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Abstract

Use of agricultural products and their wastes have provided edible coatings 
and films, which have been more developed in recent years. This type of the 
food storage system, especially for fruits has well increased the product’s 
shelf life greatly and has reduced wastes. Emulsion gel consisting 6.57 gr of 
the acetylated potato starch and 2 gr of the rice bran oil produced at 7 rpm 
homogenization rate was selected as the best combination of edible coating. 
Edible coating consisting the rice bran oil and acetylated potato starch (control) 
increased acidity but reduced pH and TSS during storage. Addition of the high 
concentrations (10 and 20 mg L-1) of the natamycin caused the reduction of 
spoilage agent, waste and weight loss of clusters; also, it caused to more 
brightness of the clusters and reduced pH and acidity during storage; however, 
TSS was increased.

Keywords: Edible coating; Emulsion gel; Rice bran oil; Acetylated potato 
starch; Natamycin; Grape

[18,19]. Adding lipids to hydrocolloid compounds has improved 
their moisture-barrier properties due to hydrophobic properties of 
lipids [20]. “Bran” is by-product of the rice processing [21]. Its oil 
increases shelf life of fruits by reducing weight loss, transpiration and 
respiration, which are major agents of their spoilage in refrigerator 
[22]. Studies were done about effect of this substance on the kiwi, 
cherry tomatoes and low fat sausage production and the positive 
results were obtained about reducing decline factors of fruits quality 
by rice bran oil [23-25].

To increase the effect of edible films and coatings, bioactive 
substances such as antimicrobial and antioxidant compounds have 
been used in their formulation, which have been said to be “Active 
films and coatings”. Use of bacteriocins as natural antimicrobial 
substances in foods isn’t going to cause any problem for human [26]. 
“Natamycin” is one of these compounds. It is safe for the consumer 
and more effective at low concentrations. Orgesterol is the major 
sterol into the cell membrane of molds and yeasts. The natamycin 
has a high tendency to irreversible binding the Orgesterol and cause 
to destruction of the spoilage agents molds. Minimum inhibitory 
concentration of natamycin against almost all food pathogenic fungi 
is less than 29 ppm [27]. So far, the good reports have been provided 
the antibacterial effect of natamycin on some chemical properties and 
preservation of products such as the black olives, hami-melons and 
fresh strawberries [28,29].

This study is divided into two parts. In the first phase, optimization 
was performed on the production of edible coating based on Rice 
Bran Oil (RBO) and Acetylated Potato Starch (APS) at different 
homogenization rates. In the second phase, the antimicrobial effect 
of natamycin with optimal coating obtained from the first stage 
and individually on the grape spoilage (mold) was evaluated. The 
experimental treatments were also studied chemically and sensually.

Introduction
Fruits are suitable environments for microbial growth due to 

high content of sugars and other nutrients as well as high humidity 
[1]. “Grape” (it was scientifically named Vitis vinifera) has been 
considered as an important fruit among its producing countries. 
Its preservation is difficult due to its perishable nature. Post-harvest 
fungal contamination causes a lot waste of the grape. Also, the quality 
and marketability of product are reduced. Botrytis cinerea mold is 
the most important agent of grape post-harvest corruption all over 
the world [2,3]. Therefore, manufacturers seek alternative approaches 
to maintain quality of grape. In the past, to increasing the shelf life 
of this product was being mainly used sulfur dioxide [4-6]. Since the 
remains of this compound has been dangerous for human health 
[7,8] and has caused harms to fresh fruits and vegetables; it must is 
going to follow the alternative and effective ways [9]. “Edible coating” 
is a thin layer of materials (mostly biopolymers) which extend the 
shelf life of foods by protecting them against the transport of gases, 
water vapor, soluble solids and mechanical damages [10]. Various 
materials including hydrocolloids (polysaccharides and proteins), 
lipids (fatty acids, glycerides and waxes) have been used to produce 
the edible coatings [11]. Advantages of polysaccharide-based coatings 
can be referred to polarity, inhibition against oxygen and gases, to be 
cheap, high transparency and production of mechanically resistant 
films [12]. “Starch” is one of the most important polysaccharides that 
has made the good films. The starch-based films often are transparent 
or semi-transparent without odor, taste and color. Potato starch 
produces gels with high viscosity due to its high phosphorus content 
[13]. “Acetylated starch” reduces gelatinization temperature and 
increases transparency, viscosity and freezing stability of the gel [14-
17]. Previous studies indicated effectiveness of starch-based coatings 
on storage life and control decay of the red grape and strawberry fruits 
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Materials and Methods
Materials

Grape (Asgari cultivar) was obtained from Kashmar (Khorasan 
Razavi) with characteristics such as much sweet taste and high storage 
capacity. The berries were uniform in size and color (light-green). 
Clusters were washed with brine and dried at ambient temperature 
for 2 h just prior to the experiments. Then, the clusters, which were 
free from any disease, insect, injury or machine damage, were selected 
for further study.

