, the combination of CH +
GG has caused significant changes in reducing these param-
eters and compounds such as polyphenols, flavonoids were
examined in detail.

CH + GG can control defense-related enzymes activ-
ity and improve fruits preservation. Polyphenol oxidase is
responsible for fruit browning. The activity of this enzyme
depends on the grading of the fruit, temperatures, pH and
various other conditions during storage [37, 38]. In addition,
the lower PPO activity can be because of the antioxidant
activity of CH + GG coating carrier or CH + GG inhibits
polyphenol oxidase by reacting with the active site of the
enzyme (Fig. 2). The inhibitory effect on PPO activity in
the treated samples can be because of the GG incorporated
into CH-based coating.

Polyamines are correlated with numerous plant processes.
They effectively maintain berry firmness and stabilize
anthocyanins along with suppressing the activity of pectin
methylesterase [39]. Coating with CH + GG protected the
grape polyamines (Table 4), which are important players in
decreasing stress and disease resistance, such as Alzheimer's
or infectious diseases.

The effect of CH, CH + GG and their interaction on
grape soluble sugar concentration are listed in Table 5. In
this study, soluble sugars increased and a significant differ-
ence was observed between the control sample and the treat-
ments, which could be due to polyphenol oxidase activity
and acidity changes. On the other hand, changes in soluble
sugars due to cellular respiration and conversion of disac-
charides to monosaccharides have been increasing. Since
the main factors in grape sensory characteristics and quality
are the soluble sugars fructose, glucose, and sucrose [40],
the effects of all treatments on these factors were examined
that CH + GG treatment plays a major role in protecting the
soluble sugars.

Grape is a good source of minerals such as copper,
manganese, potassium, iron, phosphorus, magnesium and
zinc only in trace amounts [41]. Minerals are as effective
as phenolic contents in terms of health benefits. Studies
have addressed the benefits of metals in biological systems
[42]. Potassium helps the growth, repair and maintenance
of bones and along with sodium, it keeps the balance of
electrochemical charges in cellular tissue. Calcium was
one of the best-retained nutrients in the fresh grapes evalu-
ated throughout this study [41]. Manganese improves bone
development and hormone synthesis. It is part of the struc-
ture of the superoxide dismutase enzyme and supports the
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function of the nervous system. Iron is needed to synthesize
red blood cells and adenosine triphosphate or ATP. Mag-
nesium is important in the synthesis of DNA and RNA, the
formation and function of ATP and many other enzymatic
reactions [41]. Zinc is one of the main trace minerals so that
the body only needs a small amount it therefore, it is bet-
ter to prevent the reduction of these essential substances in
the fruit by coating the grape fruits. Coated with CH-based
formula without and/or with GG, especially CH + GG mark-
edly delayed the changes because it has been able to control
enzymatic activity by reducing respiration. The results for
each mineral were different, still all of them decreased espe-
cially in uncoated samples (Table 6).

In our research, the results showed that the CH coatings
decreased the decay of grapes (Fig. 3). Two mechanisms
were explained about CH effect on decreasing the growth
of yeast and mold; (1) CH leads to the loss of proteinaceous
constituents and intracellular electrolytes, (2) affecting
mRNA and protein synthesis. The mechanism of microor-
ganism inhibition by CH + GG is that coatings obtained by
hydrophilic polymers, like guar gum, GG, and potato starch
exhibited gas permeability that decreases with a decrease
in temperature and relative humidity [43, 44]. On the other
hand, phenolic compounds such as resveratrol, which are
stabilized in the grape fruit by CH + GG, have antimicrobial
properties and delay the growth of mold and yeast. As far
as the authors know, the present study is the first work to
demonstrate that using a mixture of CH and GG at different
sub-inhibitory concentrations can significantly inhibit the
yeast and mold on table grapes stored for 60 days.

Conclusion

The results of our study showed that coatings of grape using
CH-based formula with and without GG preserved nutrients
and maintain quality within 60 days at 0 + 1 °C and 85%
relative humidity. Coatings especially CH + GG inhibited
decay incidence and delayed changes in the contents of
nutritional properties, phenolic compounds and antioxidant
capacity. The coatings showed positive effects on soluble
sugars and inhibited the PPO activities. Moreover, an inves-
tigation of bacterial activity showed that treatments with chi-
tosan coating and gum ghatti provided a significant reduc-
tion in yeast-mold growth. In comparison to other combined
coatings, CH and GG, as a new edible coating, are consid-
ered biodegradable and less hazardous with a significant role
in decreasing postharvest losses of grape fruits. The CH +
GG treatment had the highest effect on many components of
grape fruits so studying this coating showed an investigate
increase of the chitosan-gumghatti coating applications to
diminish the postharvest damage by microorganisms, as well
as the improvement of the quality of the other fruits.
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