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Abstract: In the present research the corn starch and mint (Mentha viridis L.) extract 

herbal edible coating was applied on fresh cucumbers for enhancement of their shelf 

life and quality stored at room temperature and low temperature i.e. 25°C and 10°C. 

The corn starch has good moisture and gases barrier properties while mint extract 

acted as an antimicrobial agent in this herbal edible coating therefore herbal edible 

coated cucumbers have long shelf life as compared to uncoated cucumbers. The 

weight loss of coated cucumbers was significantly (p<0.05) less as compared to 

uncoated cucumbers. The other quality parameters such as appearance, firmness, pH 

and titratable acidity were also analysed and it was found that herbal edible coated 

cucumbers were better as compared to uncoated cucumbers. Sensory evaluation of 

herbal edible coated cucumbers such as taste, color, appearance, texture, flavor and 

overall acceptability was better at low temperature (10°C) and room temperature 

(25°C) stored at 12 days as compared to uncoated same days. 

Keywords: Herbal Edible Coating, Corn Starch, Mint Extract, Cucumber and Shelf 

life. 
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INTRODUCTION  

The Cucumber (Cucumis sativus) is most common growing vegetable belongs to the family 

“Cucurbitaceae”, it is one of the most popular crop grown all over the world. Cucumber mainly grown 

in summer season; the production of cucumber crops in the world is over 40,000 tones, where the first 

producer country of cucumber is China followed by Turkey, Iran, Russia and Ukraine.  

Cucumber is a most important crop which can be consumed as raw vegetable as a salad or in some 

countries consumed in cooked form. The cucumber is a perishable vegetable as appearance and 

sensory quality reduces rapidly; quality of this fruit is highly decreased after harvesting due to 

shriveling, water loss and changes in their color, if not stored properly. The shelf life of cucumber in 

the market maximally limited to 2-3 days
1
. The production of cucumber is also affected by the attack 

of certain parasites (downy mildew, powdery mildew and fungal disease) and insects
2
. There are 

significant price fluctuations which can be overcome by adopting various storage methods.  

Cucumbers are not stored at temperature below 7-10°C because the cucumber is highly chilling 

sensitive vegetable and at low temperature chilling injury develops in cucumbers and it increases the 

decay tendency
3-5

. Decay, shriveling and yellowing are likely to increase after storage of more than 6 

days or a week.  

To maintain the quality and enhancing the shelf life of cucumber during storage period, many 

techniques and treatments are already being used for extending post harvest life of cucumber such as 

modified atmospheric packaging (MAP), controlled atmospheric packaging (CA), fungicides and 

chemical preservatives; However, all these preservation methods are having some drawbacks such as 

most methods are non-biodegradable, less economical, MAP in cucumber sometime alleviates chilling 

injury and most important drawback is fungicides and chemical preservatives are harmful for human 

health
6
.  

Nowadays edible coating is one of the most important alternative and innovative technique which are 

highly used in Postharvest Industry for enhancing postharvest life of fresh fruits and vegetables. 

Edible coating is a thin layer edible material which is applied on fresh fruits and vegetables; it can be 

consumed with food together. Edible coatings are enhancing the shelf life of fruits and vegetables. 

Edible coating is a new and innovative technique which is developed for maintenance the quality of 

fruits and vegetables by preventing the changes in color, texture, size, shape, appearance, aroma and 

flavor 
7, 8

. 

Carbohydrates are mostly used for edible coating preparation. Starch amylose for example corn starch 

is good source for preparation of edible coating. Corn starch based edible coating has physical 

characteristics similar to the plastic coatings and films; it is biologically absorbent and semi-

permeable to gases, odorless, tasteless, colorless and non-toxic. Thus, the corn starch is fit for human 

consumption and can be perfect alternative to post-harvest packaging and preservation of different 

fruits and vegetables such as Cucumber due to their minimum cost, excellent mechanical properties 

and their biodegradability
9, 10

.  

