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ARTICLE INFO ABSTRACT
Keywords: The current research focused on examining the effect of a coating made from Balangu seed
Quality preservation mucilage (TSM-BM) and gelatin (Ge), with varying concentrations of dill essential oil (DEO) (0 %,

Moisture barrier
Physical and chemical properties
Postharvest quality

1 %, and 2 %) and zinc oxide nanoparticles (ZnO-np) (0 % and 0.5 %), on the quality charac-
teristics of cherries stored at 4 °C over intervals of 0, 4, 7, 11, 18, and 25 days. The study noted
that the application of this coating, particularly when combined with DEO and ZnO-np, signifi-
cantly reduced the rate of changes in several parameters, including weight loss, firmness,
titratable acidity, pH, total soluble solids, ascorbic acid, total anthocyanin content, total phenolic
content, and antioxidant activity (p<0.05). During the storage period, the skin color of all treated
fruits darkened. Significant reductions were also observed in the values of L*, Chroma, and hue
angle, with the coating slowing these changes (p<0.05). The BM-Ge coating’s gas barrier prop-
erties contributed to a lower respiration rate in coated fruits than in uncoated controls, thereby
delaying spoilage. The coating effectively prevented moisture loss from the stem and reduced
browning over time. The incorporation of DEO into the BM-Ge coating enhanced its moisture
barrier capabilities due to DEO’s hydrophobic properties. BM-Ge coating containing 2 % DEO and
0.5 % ZnO-np was able to reduce changes of weight loss, firmness, titratable acidity, ascorbic
acid, total soluble solids, total anthocyanin content, total phenolic content, and antioxidant ac-
tivity by 71.23 %, 88.84 %, 60 %, 48.39 %, 30.05 %, 82.65 %, 50.77 %, and 55.46 % respectively.
A significant correlation was also observed between the treated fruits’ physical, chemical, and
visual qualities.

1. Introduction

Edible coatings facilitate selective control over the exchange of essential gases such as oxygen, carbon, carbon dioxide, and
ethylene, which play crucial roles in the respiration processes of food products [1-3]. Each type of edible coating possesses unique
functional characteristics. For instance, polysaccharide-based coatings are hydrophilic and capable of gas transmission but exhibit
limited moisture barrier properties [4]. Mucilage, a polysaccharide of non-glucose sugars, can significantly increase the viscosity of
solutions even at low concentrations. These substances are chemically stable, cost-effective, biocompatible, non-toxic, odorless, and
widely available [5-8]. Balangu seed mucilage (BM) is characterized as an anionic gum with a high molecular weight (1.294 x 10° Da)
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and a relatively flexible molecular chain, predominantly composed of carbohydrates. The significant presence of uronic acid, about 20
%, highlights its polyelectrolyte nature and indicates a substantial proportion of acidic polysaccharides within its structure [9-11]. The
primary limitation of mucilage-based coatings is their weak vapor barrier properties. However, composite coatings that combine
multiple components can enhance these coatings’ physical, mechanical, and barrier properties [4,12,13]. Integrating proteins into
mucilage-based coatings has been shown to reduce moisture loss [14,15]. Gelatin, derived from partial hydrolysis of collagen found in
animal skin, bones, connective tissues, and fish skin, is rich in amino acids such as proline, hydroxyproline, lysine, and hydroxylysine
[1,16,17]. Incorporating antimicrobial and antioxidant agents such as essential oils and plant extracts is expected to enhance the
preservation capabilities of these coatings. These active coatings can significantly improve the safety and quality of food products [3,
18-20]. A variety of antimicrobial agents, including organic acids, nanoparticles, enzymes, bacteriocins, and essential oils, have been
explored to boost the antimicrobial efficacy of these coatings [21-24]. Dill essential oil (DEO) from Anethum graveolens L., with a scent
reminiscent of black cumin, contains around 70 compounds. Its major components include Carvone, Limonene, a-phellandrene,
B-phellandrene, p-cymene, Eugenol, Dipentene, Isoeugenol, and Phenanthrene [22,25,26].

The simultaneous application of antimicrobial agents often results in greater efficacy due to synergistic interactions compared to
when these compounds are used individually. Zinc oxide nanoparticles (ZnO-np) exhibit antimicrobial properties against Gram-
positive and Gram-negative bacteria and fungi. These nanoparticles exert their antimicrobial effects by inducing oxidative stress in
microbial cells, which involves the release of reactive oxygen species or ions that interact with and disrupt the cell membrane [27,28].
It is well-documented that applying coatings to fruits and vegetables enhances their quality and helps maintain it post-harvest. Sweet
cherry (Prunus avium L.) is particularly noted for its rich content of phenolic compounds, fiber, carotenoids, vitamin C, and antho-
cyanins. This fruit ripens early and is highly valued and widely consumed for its superior quality [2,11,29-31]. However, it is
vulnerable to environmental stressors, particularly temperature fluctuations. Quality deterioration in harvested cherries can manifest
as skin bruising, softening, acidity reduction, stem drying and browning, and susceptibility to fungal infections such as those caused by
Monilinia fructicola, Botrytis cinerea, and Penicillium expansum [2,30]. No studies have explored using a Balangu seed mucilage-gelatin
(BM-Ge) blend as a coating or film. This research evaluates how adding DEO and ZnO-np to the BM-Ge coating affects the quality of
cherries during cold storage.

2. Materials and methods

Balangu seed (Lallemantia iberica L.) and dill seed (Anethum graveolens) were purchased from a local market in Zanjan (Iran). Gelatin
was sourced from Farmand CO. (Iran), while Gallic acid, 2,6-dichloroindophenol, and glycerol were supplied by Sigma Aldrich (USA).
Other chemicals used were of laboratory-grade purity and were procured from Merck (Germany).

2.1. Balangu seed mucilage (BM) and dill essential oil (DEO) extraction

100 g of Balangu seeds (Lallemantia iberica L.) were mixed with 3500 mL of distilled water and kept at room temperature for 2 h.
The mixture was then stored in a refrigerator at 4 °C for 8 h. Following this, the mixture underwent ultrasonic treatment for 20 min at
40 kHz and a power of 100 W (Backer, V9, Iran). The mucilage was separated using a centrifuge at 8000xg for 5 min. Afterward, the
Balangu seed mucilage was concentrated using a rotary vacuum evaporator at 45 °C and then dried in a vacuum oven at 50 °C for 12 h
[32,33]. To extract DEO, a hydro-distillation method was employed using a Clevenger apparatus, resulting in a DEO extraction yield of
1.35 % (v/w) [34-36].

2.2. Coating preparation, and cherry coating

Solutions of 1.5 % (v/w) BM and gelatin were prepared [9,16]. These were combined in a 1:1 ratio, to which 0.45 g of plasticizer
(45 % w/w, based on the biopolymer weight) was added and mixed at 25 °C for 30 min. Subsequently, as per specified treatments
(referenced in Table 1), varying amounts of Tween 80 (35 % v/v, based on the DEO concentration), DEO (0 %, 1 %, and 2 % v/v), and
ZnO nanoparticles (0.5 % and 1.5 % v/w, based on the biopolymer weight) were incorporated into the blend and stirred at 25 °C for
another 30 min. The final homogenization was performed using an ultrasonic homogenizer at 14000 RPM for 20 min (MTOPS., SR30,
South Korea).

Sweet cherries were harvested from a garden in Zanjan, Iran, after species verification. Post-washing and drying off surface

Table 1
Balangu seed mucilage-gelatin coating forming treatments. EO: Dill essential oil (%). Zno: Zno
nanoparticle.
Treatment Zno (%) Dill essential oil (%)
Ctrl 0 0
EO 0%-Zno 0 % 0 0
EO 1%-Zno 0 % 0 1
EO 2%-Zno 0 % 0 2
EO 0%-Zno 0.5 % 0.5 0
EO 1%-Zno 0.5 % 0.5 1
EO 2%-Zno 0.5 % 0.5 2
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moisture, the cherries were dipped in the prepared coating solution at 25 °C for 5 min. After allowing the surface to dry, the cherries
were placed in perforated polyethylene terephthalate containers and refrigerated at 4 °C for a duration of 25 days. Quality evaluations
were conducted periodically on days 0, 4, 7, 11, 18, and 25. Total of 105 sweet cherries sample were studied throughout the
experiment [31].

