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Abstract – Mechanization is the primary need in the field of agriculture for the purpose to maintain the quality of 

food products and hence reducing food waste. Edible coatings are best suited methods for shelf-life extension of fruits 

and vegetables, but with less availability of machines, the process is time consuming and laborious. Edible coatings 

are non-hazardous and consumable for human beings that results in resistance to metabolic and respiration activity 

of produces. Box Behnken Design was used for optimizing the developed machine parameters to coat the 

horticultural produce. During the experimentation, the effect of three parameters having three levels i.e., dipping 

time (2-6 s), dryer air velocity (0-30 m/s), and reduced drying time (3-7 min) was studied on machine coating 

efficiency and colour difference of apple fruits. A second-order model was developed for predicting responses and to 

study the effect of individual parameters and their interactions on the responses. Results revealed that machine 

coating efficiency and colour difference were found to be affected by dryer air velocity and reduced drying time. 

Maximum coating efficiency (93%) of hand operated coating machine were found at 4.26 s dipping time, 0.27 m/s 

dryer air velocity and 3.26 min reduced drying time whereas the minimum colour difference was found to be 14.6 at 0 

m/s dryer air velocity, 3 min reduced drying time and 4 s dipping time. A storage study for 10 weeks was conducted 

and results showed decreased 7.5% weight loss, 9.49% firmness and increased 1.65% colour change of the machine 

coated apple fruits during the storage period.  

Keywords – Coating Machine, Apple, Carboxymethyl Cellulose, Response Surface Methodology. 

I. INTRODUCTION 

Horticultural produces, the most common crops cultivated worldwide, contains a variety of nutrients 

including vitamins, minerals and antioxidants. These crops are considered as the foundation of a healthy diet 

due to the presence of a variety of nutrients and provide several health benefits to the human being when 

consumed regularly. The total production of the fruit crop in the world is estimated to be around 656 million 

metric tons and that for vegetables is about 794 million metric tons each year [1]. Fruits comprise vitamins, 

proteins, minerals and dietary fibers and are perishable. Fruits and vegetable production of India is 86 million 

metric tons (12%) and 169 million metric tons (21%) respectively, India has ranked second in fruits and 

vegetable production in the world after China [2]. Global quantitative fruits and vegetable losses are about 40-

50%, out of which more than 30% of fruits and vegetables are rendered unfit for consumption due to spoilage 

after harvesting and being referred to as post-harvest losses [3]. Post-harvest losses of horticulture produce lead to 

damage in the circular economy for developing and developed countries.  

To reduce horticultural produce losses, edible coatings have been used by researchers for extending the shelf-

life of horticulture produce [4]. Polysaccharide based coating material is most commonly used for edible coating 

of horticulture produces [5]. Coatings are pre-formed independent structures that wrap or cover horticulture 

produce. These are either applied to horticultural produce or formed directly on produce that is intended to be 
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protected. Edible coatings are applied in liquid form on horticultural produce to be coated, ordinarily by 

immersing the produce in a solution of structural matrix forming substances such as carbohydrate, protein, lipid, 

or different compositions of it [6].  

Edible coating of horticultural produce is still carried out manually worldwide due to high-cost machines for 

coating purposes. In most of the regions, there is no facility for edible coating of produces that leads to 

deterioration of horticultural produce in huge quantity and quality [7]. The manual way of the edible coating on 

the horticultural produce results in an increase in time and cost of coating. Manual coating leads to increased 

loss of coating and uncoated area due to a bunch of products in a single run. Coating methods (dipping, panning, 

and spraying) are used for the application of the edible coating solution on the horticultural produce. Presently, 

spraying coating machines are available in the market worldwide. Spraying coating machines have several 

drawbacks i.e. non-uniform coating, uncoated area, high capital cost, and labor cost [8]. 

The operating condition of the coating machine is one of the important factors which considerably affect the 

machine coating efficiency and capacity. The optimization of coating machine parameters to obtain the desired 

result was important. Thus, the objective of this study was to optimize the different operating machines 

parameters to obtain the desired results including coating efficiency and colour difference. 

