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HIGHLIGHT 
 Coating made from chitosan, tannin, and nisin was effective in preserving pomelo. 

 The most suitable concentration of the coating solution for preserving pomelo was 1.5%. 

 After 90 days of preservation, pomelos experienced a 40% weight loss. 
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 ABSTRACT 

Background: Pomelos have high economic value; however if not properly preserved, their 

quality deteriorates rapidly. This study aimed to determine the effect of biofilms made 

from chitosan, nisin, and tannin at various concentrations by evaluating pomelo quality 

indicators during preservation.  

Methods: Each experimental batch was conducted on 20 ripe green-skin pomelos, 

collected from June to September 2024 in Mekong River Delta region, Vietnam. A 

mixture solution was prepared from chitosan, nisin, and tannin in a ratio of 8:1:1 at 

different concentrations (0.5, 1.0, 1.5, 2.0, and 2.5%) for coating. Pomelo quality 

indicators-including: spoilage rate, Total Soluble Solids, Total Acid (TA), and weight loss 

rate-were monitored at 15, 30, 45, 60, 75 and 90 days. Statistical analysis was performed using 

IBM SPSS Statistics 19 (IBM Corp., Armonk, NY, USA), based on the Tukey HSD.  

Results: After 90 days of preservation, the additive mixture at a concentration of 1.5% 

maintained the best quality indicators: the lowest spoilage rate of 22.20%; the highest TSS 

of 12.05 
°
Bx; TA remained stably low value at 0.68 g/100ml; and the lowest pomelo weight 

loss rate of 42.95%. Coating made from chitosan, tannin, and nisin (8:1:1) at a 

concentration of 0.15% was found to be the most suitable for maintaining pomelo quality. 

At this concentration, both the weight loss and spoilage rates reached the lowest value after 

90 days of ambient storage; TSS increased steadily and stabilized; and TA gradually 

decreased during the presrevation period. 

Conclusion: The study findings provide valuable reference information for food 

manufacturers and traders in selecting appropriate storage conditions to ensure the optimal 

grapefruit quality. 

© 2025, Shahid Sadoughi University of Medical Sciences. This is an open access 

article under the Creative Commons Attribution 4.0 International License. 
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Introduction 

Currently, there are various methods to preserve pomelos, 

including cold storage, chemical preservation, Polyvinyl 

Chloride (PVC) film, and biological membrane/biofilm 

preservation (Loi et al., 2023). Among these, biofilm 

preservation offers several advantages. It is simple, easy to 

implement, and applicable at both household and industrial 

scales (Kahramanoglu et al., 2020; Tietel et al., 2012). 

Biofilms can be made from a mixture of preservative 

additives such as polyethylene, carnauba wax (palm wax), 

chitosan, and tannin (Tuoi et al., 2021).To create an 

effective biofilm for pomelo preservation, it is essential to 

select an additive with strong film-forming ability, while 

other additives should have the capability to inhibit or 

destroy microorganisms or inhibit inside pomelo’s 

enzymes (Vargas et al., 2004).Chitosan, a polymer 

extracted from crustacean shells such as shrimp and crab, 

is known for its excellent film-forming properties and is 

almost non-toxic to humans (Saberi Riseh et al., 2024; 

Shiekh et al., 2013). It exhibits moisturizing, antifungal, 

and antibacterial effects (Loi et al., 2023). Tannin, a 

polyphenol found in many plants, binds firmly to proteins, 

thereby limiting enzyme activity (Fraga-Corral et al., 2021). 

In addition, tannin can form bonds with other 

high-molecular compounds such as amino acids and 

alkaloids. Tannin has astringent taste, high antibacterial 

ability, antifungal and antioxidant effects (Chien et al., 

2007; Das et al., 2020). Nisin, a bacteriocin and 

hydrophobic peptide, is regarded as a potent anti-decay 

additive due to its ability to inhibit the growth of various 

spoilage-causing bacteria in fruits and vegetables (Petracek 

et al., 1998). While chitosan is effective at forming films, 

neither tannin nor nisin possesses this capability (Ali et al., 

2011; Tran et al., 2020). Therefore, this study focuses on 

evaluating the combined effects of coatings made from 

chitosan and nisin at different concentrations on several 

quality indicators of post-harvest green-skinned pomelos 

during preservation. 