2.3. Quality analyzing

2.3.1. Physical properties

Weight loss was monitored by comparing the weight differences from the initial weight throughout the storage period. Firmness
was assessed using a texture analyzer (SANTAM Co., STM5, Iran) equipped with a 3 mm plunger, operating at a penetration speed of
10 mm s~ ! and to a maximum depth of 10 mm, with measurements depending on both storage duration and treatment conditions. The
stem moisture content was determined by comparing the fresh weight of the stems against their weight post-drying in an oven set at
80 °C for 24 h [37,38].

2.3.2. Visual properties

Images in RGB format with a resolution of 1288 x 1936 and saved in TIFF were obtained using an image processing module. The
color components L*, a*, and b* were derived from these RGB images using ImageJ software (Version 13.0.6, USA). Chroma (C*) and
Hue angle (h*) were computed based on Equations (1) and (2), respectively:

1/

C'=(a’+b? e}

h" =arctan <b / a*> 2)

Volume alterations were determined utilizing the image processing tools available in MATLAB R2019a (Mathworks, USA) and
ImageJ software (Version 13.0.6, USA). This procedure involved several steps: image segmentation, noise reduction using a median
filter (Fig. 1-A), background subtraction via Otsu’s method (Fig. 1-B), conversion to grayscale (Fig. 1-C), thresholding to create binary
images (Fig. 1-D), removal of stems (Fig. 1-F), and image inversion (Fig. 1-G). The radius was measured from the binary images to
estimate the volume of cherries as that of a sphere. Changes in cherry volume during storage were quantified by comparing initial and
final volumes. Cherry volume changes (%) during the storage were calculated using the initial and final volumes [39]. The decay ratio
was visually assessed by calculating the proportion of fruits exhibiting rot against the total fruit count. Rotten fruits were identified by
at least one visible rot spot on their surface. The stem browning index (PBI) was determined by the ratio of fruits showing over 30 %
browning of stems during storage to the total fruit count [37,38].

2.3.3. Chemical properties
Stem chlorophyll content (PCC) was computed based on Equation (3) after extracting chlorophyll from the peduncle using 80 %
acetone and measuring absorbance at wavelengths of 645 nm (Ag4s) and 663 nm (Ag33):

Following juicing, cherry juice was centrifuged (12000xg, 20 min), after which the pH was recorded using a pH meter and total
soluble solids (TS, degrees Brix) were determined with a refractometer. Titratable acidity (TA, g Maleic acid/kg fruit) was assessed by
titrating 10 mL of cherry juice with a 0.1 M sodium hydroxide solution until reaching a pH of 1.8.The content of ascorbic acid (mg/
100g fruit) was measured through the 2,6-dichloroindophenol titrimetric method after preparing the fruit extract by soaking in 3 %
metaphosphoric acid (HPO3) and titration until a stable pink color was achieved [2,31,40]. Total anthocyanin content (TAC) was
evaluated using the pH differential method, relying on the absorption characteristics of Cyanidin-3-glucoside. A sample of 5 mg of
cherries was mixed with 20 mL of methanol, ultrasonicated for 30 min, and then centrifuged. TAC was calculated considering the
difference in absorbance at wavelengths 520 and 700 nm at pH values of 1 and 4.5, (A) taking into account factors such as the mo-
lecular weight (MW) of Cyanidin-3-glucoside, dilution factor (DF), path length (1), and molar extinction coefficient (¢) (Equation (4))

¢ o oo Ml

Fig. 1. (A) RGB image, (B) Images after background removal, (C) Grayscale images, (D) Binary images, (E) Image inversion, (F) images after stem
removal, and (G) Image inversion.
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[41]:
TAC (mg/kg> = (A x MW x DF x 1000) / (e x1I) “4)

The evaluation of antioxidant properties was conducted using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. In this method, 3.9
mL of DPPH solution was combined with 0.1 mL of methanolic extract from cherries. After an incubation period of 60 min, the
absorbance levels were recorded by a UV-visible spectrophotometer (Lab Ram HR, Horiba, Japan) at 520 nm. For assessing the total
phenolic content (TPC, expressed as mg GAE/100g of fruit), a mixture was prepared containing 0.1 mL of the cherry methanolic
extract, 0.5 mL of Folin-Ciocalteu reagent, 2.9 mL of distilled water, and 2.0 mL of 20 % sodium carbonate solution. The absorbance of
this mixture was then measured at 734 nm [15,30].

2.4. Correlation

The correlation between different variables was established using Pearson’s correlation coefficient method, and the significance of
these relationships was confirmed through the Kaiser-Meyer-Olkin test, with a significance level set at p < 0.05.

2.5. Statistical analysis

The effect of various treatments on quality and process parameters was analyzed by employing one-way ANOVA within a factorial
randomized complete block design framework. Duncan’s post hoc test was used to compare the means. Statistical analyses were
performed using SPSS software (Version 26, USA), while graphical representations and error calculations were done using Excel (2019,
USA). Each experimental condition was replicated at least three times.

3. Results and discussion
3.1. Physical properties

3.1.1. Weight loss (WL)

Weight loss (WL) in fruits and vegetables predominantly occurs due to transpiration and respiration. In cherries, the low diffusion
resistance of the skin coupled with a high surface-area-to-volume ratio accelerates water loss [2,42-44]. Significant increases in WL
were observed across all treatment groups during storage as shown in Fig. 2. The results demonstrated that the application of BM-Ge
coating markedly reduces moisture transfer from cherries to their surrounding environment, achieving this by acting as a
semi-permeable barrier to gases and water vapor. This leads to reduced rates of respiration and transpiration, minimized water loss,
and decreased enzymatic browning [31]. WL was greater in the control (Ctrl) treatment, primarily due to heightened respiration and
evaporation rates. This observation aligns with findings from several studies [2,37,38,42-46]. It was also noted that incorporating DEO
markedly reduced WL throughout storage (p < 0.05). DEO improves the moisture barrier characteristics of biopolymer films, likely
through the formation of a strengthened matrix between BM-Ge and DEO via hydrogen bonds, acting as a semi-permeable layer. The
robust interaction and bonding between DEO and the hydroxyl groups in mucilage-gelatin may restrict these groups’ ability to bond
with water molecules, thereby forming a more effective coating that impedes water vapor release from the fruit surface [31,42].
Consequently, treatments that include DEO can diminish surface desiccation, wrinkling, and respiration rates in cherries during
storage by creating an improved physical barrier [47].
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Fig. 2. Weight Loss (WL, %) of sweet cherry during cold storag. Numbers with similar lowercase letters in each storage time do not differ
significantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).
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Treatments containing zinc oxide nanoparticles (Zno-np) are crucial in significantly reducing WL during cold storage (p < 0.05).
These coatings cut down mass transfer by 60 %, possibly through establishing a modified atmospheric condition around the fruit and
its immediate environment, reducing carbon atom loss from respiration, and leveraging antimicrobial effects [48,49]. Agents like
essential oils, nanoparticles, or their combinations serve as physical barriers against moisture loss while mitigating respiratory
drawbacks [31,42]. Furthermore, the treatment combining 2 % DEO with 0.5 % Zno was found to be most effective in preserving
cherry weight, highlighting the synergistic effect of DEO and Zno-np in maintaining cherry quality.

3.1.2. Firmness

Firmness is a critical measure of cherry ripening and quality [37,38]. The results indicated (Fig. 3) that firmness significantly
declined in all treatments as storage duration increased (p < 0.05). During ripening, enzymes that degrade cell walls lessen cell
adhesion and the structural integrity of the cell wall, converting protopectin into soluble pectin, thus reducing firmness [37,38]. The
decrease in firmness was significantly (p < 0.05) more pronounced in the Ctrl treatment. The softening process is influenced by
increased activities of enzymes such as polygalacturonase, beta-galactosidase, and pectin methylesterase, which are linked to the rate
of fruit respiration during ripening. By managing internal oxygen and carbon dioxide levels, treatments capable of suppressing these
enzyme activities can effectively maintain firmness [41,50].