Acetylated potato starch- produced under the protection of 
Denmark- was purchased from Arsha Pouyeh Company (Tehran-
Iran). Edible refined rice bran oil was prepared by Saman Oil Company 
(Khorasan Razavi-Mashhad) with purity of 99.99%. Natamycin 
(1 gr) and Botrytis cinerea mold (IBRC-M 30162) were purchased 
from Parseh Bio In Company (Khorasan Razavi-Mashhad) and the 
Iran-Tehran Genetic and Biological Reserves Center in the form of 
cultured plates, respectively. All other chemicals were obtained from 
commercial sources and were of analytic grade.

Optimizing the production of emulsion gel based on 
acetylated potato starch and rice bran oil 

Response surface method and optimal custom design (due to the 
different levels of coating components) were used for optimization 
with 20 treatments and two repetitions under three independent 
variables including acetylated potato starch at three levels (3, 
5 and 7 gr), rice bran oil at five Levels (0, 0.5, 1, 1.5 and 2 gr) and 
homogenization rate at three levels (7, 14.5 and 22 rpm). Weight 
loss of coated grapes (percentage), the stability (percentage) and aw 
of emulsion gels (percentage) parameters were considered as test 
responses to investigate the effect of different levels of treatments on 
them. The weight loss of 20 treatments belonging to optimization 
stage was also calculated as a percentage with three repetitions every 
two weeks.

Edible coating was prepared by continuous mixing a certain 
amount of acetylated potato starch in 100 ml of distilled water through 
gelatinization of starch into a hot water bath at 90°C for 5 min [30]. 
After cooling (for 30 min), the resulting gel was homogenized by 
addition a certain amount of rice bran oil (gr) and 2% Tween 80 as 
emulsifier under a certain rate of Ultraturex (rpm) for 5 min (T25 
digital, Made in Germany) [31].

Measurement of the physical properties of the emulsion gel 
was produced:

Determination of stability: To measure stability of emulsion 
gels, a certain amount of every sample was poured into falcon and 
centrifuged for 30 min under 3600 rpm at ambient temperature (D72, 
Made in Germany). The separated phase was removed from container 
by reversing the falcon on filter paper. The stability was calculated 
as a percentage based on the ratio of secondary weight of the falcon 
containing emulsion gel to its initial weight [32].

Determination of aw: To determine aw of gels was used a water 
activity meter (HYGROLAB-3, Made in Swiss). Thus, a certain weight 
of every coating sample was poured into device (at temperature of 
20°C).

After establishing equilibrium, the amount of water activity was 

calculated based on the ratio of equilibrium respective humidity to 
100 [33].

The computation of spores
Microbial culture was grown on the Potato Dextrose Agar (PDA) 

medium through incubation at 25°C for 5 d [34]. At the beginning 
of this section, 100 ml of distilled water with 0.5 ml of Tween 80 
were mixed and autoclaved. Then, 9 ml of distilled water along with 
the sterile Tween were poured into plate containing mold (Botrytis 
cinerea) that had already been cultured to remove the mold spores 
from plate surface by washing. Afterward, the mixture of spores were 
removed by a sterile pipette and were poured into a test tube; some 
distilled water and Tween were again added to achieve an acceptable 
dilution. To calculate the number of spores, 10 μl of solution 
containing spores were poured on a Homocytometer Lam [35].

α = (The average number of spores × 25 × 50 × 1000) (1)

Evaluation antimicrobial activity of the natamycin
At this stage, the Tween 80, broth medium and natamycin (at 5 

levels of 1.25, 2.5, 5, 10 and 20 mg L-1) at rate of 50 μl and 3 levels of 
spores including 104, 106 and 108 at rate of 2000 μl of Each level were 
used. Their absorbance was read at a wavelength of 600 nm by ELISA 
software, before and after incubation.

MIC (the lowest concentration of antifungal agent that shows any 
growth for each level of spore) and MFC (the lowest concentration 
of antimicrobial activity that kills 99.9% of microorganisms) were 
estimated. The experiments were performed in three repetitions.

Evaluation of the effect of natamycin in combination with 
edible coating on fruit quality characteristics (preparation 
treatments)

All process of preparation of the emulsion gels was done similarly 
in both phases of the study (section 2.2); but, in the second stage, 
natamycin added to optimal coating at different levels. One sample as 
control (containing edible coating without the presence of natamycin 
and mold spores) and subsequent treatments include edible coating 
with presence of mold spores at 3 levels (2000 μl each level of spore). 
Also, two higher concentrations of MIC value (mg L-1) of natamycin 
were considered for each level of spore. This section was performed 
with two repetitions (14 samples).

In this way, first, clusters were infected with mold spores by spray 
method and drying at room temperature for 1 hr. Then, they were 
immersed into edible coating so that all berries were coated for 1 min. 
When the coatings on the clusters (for 2 h) were dried, samples were 
placed in disposable plastic containers without cap and refrigerated 
for 4 weeks at suitable temperature and humidity (4°C and 70%) 
(Figure 1).

Qualitative parameters of samples were measured every two 
weeks. Treatments were provided as follows (Table 1).

