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Abstract. The urgency of biodegradable packaging as an alternative for plastic-based packaging 

has been demanding. Accordingly, in this study, the development of pectin-based edible coating 

incorporated with lemongrass essential oils (LEO) has been done to sustain the physicochemical 

quality of papaya. The edible coating was prepared by using a simple solution method, while 

LEO was produced by using the water vapor distillation method. Basically, there are five applied 

treatments, which are uncoating (control), dip-coating (DC), spray-coating (SC), dip-coating 

with LEO introduction (DC/LEO1%), and spray-coating LEO incorporation (SC/LEO1%). The 

physicochemical characteristics of papaya were examined over 12 days of storage. Compared to 

the control, the application of edible coating was significantly (p < 0.05) enhanced weight loss, 

pH, ascorbic acid, and yeast and mold counts. Therefore, by mixing pectin-based coating solution 

with LEO can preserve the quality of papaya for almost more than 12 days at room temperature. 
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1.   Introduction  

Plastic packaging is the common packaging material used in the food industry, which prolongs the shelf-

life of agricultural products and keeps their quality. However, we cannot rely only on this type of 

material anymore due to some long-term effects appearing from the use of plastic materials, though it 

has some benefits [1-3]. The development of sustainable and more environmentally friendly packaging 

becomes essential, and it leads to the development of packaging innovation, including edible packaging.  

Edible packaging or coating is an edible material that can be made from polysaccharides, protein, 

fat, or a combination of these materials [4-5]. Various materials have been studied before, for example, 

the combination of chitosan and gum Arabic bilayer coatings with lemongrass essential oil, which 

showed a potential development, while sodium alginate-based edible coating enriched with Siam 

Pontianak tangerine peel oil also showed the same result [6-7]. To increase the functionality of the 

packaging, edible film is also often incorporated with active chemicals, such as essential oils (EO). EO 
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usually provides antimicrobial activity, which helps prevent the growth of both spoilage and pathogenic 

microorganisms [8], so it can prolong the shelf-life of the food products. Previous studies showed that 

the addition of essential oils could inhibit the growth of microorganisms and enhance the shelf-life of 

food-based products. For example, the addition of essential oil can also maintain physical properties of 

food products, as shown in a previous study where essential oil from Siam Pontianak tangerine peel 

incorporated in edible coating from sodium alginate could inhibit the physical change of strawberry 

during storage [9]. 

The application of edible coating can cover various food commodities, including fruits [11-12] and 

one of them is papaya. However, papaya is a climacteric and perishable fruit, causing a short storage 

period. The application of EO-enriched edible coating is targeted to maintain the quality, reduce the 

number of wasted papayas, and develop the papaya market. 

The combination of pectin-based edible coating with EO from fresh lemongrass has not been studied 

up to now, while pectin works as a physical barrier that inhibits water migration, gas exchange, and the 

ripening process. Thus, this research aims to evaluate two different combinations and application 

techniques of the combination of pectin-based edible coating with lemongrass EO on quality 

characteristics of papaya. 

2.   Methods 

2.1.   Materials 

In the present study, fresh lemongrass (Cymbopogon citratus), as the base materials for preparing 

essential oils, were obtained from a local market (Pasar Legi), Surakarta, Indonesia. Meanwhile, the 

food matrix for fruit coating application, papaya, were procured from farmers' groups in Mojosongo, 

Boyolali (Central Java province, Indonesia), of which characteristics of them were as follows, weight 

range of 900-1100 g, clean, with no diseases and bruises, and the homogeneity of maturity level that 

were indicated by orange stripe on the surface of papaya to minimize the variability of the samples. In 

the preparation of the edible coating solution, pectin, as the polysaccharide biopolymer, was supplied 

by Cargill (Germany), and glycerol, as the plasticizer, was purchased from PT. Brataco Chemica 

(Indonesia). All other reagents were of analytical grade and used without further purification. 

2.2.   Essential Oils and Edible Coating Preparation 

The lemongrass essential oils (LEO) were manufactured using the water vapor distillation method, while 

the edible coating was prepared using a simple solution method. Briefly, after having been sorted and 

cleaned, fresh lemongrass was sliced and dried under the sun until the water content reached about 14%. 

Subsequently, the dried sample was distilled for 4 hours, and then the extracted oils were collected and 

stored in dark glass vials for further use. Meanwhile, the preparation of native edible coating solution 

begins with diluting pectin in distilled water (5% w/v), followed by heating to 75oC using a stirred hot 

plate to obtain complete gelatinization. Then, the edible coating solution incorporated with LEO was 

prepared by mixing 20 mL of glycerol in 1 L of distilled water and adding it to the pectin solution. Next, 

the prepared solution was heated for 30 minutes until the temperature reached 60oC. Lastly, 1% (v/v) of 

LEO was added into the solution after allowing it to cool to room temperature to minimize denaturation.  