II. MATERIAL AND METHODS 

Apple fruit is a widely produced and highly perishable fruit worldwide. The experiments were conducted for 

the performance evaluation of coating machine on the apple fruits of variety (Malus Domestica), and polythene 

bags (LDPE) were purchased from the local market of Pantnagar, Dist. U.S. Nagar (Uttarakhand). Apple fruits 

were graded manually in Development Lab, Postharvest Process and Food Engineering Department, G.B.P.U.A 

& T, Pantnagar. The graded sample having 45-47 g of weight was used for the whole experimentation. BBD 

(Box–Behnken design) was used for three level factorial design with three levels of each, to decide the 

combination of each variable in each experiment. To determine a relationship between independent and 

dependent variables, the data collected were subjected to regression analysis done using Design Expert software 

10.0.1. Each response was represented by a mathematical equation that correlates the response surfaces. The 

response was then expressed as second-order polynomial Eq. 1 reported by [9]. 

     
 
    

 
      

  
  
  

   
 
        

  
  

 
     

 
                                                               (1) 

Where, 

 
 
,  

 
,  

  
,  

  
 = Regression coefficients. 

Xi and Xj = Independent variables (where, i = 1, 2,....n and j    , 2,… ). 

n = Number of independent variables (n=3). 

Y= Responses. 

The levels of the parameters and experimental plan are reported in Tables 1 and 2, respectively. The details of 

the variable selection are as follows: 

Dipping Time 

Dipping time was selected for the experimentation was according to the minimum and maximum time requir- 
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-ed for the apple fruit to be coated. Trial runs were conducted to establish the levels of speed. The overall 

acceptable range of parameters was decided from 2 to 6 s. 

Reduced Drying Time  

The levels of drying time reduction were selected as per the maximum drying time required of coating 

solution over the apple fruit using machine and minimum drying time required of coating solution using the 

incubator dryer. An overall acceptable range of parameters was decided from 3 to 7 min. 

Dryer Air Velocity  

It was found using trials that air velocity had a significant effect on independent variables for edible coated 

apple fruits. The overall permissible range of parameters for the present study was selected based on preliminary 

trials and the range was selected from 0 to 30 m/s. 

Experimental Procedure 

A 30-liter edible coating solution was prepared using CMC (carboxymethyl cellulose) (1 %) and glycerol 

(1%) with 30 lit distilled water. The procedure for the preparation of edible coating solution for apple fruits. All 

the machine parameters were set and the samples were fed in the hopper and the machine was operated for 

coating of apple fruits. The coating solution for edible coating of apple fruits was prepared using carboxymethyl 

cellulose (30 g) and 30 L of distilled water were mixed using stirring of solution at 85 °C for 15 mins at hot 

plate. After stirring of solution 30 ml of glycerol were added to increase the plasticizing property of the solution. 

After the addition of the plasticizer, the solution was mixed using a magnetic starrier. The solution was kept in a 

hot water bath at 70 °C for 20 mins. 

Then the solution was kept in the cold water bath at room temperature for 20 mins. After preparation of the 

solution, the apple fruits were coated using the coating machine which is shown in Figure 1. The solution was 

coated on the apple fruit using a coating machine which works on the dipping method of coating as shown in 

Figure 2. Drying of coating solution was done using incubator dryer at 27 °C, and air velocity was optimized 

using Design Expert software 10.0.1. Dried samples of apple fruit were used for the performance evaluation of 

the coating machine. Responses results have shown in Table 2. 

Response Measurement Technique  

Following edible coating machine parameters were calculated as the dependent variable of the experiment 

and optimization of process parameters for performance evaluation of coating machine [10]. Experimental values 

of responses for Box-Behnken Design (BBD) are shown in Table 2. 

Machine Coating Efficiency  

Machine coating efficiency of the hand operated coating machine for horticultural produce was evaluated 

using the formula Eq. 2. 

 
 

   
   

  
                              (2) 

   = Weight Difference of coated and uncoated horticultural produce. 

   = Weight of coating material at ambient conditions. 
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Change in Colour  

Colour plays a very important role in the quality evaluation of the coating machine. A digital camera (Sony 

7.2 megapixels) was used to capture the image of the sample. The brightness coordinate L* is used to assess the 

whiteness value of a color, which ranges from black at 0 to perfect white at 100. The chromaticity coordinates 

a* determines green when negative and red when positive and the chromaticity coordinate b* measures yellow 

when positive and blue when negative [11]. The ΔE*, a*, and b* are used to express colour degradation/change 

value as a s  gle  umer cal value. The ΔE* is defined as the magnitude of total colour differences and is 

calculated from Eq. 3. The lightness (L), a, and b values were obtained from the Histogram window of Adobe 

Photoshop CS 5 software. The following equations were used to calculate colour indices such as L*, a⃰ a d b⃰. 

The measurement of change in colour (     ) of coated apple fruits. 