Evaluation of the decay and weight loss of grape clusters during 
storage:

Determination of decay: Fresh clusters were examined for 
mold growth every two weeks of storage. The fruit was removed by 
observing the extent of mold micelles, creating brown and gray spots 
on surface of grape. Fruit spoilage was calculated as a percentage the 
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amount of spoiled berries to total available berries [36].

Determination of weight loss: Coated treatments were weighed 
by digital Scale with accuracy of 0.001 ± 1 gr (Ouauz GT 2100, Made 
in USA) before and after storage in refrigerator. Their weight loss was 
reported as a percentage through the ratio of the difference between 
the initial weight of the cluster and its initial weight [37].

Measuring the chemical parameters of the grape clusters:

Determination of total soluble solid: To determine the Total 
Soluble Solid (TSS) of the samples, Refractometer (PAL-3, Made in 
USA) was used at three repetitions [23].

Determination of titratable acidity: The Titratable Acidity (TA) 
was measured using 5 ml of grape juice filtered in 95 ml of distilled 
water, 0.1 N NaOH and Plenolphthalein reagent to an end-point of 
pH 8.1 at three repetition [38].

Determination of pH: Grape extracted juice pH value was 
measured by a pH meter at three repetition (CP-744, Made in 

England) [39].

Determination of fruit’s color: Fruit’s color was measured by 
Image software. The CIE Laboratory color scale was used to determine 
the parameters L* (Black to White), a* (Red to Green) and b* (Yellow 
to Blue). All measurements were performed at three repetitions [40].

Sensory evaluation: The coated grapes were judged by 7 panelists 
to evaluate the sensory characteristics and general acceptance (in the 
terms of odor, color, appearance, texture and overall acceptability) 
every two weeks. To study the mentioned parameters, the 5-point 
Hedonic ranking method was used. The scores 5 and 1 were 
considered for a very good and bad attribute, respectively.

Statistical analysis
Design-Expert software (10.0.3.0-x64-Softcozar.com.msi) in 

the form of optimal custom design with 20 treatments, 3 measured 
variables and 3 responses were used to evaluate the results and 
determined the optimal conditions for the production of edible 
coating based on acetylated potato starch and rice bran oil. On the 
other hand, SPSS version22 software was used for statistical analysis. 
Duncan’s Multiple Range Tests (DMRT) with maximum acceptable 
error of 5% was used to measure significant differences between 
samples, Analysis Of Variance (ANOVA) and comparison treatment 
means. Also, Excel2013 software was carried to plot changes different 
of the parameters and graphs.

Results and Discussion
Results of edible coating optimization

The results obtained from effect of emulsion gels were produced 
(20 samples of edible coating) on the design responses (weight loss, 
stability and aw) is inserted in Table 2.

Treatment Coatings formulations

Sample 1 APS (6.57gr)+ RBO (2gr) + 20 mg L-1 + 108 spores

Sample 2 APS (6.57gr)+ RBO (2gr)+ 10 mg L-1 + 108 spores

Sample 3 APS (6.57gr)+ RBO (2gr)+ 10 mg L-1 + 106 spores

Sample 4 APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 106 spores

Sample 5 APS (6.57gr)+ RBO (2gr)+ 5 mg L-1 + 104 spores

Sample 6 APS (6.57gr)+ RBO (2gr)+ 2.5 mg L-1 + 104 spores

Control APS (6.57gr)+ RBO (2gr)

Table 1: Clusters were coated by composition constant (optimal) amounts of 
acetylated potato starch, rice bran oil and different levels of the natamycin and 
mold Botrytis cinerea spores.

Observations Acetylated Potato Starch
(gr)

Rice Bran Oil
(gr) Homogenize speed (rpm) Weight loss % Stability % aw %

1 7 1 14.5 5.44 88.6 0.8

2 7 2 22 4.94 93.6 0.81

3 7 0 22 18.21 76.75 0.84

4 7 1 14.5 5.9 91.94 0.86

5 7 0 7 6.17 91.46 0.9

6 7 2 7 6.83 66.52 0.77

7 7 0 22 5.67 74.29 0.83

8 7 0.5 7 5.11 72.25 0.81

9 3 0 7 5.17 80.26 0.82

10 3 2 22 2.47 78.73 0.78

11 7 0 22 5.11 91.85 0.89

12 7 1 7 4.5 89.61 0.86

13 3 1.5 14.5 6.1 76.26 0.79

14 3 0.5 14.5 6.3 69.52 0.81

15 5 1 22 4.3 86.15 0.83

16 3 0.5 14.5 5.046 76.56 0.81

17 5 2 14.5 4.054 84.54 0.78

18 5 0 14.5 4.52 80.21 0.82

19 7 2 7 2.44 90.69 0.79

20 5 1 22 4.2 84.34 0.8

Table 2: The results of the preparation of emulsion gels.
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The value of p = 0.0015 for the model related to the weight loss 
of grape samples in the coating optimization stage indicated its 
compliance with experimental data (Table 3).