The coating managed water loss and moisture migration through transpiration control, helping maintain fruit integrity and texture.
This aligns with findings from other studies examining similar coatings for cherry preservation under cold storage conditions [37,38,
41,43,50,51]. Adding DEO to the coatings significantly (p > 0.05) maintained firmness throughout storage compared to control
treatments by forming a semi-permeable barrier that optimized internal atmospheric conditions and minimized water loss. Further-
more, treatments containing DEO were crucial in reducing fruit softening and inhibiting cell wall degradation [41]. Coatings that
included ZnO-np were significantly (p < 0.05) more effective in maintaining firmness, potentially due to ZnO-np’s role in lowering
respiration rates and reducing ethylene and carbon dioxide production, which in turn decreased the activity of cell wall-degrading
enzymes [37,38,48,49,52]. The combined use of DEO at 2 % and ZnO at 0.5 % demonstrated a synergistic effect, significantly pre-
serving the firmness of the cherries. Similar outcomes have been documented in related research [37,38,41,43,44,48-54].

3.2. Chemical properties

3.2.1. Titratable acidity (TA) and pH

Titratable acidity (TA), expressed as a percentage of maleic acid, reflects the organic acid composition in fruits. A significantly (p <
0.05) decrease in TA was observed during cold storage, as illustrated in Table 2. In the control (Ctrl) group, the high respiratory activity
of the fruits led to an increased use of organic acids as substrates for respiration, thereby hastening ripening. Coating treatments,
however, were found to reduce both respiration and ethylene production rates. These findings align with previous studies [37,38,41,
43,44,50-54]. The incorporation of ZnO nanoparticles (ZnO-np) and dill essential oil (DEO) significantly (p < 0.05) stabilized the TA
levels. Adding DEO to the coating can reduce the rate of sugar decomposition and/or the consumption of organic acids by creating a
modified internal atmosphere and delaying fruit respiration. DEO also reduces the respiration intensity, inhibits decaying, and reduces
the fruit metabolic reactions [31]. By affecting the metabolic responses and reducing the microbial contamination, the addition of
Zno-np caused a delay in the ripening process, decreased respiration intensity, and inhibition of cherry fruit rot. The EO 2%-Zno 0.5 %
treatment showed the lowest TA changes during storage. In other words, the combination of DEO and Zno-np played a synergistic role
in reducing TA changes due to their increased efficiency and antimicrobial properties.

In all the treatments, the pH values increased during the storage time, which is due to the consumption of organic acids in the
enzymatic reactions during the respiration process (Fig. 4). At the end of the storage at 4 °C, the highest pH value was observed in the
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Fig. 3. Firmness (N) of sweet cherry during cold storage. Numbers with similar lowercase letters in each storage time do not differ significantly
(p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).
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Table 2
Titratable acidity (TA) changes of sweet cherry during cold storage. Numbers with similar lowercase letters in each storage time do not differ
significantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).

0 4 7 11 18 25
ctrl 0.85 + 0.03 A2 0.78 + 0.02 B 0.56 + 0.01 ©© 0.42 + 0.03 P¢ 0.37 +0.01 *f 0.31 +0.02 Ff
EO 0%-Zno 0 % 0.89 + 0.02 42 0.79 + 0.01% 0.63 + 0.03 < 0.49 + 0.02 ™4 0.44 + 0.01 B¢ 0.40 + 0.03 B¢
EO 1%-Zno 0 % 0.87 + 0.02 A2 0.80 + 0.02 Bab 0.64 + 0.01 < 0.53 + 0.03 P4 0.48 +0.01 ™ 0.46 + 0.02 ™
EO 2%-Zno 0 % 0.88 + 0.01 A2 0.82 + 0.02 Ba® 0.69 =+ 0.02 ¢ 0.60 + 0.02 >¢ 0.53 + 0.02 B¢ 0.50 + 0.03 Fed
EO 0%-Zno 0.5 % 0.89 + 0.01 42 0.81 + 0.03 Ba® 0.70 + 0.03 ¢ 0.63 + 0.02 >¢ 0.56 + 0.03 B¢ 0.52 + 0.02 E¢
EO 1%-Zno 0.5 % 0.87 + 0.03 A2 0.83 + 0.02 2 0.74 + 0.02 Bab 0.69 + 0.02 ® 0.61 + 0.01 *° 0.59 + 0.02 P°
EO 2%-Zno 0.5 % 0.87 +0.02 42 0.84 4+ 0.02 42 0.76 + 0.01 B8 0.73 +0.01 & 0.66 =+ 0.02 P2 0.64 + 0.01°2

Ctrl treatment and the lowest was observed for the samples coated with the BM-Ge coatings containing the highest amount of DEO.
However, there was no significant difference between the coating treatments with different concentrations of DEO until the 18th day of
storage (p > 0.05). The addition of DEO to the BM-Ge coating significantly (p < 0.05) decreased the rate of changes in the pH values
during the cold storage. The addition of DEO to the coating could alter fruit respiration rates through interactions of DEO compounds
with cell membranes that affect fruit metabolic patterns [42]. Moreover, the presence or absence of Zno-np had no significant effect on
the changes in the pH values of cherries during storage (p > 0.05).

3.2.2. Total soluble solids (TS) and TS/titratable acidity (TA)

Sweet cherry, as a climacteric fruit, exhibits an increase in total soluble solids (TS) over the storage period [41]. Consequently,
there was a significant rise in TS during this time (Table 3). This increase is attributed to the hydrolysis of starch into monosaccharides
via respiration and other catabolic activities. The rise in TS correlates with water loss and the fruit’s ripening or softening, which is
further influenced by heightened enzymatic activity and reduced turgor pressure [37,41,46].

The results indicated that the rate of TS changes in the Ctrl treatment was significantly (p < 0.05) higher than in the other
treatments. The coatings develop a semipermeable layer around the cherries that slows the ripening and respiration rates by limiting
gas exchange as well as ethylene production and delaying sugar consumption, which in turn delays the increase in soluble solids [1,
14]. Researchers have shown that sugars are the primary components of TS in fruits or vegetables that are consumed during respiration
[37]. Comparable outcomes were observed when cherries were coated with chitosan [41,44,46], chitosan-gelatin [37,38], gum arabic
with almond [50], and guar gum [43]. The application of a 2 % essential oil and 0.5 % zinc oxide treatment showed the most significant
prevention of total soluble solids (TS) alterations, likely due to reduced oxygen levels and/or elevated carbon dioxide levels, alongside
inhibited ethylene production which diminishes starch breakdown into sugars [37,38,44,48,51,52]. The ratio of total soluble solids to
titratable acidity (TS/TA) serves as a critical measure for assessing fruit quality, taste balance, and consumer preference [37,38,44]. All
treatments exhibited lesser fluctuations in TS/TA during storage compared to the control group, attributed to delayed fruit ripening
(Fig. 5). The inclusion of DEO and zinc oxide nanoparticles (Zno-np) significant reduced (p<0.05) the changes in TS/TA.

3.2.3. Ascorbic acid

Ascorbic acid, a potent free radical scavenger, helps prevent fruit spoilage during ripening. Throughout cold storage, ascorbic acid
levels gradually declined in all treatments; however, the decline was more pronounced in the control group; Coating significantly
slowed down this reduction in ascorbic acid levels (p<0.05) (Fig. 6). The reduction in Vitamin C content is primarily attributed to
several factors that occur during the storage period. As storage time increases, the metabolic processes of the fruit continue, albeit at a
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Fig. 4. pH changes of sweet cherry during cold storage. Numbers with similar lowercase letters in each storage time do not differ significantly
(p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).



Y. Shahedi et al. Heliyon 10 (2024) e41057

Table 3
Total soluble solids (TS) changes of sweet cherry during cold storage. Numbers with similar lowercase letters in each storage time do not differ
significantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).