 

Materials and methods 

Pomelo  

The ripe green-skin pomelos (about 230 to 245 days 

from flowering) were purchased between June and 

September 2024 in Ben Tre province, Mekong River Delta, 

Vietnam. Each experimental batch was conducted on 20 

ripe green-skin pomelos. The average pomelo weight was 

about 1.5-2.0 kg/fruit (Each experimental batch was 30-40 

kg). The external skin color ranged from green to slightly 

yellowish green. The peel was thin, with a thickness 

varying from 4 to 18 mm. The pomelo segments were 

pink-red, and the taste was sweet or slightly sour, with 

Total Soluble Solids (TSS) ranging from 9.5 to 12.3 
°
Brix. 

On average, each fruit contained 35 to 40 seeds. After 

collection, the pomelos were stored at ambient 

temperatures (from 16 to 20 
°
C) before performing 

experiments. 

Film-forming compounds 

The biofilm was prepared from a mixture of additives 

including:  

 - Nisin: supplied by Sigma, USA. Nisin has an activity 

of 900 I.U/g (1 I.U is equivalent to 0.025 µg of nisin). 

 - Chitosan: purchased from Sigma (USA), in powder 

form with 99.7% purity, moisture content <10%, pH of 

7.0-9.0, and molecular weight of 9-10 kDa. 

 - Tannin: purchased from Merck (Germany), in powder 

form with 98.8% purity. 

Handling and treating the pomelos during experiments 

After harvesting, green-skinned pomelos were selected 

and classified by size (from 1.5 to 2.0 kg/fruit). Only the 

intact fruits were transported by refrigerated truck 

(temperature <16 
°
C) to the laboratory. For each shipment, 

about 300-400 kg of green-skin pomelo (10 experimental 

batchs) were left to stabilize for 12 h in the laboratory. 

Next, the pomelos were rinsed under water tap and then 

sterilized by dipping them in a solution of thiabendazole 

and natrisunfit (200 ppm) at laboratory temperature for 3 

min. Afterward, the water on the surface of the grapefruit 

was drained. Although, the outer surface of pomelo is 

relatively smooth and shiny, but it has many concave areas 

where dipping or spraying the additive mixture solution 

(comprising chitosan, tannin, and nisin), tends to either run 

off or accumulate unevenly. To ensure uniform distribution 

of the additive mixture solution on pomelo’s surface; a 

clean and soft cloth soaked in the solution was used to 

evenly rub the fruit peel 4-5 times, covering the entire 

outer surface. The pomelos were then naturally dried, and 

subsequently stored in the laboratory room (in a dry, cool, 

well-ventilated room). Samples were periodically taken for 

testing and analysis at designated intervals. 

Preparation of the coating solution 

The coating solution for preserving pomelos was 

prepared by mixing chitosan, nisin, and tannin in an 8:1:1 

ratio, which has been found to yield optimum preservation 

effects. Solutions at varying concentrations were employed 

to create biofilms for the preservation of green-skinned 

pomelos (Loi et al., 2023).   

Arranging the experiments 

The preservative mixture solution was applied at 

different concentrations 0.5, 1.0, 1.5, 2.0, and 2.5% to form 

a biofilm on the outer skin of the green-skinned pomelos. 
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Throughout the experiments, treated pomelo samples were 

compared with untreated controls (original pomelos not 

coated with the additive mixture solution). Each 

experimental batch consisted of 20 pomelos, and the 

experiment was repeated three times for replication. 

After treatment with the additive mixture solution, the pomelos 

were stored at room temperature and monitored at intervals of 15, 

30, 45, 60, 75, and 90 days. Four parameters were evaluated 

during the monitoring period: spoilage rate, TSS, Total Acid (TA), 

and weight loss rate.   

Determining the spoilage rate of pomelos 

Pomelos were inspected at each time point (from 15 to 90 

days), and spoiled fruits were counted and removed. Rotting 

or spoiled pomelos were identified by the presence of rotten, 

soft, or blackened skin and watery, decayed segments inside. 

The rotting/spoilage rate (%) of green-skinned pomelos was 

calculated using the following formula (Tran et al., 2020): 

    
  

 
         

Where,  

D: the spoilage rate (Visual assessment) in % 

R: number of spoilage pomelos 

I: total initial number of pomelos 

Determining the TSS 

- Principle: when light passes through a solution that 

contains various soluble solids, it is refracted at different 

angles. From this phenomina, the concentration of solids in 

the analyzed solution can be deduced. The measurement 

unit of soluble solids is “
°
Bx”. The TSS content is 

determined using an ATAGO N-1α refractometer (Japan). 