Considering the value of R2 = 0.77, it can be concluded that 
regression model abled to predict the relationship between the 
independent variables (acetylated potato starch, rice bran oil and 
Stirring speed) and the dependent variables (weight loss). The second-
order linear regression equation is represented by Equation 2:

Y1 = +10.03724 - 2.24489X1 - 0.30214X1X2 + 0.23290X1
2 (2)

The results of analysis variance for the linear equation of the 

emulsion gel stability are shown in Table 4.

The value of ****p <0.0001 obtained for the model indicated its 
agreement with the experimental data which according to the value 
of R2 = 0.92 abled to predict the relationship between the independent 
and dependent variables. The concentration of acetylated potato 
starch (X1) had great effect on the stability of emulsion gel (p <0.0001). 
The linear regression equation of this parameter is given in Equation 
3:

Variables Regression coefficients Degree of freedom Sum of squares Mean Square F P

X1(APS) -0.44 1 2.02 2.02 12.07 0.0052**

X2(RBO) +9.906E -004 1 -006 8.203E -006 8.203E 4.90E-05 0.9945ns

X2 X1 -0.6 1 2.17 2.17 12.96 0.0042**

X1
2 0.93 1 2.66 2.66 15.91 0.0021**

Model - 4 6.29 1.57 9.39 0.0015**

Residual - 11 1.84 0.17 - -

Lack of fit - 8 0.94 0.12 0.39 0.8695ns

Pure Error - 3 0.9 0.3 - -

Total - 16 10.52 - - -

Table 3: ANOVA results for the quadratic equation for weight loss.

APS: Acetylated Potato Starch; RBO: Rice Bran Oil.
Note: R2 = 0.77, R2

adj =0.69

Variables Regression coefficients Degree of freedom Sum of squares Mean Square F P

X1(APS) 6.93 1 552.65 552.65 135.18

X2(RBO) 0.76 1 5.48 5.48 1.34 0. 2697ns

X3(volume†) 0.15 1 0.2 0.2 0.049 0.8281ns

Model - 3 640.45 213.48 52.22 <0.0001****

Residual - 12 49.06 3.93 - -

Lack of fit - 9 38.82 4.07 1.26 0.4714ns

Pure Error - 3 10.24 3.41 - -

Total - 16 689.51 - - -

Table 4: ANOVA results for linear equation related to stability.

APS: Acetylated Potato Starch; RBO: Rice Bran Oil.
Note: R2 = 0.92, R2

adj =0.91

Figure 1: Coating the clusters of grape were contaminated by mold spores 
with edible coating containing acetylated potato starch, rice bran oil and 
natamycin (14 treatments).

Figure 2: The effect of different levels of Acetylated Potato Starch and Rice 
Bran Oil on the weight loss of the clusters.
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Y2 = +65.77187 + 3.46706X1 (3)

Table 5 shows the analysis variance of the linear equation 
aw (dependent variable). The value of p < 0.0001 for the model 
determined its consistency with data. Also, R2 = 0.82 confirmed 
the predictive power of model in terms of the relationship between 
variables. The linear equation of the effect of independent variables 
on the amount of aw was written in the form of Equation 4:

Y3 = +0.77958 + 0.013048X1 - 0.031816X2 (4)

The effect of different levels of acetylated potato starch and rice 
bran oil on weight loss: As it can be seen, first, weight loss decreased 
and then increased with increasing the concentration of APS (Figure 
2).

This difference in result can be due to the inherent moisture loss 
of the fruit during storage, its weight was reduced. In the following, 
the environment slowed down the process of weight loss of grape by 
keeping fruit moisture; it even increased the weight of samples. Also, 
increasing the concentration of RBO had the significant effect on the 
weight loss so that the lowest percentage of weight loss was observed 
in the high concentrations both the independent variables. Therefore, 
rice bran oil has been able to prohibit from moisture loss of grape 
during storage by preventing the transmission of its.

In a study based on the weight loss of kiwi, fruit was coated by 
combination of the whey protein and rice bran oil and were kept at 

8°C for 4 weeks. The results showed that the lowest weight loss was 
attributed to fruits containing the highest amount of Oil [23].

The above results were matched with a report based on the coating 
lemons and peppers by rice bran wax [41].

The effect of different levels of acetylated potato starch, 
rice bran oil and stirring speed on the stability of emulsion gel: 
According to Figure 3, the stability went through upward trend with 
increasing the concentration of APS.

The highest stability was obtained at the highest level of acetylated 
potato starch. But none of the values of RBO and homogenization 
rate had any effect on the stability of emulsion gel. The reason for this 

Figure 3: The effect of different levels of Acetylated Potato Starch, Rice Bran Oil and the Speed of stirring on the stability of the emulsion gel.

Figure 4: The effect of different levels of Acetylated Potato Starch, Rice Bran Oil and the Speed of stirring on the amount of aw emulsion gel.

Figure 5: MIC and MFC values of natamycin for 108 spores.
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could be the more and better strength of gel due to fill the maximum 
of empty spaces between two continuous and diffused phases. Also, 
uniform and more mixing the components of coating increased its 
stability that gelling agent (acetylated potato starch) was the effective 
parameter of this flow.