Basically the edible coatings are prepared from edible material like carbohydrates, protein, lipid and 

their combination but at the present time herbal extracts such as aloe vera extract, mint extract, tulsi 

extract, marigold extract, neem extract and others or their combinations are also used in preparation of 

edible coatings; this can act as antimicrobial, antioxidant and preservative as well as and known as 

herbal edible coating. The addition of these extracts making more beneficial herbal edible coating 

replacing the edible coating 
11

. The Herbal edible coatings are eco-friendly alternative to maximize the 

postharvest life of fresh produces and minimally processed fruits and vegetables 
11-14

.   
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MATERIAL AND METHODS 

Preparation of Cucumbers for Coating: Cucumbers (Cucumis sativus) were procured from the 

local farmer’s field, Jaipur, Rajasthan. The cucumbers selected were fresh, mature uniform size and 

shape, clean from any type of cuts and patches. The selected cucumbers were divided into four groups 

on the basis of temperature. In which T1 was coated cucumbers and T2 was uncoated cucumbers for 

low temperature (10°C). While the T3 used as coated cucumbers and T4 was used as uncoated 

cucumbers at room temperature (25°C). Each group was containing 10 cucumbers. The Cucumbers 

were washed properly from clean with water for 3-5 min and air dried at room temperature (25°C) 

before applying the herbal edible coating. 

Preparation of Herbal Edible Coating 

Preparation of Mint extract: Fresh Mint (M. viridis L.) leaves were procured from the University 

farm. The fresh mint leaves were separated from stem and washed with water for 5-7 minutes than 

shade dried for 4-7 days at room temperature (25-30°C). The dried mint leaves were placed into hot 

air oven for 20 min at 65-70°C and preparation of powder by using mixer grinder. The mint leaves 

extract was prepared by using Soxhlet apparatus at 78°C, distilled water used as solvent. The mint 

leaves extract was evaporated and air dried at room temperature.  

Herbal Edible Coating Preparation: The Herbal edible coating was prepared by using mint extract 

and corn starch. For preparing the coating, the corn starch was used as a base material of edible 

coating. The herbal edible coating solution was prepared by addition of 2.5 gm corn starch and 1.5 gm 

mint leaves extract dissolved in 100 ml distilled water with agitation for 10-15 min at 90°C 

respectively. Maintain the pH by addition of 50% (w/v) citric acid solution. The glycerol was added 

as a plasticizer and concentration was used 2 ml/lit.  

Treatments 

 T1: Herbal edible coated cucumber at low temperature (10°C). 

 T2: Uncoated cucumber (control) at low temperature (10°C). 

 T3:  Herbal edible coated cucumber at room temperature (± 25°C). 

 T4: Uncoated cucumber at room temperature (± 25°C). 

Application of Herbal Edible coating: The herbal edible coating applied on cucumber by brushing 

method and then the residual coating solution was allowed to drip off for a minute. When the 

cucumbers get dried completely after coating, they were stored at room temperature (25°C) and low 

temperature (10°C) for physiochemical analysis.  

Physiochemical Analysis 

Weight Loss: The weight loss was analyzed by using the method of AOAC
15

 at every 3
rd 

day. The 

weight loss was determined by the formula- 

 

    Weight loss % =  

 

 

Where, Wi is Initial weight of sample and Wf is Final weight of sample. 

Firmness: Firmness was determined by using of instrument Hand Penetrometer (WAGNER) with its 

probes (FT-5/16). The cucumber was cut into two halves held and each half was determined in the 

middle zone. Firmness was measured in “kgf” 
15

. 
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Total Soluble Solids (TSS): Total soluble solid (TSS) was determined by the method explained in 

AOAC
15

. The TSS was analyzed by using of Hand Refractometer (ERMA, Japan) in °Brix or %. The 

cucumber was picked for each group, both coated and uncoated then these were grounded by mortar-

pestle and juice extracted by squeezing the juice with muslin cloth.  Freshly prepared cucumber juice 

was used for analysis. 

pH: Cucumber juice was freshly prepared. The cucumber juice was homogenised and then filtered for 

pH analysis. pH was determined by using Digital pH meter 
16

.   

Titratable Acidity (TA): The titratable acidity was analysed as the volume (ml) of NaOH (0.1N/L) 

required for titrating the 5-10 ml of the cucumber juice sample for titration. The result was calculated 

as percentage of citric acid 
15

. In cucumber juice the citric acid was found predominant organic acid, 

the milli-equivalent weight of citric acid is 0.064.   