When measuring TSS, samples are prepared at a 

temperature of 20 to 22 
°
C (using thermostatic baths to 

keep the temperature of the samples stable). 

- Implementation: pomelos were peeled, segmented, and 

seeds were removed. then the segments were pureed, and 

the pulp filtered to collect the juice. One to two drops of 

the juice were placed onto the glass surface of the ATAGO 

N-1α refractometer, which was then covered and read to 

determine the TSS value (Nguyen et al., 2014). 

Determining the TA 

The TA content of the green-skinned pomelos was 

measured according to Official Methods of Analysis - 

AOAC 942.15. This method was carried out on the 

principle of direct titration of the acids present in the 

samples using a sodium hydroxide solution with 

phenolphthalein as the indicator. 

Determining pomelo weight loss rate  

The rate of pomelo weight loss (%) was determined 

by weighing each pomelo in each experiment before 

and after storage period (according to timeline from 15 

to 90 days). The weight loss rate was calculated using 

the formula below (Ahmed et al., 2018): 

  
      

  

         

Where,   

L: rate of pomelo weight loss (%)   

m1: initial weight before storage (g) 

m2: weight after storage (g) 

Statistical analysis 

In this study, the experiments were randomly arranged 

and repeated three times (p<0.05). Data were recorded and 

processed using Microsoft Excel software (Redmond, WA, 

USA), IBM SPSS Statistics software (19, IBM Corp., 

Armonk, NY, USA) was employed for statistical analysis 

based on the Tukey HSD.  

 

Results and discussion 

Spoilage rate of pomelos during storage 

The experimental results demonstrating the effects of 

additive mixtures (chitosan, nisin, and tannin) at various 

concentrations on the spoilage rate of pomelos during 

storage are presented in Table 1. 

 

Table 1: Effects of additive mixtures of chitosan, nisin, and tannin on the spoilage rate of pomelos during storage 

Concentrations of additive mixtures 
Pomelos spoilage rate (%) 

15 days 30 days 45 days 60 days 75 days 90 days 

0% 17.18±0.68 a 40.18±0.89 a 65.32±0.92 a 78.90±0.91 a 89.99±0.88 a 100±0.00 a 

0.5% 15.03±0.51 b 25.16±0.47 b 29.32±0.71 b 39.90±0.52 b 45.75±0.58 b 68.30±0.78 b 

1.0% 10.21±0.32 c 23.27±0.41 c 24.11±0.56 c 31.12±0.46 c 35.42±0.47 c 53.29±0.67 c 

1.5% 4.21±0.11 d 10.30±0.32 d 13.78±0.32 d 14.68±0.38 d 16.42±0.36 d 22.20±0.47 d 

2.0% 4.34±0.12 d 11.67±0.34 d 15.56±0.55 e 19.65±0.39 e 23.92±0.41 e 33.64±0.51 e 

2.5% 8.99±0.09e 18.59±0.58 e 22.01±0.64 f 29.12±0.52 f 33.06±0.45 f 49.37±0.71 f 

Data are presented as mean±Standard Deviation (SD) (n=3), within each column, values with different superscript of a-f indicate significant differences(p<0.05) 

 

The results presented in Table 1 show that in the untreated 

control samples, the spoilage rate after 15 days of storage 

was relatively low (approximately 17%). However, by 30 

days, the spoilage rate had risen sharply to 40.18%, and 

continued to increase rapidly at 45, 60, and 75 days.  

Biofilms formed from additive mixture concentrations of 
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0.5% and 1.0% significantly reduced the spoilage rates of 

the pomelos. After 30 days of storage, the spoilage rate 

decreased noticeably in these treated samples. Furthermore, 

at extended storage periods, the 1.0% concentration proved 

more effective than 0.5% in preventing spoilage, especially 

between 75 and 90 days. 

At higher preservative mixture concentrations of 1.5 and 

2.0%, the biofilms were particularly effective in 

suppressing pomelo spoilage. Although the spoilage rate 

gradually increased with longer storage times, it remained 

relatively low even after 90 days. In contrast, at the highest 

concentration tested (2.5%), the spoilage rate after 90 days 

was comparatively high at 49.37%.These results can be 

explained as follows: for the control batch (additive 

mixture concentration of 0%) pomelos maintained some 

biological activities during the first 15 days of sotrage such 

as metabolism, physiological, and biochemical processes. 