0 4 7 11 18 25

Ctrl 15.21 + 0.54 A2 18.94 + 0.49 B¢ 20.03 + 0.39 ¢ 22.45 + 0.48 D¢ 24.34 + 0.62 B¢ 25.42 + 0.63 F¢

EO 0%-Zno 0 % 15.11 + 0.39 A2 17.21 + 0.52 B 18.59 + 0.46 < 19.45 + 0.37 ™ 21.11 + 0.56 B4 21.08 + 0.61 B¢

EO 1%-Zno 0 % 15.43 + 0.62 A2 17.01 + 0.46 & 18.24 + 0.54 ¢ 18.78 + 0.36 <>¢ 19.43 + 0.34 PEe 20.87 + 0.51 ¢

EO 2%-Zno 0 % 15.19 + 0.44 A2 16.87 + 0.52 BaP 17.45 + 0.37 Bab 17.89 =+ 0.47 B 18.65 + 0.53 PP 19.87 + 0.35 PP

EO 0%-Zno 0.5 % 15.38 + 0.43 42 16.66 + 0.39 BaP 17.39 + 0.43 B2 17.44 + 0.49 BCP 18.04 + 0.36 PP 18.69 + 0.52 Pab
EO 1%-Zno 0.5 % 15.09 + 0.37 A2 16.04 + 0.48 B2 16.89 + 0.51 B¢ 17.01 + 0.42 Beab 17.73 + 0.51 PP 18.32 + 0.46 D2b
EO 2%-Zno 0.5 % 15.26 + 0.40 A2 16.01 + 0.51 B2 16.74 + 0.43 BCa 16.98 + 0.40 B¢ 17.23 + 0.52 P2 17.78 + 0.39 P2
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Fig. 5. Total soluble solids (TS)/Titratable acidity (TA) changes of sweet cherry during cold storage. Numbers with similar lowercase letters in each
storage time do not differ significantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).

reduced rate, which can lead to oxidative degradation of ascorbic acid. Environmental conditions, including temperature, humidity,
and exposure to light, further exacerbate these losses. The ascorbic acid was significantly more susceptible to oxidation and degra-
dation in the control group without any protective coating due to higher respiration rates and enzyme activity. This was less pro-
nounced in coated fruits, where the coatings slowed down respiratory metabolism and enzyme activity, consequently preserving the
ascorbic acid levels for a longer duration. Additionally, the antioxidant properties of DEO played a critical role in enhancing Vitamin C
retention by mitigating oxidative stress within the fruit. This preservation of ascorbic acid in coated cherries is likely due to the
coatings’ low oxygen permeability and reduced respiration rate, which inhibit enzyme activity and prevent ascorbic acid oxidation. In
summary, as the storage duration increases, various physiological and biochemical processes, including respiration, enzyme activity,
and oxidative stress, contribute to the decline in Vitamin C content. The use of coatings can significantly influence these factors, thus
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Fig. 6. Ascorbic acid changes of sweet cherry during cold storage. Numbers with similar lowercase letters in each storage time do not differ
significantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).
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preserving ascorbic acid levels more effectively than in untreated samples [43,44,46].

Similar effects of coatings with chitosan [41,44,55], guar [43], and alginate-chitosan containing olive leaf extract [46] have been
documented. DEO addition significantly (p<0.05) enhanced ascorbic acid retention, attributable to DEO’s antioxidant properties and
the lower respiration rate in treated fruits [31]. While ascorbic acid levels in samples treated with Zno-np did not show significant
differences at certain storage intervals compared to those without Zno-np (p > 0.05), the inclusion of Zno-np significantly (p<0.05)
curtailed the rate of ascorbic acid degradation, likely due to altered internal atmosphere and decreased respiration rate [52].

3.2.4. Total anthocyanin content (TAC) and total phenolic content (TPC)

Anthocyanins, water-soluble phenolic compounds with high antioxidant capacity, are crucial for maintaining during storage [31,
41]. A notable decline in total anthocyanin content (TAC) was noted across all treatments during cold storage (Table 4). This reduction
is linked to diminished enzyme activities that affect anthocyanin synthesis, specifically phenylalanine ammonia-lyase and antho-
cyanidin synthase [41]. TAC was significantly higher (p<0.05) in coated cherries compared to the control group. The coating’s barrier
properties alter the internal atmosphere of the fruit, leading to reduced metabolic activities involved in anthocyanin degradation [31].
Incorporating DEO and Zno-np into the BM-Ge coating also stabilizes pH levels, which supports anthocyanin preservation while
concurrently minimizing water loss and respiration rates [31].

The integration of essential oils into the coating enhances its antioxidant characteristics. This notable enhancement in the anti-
oxidant capacity of cherries during storage can be linked to improved retention of phenolic and TAC contents. Similar observations
have been documented in previous studies [31,41,50]. Phenolic compounds, as secondary metabolites, are crucial for augmenting fruit
quality and nutritional value by enriching color, aroma, flavor, and taste [42,46,54]. Throughout the storage period, TPC demon-
strated a significant (p<0.05) decline across all treatments (Table 4). This reduction in TPC is primarily due to cellular breakdown as
the cherries ripen [55]. Although TPC consistently decreased across all treatments, the most significant reduction was observed in the
control sample, with a lesser decline noted in the coated samples. This could be attributed to reduced oxygen permeability in the
coated samples, likely lowering enzyme activity [46]. The results revealed that adding DEO to the BM-Ge coating significantly
(p<0.05) slowed the rate of TPC degradation during cold storage. DEO’s phenolic content inherently boosts the TPC of the product. The
decline in TPC may result from the activities of polyphenol oxidase and phenylalanine ammonia lyase. DEO’s aromatic ring potentially
interacts with the active sites of these enzymes, inhibiting their role in oxidizing phenolic compounds [42]. Adding Zno-np helps slow
down the rate of TPC reduction in cherries during storage. The combined application of DEO and Zno-np synergistically mitigates the
degradation of phenolic compounds, reducing their breakdown rate.

3.2.5. Antioxidant capacity

Sweet cherries are rich in various phenolic substances and possess a high concentration of anthocyanins, enhancing their anti-
oxidant capacity [51]. This antioxidant potential is likely due to synergistic effects among different phytochemicals [37]. During cold
storage, antioxidant activity significantly (p<0.05) diminished across all treatments, although coating treatments helped slow this
decline (Fig. 7). Key enzymatic antioxidants include superoxide dismutases, ascorbate peroxidases, and catalases, which are crucial in
combating reactive oxygen species. The coating acts as a barrier against excessive oxygen transfer and reactive oxygen species pro-
duction on the cherry surface. Certain mechanisms are instrumental in safeguarding cells from damage induced by free radicals [54].
Adding DEO and Zno-np to the BM-Ge edible coating significantly (p<0.05) increased the antioxidant activity in coated cherries,
attributable to the suppressive impact of DEO and Zno-np on DPPH radicals during storage. The study findings confirm that both
DEO-incorporated and Zno-np-incorporated BM-Ge coatings effectively preserve the antioxidant activity of cherries throughout
storage.

Table 4
Total anthocyanin content (TAC) and Total phenolic content (TPC) changes of sweet cherry during cold storage. Numbers with similar lowercase
letters in each storage time do not differ significantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).

0 4 7 11 18 25
Total anthocyanin content (TAC)

ctrl 95.70 + 1.02 A2 87.30 + 1.13 % 80.11 + 0.95 ¢ 67.21 + 0.89 M 59.43 + 1.15 ¢ 44.90 + 0.99 B8

EO 0%-Zno 0 % 87.30 £ 1.10 A2 93.78 + 0.98 B2 88.56 + 1.18 <© 79.93 + 0.97 P¢ 74.45 + 1.04 ™ 60.87 + 1.08 Bf

EO 1%-Zno 0 % 95.73 + 0.94 A2 94.03 + 1.11 42 90.23 + 0.97 B° 81.87 +1.13 < 76.28 + 1.12 ™4 63.89 + 0.87 ¢

EO 2%-Zno 0 % 96.31 + 0.93 A2 95.11 + 0.87 A2 92.54 +1.19 B 84.73 + 0.96 <° 80.11 £1.19 ¢ 71.07 + 0.95 P4

EO 0%-Zno 0.5 % 95.80 + 1.23 A2 94.65 + 0.95 ABa 93.11 + 1.09 B2 86.43 + 1.11 & 84.78 + 1.02 PP 75.49 + 1.02 P¢

EO 1%-Zno 0.5 % 96.20 + 1.02 A2 94.89 + 0.86 AB2 93.74 +1.13 % 88.94 + 0.93 <@ 86.32 + 1.19 Pab 78.13 + 1.11 PP