In a study, Researchers have achieved that hydrocolloids 
essentially are the hydrophilic molecules. Their presence decrease 
the rate of creaming and increase the stability of emulsion gel by 
increasing the continuous aqueous phase around the dispersed phase 
droplets and stabilizing them in a gel-like network [42]. Results 
obtained on the coated sausage with Inulin and rice bran oil showed 
that the stability of emulsion gel increased by using the high amounts 
of Inulin as a hydrocolloid [25].

The effect of different levels of acetylated potato starch, rice 

bran oil and stirring speed on the amount of emulsion gel aw: 
Figure 4 showed clearly the effect of different levels of acetylated 
potato starch, rice bran oil and stirring speed on water activity.

Increasing the concentration of both acetylated potato starch and 
rice bran oil had the very significant effect (p < 0.0001) on the changes 
of water activity parameter. The effect was impressive to some extent 
that the highest and lowest aw were obtained at the minimum (0 gr) 
and maximum (3 gr) of RBO, respectively. But in the case of APS, 
results were significantly opposite obtained; thus, the water activity of 
emulsion gel increased with use of the high levels of starch. Also, the 
different levels of X3 had no effect on the water activity of gel.

Starch-based films in combination with a lipid nano-layer (such 
as sunflower oil) due to increase tensile strength, reduce water 
diffusion coefficients and water activity [43]. Since, these films are 

Variables Regression coefficients Degree of freedom Sum of squares Mean Square F P

X1(APS) 0.026 1 8.950E-003 8.950E-003 30.41 <0.0001****

X2(RBO) -0.032 1 0.012 0.012 39.96 <0.0001****

X3(volume) +3.866E -003 1 1.883E-004 1.883E-004 0.64 0.4371ns

Model - 3 0.019 6.354E-003 21.95 <0.0001****

Residual - 14 4.120E-03 2.943E-003 - -

Lack of fit - 11 3.620E-003 3.291E-004 1.97 0.3142ns

Pure Error - 3 5.000E-004 1.667E-004 - -

Total - 18 0.023 - - -

Table 5: ANOVA results for linear equation related to aw.

APS: Acetylated Potato Starch; RBO: Rice Bran Oil.
Note: R2 = 0.82, R2

adj =0.78

Storage time Source of changes degree of freedom (df) Sum of Squares (SS) Mean Square (MS) F P

Second week

TA 6 0.021 0.004 181.41 0.000***

TSS 6 24.149 4.025 2.279 0.096ns

pH 6 0.323 0.054 26.741 0.000***

Weight loss 6 32.979 5.496 189068.41 0.000***

Spoilage percentage 6 3715.186 619.198 3139.705 0.000***

Fourth week

TA 6 0.011 0.002 27.270 0.000***

TSS 6 85.377 14.230 17.086 0.001**

pH 6 0.210 0.035 84.537 0.000***

Weight loss 6 915.556 152.593 2812.601 0.000***

Spoilage percentage 6 3057.462 509.577 9944.852 0.000***

Table 6: Results analysis variance for the chemical properties of grape’s clusters.

Figure 6: MIC and MFC values of natamycin for 106 spores. Figure 7: MIC and MFC values of Natamycin for 104 spores.
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sensitive to moisture can reduce their water content by adding oils 
[44]. Considering the above items, it can be concluded that a desirable 
water content (the less than 0.8%) is going to create for the emulsion 
gel by increasing the level of consumption of rice bran oil as a 
plasticizer in the composition of edible coating.

Developed models related to the weight loss of samples, the 
stability and aw of emulsion gel predicted that using of 2 gr rice bran 
oil, 6.57 gr acetylated potato starch and 7 rpm homogenization rate 
led to the formation of emulsion gel with the most stability (90.075%) 
and the least aw (0.80%) and weight loss (4.403%).

The optimal values obtained from this step (2 gr RBO, 6.57 gr APS 
and 7 rpm homogenization rate) were combined with the different 

Storage time Source of changes degree of freedom (df) Sum of Squares (SS) Mean Square (MS) F P

Second week 

a* 6 188.807 31.468 4.946 0.027*

b* 6 473.023 78.837 3.36 0.069ns

L* 6 1018.358 169.726 4.531 0.034*

Fourth week 

a* 6 436.812 72.802 9.054 0.005**

b* 6 267.975 44.663 2.567 0.122ns

L* 6 1045.012 174.169 7.722 0.008**

Table 7: Results of analysis of variance related to the color parameters of grape’s clusters.