These activities lead to the pomelo’s low spoilage rate. 

However, as the storage time prolonged, microorganisms 

developed rapidly, followed by the transformation and 

decomposition of pomelo nutrients. This intensification of 

degradation processes led to increased rotting over time. 

Consequently, by 90 days of storage, all pomelos in the 

control batch were spoiled. This observation aligns with 

previous studies on chitosan-based preservation of pomelos, 

which reported that without biofilm treatment, all fruits 

deteriorate after 12 weeks of storage (Nguyen et al., 2014). 

At the additive mixture concentrations of 0.5 and 1.0%, the 

components in the additive mixture (tannin and nisin) 

inhibited the growth of microorganisms but did not achieve 

complete suppression. As a result, the pomelos were 

significantly rotten. These findings concur with published 

data on rotting and spoilage rates in citrus fruits such as 

yellow grapefruit and orange, where chitosan and tannin 

mixtures at 0.5–1.0% concentrations resulted in 

approximately 12% spoilage after 2 weeks and about 50.05% 

after 10 weeks of storage (Pichaiyongvongdee et al., 2014; 

Sawant and Panhekar, 2017). At higher concentrations of 

1.5% and 2.0%, the amount of nisin and tannin 

immobilized within the chitosan film was sufficient to 

effectively kill microorganisms and inhibit both nutrient 

metabolism and decomposition within the pomelo. 

Additionally, tannin suppressed certain enzymatic 

activities (Vargas et al., 2004), which enhanced 

preservation efficiency and maintained a very low spoilage 

rate. However, at the highest additive mixture 

concentration of 2.5%, the resulting biofilm was notably 

thick. While the preservation effect remained strong during 

shorter storage periods, prolonged storage caused water 

evaporated from the pomelos to become trapped under the 

dense biofilm. This condensation on the fruit surface 

fostered increased and accelerated rotting and spoilage at 

extended storage times (up to 90 days). This phenomenon 

is consistent with previously reported effects of chitosan–

nisin biofilms (concentrations from 1.5 to 2.5%). 

Accordingly, the spoilage rate of pomelos after 10 to 12 

weeks of storage was about 35-40% (Loi et. al., 2023; 

Sawant and Panhekar et al., 2017; Sirisomboon and 

Theamprateep, 2012). 

The pomelo TSS during preservation 

Table 2 presents the effects of additive mixtures 

composed of chitosan, nisin, and tannin at different 

concentrations on the TSS of pomelos during preservation. 

 

Table 2: Effects of additive mixtures of chitosan, nisin, and tannin on the Total Soluble Solids (TSS) of pomelos during preservation  

Concentrations of additive  

mixtures (%) 

Total Soluble Solids (0Bx) 

first day 15 days 30 days 45 days 60 days 75 days 90 days 

0% 10.08±0.22 a 11.02±0.36 a 11.18±0.37 a 10.10±0.26 a 9.35±0.21 a 9.10±0.20 - 

0.5% 10.08±0.24 a 10.93±0.34 b 11.23±0.25 b 11.20±0.28 b 11.10±0.27 b 11.05±0.29 b 11.00±0.36 b 

1.0% 10.08±0.23 a 10.90±0.33 b 11.33±0.26 c 11.30±0.29 c 10.28±0.23 c 10.25±0.33 c 11.23±0.38 c 

1.5% 10.08±0.22 a 10.99±0.35 c 11.45±0.41 d 11.59±0.31 d 12.03±0.32 d 12.05±0.31 d 12.05±0.40 d 

2.0% 10.08±0.24 a 10.99±0.35 c 11.44±0.41 d 11.37±0.30 e 11.32±0.29 e 11.29±0.33 c 11.25±0.38 c 

2,50% 10.08±0.22 a 10.98±0.35 c 11.44±0.41 d 11.30±0.29 c 11.27±0.29 e 11.22±0.32 c 11.18±0.37 c 

Data are presented as mean±Standard Deviation (SD) (n=3), within each column, values with different superscript of a-d indicate significant differences (p<0.05) 

 

At the additive mixture concentration of 0% (in the 

original samples or control batch), as the storage time was 

extended, TSS values decreased sharply. For all additive 

mixture concentrations, TSS initially increased during the 

first 30 days of preservation. However, with further 

extension of the storage period, samples treated with low 

additive concentrations of 0.5% and 1.0% exhibited a 

slight decline in TSS. Notably, at the 1.5% additive 

concentration, TSS demonstrated the greatest advantage 

throughout storage, reaching a peak value and stabilizing 

around 12.05 °Bx. 