EO 2%-Zno 0.5 % 96.03 + 1.28 A2 95.40 + 1.02 A2 94.21 + 0.97 A2 89.92 +1.09 B2 86.93 +1.16 ©@ 82.01 + 1.16 ®

Total phenolic content (TPC)

Ctrl 19.43 4+ 0.55 A2 17.65 + 0.49 B 15.46 + 0.52 < 13.98 + 0.48 P4 11.43 4+ 0.54 B¢ 10.32 + 0.42

EO 0%-Zno 0 % 19.52 + 0.53 42 17.77 + 0.57 B 16.23 + 0.47 & 14.78 + 0.56 P4 13.23 + 0.59 11.67 + 0.54 B¢

EO 1%-Zno 0 % 19.37 + 0.52 42 17.98 + 0.62 B° 17.05 + 0.59 B¢ 15.67 + 0.59 & 13.54 + 0.42 °° 12.05 + 0.52 B¢

EO 2%-Zno 0 % 20.31 + 0.60 A° 19.67 + 0.45 A2 18.40 + 0.54 B° 17.14 +0.53 % 15.73 + 0.60 P2 14.04 + 0.44 ™

EO 0%-Zno 0.5 % 20.17 + 0.52 A2 19.24 + 0.54 A2 18.67 + 0.49 Bab 17.66 + 0.41 ©° 15.68 + 0.56 P2 14.98 + 0.49 Pab
EO 1%-Zno 0.5 % 20.06 + 0.53 A2 19.98 + 0.40 A2 19.04 + 0.52 A2° 17.84 + 0.49 Bab 16.45 + 0.44 © 15.21 + 0.58 P2

EO 2%-Zno 0.5 % 20.28 + 0.41 A2 20.11 + 0.52 A2 19.67 + 0.59 A2 18.23 + 0.47 B2 16.43 + 0.53 B¢ 15.56 + 0.55
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Fig. 7. DPPH (%) changes of sweet cherry during cold storage. Numbers with similar lowercase letters in each storage time do not differ signifi-
cantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).

3.3. Visual properties

Cherry skin color serves as a quality and ripeness indicator for this fruit [37]. Throughout storage, skin color in all treatments
darkened, with significant reductions in L*, Chroma, and hue angle values (p<0.05). These changes in hue angle and Chroma reflect the
progression of fruit ripening [44,51]. Sweet cherries contain different types of phenolic substances and a high concentration of an-
thocyanins. Phenolic and anthocyanin compounds decrease with the onset of fruit aging due to the breakdown of cell structures [38].
Coating cherry fruit with BM-Ge coating reduced the rate of color changes (Fig. 8). Edible coatings were able to reduce the rate of TPC
changes and maintain higher antioxidant activity during cherry storage. Edible coatings reduce the amount of oxygen used for fruit
metabolic activities, thereby inhibiting respiration and the activity of polyphenol oxidase and peroxidase and reducing the activity of
phenylalanine ammonia lyase and flavanone synthase [38]. Similar results of the coating effect on color changes have been reported by
other researchers [37,38,44,50,51]. The addition of DEO and Zno-np significantly (p<0.05) decreased the rate of changes in the color
indicators. Moreover, the simultaneous combination of DEO and Zno-np with a synergistic effect reduced the rate of changes in these
color indicators in cherries during storage. DEO and Zno-np decrease membrane oxygen permeability as well as enzyme activity, which
decreases the degradation rate of phenolic and anthocyanin compounds. The higher values of hue angle and Chroma in the coated
fruits compared to the uncoated fruits can be related to less water loss during storage [51]. At the end of the storage period in all the
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treatments, the lowest values of L*, Chroma, and hue angle were observed in the BM-Ge coating containing 2 % DEO and 0.5 % Zno.

The results indicated that the maximum relative prediction error in volume estimation with the help of image processing was 5.43
%. According to the results of the estimation of volume changes, the volume changes in the sweet cherries in all the treatments
significantly increased (p<0.05) during the cold storage period (Fig. 9). WL plays the main role in the volume change of the sweet
cherries during the storage period, resulting in the shrinkage of the stored cherries. Coating significantly (p<0.05) reduced volume
changes during the storage. The use of coating can reduce the amount of WL and thus the volume changes. As the amounts of DEO and
Zno-np increased, the volume changes significantly decreased (p<0.05). The increased amount of DEO due to its hydrophobic property
increases the water vapor barrier property and improves the coating’s physical properties. The antioxidant effects of DEO, along with
improving physical, and barrier properties, reduce physical, chemical, and metabolic changes (respiration), and thus the moisture loss
[37,38,44,50,51].

3.4. Quality and decay properties

The decay rate is closely related to the respiration rate of the fruit. Cherry has a high respiration rate and is susceptible to various
types of fungal decay [38]. Table 5 shows that the decay rate significantly increased (p<0.05) for all the treatments during the storage.
Results also indicated that the decay ratio of the Ctrl treatment was significantly (p<0.05) higher than that of the other treatments. The
respiration rate of the coating treatments is lower than that of the Ctrl treatment due to the water vapor barrier property of the BM-Ge
coating. The coating also limits the entry of oxygen to the fruit and inhibits its respiration rate, ultimately delaying the fruit’s decay.
The addition of DEO to the coating resulted in lower levels of fruit rot, especially at higher concentrations of DEO. DEO develops a
waterproof layer on the outermost surface of the cherry, which prevents the adhesion, invasion, germination, and reproduction of
pathogenic fungi and bacteria. The Zno-np-contained BM-Ge coating also delayed the decay rate of the cherry. The rot rate of the
Zno-np-coated groups was significantly (p<0.05) lower compared to the other treatments, which may be related to the antimicrobial
properties of Zno-np. Zno-np prevents decay and makes the cell wall-less exposed to degrading enzymes produced by pathogens,
thereby improving cell stability. Green and juicy stems indicate the sweet cherries’ freshness. The browning and wrinkling of the stem
is caused by its drying. Transpiration through stems in an unsaturated atmosphere is one of the causes of drying [37]. The pores on the
fruit epidermis are the main channel of its transpiration, and its condition and quantity are closely related to the moisture loss of the
fruit after harvesting. Various studies have shown that the stomatal density on the surface of the cherry stem is 40 times higher than on
the surface of the fruit, and the permeability of the surface of the stem is higher than that of the surface of the fruit. The surface coating
of the stem is the main limiter of its moisture loss rate during storage [37].

The stem browning in all the coating treatments was significantly (p<0.05) lower than in the Ctrl treatment (Fig. 10). The browning
of the tissue of fruits and vegetables during the post-harvest storage is due to the formation of quinones from phenolic substances under
the effect of polyphenol oxidase. The coatings have good oxygen barrier properties and limit the entry of oxygen into the stem, leading
to the decreased activity of polyphenol oxidase and suppressing stem browning [37].

The addition of DEO and Zno-np also significantly (p<0.05) reduces the stem browning rate, which is probably due to the limitation
of polyphenol oxidase activity by DEO and Zno-np. PMC significantly decreased (p<0.05) during cold storage time in all the treatments,
and the use of the BM-Ge coatings containing DEO and Zno-np significantly (p<0.05) decreased the rate of moisture loss (Fig. 10). The
coating creates a moisture barrier, and on the other hand, the addition of DEO to the coating improves its moisture barrier properties
due to its oily nature. Although the addition of Zno-np caused a significant decrease (p < 0.05) in the rate of moisture loss, no sig-
nificant difference was observed in the decrease of PMC rate in the presence of DEO (p > 0.05). Although PCC significantly decreased
(p<0.05) in all the treatments during cold storage time.

Results also indicated that the coating significantly (p<0.05) decreased the rate of PCC changes (Fig. 11). Moreover, the addition of
Zno-np to the coating did not have a significant effect on PCC (p > 0.05); however, the addition of DEO to the coating had a significant
effect (p > 0.05). These changes may be related to the decomposition of chlorophyll and the oxygen barrier properties of the BM-Ge
coating. Coating delayed the degradation rate of PCC.
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Fig. 9. Volume changes of sweet cherry during cold storage.
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Table 5

Heliyon 10 (2024) e41057

Decay ratio (%) and stem browning index (PBI, %) changes of sweet cherry during cold storage. Numbers with similar lowercase letters in each
storage time do not differ significantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).