Parameters Color Aroma Appearance Texture Overall acceptability

Samples
Time (day) Time (day) Time (day) Time (day) Time (day)

14 28 14 28 14 28 14 28 14 28

Control 1.71ab 2a 2ab 1.71a 1.71ab 2ab 1.86ab 2a 1.86ab 2a

20 mg L-1 +108 3.71d 3.57c 3.43c 3.57c 3.43d 3.43c 3.71e 3.71c 3.29c 3.71c

10 mg L-1 +108 2.43abc 2.71b 2.14ab 2.29ab 2.71cd 2.29ab 2.43bc 3.57c 2.71bc 3bc

10 mg L-1 + 106 2.57bc 2.71b 2.86bc 1.86ab 2.57c 1.86a 2.43cd 3.14bc 2.43bc 2.43ab

           

5 mg L-1 + 106 2.86c 2.57ab 1.71a 2ab 2.71cd 1.71a 4.43de 2.29a 2.57bc 2a

5 mg L-1 + 104 2.14abc 2.57ab 2.29ab 2.57b 2.14bc 2.71bc 2.14ab 3.86c 2.14ab 2.43ab

2.5 mg L-1 + 104 1.57a 2.43ab 1.43a 2.29ab 1.29a 1.71a 1.71a 2.57ab 1.43a 1.57a

Standard error 0.143 0.099 0.139 0.125 0.133 0.126 0.13 0.132 0.132 0.137

Table 8: Effect of edible coating in combination with the different levels of natamycin on the sensory characteristics of grape’s clusters.

Dissimilar letters in a column are indicative significant differences (*p <0.05).

Figure 8: Comparison of fruit’s spoilage changes between samples were 
coated by natamycin and Control.
1) APS (6.57gr) + RBO (2gr) + 20 mg L-1 + 108 spores; 2) APS (6.57gr) + 
RBO (2gr) + 10 mg L-1 + 108 spores; 3) APS (6.57gr) + RBO (2gr) + 10 mg L-1 

+ 106 spores; 4) APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 106 spores; 5) APS 
(6.57gr) + RBO (2gr) + 5 mg L-1 + 104 spores; 6) APS(6.57gr) + RBO (2gr) + 
2.5 mg L-1 + 104 spores; Control, APS (6.57gr) + RBO (2gr).

Figure 9: Comparison of fruit’s weight loss changes between samples were 
coated by natamycin and Control. 
1) APS (6.57gr) + RBO 438 (2gr) + 20 mg L-1 + 108 spores; 2) APS (6.57gr) 
+ RBO (2gr) + 10 mg L-1 + 108 spores; 3) APS (6.57gr)+ RBO (2gr) + 10 mg 
L-1 439 + 106 spores; 4) APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 106 spores; 
5) APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 104 spores; 6) APS (6.57gr) + RBO 
(2gr) + 2.5 mg L-1 + 104 spores; Control, APS (6.57gr) + RBO (2gr).

levels of natamycin and were used as an active edible coating in the 
second phase in order to study their effects on the chemical and 
sensory properties of grape.

The antimicrobial effect of natamycin
Microbial safety is one of the most important factors to be 

considered for the preservation of minimally processed foods [45].

This section was done in three steps. In the first step, spores, broth 
culture medium and Tween 80 were used. Combination of culture 
medium and Tween 80 were also selected as control. The absorbance 
was read immediately at a wavelength of 600 nm and 3 repetitions.
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The second step was performed like the first stage, with the 
difference that natamycin was added to the formulation at 5 levels and 
the adsorption was also read immediately without incubation in three 
repetitions. The third step was the same as the previous step; but after 
preparing the plate, the incubation was done for 5 d at 25°C. Then, the 
absorption was read with the same conditions (at wavelength of 600 
nm and 3 repetitions).

On the other hand, one stage of incubation of the 96 houses plate 
containing the Tween 80, culture medium and natamycin was also 
performed; but without the presence of spores as main reference for 
comparison with other plates (absorption 3). Diagrams of absorption 
changes of the mold spores in the presence and absence of natamycin, 
before and after incubation were shown in Figures 5 to 7.

Food spoilage hardly ever happens with the presence of 108 
spores. However, a range of 104-108 spores were considered for a 
more extensive study on the antimicrobial performance of natamycin. 
The use of 10 ppm of natamycin could be to cause destruction the 
maximum amount of spores (108) (Figure 5). In some studies, this 
concentration of antimicrobial agent (10 mg L-1) has been known as 
the most suitable and maximum dilution of natamycin to prevent 
spoilage of fruits [28].

The 4 and 2.5 mg L-1 concentrations of natamycin were effective 
to destroy the 106 and 104 of spores, respectively (Figure 6 and 7). 
These results showed that natamycin could be a good inhibitor and 
killer against the cause of corruption at the lowest level; therefore, it 
increased the shelf life of product.

Analysis of grape’s chemical and sensory parameters
Analysis variance for the chemical parameters of grape after 

storage is presented in Table 6. The results indicated that both the 
concentrations of Natamycin and mold spore highly effected on the 
changes of grape’s characteristics during storage. The analysis of each 
parameter was discussed in the following.