  TA (%) =  

 

Sensory Evaluation: The sensory evaluation was performed by using 9 point Hedonic scale, by semi-

trained panel members having 10 or 12 panel members. The panel members were provides a 9 point 

hedonic scale questionnaire to test appearance, color, taste, texture, flavor, after taste and overall 

acceptability of coated cucumber and control. They were scored on a scale of 1-9 (1=dislike 

extremely, 2=dislike very much, 3=dislike moderately, 4=dislike slightly, 5= neither like nor dislike, 

6= like slightly, 7= like moderately, 8 = like very much and 9= like extremely). 

Statistical Analysis: The data was analyzed by using the one way analysis of variance (ANOVA). The 

significant level used was 0.05. For all statistical analysis Microsoft excel 2007 and GraphPad Prism 

was used. 

RESULT AND DISCUSSION 

Physical appearance: The physical appearance changes in cucumber as influenced by storage time 

and treatment with corn starch and mint extract is shown in Table 1. Generally, corn starch and mint 

extract based herbal edible coating resulted in better appearance as compared to uncoated cucumber. 

There was a dull or yellowish appearance in uncoated cucumber on 9
th
 day at room temperature 

(25°C) but in another study
17

 was observed that the peel colour of uncoated cucumber remained dark 

green in 6 days of storage at room temperature while the coated cucumber was found yellowish on 

12
th
 day. 

On the other hand the uncoated cucumber stored at low temperature (10°C) could retain acceptable 

appearance until 12
th
 day but surface of uncoated cucumber was dull and shrink as compared to herbal 

edible coated cucumber. Hence the herbal edible coating influenced and maintained the appearance 

and color of cucumbers at low temperature (10°C) and at room temperature (25°C) also. 

In freshly harvested green fruits and vegetables, yellow carotenoids coexist with green chlorophylls. 

During ripening process of fresh produce, chlorophyll constantly decreases, exposing the lighter 

yellow pigments, also if stored for a long time, most green vegetables will undergo eroding of 

chlorophyll 
18

, which shortens its shelf life and affects quality 
19

. 
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Table 1: Physical appearance of coated and uncoated cucumbers at room and low temperature 

(25°C & 10°C) during storage period. 

Weight loss: There was a significant difference (p<0.05) in the weight loss of herbal edible coated 

and uncoated cucumbers during storage period. The weight loss in cucumbers increased in all the 

coated and uncoated cucumbers as the progress of storage time.  

On 3
rd

 day of storage period the minimum weight loss was found in coated samples i.e. T1 and T3 

(0.99% and 1.08%) while maximum weight loss was observed in uncoated cucumbers i.e. T2 and T4 

(1.23% and 1.33%) at room temperature and low temperature (25°C and 10°C). On 12
th
 day after 

coating application, the lower weight loss was reported in coated cucumbers; T1 (11.82%) and 

followed by T3 (12.94%), where as it was higher in uncoated cucumbers i.e. T2 (12.99%) and followed 

by T4 (15.57%) at the both temperatures (10°C & 25°C). The weight loss of coated and uncoated were 

statistically significant (p<0.05) during storage time. The weight loss percentage increased in coated 

and uncoated (control) cucumbers as the storage time progressed. 

The weight loss in fresh fruits and vegetables is mainly caused by respiration and transpiration 

process
20

. The wilting and shriveling of fresh produce due to water loss decreases the commodity 

price in the market thus act as a limiting factor of marketability. Edible coatings decreases the rate of 

respiration and transpiration of fresh produce by formation of a semi-permeable membrane and this 

membrane act as a protective barrier against gases O2, CO2 and Ethylene 
21

. The minimum weight loss 

of coated cucumber reduced by the corn starch and mint based herbal edible coating at low (10°C) and 

room temperature (25°C), it provides good barrier against diffusion of moisture, O2, CO2 and solute 

movements, thereby reducing water loss and respiration rate. 

 

Days T1 (10°C) T2 (10°C) T3 (25°C) T4 (25°C) 

3
rd

  

 

 

 

 

 

 

 

   

 

 

 

6
th

      

9
th

      

12
th

     

 

 

 

 

Control T4 (25°C)  Control T2 (10°C)  Coated T1 (10°C)  

Coated T1 (10°C)  Control T2 (10°C)  Control T4 (25°C)  

Coated T3 (25°C)  

Coated T3 (25°C)  Control T2 (10°C)  Coated T1 (10°C)  

Coated T1 (10°C)  Control T2 (10°C)  

Coated T3 (25°C)  

Coated T3 (25°C)  Control T4 (25°C)  

Control T4 (25°C)  
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Fig 1: Effect of herbal edible coating on weight loss of cucumbers during storage at 

10°C & 25°C. 