2.3.   Edible Coating Application 

The application of edible coating on papaya was conducted by dipping and spraying techniques [7-8]. 

The first method was done by dipping papaya samples for approximately 2 minutes into the coating 

solution, followed by air drying. Meanwhile, the spraying method was done by spraying the solution 

onto the sample surface. The sprayer gun pressure was set at 3 – 4 bar. There are five treatments for 

edible coating application, which are uncoating (control), dipping in pectin based-edible coating solution 

(DC), spraying with pectin based-edible coating solution (SC), dipping in the coating solution 

incorporated with 1% EO (DC/LEO1%), and spraying the coating solution incorporated with 1% EO 
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(SC/LEO1%). All treatments were conducted with duplicate samples. After that, all samples were stored 

at room temperature for 12 days, and the observations were done on days 0, 3, 6, 9, and 12. 

2.3.1. Determination of Physical Quality Parameters 

After accurately being weighed, the weight loss of samples was determined by using equation (1) below 

[12], whereas firmness was measured by using a texture analyzer (Lutron FR5105, Karya Mandiri 

Techindo, Indonesia) and reported in Newton (N) [10]. 

Weight loss (%)=
(initial weight-weight on the day of analysis)

initial weight
x 100%    (1) 

2.3.2. Determination of Chemical Quality Parameters 

The chemical quality parameters consist of pH, total titratable acid (TTA), total soluble solids (TSS), 

and ascorbic acid (vitamin C) analyses. The pH was measured in papaya pulp using a pH meter (Eutech 

pH testr20, Thermo Fisher Scientific, USA), while TTA was observed by titration method, where NaOH 

0.1 N was used against fruit juice, and phenolphthalein as an indicator [10]. TSS was observed using a 

refractometer (Master Refractometer, Atago, Japan) [8]. Ascorbic acid content was assessed using the 

titrimetric method; 0.05% 2,6-dichlorophenol-indophenol in sodium bicarbonate was used to titrate each 

sample. The titration was stopped when a rosy-pink color stayed for at least 5 seconds [11]. 

2.3.3. Determination of Total Yeast and Mold 

The total number of yeast and mold was counted by using the total plate count technique adapted from 

previous research with modifications [13]. The analysis was conducted by spreading diluted papaya 

pulp on Potato Dextrose Agar (PDA) (Merck, Germany), and then the plates were incubated at 25oC for 

five days and enumerated afterward. 

2.4.   Sample Analysis 

The experiments were conducted in a completely randomized design (CRD) with duplicate samples, and 

all analyses were performed in duplicate. Moreover, the obtained data were calculated as means ± 

standard deviation and analyzed by one-way analysis of variance (ANOVA) using SPSS software 

version 20 (SPSS Inc., Chicago, USA) with a significance level of 5% (p < 0.05), followed by the 

Duncan Multiple Range Test (DMRT) to analyze significant differences among the treatments. 

2.5.   Determination of the Best Treatment 

In the present study, a compensatory model via the application of a non-dimensional scaling method 

was used to choose the best treatments for fruit coating application, which is described elsewhere [14] 

with modification [15-16]. The result of each analysis was used to determine the best treatments for the 

edible coating. Based on the effect of each parameter on the quality of papaya, variable weight (VW) 

can be varied from 0 to 1. Since all the parameters are considered equally essential to affect the quality 

of the sample, the decided value was 1. Subsequently, before calculating the final score, the value of 

normalization weight (NW) and non-dimensional value (NV) can be estimated by using equations (2) 

and (3), respectively. The total scores for each parameter were compared, and then the highest total score 

was considered to be the best treatment in the edible coating application as papaya natural preservation 

method. 

NW    = 
vw

∑vw
       (2) 

 

NV     = 
value-worst value

best value-worst value
      (3) 

 

Score = NW x NV         (4) 
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3.   Results and Discussion 

3.1.   Weight Loss 

Formation of physical barriers through the application of fruit coating plays an important role in 

minimizing respiration activity. By coating the fruit with the polymer solution, it can prevent water loss 

by reducing the water vapor permeability of the fruit surface [9]. In general, all treatments, excluding 

the DC/LEO1% group, experienced a remarkable increase in weight loss during the observation period, 

as shown by Fig. 1(a). However, the weight loss of the DC/LEO1% group remained just under 15% 

until the end of the period, which was comparable with the application of starch/cellulose-based films 

for coating guavas [17]. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Weight Loss (a) and Firmness Analyses (b) Result of Papaya During Storage Time. Vertical 

bars display the standard error of means for the samples. The different lower letters above the bars on 

the same columns represent that they are significantly different according to DMRT (p < 0.05). 