Reduce decay in grape: According to Figure 8, the highest 
corruption was observed at the sample control. The upward trend 
of spoilage percentage was continuing until the end of the second 

Figure 10: Comparison of fruit’s TSS changes between samples was coated 
by natamycin and Control. 
1) APS (6.57gr) + RBO (2gr) + 20 mg L-1 + 108 spores; 2) APS (6.57gr) + 
RBO (2gr) + 10 mg L-1 + 108 spores; 3) APS (6.57gr) + RBO (2gr) + 10 mg L-1 
+ 106 spores; 4) APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 106 spores; 5) APS 
(6.57gr) + RBO (2gr) + 5 mg L-1 + 104 spores; 6) APS (6.57gr) + RBO (2gr) + 
2.5 mg L-1 + 104 spores; Control, APS (6.57gr) + RBO (2gr).

Figure 11: Comparison of fruit’s TA changes between samples was coated 
by Natamycin and Control.
1) APS 471 (6.57gr) + RBO (2gr) + 20 mg L-1 + 108 spores; 2) APS (6.57gr) + 
RBO (2gr) + 10 mg L-1 + 108 spores; 3) APS (6.57gr) + RBO (2gr) + 10 mg L-1 
+ 106 spores; 4) APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 106 spores; 5) APS 
(6.57gr) + RBO (2gr) + 5 mg L-1 + 104 spores; 6) APS (6.57gr) + RBO (2gr) + 
2.5 mg L-1 + 104 spores; Control, APS (6.57gr) + RBO (2gr).

preservation period with the highest percentage of corruption in the 
6 and control samples. The use of Natamycin at high concentrations 
greatly reduced the rate of spoilage of the coated samples during 
storage period [28,46]. The high concentration of antimicrobial 
substance (20 mg L-1) could prevent the spread of mold micelles on 
the fruit and its browning. Active coatings were caused descending 
trend on the growth of spoilage agent by reduced oxygen influence 
and mold spores contact with the surface of fruit [47,48].

Weight loss: Water is the largest component of fruit and acts 
as a medium and chemical reactant during growth and postharvest 
storage. It is also very important to fruit texture. Significant difference 
was observed between the control and the coated samples with 
natamycin (Table 6). Weight loss due to transpiration during storage 
was observed for all treatments (Figure 9).

After two weeks of storage, the 2 and 1 samples had the highest 
weight loss; but at the end of the storage period, the control sample 
had the highest rate (27.62%) (Figure 9). Researchers found that 
the use of natamycin in the edible coating (containing rice bran oil 
which is one of the barriers to moisture loss) had great effect on 
preventing the weight loss of products [28,26]. Also, it was preserved 
the freshness of fruit and was reduced its waste after storage.

TSS: Total Soluble Solid (TSS) is an important parameter that 
affects fruit quality and consumer acceptability [49]. The results 
obtained from the TSS analysis are presented in Table 6. There weren’t 
observed significant difference between samples until the second 
week of storage. But the results were different at the end of storage 
period so that TSS was increased. The highest and lowest values were 
obtained in the 3 and control samples, respectively (Figure 10).

Therefore, the use of natamycin at levels of 5 and 10 mg L-1 
reduced the soluble solids and prevented the excessive ripening of 
fruit. About the TSS parameter, the natamycin concentration had the 
more effect than mold spores. Cong et al. [28] achieved the similar 
results.

TA: Changes in TA values of control and coated clusters are shown 
in Table 6. Coating had the significant effect on the titratable acidity 
at both storage periods (***p <0.001). So that, in the second week, the 
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Figure 12: Comparison pH changes between samples were coated by 
natamycin and Control.
1) APS (6.57gr) + RBO 491(2gr) + 20 mg L-1 + 108 spores; 2) APS (6.57gr) + 
RBO (2gr) + 10 mg L-1 + 108 spores; 3) APS (6.57gr) + RBO (2gr) 492 + 10 
mg L-1 + 106 spores; 4) APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 106 spores; 
5) APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 104 spores; 6) APS (6.57gr) + RBO 
(2gr) + 2.5 mg L-1 + 104 spores; Control, APS (6.57gr) + RBO (2gr).

highest and lowest acidity were attributed to control and 3 samples, 
respectively. But, in the fourth week of storage, TA was decreased in 
some treatments (the lowest value was obtained for samples with the 
lowest concentration of natamycin) which could be due to delayed 
ripening of fruit texture by coatings. But this parameter significantly 
increased at control sample rather than other treatments (Figure 11).

Among samples containing natamycin, the use of 10 mg L-1 of 
antimicrobial agent caused the better and more preservation of 
titratable acidity. Our results are consistent with Garcia et al. [44], 
El Ghuas et al. [50] and Cong et al.[28]; findings which showed 
natamycin improve the TA property of grape.

pH: The changes in the pH of control and coated clusters as 
a function of storage time is presented in Table 6. There wasn’t 
significant difference between the control and other treatments 
about pH until the second week of storage. But, the new results were 
obtained at the end of cold storage. The highest and lowest pH were 
related to the 1 and 6 samples, respectively (the second week) that 
agreed with the results of Cong et al. [28]; they researched the use of 
edible coating containing natamycin on increasing the shelf life of 
Hami-melon. The pH changes related to the fruit ripening [51]. In 

the fourth week, there wasn’t significant reduction in the pH values 
of treatments. The highest and lowest values of this parameter was 
attributed to the 5 and control samples, respectively (Figure 12).