0 4 7 11 18 25
Decay ratio (%)
Ctrl 0+0% 0+0% 1.97 + 0.54 B 8.94 + 0.46 25.48 + 1.22 Pf 57.93 + 1.65 8
EO 0%-Zno 0 % 0+048 0+04a 0+04a 1.21 + 0.32 % 5.68 + 0.93 ¢ 16.43 + 1.06 >f
EO 1%-Zno 0 % 0+0% 0+0% 0o+04 0+0% 4.48 +1.03 Bd 13.98 + 0.97 <
EO 2%-Zno 0 % 0+0% 0+0% 0o+0% 0+0% 2.65 + 0.76 B¢ 10.11 +0.82 ¢
EO 0%-Zno 0.5 % 0+048 0+04a 0+04a 0+04a 1.65 + 0.45 ®° 8.98 + 0.54 &
EO 1%-Zno 0.5 % 0+0% 0+0% 0o+o0%a 0+0% 0+0% 6.32 + 0.89 5P
EO 2%-Zno 0.5 % 0+0% 0+0% 0o+04 0+0% 0+0% 3.21 + 0.67 A2
stem browning index (PBI, %)
ctrl 0+0% 8.11 +1.78 B¢ 18.98 +£2.11 ¢ 37.21 + 2.34 P4 50.16 + 0.54 B 68.51 + 2.03
EO 0%-Zno 0 % 0+0% 3.54 + 1.35 B 9.57 +1.83 ¢ 24.31 + 1.76 °¢ 34.11 + 2.05 B¢ 47.65 + 1.99 e
EO 1%-Zno 0 % 0+0% 2.87 +1.21 B 8.24 + 2,21 & 22.45 + 2,18 P¢ 29.78 + 2.21 B¢ 38.67 +2.35 74
EO 2%-Zno 0 % 0+0% 1.11 + 0.87 B 5.21 + 1.74 &4 15.34 + 2.16 *° 25.45 + 1.98 B4 3211 +211F
EO 0%-Zno 0.5 % 0+04 0+04a 4.78 + 1.65 B¢ 13.56 + 1.98 ©® 20.15 + 2.16 °¢ 29.43 + 2.32 Bb¢
EO 1%-Zno 0.5 % 0+0% 0+0% 211 + 1.29 B 5.89 +2.07 & 13.23 +1.89 PP 24.31 + 2,07 B2
EO 2%-Zno 0.5 % 0+048 0+0% [ EE 3.11+1.795 7.26 + 2.32 ¢ 20.12 + 2.18 P2
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Fig. 10. Peduncle moisture content (PMC, %) of sweet cherry during cold storage. Numbers with similar lowercase letters in each storage time do
not differ significantly (p>0.05). Numbers followed by different uppercase letters are statistically different (p>0.05).
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3.5. Correlation

The results of the present study showed that there is a high correlation between the changes in the cherry fruit color and ripening.
There is a significant negative correlation (p<0.01) between WL and firmness. Also, there is a significant positive correlation (p<0.05)
between WL with color intensity (Chroma), hue angle, and TS indicators, which is due to the strong relationship between color changes
and physical and chemical activities in fruits and vegetables. The results indicated that there is a highly significant positive correlation
(p<0.01) between firmness and TS. Also, there is a significant negative correlation (p<0.05) between the WL and TA of cherry. There is
also a highly significant positive correlation (p<0.01) between hue angle and Chroma. Examining pH shows that the pH values are
significantly correlated (p<0.01) with TA and ascorbic acid. Moreover, there is a significant positive correlation (p<0.05) between the
pH values and TPC, TAC, and antioxidant activity, which, along with the significant correlation (p<0.05) of TA with the other chemical
variable, indicates the coordinated changes in the chemical properties of cherries in all the treatments during cold storage. As can be
seen in Table 6, the other chemical properties, except TS, have a strong correlation with each other.

4. Conclusion

The results of the present study indicated that BM-Ge coating can delay the moisture migration from sweet cherries to the envi-
ronment, which subsequently decreases WL, volume changes, and firmness of the fruit during the cold storage period. Moreover, the
addition of DEO and Zno-np significantly (p < 0.05) limited WL and firmness. The decreased TA and the increased TS in the Ctrl
treatment compared to the coating treatments indicated that the coating has delayed respiration by providing a semipermeable cortical
layer. The ascorbic acid content, color indices, TPC, and TAC decreased in all the treatments during the cold storage period, and the
coating delayed the rate of changes significantly (p<0.05), which could be attributed to the low oxygen permeability of the coating and
the decreased respiration rate leading to the decreased activity of enzymes. DEO contains phenolic compounds that alone increase TPC.
According to the results, the coating treatment, especially in the presence of DEO and Zno-np, can result in a decrease in the percentage
of cherry rot and PBI during the cold storage period. The respiration rate of the coating treatments is lower than that of the Ctrl
treatment due to the barrier property of the coating, which inhibited the activity of polyphenol oxidase by limiting the entry of oxygen
and reducing the respiration rate. Also, the EO 2%-Zno 0.5 % treatment had the most significant effect in preventing the process of
quality reduction changes.
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Table 6
Correlation matrix for physical, chemical, and visual properties of sweet cherry during storage.
y! y 8 8
WL F L* h* C* pH TA TS AA TAC TPC DPPH
WL 1
F —0.978** 1
L* 0.119™ 0.104™ 1
h* 0.412* -0.162" -0.261" 1
Cc* 0.305* 0.239™ —0.198™ 0.898** 1
pH 0.251™ —0.196" 0.173™ 0.153™ 0.232™ 1
TA —0.139™ —0.403* 0.194™ 0.101™ 0.176™ —0.965** 1
TS 0.671* . o —-0.103"™ 0.223™ —0.165" 0.931** 0.165™ 1
AA —0.198™ 0.163™ 0.165™ 0.219™ 0.102" 0.902** 0.866** 0.176™ 1
TAC 0.221™ —-0.157™ 0.231™ 0.144™ 0.263™ 0.452* —0.339* 0.231™ —0.703** 1
TPC —0.263" 0.199™ —0.201™ 0.137™ —0.183"™ 0.398* 0.578* 0.158™ 0.749** —0.967** 1
DPPH —0.154" 0.231™ 0.132™ 0.129™ —0.224" 0.408* 0.654* —0.254" 0.568** —0.783** 0.893** 1

Value with one asterisk (*) indicates significant differences (p < 0.05), value with two asterisks (**) indicates significant differences (p < 0.01), and value with ns indicates no statistically significant

difference).

D 32 1payvYys X

£S01H2 (+20T) 01 uokoH



Y. Shahedi et al. Heliyon 10 (2024) e41057

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1]
[2]
[3]
[4]
[5]
[6]
[7]

[8

=

[91
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]
[34]

[35]

M. Zandi, A. Ganjloo, M. Bimakr, N. Moradi, N. Nikoomanesh, Effect of active coating containing radish leaf extract with or without vacuum packaging on the
postharvest changes of sweet lemon during cold storage, J. Food Process. Preserv. 45 (3) (2021) e15252.

H. Zheng, W. Deng, L. Yu, Y. Shi, Y. Deng, D. Wang, Y. Zhong, Chitosan coatings with different degrees of deacetylation regulate the postharvest quality of sweet
cherry through internal metabolism, Int. J. Biol. Macromol. 254 (2024) 127419.

A. Magri, N. Landi, G. Capriolo, A. Di Maro, M. Petriccione, Effect of active layer-by-layer edible coating on quality, biochemicals, and the antioxidant system in
ready-to-eat ‘Williams’ pear fruit during cold storage, Postharvest Biol. Technol. 212 (2024) 112873.

S.A. Mohamed, M. El-Sakhawy, M.A.-M. El-Sakhawy, Polysaccharides, protein and lipid-based natural edible films in food packaging: a review, Carbohydr.
Polym. 238 (2020) 116178.

S. Ribes, R. Grau, P. Talens, Use of chia seed mucilage as a texturing agent: effect on instrumental and sensory properties of texture-modified soups, Food
Hydrocolloids 123 (2022) 107171.