Cucumber coated with corn starch and mint extract presented best results for weight loss when as 

compared to other coatings.  According to Ghosh et al., 
22, 23

 corn starch was effective for decrease the 

weight loss in lemon, sapota and other fruits and vegetables and also enhances the shelf life. At the 

end of storage period, the weight loss was found to be highest for uncoated cucumbers showing high 

weight loss of 12%. Oluwaseum et al., 
24

 has been reported similar results in CMC (carboxy-methyl 

cellulose) and corn starch coatings applied on cucumber at room temperature. In another research of 

Adetunji et al., 
25

 corn starch enhanced the shelf life of orange.  

pH: The herbal edible coated and uncoated cucumber juice was analyzed for their pH value regularly 

during storage period. The results have revealed that the cucumbers stored at room temperature 

demonstrated gradual decrease in pH with the increase in storage time for herbal edible coated and 

control cucumbers. There were no significant differences found between coated and uncoated 

cucumbers, although the corn starch and mint extract based herbal edible coating indicated higher pH 

at the end of 12
th
 day storage at room and low-temperature. 

 

 

 

 

 

 

Fig 2: Effect of herbal edible coating on pH of cucumber during storage at 10°C and 25°C 

Adetunji et al. 
27

 and Oluwaseun et al. 
24

 were found similar results in chitosan-Aloe vera coated 

cucumbers and corn starch & carboxy-methyl cellulose coated cucumbers, respectively. Saha et al., 
27

  

also reported the similar result as found in our research that the guar based edible coated cucumber 

also decrease the pH as compared to uncoated cucumber. 

The pH was decreased due to the edible coating which forming a semi-permeable membrane on the 

surface of fruits and vegetables, it’s modified the internal atmosphere i.e. the endogenous CO2 and O2 

concentration of the fruits and vegetables, thus retard the ripening process. The reduction of pH can 

be attributed to the utilization of accumulation of citric acid in the endocarp of cucumber. However,  
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uncoated cucumbers had greater pH decrease during storage as greater utilization of organic acids 

stored in the vacuoles as respiratory substrate
28

  as compared to coated because the herbal edible 

coating acted as a protective layer around the fresh produce which may result in less accumulation of 

acids inside the vacuoles. Hence, general decrease has been observed in coated cucumbers as 

compared to uncoated cucumbers (control) where herbal edible coated in combination of corn starch 

and mint extract gave best results in retention of pH as compared to other coatings.  

Firmness: The firmness of the uncoated (control) cucumber was significantly (p<0.05) decreased 

with storage period and reached 4.2 kgf (T2) and 3.6 kgf (T4) on 12
th
 day at 10°C and 25°C, 

respectively. Cucumbers coated with herbal edible coating had been found significantly having higher 

value of firmness [4.7 kgf (T1) and 4.3 kgf (T3)] during storage period as compared to uncoated 

cucumbers.  Thus firmness decreased gradually during storage period at the same temperature. The 

results indicated that the corn starch and mint based herbal edible coating significantly retained the 

firmness of cucumber and acted as a barrier against water loss and nutrient. Uncoated cucumbers 

clearly indicated the lowest firmness at the end of 12
th
 day of storage period on both temperature i.e. 

10°C and 25°C. The corn starch and mint based herbal edible coating maintained the maximum 

firmness of coated cucumbers until 12
th
 day of storage at the low and room temperature (10°C and 

25°C). 

 

 

 

 

 

 

 

Fig 3: Effect of herbal edible coating on firmness of cucumbers during storage at 10°C & 25°C. 

The firmness or softening of fruits and vegetables caused by composition of cell wall, deterioration of 

cell structure and intracellular material
29

 and decrease in firmness is a biochemical process involving 

the pectin and starch hydrolysis by enzyme e.g. wall hydrolases. 