Samples containing natamycin had the highest amount of pH 
compared to the control treatment. The results showed that value 
of this parameter increased with using the high concentration of 
natamycin in the coating.

Color: Results analysis of variance of the parameters a* 
(Greenness), b* (Yellowness) and L* (Luminosity) showed that 
significant changes were made in the parameters of greenness and 
brightness, but the coatings hadn’t significant effect on the yellowness 
of clusters (Table 7).

According to Figures 13 to 15, in the second week, the minimum 
and maximum greenness were attributed to the 5 and 1 samples, 
respectively. Regarding the parameter L*, the highest and lowest value 
was belonged to the 2 and 6 samples, respectively [28]. At the end of 
the refrigeration period, a* parameter had decreasing trend but the 
amount of yellowness didn’t significant change. The least amount was 
obtained in the control cluster that agreed with the results of study 

Figure 13: Changes treatments were studied about the color parameter a*.
1) APS (6.57gr) + RBO (2gr) + 20 mg L-1 + 108 spores; 2) APS (6.57gr) + 
RBO (2gr) + 10 mg L-1 + 108 spores; 3) APS (6.57gr) + RBO (2gr) + 10 mg L-1 
+ 106spores; 4) APS (6.57gr) + RBO (2gr) + 5 mg L-1 + 106 spores; 5) APS 
(6.57gr) + RBO (2gr) + 5 mg L-1 + 104 spores; 6) APS (6.57gr)+ RBO (2gr) + 
2.5 mg L-1 + 104 spores; Control, APS (6.57gr) + RBO (2gr).

Figure 14: Changes treatments were studied about the color parameter b*. 
1) APS (6.57gr) + RBO (2gr) + 20 mg L-1 + 108 spores; 2) APS (6.57gr) + 
RBO (2gr) + 10 mg L-1 + 108 spores; 3) APS (6.57gr) + RBO (2gr) + 10 mg L-1 
+ 106 spores; 4) APS (6.57gr)+ RBO (2gr) + 5 mg L-1 + 106 spores; 5) APS 
(6.57gr)+ RBO (2gr) + 5 mg L-1 + 104 spores; 6) APS (6.57gr) + RBO (2gr) + 
2.5 mg L-1 + 104 spores; Control, APS (6.57gr)+ RBO (2gr).

Figure 15: Changes treatments were studied about the color parameter L*. 
1) APS (6.57gr) + RBO (2gr) + 20 mg L-1 +108 spores; 2) APS (6.57gr) + RBO 
(2gr) + 10 mg L-1 + 108 spores; 3) APS (6.57gr) + RBO (2gr) + 10 mg L-1 + 106 
spores; 4) APS (6.57gr)+ RBO (2gr) + 5 mg L-1 + 106 spores; 5) APS (6.57gr) 
+ RBO (2gr) + 5 mg L-1 + 104 spores; 6) APS (6.57gr)+ RBO (2gr) + 2.5 mg 
L-1 + 104 spores; Control, APS (6.57gr)+ RBO (2gr).
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which was done on increase the yellowness parameter at presence 
of natamycin (the creamy powder) into the edible coating [52]. In 
the final week of storage, the 1 and 2 treatments showed the highest 
brightness; although, the lowest amount was belonged to the control 
sample. The high transparency of coated grapes was attributed to the 
hydrophobic and strong oxidizing structure of natamycin. This factor 
intensified the brightness of product due to the combination of high 
concentrations of natamycin with coating consisting of rice bran oil 
and acetylated potato starch (this type of starch produces the high 
transparency gel).

Sensory properties: From the evaluators point of the view, 
samples containing the high concentrations of Natamycin (especially 
the sample 1) got the highest score (5) in terms of all the sensory 
parameters, compared to the sample control which had not 
antimicrobial agent. The results were extremely similar to the sample 
control in the low dilutions of Natamycin (sample 6) (Table 8).

Conclusion
Edible coatings due to the use of biodegradable, recyclable 

and edible in their production have become a useful alternative to 
synthetic films and coatings. Using the combination of 2 gr rice bran 
oil, 6.57 gr acetylated potato starch and stirring speed of 7 rpm was 
selected as the best treatment because it was leaded to coating with 
the most stability and the least aw and weight loss. Using the higher 
concentrations of 10 mg L-1 was able to prevent from the growth of 
Botrytis cinerea mold’s micelles on the berries. Edible coating based 
on the rice bran oil and acetylated potato starch in combination 
with natamycin improved the chemical properties of grape through 
reduced the oxygen transfer and controlled the moisture. Also, it 
increased the shelf life (more than 2 weeks) and marketability of fruit. 
However, it is going to study the active edible coating’s tissue changes 
during storage. In order to improve the performance of natamycin 
will be needed to evaluation the application of encapsulation and 
nano-capsulation technology about the use of natamycin along with 
edible coating including acetylated potato starch and rice bran oil 
compared to the effect of its free form on the qualitative parameters 
and shelf life of grape.
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