 
The result depicts the influence of the incorporation of LEO on fruit coating application as well as the 

coating methods. The hydrophobic nature of LEO inhibits water loss throughout papaya skin by 

lowering the water vapor permeability [18]. Besides that, the dipping method formed a more uniform, 

thicker, and well-distributed layer than the spraying method, which also notably diminished water loss 

[19]. A similar trend was shown by previous studies [20]. 

3.2.   Firmness 

On some fruits, including papaya, the ripening process and the quality can be indicated by firmness 

reduction [21]. According to Fig. 1(b), the firmness analysis result of all treatments witnessed a 

downward trend. After 12 days of room storage, the firmness of all treatments was gradually decreased 

by 37.5% approximately. Meanwhile, DC/LEO1% and SC/LEO1% maintained the hardness slightly 

better than other treatments, with firmness values of 24.81 N and 24.68 N, respectively. Interestingly, 

those groups preserved papaya texture more effectively than aloe vera-based edible coating [12]. 

The result also corresponded with the weight loss outcome, which was indicated by the ability of the 

coating formula to retard the maturation process so that they could maintain fruit rigidity. As mentioned 

before, the introduction of LEO into the coating formula modified the water permeability of the fruit 

surface, including gas permeability. In this case, gas transfer and ethylene production, which actively 

contributed to the ripening process, could be minimized as well as cell wall degeneration and enzymatic 

reactions [11,22].  

3.3.   pH 

In general, during storage time, the pH of fruits and vegetables tends to decrease as a result of the 

increment of transpiration rate, acidity level, and delayed use of organic compounds [23]. As can be 

seen in Fig. 2(a), the result of pH analysis presented a downward trend. Moreover, the values of all 

 
     (a)       (b) 
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treatments throughout the period ranged from 4.10 to 6.65. At the end of the period, the pH of the 

uncoated sample drastically decreased, whereas other treatments were quite stable. 

In addition, the value of pH is attributed to the metabolism process in the fruit. The downward 

tendency, as presented in this study, could indicate acid production via sugar metabolism through the 

maturation process. On the contrary, the inclination of pH can be related to fruit senescence and 

enzymatic activity, which reduces acid production and increases the pH value. Interestingly, all 

treatments, excluding the control, could maintain the pH at the end of the storage time, which also 

exhibited the ability to preserve sample quality [5]. 

3.4.   Total Titratable Acid (TTA) 

Unlike pH, which represents both titratable acid and conjugated base, TTA was used to assess the total 

acid concentration in the sample as well as indicate the sourness of the sample. According to Fig. 2(b), 

from the initial day to the 9th day, the result of all treatments was not significantly different compared to 

the control. However, on the last day, the DC/LEO1% group displayed the lowest result, which was 

about 0.37%. The tendency of the result was consistent with the pH analysis result. 

Moreover, compared with past studies’ results, there are two trends regarding the TTA result. In this 

study, the increment of the result seemed to be the way of the edible coating to prevent the oxidation of 

organic acids, thanks to the hydrophobicity of LEO [24]. Meanwhile, other investigations exhibited the 

decline of TTA, which was responsible for the utilization of organic acids for metabolic process via the 

tricarboxylic cycle and was visually indicated by color changing along with the ageing process [25-26]. 
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Figure 2. pH (a), Total Titratable Acidity (b), Total Soluble Solids (c), Ascorbic Acid (d), and Molds 

and Yeast Counts (e) Result of Papaya During Storage Time. Vertical bars display the standard error 

of means for the samples. The different lower letters above the bars on the same columns represent 

that they are significantly different according to DMRT (p < 0.05). 

3.5.   Total Soluble Solid (TSS) 

The higher the TSS result, the higher the maturity level of fruits or vegetables. It is directly associated 

with the sweetness of fruit juice as a result of polysaccharides and starch hydrolysis over the ripening 

process [26]. It can be seen from Fig. 2(c) that the result remained constant from the first day to the 9th 

day. Although there was no significant difference among the groups, the lowest value was shown by the 

DC/LEO1% group, around 9.38°Brix, while the highest was depicted by the control sample, which was 

around 11.38°Brix.  