As the process of fruits and vegetables ripening progresses, the chain length of pectin is 

depolymerized or shortened. The substances found with an increment in polygalacturonase and 

pectinesterase activities
30

. The high level of CO2 and low level of O2 limit affected the activities of 

these enzymes and allow retention of the firmness during storage 
31

. Reduced in respiration rates of 

herbal edible coated cucumbers could be responsible for delaying softening which resulted in 

retention of firmness during storage period.   

Total Soluble Solid (TSS): The TSS for herbal edible coated cucumbers were 4.6% (T1) and 4.5% 

(T3) while the value for uncoated (Control cucumbers) was 3.2% (T2) and 2.4% (T4) at low and room 

temperature (10°C and 25°C) respectively. These results were similar with those of Smith and Stow
32

 

in which they concluded that coatings and films significantly affected TSS. The Total soluble solids 

(TSS) of coated and uncoated cucumbers stored under the ambient temperature decreased at the end 

of the storage period. The reduction of total soluble solids at the time of storage period is as natural as  
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sugar which is the basic constituent of the TSS of a product, used in respiration process for metabolic 

activities of the fresh fruits and vegetables 
33

. 

 

 

 

 

 

 

 

 

Fig 4: Effect of herbal edible coating on total soluble solids (TSS) of cucumbers 

during storage at 10°C and 25°C. 

With an increase in storage period, the corn starch converts into sugar in the tissues which denotes an 

increase the TSS 
18, 34

. Herbal edible coating delays this process as coating slows down the 

metabolism by reducing internal respiration rate and thus, avoiding drastic reductions in the levels of 

soluble solids of coated cucumber as compared to uncoated (control) which implies changes in TSS in 

coated cucumbers were slower than uncoated cucumber.  

Titratable acidity: The values of titratable acidity of herbal edible coated and uncoated cucumbers 

were reduced with storage period. During the storage, the lowest value of titratable acidity was T2 

(0.08%) and T4 (0.12%) observed in the uncoated cucumbers, as the highest titratable acidity reported 

in coated cucumbers i.e. T1 (0.089%) and T3 (0.148%). The titratable acidity was found highest in 

coated cucumbers on 12
th
 day of coating treatments stored at low temperature (10°C) and room 

temperature (25°C) while the lowest titratable acidity value was reported in uncoated cucumbers at 

the same storage day and temperature. Omoba and Onyekwere
35

 reported same results of titratable 

acidity (%) in chitosan and lemongrass extract coated cucumbers.  

 

 

 

 

 

 

 

 

 

 

Fig 5: Effect of herbal edible coating on titratable acidity of cucumbers during 

storage at 10°C and 25°C. 

The maximum percentage of titratable acidity of cucumbers was found in corn starch and mint extract 

herbal edible coated cucumbers delayed ripening by providing a semi-permeable layer around 
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cucumbers and hence which decreased the metabolic rate of the coated fruits and vegetable. The 

decrement in titratable acidity is an important process during ripening, as it renders the fruits and 

vegetables less sour and acidic.  

Since the organic acids, such as citric acid, malic acid, are basic substrate for respiration, a decrement 

in acidity is expected in respiring fruits and vegetables. Hong et al.
37

 has been reported that the faster  

process of decrement in acidity faster the senescence. Corn starch and mint extract based herbal edible 

coating applied on cucumbers might hereupon decreases the rate of respiration and stopped the 

utilization of organic acids which will result in lower loss of acidity in cucumbers.  

Sensory Evaluation: The sensory evaluation of cucumbers coated and uncoated with corn starch and 

mint extract based herbal edible coating at the end of storage were summarized in table 2. In case of 

the sensory evaluation of the shelf life of the coated cucumbers, it can be seen that the corn starch and 

mint based herbal edible coating significantly (P<0.05) improved the shelf life of the cucumbers, 

maintaining the visual quality (appearance and color with scores ≥8.8) during the storage time as 

compared to uncoated cucumbers. No significant difference (p≥0.05) was found in texture and no 

significant difference was observed in appearance, taste, texture, color, and flavor and after taste 

assessed for coated and uncoated cucumbers fruits at the end of day 12 at room temperature (25°C). 

Table (2): Sensory evaluation of cucumbers after storage at 10°C & 25°C. 

Values with the same alphabet along the same row are not significantly different (p≤0.05); uncoated (T2 & 

T4), coated (T1 & T3) cucumber; coated with herbal edible coating. 