H. Izadi, M. Zandi, G. Rafeiee, M. Bimakr, Effect of tomato seed mucilage coating enriched with shallot essential oil on frozen rainbow trout (Oncorhynchus
mykiss) fillet quality, Biocatal. Agric. Biotechnol. (2024) 103082.

S. Davoudi, M. Zandi, A. Ganjloo, Characterization of nanocomposite films based on tomato seed mucilage, gelatin and TiO2 nanoparticles, Prog. Org. Coating
192 (2024) 108507.

R. Valizadeh, M. Zandi, A. Ganjlo, N. Dardmeh, Eco-friendly nanocomposite biofilm based on sage seed gum/gelatin/TiO2: fabrication and characterization, Int.
J. Biol. Macromol. 283 (2024) 137558.

B.A. Behbahani, M. Noshad, H. Jooyandeh, Improving oxidative and microbial stability of beef using Shahri Balangu seed mucilage loaded with Cumin essential
oil as a bioactive edible coating, Biocatal. Agric. Biotechnol. 24 (2020) 101563.

H. Barzegar, B.A. Behbahani, A. Mirzaei, M.G. Sheikhjan, Evaluation of the physicochemical and microbial properties of lamb meat coated with Shirazi balangu
seed mucilage-based edible coating containing cell-free supernatant of Levilactobacillus brevis G145, Food Chemistry Advances 3 (2023) 100456.

Y. Shahedi, M. Zandi, M. Bimakr, A computer vision system and machine learning algorithms for prediction of physicochemical changes and classification of
coated sweet cherry, Heliyon (2024) e39484.

A. Kocira, K. Koztowicz, K. Panasiewicz, M. Staniak, E. Szpunar-Krok, P. Hortyniska, Polysaccharides as edible films and coatings: characteristics and influence
on fruit and vegetable quality—a review, Agronomy 11 (5) (2021) 813.

S. Davoudi, M. Zandi, A. Ganjlo, Fabrication and characterization of novel biodegradable films based on tomato seed mucilage and gelatin plasticized with
polyol mixtures, Food Bioprod. Process. (2024).

H. Izadi, M. Zandi, G. Rafeiee, M. Bimakr, Tomato seed mucilage-whey protein isolate coating enriched with shallot essential oil: effect on quality changes of the
trout fish fillet during cold storage, Biocatal. Agric. Biotechnol. (2024) 103149.

R. Jafari, M. Zandi, A. Ganjloo, Effect of gelatin-alginate coating containing anise (Pimpinella anisum L.) essential oil on physicochemical and visual properties
of zucchini (Cucurbita pepo L.) fruit during storage, J. Food Process. Preserv. 46 (8) (2022) e16756.

P. Karami, M. Zandi, A. Ganjloo, Evaluation of physicochemical, mechanical, and antimicrobial properties of gelatin-sodium alginate-yarrow (Achillea
millefolium L.) essential oil film, J. Food Process. Preserv. 46 (7) (2022) e16632.

M.A. Hossen, .M. Shimul, D.E. Sameen, Z. Rasheed, W. Tanga, M. Chen, Y. Liu, Chitosan/gelatin coating loaded with ginger essential oil/p-cyclodextrin
inclusion complex on quality and shelf life of blueberries, Int. J. Biol. Macromol. 279 (2024) 135026.

Z. Hassanloofard, M. Gharekhani, M. Zandi, A. Ganjloo, L. Roufegarinejad, Fabrication and characterization of cellulose acetate film containing falcaria vulgaris
extract, Cellulose 30 (11) (2023) 6833-6853.

N. Nikoomanesh, M. Zandi, A. Ganjloo, Development of eco-friendly cellulose acetate films incorporated with Burdock (Arctium lappa L.) root extract, Prog.
Org. Coating 186 (2024) 108009.

A.M. Ribeiro, B.N. Estevinho, F. Rocha, Preparation and incorporation of functional ingredients in edible films and coatings, Food Bioprocess Technol. 14 (2021)
209-231.

N. Nikoomanesh, M. Zandi, A. Ganjloo, Development of ohmic-assisted green extraction technique with ultrasonic and microwave pretreatments: burdock
(Arctium lappa L.) root extract, Chem. Eng. Process.Process Intens 199 (2024) 109749.

M. Mujovié, B. Soji¢, T. Peuli¢, S. Koci¢-Tanackov, P. Ikonié, D. Bozovi¢, N. Tesli¢, M. Zupanjac, S. Novakovi¢, M. Jokanovié, Effects of dill (Anethum
graveolens) essential oil and lipid extracts as novel antioxidants and antimicrobial agents on the quality of beef burger, Foods 13 (6) (2024) 896.

M. Mohammadi, R. Yekta, H. Hosseini, F. Shahraz, S.M. Hosseini, S. Shojaee-Aliabadi, A. Mohammadi, Characterization of a novel antimicrobial film based on
sage seed gum and Zataria multiflora Boiss essential oil, J. Food Meas. Char. 17 (1) (2023) 167-177.

M. Zandi, Evaluation of the ainetics of ascorbic acid release from alginate-whey protein concentrates microspheres at the simulated gastro—intestinal condition,
J. Food Process. Eng. 40 (1) (2017) e12334.

M. Azizi, K. Jahanbin, N. Shariatifar, Evaluation of whey protein coating containing nanoliposome dill (Anethum graveolens L.) essential oil on microbial,
physicochemical and sensory changes of rainbow trout fish, Food Chem. X 21 (2024) 101110.

R. Eshaghi, M. Mohsenzadeh, J.F. Ayala-Zavala, Bio-nanocomposite active packaging films based on carboxymethyl cellulose, myrrh gum, TiO2 nanoparticles
and dill essential oil for preserving fresh-fish (Cyprinus carpio) meat quality, Int. J. Biol. Macromol. 263 (2024) 129991.

D. Ayazi, M. Zandi, A. Ganjloo, N. Dardmeh, Bioactive electrospun zein fibers integrated with ZnO nanoparticles: in vitro investigations, Food Biosci. 62 (2024)
105343.

J.S. dos Santos, C. Cagnin, B.S.M. de Freitas, R.M. da Silva, G.B.L. de Jesus, C.M. Belisario, M.B. Egea, J.G. de Oliveira Filho, G.R. Placido, Nanocomposite
coatings of pectin and oxide zinc nanoparticles to increase papaya shelf life, Coatings 14 (8) (2024) 990.

B. Ozturk, M. Yilmaz, S.K. Guler, Preharvest biofilm coating treatments affect the storage quality of sweet cherry fruit by maintaining bioactive components, Int.
J. Fruit Sci. 24 (1) (2024) 301-313.

M. Mujtaba, Q. Ali, B.A. Yilmaz, M.S. Kurubas, H. Ustun, M. Erkan, M. Kaya, M. Cicek, E.T. Oner, Understanding the effects of chitosan, chia mucilage, levan
based composite coatings on the shelf life of sweet cherry, Food Chem. 416 (2023) 135816.

M. Hosseinifarahi, M. Radi, L. Taghipour, H. Zafarzadeh, F. Bagheri, P. Assar, Preservation of postharvest quality and bioactive compounds in sweet cherry using
carboxymethyl cellulose films enriched with Thymus vulgaris L. essential oil, J. Food Meas. Char. (2023) 1-11.

R. Valizadeh, M. Zandi, A. Ganjlo, N. Dardmeh, Electrospun zein fibers loaded with pomegranate flower extract: characterization and release behavior, Food
Biosci. 62 (2024) 1-10.

D. Ayazi, M. Zandi, A. Ganjlo, N. Dardmeh, Bioactive electrospun zein fibers integrated with ZnO nanoparticles: in vitro investigations, Food Biosci. (2024).
R. Jafari, M. Zandi, A. Ganjloo, Effect of ultrasound and microwave pretreatments on extraction of anise (Pimpinella anisum L.) seed essential oil by ohmic-
assisted hydrodistillation, J. Appl. Res Med. Aroma. Plants 31 (2022) 100418.

S. Hashemi, M. Niakousari, M. Zandi, M. Saharkhiz, Application of ultrasonic Ohmic hydrodistillator system in production of essential oil from Zenyan, Int. Food
Res. J. 23 (1) (2016) 135-140.