L* = 
         

   
     

a* = 
     

   
     

b* =
     

   
     

      Δ      Δ       Δ                                                    (3) 

Where, 

     = Distance matrix (colour difference). 

ΔL*   L*
standard - L

*
sample,  

Δa*   a* standard – a* sample, 

Δb*   b* standard – b* sample 

Standard and sample represent fresh and machine coated fruit, respectively (Fresh apple fruit is the control 

sample and its     value was 0.008832). 

ΔL* represe ts l ght ess/dark ess.  

Δa* represe ts the red a d gree  ax s. 

Δb* represents the yellow and blue axis. 

Weight Loss, Colour Difference and Firmness for Storage Study 

Weight loss of the apple fruits during storage study for 10 weeks was conducted using weighing balance, at 

each week of time the weight of the apple fruit was recorded and weight loss calculated. Colour difference 

(control and coated) of the apple fruits was measured using HunterLab Colour Flex EZ, 45°/0° colour 

spectrophotometer (Hunter Associates Laboratory, Inc., Reston, VA, USA). The firmness of the apple fruits was 

conducted using Texture Analyzer Model TA-XT2i, Stable Micro Systems, Goldalming, Surrey, UK [12]. 

Table 1. Independent process variables. 

Independent Parameters Levels Coded and Actual Values 

  -1 0 1 
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Independent Parameters Levels Coded and Actual Values 

Dryer air velocity (X1, m/s) 3 0 15 30 

Reduced drying time (X2, min) 3 3 5 7 

Dipping time (X3, s)
 

3 2 4 6 

** and * indicates maximum and minimum values. 

III. RESULTS AND DISCUSSION 

Machine Performance 

Performance of the hand operated coating machine was conducted on the apple fruit Figure 1 (a) and (b) show 

the hand operated coating machine for horticultural produce to experimentation. The model developed for each 

data of response such as machine efficiency (%) and change in colour of coated apple fruit was then examined 

for significance and lack-of-fit, while response surface graphs were plotted after removal of the non-significant 

terms. The experimental data were analyzed by employing multiple regression techniques to develop response 

functions and variable parameters optimized for the best outputs. 

  

(a) (b) 

Fig. 1. (a) and (b) represents uncoated and coated apple fruit using machine. 

 

Fig. 2. Hand operated edible coating machine used for experimentation. 
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Machine Coating Efficiency 

During the coating of apple fruit, machine coating efficiency ranged from 71% to 93%. The maximum 

efficiency of hand operated edible coating machine for apple fruit was 93% with a combination of dryer air 

velocity (0 m/s), reduced drying time (5 min) and dipping time (6s). At minimum dryer air velocity, machine 

efficiency was maximum due to less moisture diffusion of coating solution at fruit surface but drying time of 

coating solution on apple fruit was effectively reduced using incubator dryer. The spray coating of fruits and 

vegetables did not show good efficiency due to the poor surface distribution of spray droplets. Drop impact 

behavior is affected by the molecular structure of the food surface in the spray coating mechanism [13]. A highly 

viscous coating solution has resulted in the decreased spraying coating efficiency on the fruits and vegetables 

therefore dipping method of edible coating is generally adopted for higher efficiency [14]. 

Second order mathematical Eq. 1 was fitted into machine efficiency data to analyze the effect of dryer air 

velocity, drying time reduction and dipping time and other variables were kept constant. The response surface 

model was developed with values of R2 (0.98) for machine coating efficiency having the least residual error 

(0.22) in the fitted second-order regression model. However, R2
adj (0.96) value is relatively close to the model 

fitted into the experimental data. The coefficient of variation was found at 1.67% which shows minimum 

variability in data fitted in the model due to a lower value of standard deviation (0.014). The model of machine 

coating efficiency was found highly significant (p<0.01). Therefore, second order regression Eq. 4 was 

considered to be adequate for describing the effect of independent variables on machine coating efficiency for 

performance evaluation of coating machine. The effect of dryer air velocity on machine coating efficiency at 

optimum values of drying time reduction (3.26 min) and dipping time (4.92 s) is shown in Figure 3. Results 

have demonstrated that by increasing the dryer air velocity from 0 m/s to 30 m/s, machine coating efficiency 

also decreases by 15.21% as shown in Figure 3 because the increase in the air velocity shrinkage effect was 

reported due to intense water diffusion coefficients [15]. 

 

Fig. 3. Effect of dryer air velocity on machine coating efficiency. 