Quality Parameters Treatments Storage Time 
3

rd 6
th 9

th 12
th 

Appearance T1 8.8±0.32a 8.2±0.56ab 8.5±0.45b 7.2±0.57a 
T2 8.4±0.43a 7.5±0.76a 6.8±074ab 5.4±0.89b 
T3 8.6±0.38ab 7.7±0.75a 7.6±0.76a          - 
T4 8.1±0.54b 6.4±1.16 5.1±0.92          - 

Taste T1 8.9±0.21a 8.3±0.47 8.4±041 7.1±0.79b 
T2 8.3±0.36ab 7.2±0.93 6.5±0.80 6.7±0.93a 
T3 8.6±0.44a 8.2±0.71 7.5±0.54         - 
T4 7.9±0.64a 6.2±0.88 5.7±0.64         - 

Texture T1 8.8±0.31a 8.1±0.62a 8.2±0.64a 7.3±0.72a 
T2 8.5±0.45a 8.2±0.72a 6.9±0.68a 6.7±0.88a 
T3 8.4±0.48a 7.7±0.74a 7.2±0.73a       - 
T4 7.3±0.65a 5.8±1.35a 4.6±087a       - 

Color  T1 8.9±0.29a 8.7±0.47b 8.5±0.62a 7.9±0.79a 
T2 8.5±0.41b 7.5±0.75ab 7.4±0.76ab 7.3±0.87a 
T3 8.2±0.66b 7.7±0.10a 7.7±0.73b - 
T4 7.6±0.62a 5.2±1.31b 4.4±1.34ab - 

Flavour  T1 8.7±0.34a 8.1±0.49b 8.1±0.54ab 6.3±065a 
T2 8.4±0.42b 7.3±0.88a 6.2±1.07a 3.9±1.54a 
T3 8.6±0.43ab 8.4±0.46b 7.0±0.58ab - 
T4 7.9±0.53a 6.2±1.16a 5.5±0.80ab - 

After taste T1 8.6±0.40a 8.5±0.48b 8.1±0.59a 6.3±0.91a 
T2 8.2±0.30b 7.0±0.65a 5.8±1.29ab 3.2±1.63b 
T3 8.4±0.51a 7.7±0.75ab 7.1±0.53b - 
T4 7.5±0.75b 6.0±0.60b 6.0±0.61a - 

Overall 

acceptability 

T1 8.8±0.14a 8.3±0.23b 8.3±0.25b 7.02±0.24a 
T2 8.4±0.15b 7.5±0.37a 6.2±0.61ab 5.5±0.66b 
T3 8.5±0.21b 8.0±0.28b 7.4±0.38a - 
T4 7.6±0.31ab 6.0±0.32a 5.3±0.41b - 
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The untreated fruits were as acceptable as those treated with chitosan and lemon grass extracts to the 

panelists. This agrees with the report of Yahia et al.
38

 and Omoba and Onyekwere
35

 who reported that 

cucumber can be stored for two weeks. But it was in contrast with the result obtained by Al-Juhaimi et 

al.
39

 who reported a significant difference (p≤ 0.05) between 20% gum Arabic coated and uncoated 

cucumbers fruit. In cucumber, the main signs of aging and deterioration in quality are yellowing and 

shriveling as a result of water loss
40

 , but these were not observed in the corn starch and mint extract 

based herbal edible coated fruits as well as the control uncoated fruits on day 12 of storage. No 

Significant difference (p≥0.05) was observed in the overall acceptability of both treated and untreated 

cucumber fruits. 

CONCLUSION 

This study concluded that the corn starch and mint extract herbal edible coating extended the shelf life 

and quality of cucumbers at room temperature (25°C) and low temperature (10°C). Herbal edible 

coated cucumbers were better for all quality parameters as compared to uncoated cucumbers at 12
th
 

day of storage. The herbal edible coating was most effective in reducing weight loss, firmness, pH, 

TSS and titratable acidity and maintains the visual appearance. This coating had no significant effect 

on pH and similarly, no significant difference (p<0.05) was reported between the sensory attributes 

considered in coated and uncoated cucumbers. Therefore conclusion of this study is that the herbal 

edible coating was an effective and healthy source used for enhancement of shelf life of fresh 

cucumbers. 
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