14


http://refhub.elsevier.com/S2405-8440(24)17088-0/sref1
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref1
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref2
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref2
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref3
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref3
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref4
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref4
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref5
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref5
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref6
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref6
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref7
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref7
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref8
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref8
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref9
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref9
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref10
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref10
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref11
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref11
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref12
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref12
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref13
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref13
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref14
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref14
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref15
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref15
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref16
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref16
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref17
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref17
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref18
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref18
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref19
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref19
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref20
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref20
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref21
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref21
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref22
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref22
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref23
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref23
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref24
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref24
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref25
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref25
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref26
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref26
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref27
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref27
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref28
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref28
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref29
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref29
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref30
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref30
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref31
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref31
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref32
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref32
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref33
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref34
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref34
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref35
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref35

Y. Shahedi et al. Heliyon 10 (2024) e41057

[36] D. Ayazi, M. Zandi, A. Ganjloo, N. Dardmeh, Biodegradable active composite film based on pea protein isolate, sage seed gum, and cumin essential oil:
fabrication and characterization, React. Funct. Polym. 204 (2024) 106033.

[37] Y.-L. Zhang, Q.-L. Cui, Y. Wang, F. Shi, Y.-P. Liu, J.-L. Liu, G.-W. Nie, Effect of carboxymethyl chitosan-gelatin-based edible coatings on the quality and
antioxidant properties of sweet cherry during postharvest storage, Sci. Hortic. 289 (2021) 110462.

[38] Y.-L. Zhang, Q.-L. Cui, Y. Wang, F. Shi, H. Fan, Y.-Q. Zhang, S.-T. Lai, Z.-H. Li, L. Li, Y.-K. Sun, Effect of edible carboxymethyl chitosan-gelatin based coating on
the quality and nutritional properties of different sweet cherry cultivars during postharvest storage, Coatings 11 (4) (2021) 396.

[39] A. Pandey, S. Tripathi, Concept of standardization, extraction and pre phytochemical screening strategies for herbal drug, J. Pharmacogn. Phytochem. 2 (5)
(2014).

[40] M.T. Tung, I. Koca, Ohmic heating assisted hydrodistillation of clove essential oil, Ind. Crop. Prod. 141 (2019) 111763.

[41] M. Abdipour, P.S. Malekhossini, M. Hosseinifarahi, M. Radi, Integration of UV irradiation and chitosan coating: a powerful treatment for maintaining the
postharvest quality of sweet cherry fruit, Sci. Hortic. 264 (2020) 109197.

[42] B. Arabpoor, S. Yousefi, W. Weisany, M. Ghasemlou, Multifunctional coating composed of Eryngium campestre L. essential oil encapsulated in nano-chitosan to
prolong the shelf-life of fresh cherry fruits, Food Hydrocolloids 111 (2021) 106394.

[43] F. Dong, X. Wang, Guar gum and ginseng extract coatings maintain the quality of sweet cherry, Lwt 89 (2018) 117-122.

[44] M. Petriccione, F. De Sanctis, M.S. Pasquariello, F. Mastrobuoni, P. Rega, M. Scortichini, F. Mencarelli, The effect of chitosan coating on the quality and
nutraceutical traits of sweet cherry during postharvest life, Food Bioprocess Technol. 8 (2015) 394-408.

[45] K. Tokatli, A. Demirdéven, Effects of chitosan edible film coatings on the physicochemical and microbiological qualities of sweet cherry (Prunus avium L.), Sci.
Hortic. 259 (2020) 108656.

[46] W. Zam, Effect of alginate and chitosan edible coating enriched with olive leaves extract on the shelf life of sweet cherries (Prunus avium L.), J. Food Qual. 2019
(2019).

[47]1 N. Nabifarkhani, M. Sharifani, A. Daraei Garmakhany, E. Ganji Moghadam, A. Shakeri, Effect of nano-composite and Thyme oil (Tymus Vulgaris L) coating on
fruit quality of sweet cherry (Takdaneh Cv) during storage period, Food Sci. Nutr. 3 (4) (2015) 349-354.

[48] D.D. La, P. Nguyen-Tri, K.H. Le, P.T. Nguyen, M.D.-B. Nguyen, A.T. Vo, M.T. Nguyen, S.W. Chang, L.D. Tran, W.J. Chung, Effects of antibacterial ZnO
nanoparticles on the performance of a chitosan/gum Arabic edible coating for post-harvest banana preservation, Prog. Org. Coating 151 (2021) 106057.

[49] M. Saekow, M. Naradisorn, W. Tongdeesoontorn, Y. Hamauzu, Effect of carboxymethyl cellulose coating containing ZnO-nanoparticles for prolonging shelf life
of persimmon and tomato fruit, JFAT 5 (2019) 41-48.

[50] N. Mahfoudhi, S. Hamdi, Use of almond gum and gum Arabic as novel edible coating to delay postharvest ripening and to maintain sweet cherry (P runus avium)
quality during storage, J. Food Process. Preserv. 39 (6) (2015) 1499-1508.

[51] C. Gutiérrez-Jara, C. Bilbao-Sainz, T. McHugh, B.-S. Chiou, T. Williams, R. Villalobos-Carvajal, Effect of cross-linked alginate/oil nanoemulsion coating on
cracking and quality parameters of sweet cherries, Foods 10 (2) (2021) 449.

[52] A.A. Wardana, P. Kingwascharapong, L.P. Wigati, F. Tanaka, F. Tanaka, The antifungal effect against Penicillium italicum and characterization of fruit coating
from chitosan/ZnO nanoparticle/Indonesian sandalwood essential oil composites, Food Packag. Shelf Life 32 (2022) 100849.

[53] M. Asghari, Z. Azarsharif, A. Farrokhzad, H. Tajic, Use of an edible coating containing galbanum gum and cumin essential oil for quality preservation in sweet
cherries, Int. J. Food Sci. Technol. 57 (8) (2022) 5123-5131.

[54] W. Hu, K. Feng, Effect of edible coating on the quality and antioxidant enzymatic activity of postharvest sweet cherry (Prunus avium L.) during storage, Coatings
12 (5) (2022) 581.

[55] K. Tokatli, A. Demirdoven, Influences of chitosan coatings on functional compounds of sweet cherries, J. Food Sci. Technol. 58 (5) (2021) 1808-1818.

15


http://refhub.elsevier.com/S2405-8440(24)17088-0/sref36
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref36
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref37
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref37
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref38
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref38
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref39
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref39
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref40
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref41
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref41
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref42
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref42
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref43
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref44
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref44
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref45
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref45
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref46
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref46
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref47
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref47
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref48
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref48
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref49
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref49
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref50
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref50
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref51
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref51
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref52
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref52
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref53
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref53
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref54
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref54
http://refhub.elsevier.com/S2405-8440(24)17088-0/sref55

	Effect of Balangu seed mucilage/gelatin coating containing dill essential oil and ZnO nanoparticles on sweet cherry quality ...
	1 Introduction
	2 Materials and methods
	2.1 Balangu seed mucilage (BM) and dill essential oil (DEO) extraction
	2.2 Coating preparation, and cherry coating
	2.3 Quality analyzing
	2.3.1 Physical properties
	2.3.2 Visual properties
	2.3.3 Chemical properties

	2.4 Correlation
	2.5 Statistical analysis

	3 Results and discussion
	3.1 Physical properties
	3.1.1 Weight loss (WL)
	3.1.2 Firmness

	3.2 Chemical properties
	3.2.1 Titratable acidity (TA) and pH
	3.2.2 Total soluble solids (TS) and TS/titratable acidity (TA)
	3.2.3 Ascorbic acid
	3.2.4 Total anthocyanin content (TAC) and total phenolic content (TPC)
	3.2.5 Antioxidant capacity

	3.3 Visual properties
	3.4 Quality and decay properties
	3.5 Correlation

	4 Conclusion
	CRediT authorship contribution statement
	Ethics approval and consent to participate
	Consent to participate
	Consent for publication
	Availability of data and material
	Code availability
	Funding
	Declaration of competing interest
	References