A second order mathematical model was developed which represents an empirical relationship between the 

response and independent variables in actual form. The equation in terms of actual factors can be used to make 
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predictions about the machine coating efficiency. The predicted regression Eq. 4 of machine coating efficiency 

of coating machine is given below. 

Machine coating efficiency = 0.84 - 0.0063X1 + 0.039X2                                           (4) 

Change in Colour 

The experimental results of colour differences obtained were given in Table 2 with the combination of 

different independent variables. Second order mathematical Eq. 1 was fitted into colour difference data to 

analyze the effect of dryer air velocity, reduced drying time, dipping time. The adequacy of the model was 

checked using a numerical method employing the coefficient of determination (R2) and R2 adjusted. The 

response surface model was developed with values of R2 (0.846) for colour difference having the least residual 

error (0.212) in the fitted second order regression model. However, R2
adj (0.649) value is relatively close to the 

model fitted into the experimental data. The coefficient of variation was found at 11.7% which shows minimum 

variability in data fitted in the model. The model of colour difference was found highly significant (p<0.05). 

Therefore, second order regression Eq. (5) was considered to be adequate for describing the effect of 

independent variables on colour difference of coating machines. 

Table 2. Experimental values of responses for BBD design. 

Expt. 

No 

Dryer Air Velocity 

(X1, m/sec) 

Reduced Drying 

Time (X2, min) 

Dipping Time 

(X3, sec) 

Machine Coating 

Efficiency 

Colour Difference 

(ΔE*) 

1 0 7 4 0.91 17.1 

2 0 5 6 0.93** 16.31 

3 15 5 4 0.83 25.06 

4 15 3 2 0.79 22.74 

5 15 5 4 0.83 25.63 

6 15 3 6 0.85 24.97 

7 30 5 6 0.75 32.35** 

8 15 7 2 0.76 27.79 

9 15 7 6 0.80 20.8 

10 15 5 4 0.81 19.9 

11 0 5 2 0.91 18.89 

12 30 3 4 0.73 24.86 

13 15 5 4 0.84 20.63 

14 15 5 4 0.83 24.43 

15 30 7 4 0.72 23.71 

16 30 5 2 0.71* 22.14 

17 0 3 4 0.91 14.58* 

** and * indicates maximum and minimum values. 
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Table 3. Regression analysis of machine coating efficiency and colour difference of coating machine. 

Source of Variation M.E (%)    ΔE    

 SS DF MS p-value SS DF MS p-value 

Model 9 0.077 0.00853 < 0.0001** 266.48 9 29.61 0.0339 

   1 0.00344 0.00345 0.004** 163.62 1 163.62 0.0018** 

   1 0.00111 0.00111 0.045* 0.63 1 0.63 0.7708 

   1 0.000817 0.000818 0.074 1.03 1 1.03 0.7107 

     1 0.000025 0.000025 0.725 3.37 1 3.37 0.5073 

     1 0.0001 0.0001 0.487 40.90 1 40.90 0.0451* 

     1 0.0001 0.0001 0.487 21.25 1 21.25 0.1227 

  
  1 0.000221 0.000223 0.312 23.45 1 23.45 0.1077 

  
  1 0.00132 0.00137 0.321 2.11 1 2.11 0.5976 

  
  1 0.000442 0.00044 0.167 11.50 1 11.50 0.2377 

Residual error 7 0.0013 0.000186  48.29 7 6.90 0.5010 

Lack of fit 3 0.000825 0.000275 0.220 19.94 3 6.65 0.0339 

Pure error 4 0.00048 0.00012  28.35 4 7.09  

Corrected total 0.078 16   314.76 16   

Standard deviation 0.014    2.63    

Coefficient of variance 1.67    11.69    

R-Squared 0.9833    0.8466    

Adjust R-Squared 0.9618    0.6494    

Adequate precision 21.724    8.022    

DF: Degree of freedom, S: Sum of Square, MS: Mean of Square, M.E machine coating efficiency, ΔE c l ur d ffere ce. **, * represents 1% 

and 5% level of significance. X1, X2, X3 are dryer air velocitiy, reduced drying time and dipping time respectively.  

At linear level, from Table 4 it was observed that the dryer air velocity has a higher effect on colour 

difference as compared to the interactive effect of dryer air flow rate and dipping time based on significance 

results of both parameters (p<0.01), while no significant effect of reduced drying time and dipping time was 

found on the responses. At the interactive level, the effect (X1X3) was found to be significant at a 5% level of 

significance. The equation in terms of actual factors can be used to make predictions about the colour difference. 