Furthermore, the result indicated that combining the dip-coating technique with the incorporation of 

LEO notably lowered starch hydrolysis by minimizing transpiration rate [25]. The result was in 

agreement with previous studies, which showed that a chitosan/gum Arabic-based coating incorporated 

   
(a)       (b) 

 
(c)       (d) 

 
(e) 
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with lemongrass essential oils to preserve papaya quality [6]. The result was also analogous to a past 

study, which combined hot water and chitosan coating to prevent anthracnose in papaya [3]. 

3.6.   Ascorbic Acid Contents 

Based on the analysis result, which is illustrated by Fig. 2(d), the ascorbic acid contents of all treatments 

marginally increased during the period. At first glance, the control and SC groups had the lowest result, 

whereas the others were higher but not significantly different. However, if looking at the details, both 

of the groups had the lowest result from the start, and then the groups dramatically increased more than 

twice the initial result. On the other hand, the other treatments only increased by 65.90% - 83.67% 

throughout the observation. 

Concerning the reduction of ascorbic acid during storage, the lower the value, the higher the 

senescence level [27]. In this case, DC, DC/LEO1%, and SC/LEO1% samples exhibited higher results 

than the control sample, which means they had better performance to suppress the alteration of ascorbic 

acid into dehydroascorbic acid by physically inhibiting the oxidation [28]. This result corresponded with 

the application of soybean starch-based coating for prolonging the storage time of sapota fruit [11]. 

3.7.   Yeast and Mold Counts 

Papaya is susceptible to mold infection, which is C. gloeosporioides, causing anthracnose and forming 

lesions that reduce consumer acceptance [5]. In accordance with Fig. 2(e), at the end of the investigation, 

the uncoated sample exhibited the highest yeast and mold counts (> 5 log CFU/g), followed by DC and 

SC groups (< 3 log CFU/g), and then DC/LEO1% and SC/LEO1%, which remained constant just under 

2 log CFU/g. Thus, the control sample exceeded the acceptable limit for yeast and mold counts, which 

is no more than 5 log CFU/g [25]. 

Previous studies suggested that the inhibition mechanism of EOs or the antifungal activity is less 

likely to be membrane cell penetration, but seems to be enzyme-membrane cell interaction, which 

supports fungal cell wall integrity [29]. Past studies suggested that the bioactive compounds of EOs, 

such as lipophilic compounds in the LEO, were able to absorb unwanted materials and bind with proteins 

in the pathogen cell. Therefore, they can retard the ripening process and decay incidence [28,30]. 

3.8.   Best Treatment 

As mentioned before, the best treatment was chosen by calculating the analyses result at the end of 

period using non-dimensional scaling method, which is presented in Table 1. Based on the calculation, 

it can be seen that the highest total score was shown by the DC/LEO1% group (0.90), whereas the least 

score was given by the control sample (0.19). Therefore, it can be decided that the DC/LEO1% group 

exhibited the best performance among the treatments. 

 

Table 1. Determination of the Best Treatment by Using the Non-Dimensional Scaling 

Parameters* 
Variable value 

Control DC SC DC/LEO1% SC/LEO1% 

Weight loss 0.00 0.00 0.06 0.14 0.02 

Firmness 0.07 0.05 0.00 0.14 0.13 

pH 0.00 0.12 0.07 0.10 0.14 

TTA 0.09 0.12 0.00 0.14 0.09 

TSS 0.00 0.07 0.06 0.14 0.07 

AA 0.03 0.09 0.14 0.10 0.00 

YM 0.00 0.08 0.10 0.14 0.13 

Total score 0.19 0.53 0.43 0.90 0.58 
*) TTA: titratable acidity, TSS: total soluble solids, AA: ascorbic acid, YM: yeast and mold counts. 
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4.   Conclusion 

In conclusion, the application of pectin-based edible coating has the potential to prolong the shelf-life 

of climacteric fruits, such as papaya. The present study revealed that the administration of lemongrass 

essential oils and the application methods influenced the quality of papaya throughout the storage time. 

The combination of those factors significantly (p < 0.05) improved weight loss, pH, ascorbic acid, and 

yeast and mold counts compared to the control sample (uncoated). Furthermore, based on the non-

dimensional scaling method, the DC/LEO1% group was considered as the best treatment, which could 

preserve the physicochemical quality of papaya until 12 days. Thus, by applying the edible coating, it 

not only maintains the economic value but also prevents food waste. However, for getting a 

comprehensive understanding, further investigations, such as polymer characteristic analyses 

(particularly antioxidant and antimicrobial activities) and sensory analysis, need to be conducted. 
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