Therefore, the non-significant terms were removed from the model and then Eqn. 5 has resulted in that describes 

only the effect of significant process variables on colour difference of coating machine. The equation is as 

follows: 

Table 4. Colour difference values for the given storage period. 

Week (s) Control (ΔE) Machine coated (ΔE) 

1 17.36 16.95 

2 16.76 16.94 
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Week (s) Control (ΔE) Machine coated (ΔE) 

3 16.75 16.92 

4 16.69 16.91 

5 16.68 16.92 

6 16.66 16.87 

7 16.63 16.82 

8 16.58 16.76 

9 16.49 16.69 

10 16.43 16.67 

Colour difference = 22.46 + 4.52X1+ 3.20X1X3                                                       (5) 

The combined effects of dryer air velocity and dipping time on colour difference at an optimum value of 

reduced drying time (3.26 min) are shown in Figure 4. Increasing the dipping time from 2 to 6 s significantly 

(p<0.05) affected the colour difference value from 16.9 to 15.6, because increasing the time for dipping also 

increases the coating protective layer thickness [21]. The dryer air velocity of the machine also affects the colour 

difference of the apple fruits as shown in Figure 4, this is due to shrinkage resulted from higher mass transfer 

coefficients at higher air velocity [16]. Colour change (ΔE) was found to be 4.05 after exposing the cut apple 

fruits in the air for 60 mins [17]. Decrease in dryer air velocity and increasing the dipping time leads to retention 

of the colour of the apple fruits as shown in Figure 4. 

 

Fig. 4. Interactive effect of dryer air velocity and dipping time on the apple fruit . 

IV. EFFECT OF MACHINE COATING ON THE QUALITY OF APPLE FRUIT DURING STORAGE 

Storage study of the uncoated and coated apple fruit by machine was conducted for 10 weeks and three 

parameters were selected namely weight loss, firmness and colour change. 

Colour Change 

Changes in colour of the apple fruits were observed for 10 weeks. During the storage period of each week, 

L*, a* and b* values were recorded for control and machine coated samples of apple fruits. The value of ΔE is 
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given in Table 4. When compared to the controlled conditions, the machine coated apple fruits reported less 

colour change, this is due to the formation of a coating layer on the surface of apple fruit [21]. The ΔE value of 

apple fruit increased from 16.7 to 16.9 after a storage period of 10 weeks [18].  

Firmness  

Firmness is known as one of the quality indicators of fruit and vegetables and is also used as the primary 

indication for handling, picking and grading of produce  [19]. Firmness values of the apple fruit during the storage 

were recorded and resulted in 30.7 in control, whereas machine coated were found to be 9.49. Recorded values 

of firmness are shown in Figure 5 which shows the retention of firmness of apple fruits. The firmness value of 

the apple fruit was found to be decreased by 36.85 in controlled atmospheric conditions but in the present study, 

the firmness value was found to be decreased by only 9.16, because the edible coating reduces the fungal growth 

due to the antimicrobial effect [20]. 

 

Fig. 5. Firmness values of the apple fruit during storage. 

Weight Loss 

Weight loss of fruits and vegetables leads to a reduction of the total mass in terms of moisture content and 

nutritional aspects. Storage study has resulted in the decrease in the weight loss after coating using coating 

machine whereas higher weight loss was depicted at control conditions as shown in Figure 6. The weight loss of 

control was reported as 13.2% whereas machine coated depicted a loss of 7.5% because coating reduces the 

respiration process and exerts the synergistic effect
 [21]

. 

 

Fig. 6. Weight loss values of apple fruit during the storage period. 



 

Copyright © 2021 IJAIR, All right reserved 

81 

International Journal of Agriculture Innovations and Research 

Volume 10, Issue 2, ISSN (Online) 2319-1473 

V. CONCLUSION 

The hand operated coating machine for horticultural produce has a coating efficiency of 93% and colour 

difference maximum of 32.4. The maximum coating efficiency was found at dryer air velocity (0 m/s), reduced 

drying time (5 min) and dipping time (6 s). The machine coating efficiency was highly affected by the dipping 

time and dryer air velocity because of the increase in the coating layer thickness and shrinkage effect on the 

apple fruit respectively. Colour difference of the apple fruits was affected by the dryer air velocity and reduced 

drying time because air velocity increases the mass transfer from the apple fruits. From the results, it can be 

concluded that the machine has a potential alternative for the small-scale farmers worldwide for the edible 

coating of agricultural produces. 
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