These results can be explained as follows: During the 

pomelo storage, TSS can increase or decrease depending 

on storage conditions (Kahramanoglu et al., 2020). In all 

experiments, at the initial preservative period (up to 30 

days), TSS increased due to the hydrolysis of various 

components in the pomelo’s cell walls by various internal 

enzymes such as pectinase, cellulase, hemicellulose, and 

pectinesterase. These enzymes convert insoluble 

substances into soluble ones. This subject is consistent with 

the previous research findings (Cisneros-Zevallos and 

Krochta, 2003). When the preservative time was further 
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extended (more than 30 days), TSS tended to decrease in 

the control batch and batches with low additive mixture 

concentrations (0.5 and 1.0%). Although tannin and nisin 

have anti-bacterial properties, their concentration is not 

high enough to completely inhibit microorganisms over 

long storage durations. Microorganisms fermented soluble 

sugars, leading to a significant reduction in TSS. This is 

consistent with some previous research results (Loi et al., 

2023; Nguyen et al., 2022). These authors concluded that 

pomelos coated with biofilms made from chitosan and 

acetic acid at 0.5% to 1.0% concentrations exhibited TSS 

levels of approximately 10.04 °Bx after 90 days of storage. 

At a 1.5% additive mixture concentration, the content of 

tannin and nisin was sufficient to effectively suppress 

fermentative bacteria. Thus, the fermentation process was 

almost delayed, and TSS remained stable throughout 

storage. When the additive mixture concentrations were 

increased to 2.0 and 2.5%, although the microorganisms 

were completely inhibited, the thick biofilm itself 

prevented the evaporation of water from the pomelo, 

causing a slight decrease in TSS. This result is consistent 

with previous research evaluating the effects of chitosan 

film on TSS as well as antioxidant capacity of some 

bioactive substances in pomelos (Barrion et al., 2014).  

Overall, an additive mixture concentration of 1.5% 

appears to be optimal for maintaining TSS during 

preservation as it allows a slight initial increase followed 

by stable TSS levels throughout storage. 

TA of pomelos during preservation 

TA content is one of the important quality criteria of 

pomelo during storage. TA largely determines the flavor 

and other sensory evaluation values of pomelo (Susanto et 

al., 2018; Tuoi et al., 2021). The changes in pomelo TA 

over the preservation period are presented in Table 3. 

 

Table 3: Effects of additive mixtures of chitosan, nisin, and tannin on the Total Acid (TA) of pomelos during preservation 

Concentrations of additive mixtures (%) 
Total Organic Acids (g/100 ml) 

first day 15 days 30 days 45 days 60 days 75 days 90 days 

0% 0.82±0.03 a 0.68±0.02 a 0.67±0.02 a 0.70±0.02 a 0.84±0.04 a 0.97±0.04 a - 

0.5% 0.82±0.03 a 0.68±0.02 a 0.72±0.03 b 0.72±0.03 b 0.74±0.03 b 0.74±0.03 b 0.78±0.04 a 

1.0% 0.82±0.03 a 0.67±0.01 a 0.68±0.02 a 0.70±0.02 a 0.71±0.03 c 0.73±0.03 b 0.75±0.03 b 

1.5% 0.82±0.03 a 0.68±0.02 a 0.67±0.02 a 0.67±0.01 c 0.68±0.02 d 0.68±0.02 c 0.68±0.02 c 

2.0% 0.82±0.03 a 0.69±0.02 a 0.70±0.03 c 0.71±0.03 d 0.72±0.03 c 0.72±0.03 d 0.73±0.03 d 

2.5% 0.82±0.03 a 0.68±0.02 a 0.70±0.03 c 0.70±0.02 a 0.72±0.03 c 0.72±0.03 d 0.73±0.03 d 

Data are presented as mean±Standard Deviation (SD) (n=3), within each column, values with different superscript of a-d indicating significant differences 

(p<0.05) 

 

Table 3 shows that TA gradually decreased and then 

remained relatively stable or increased slightly during 

preservation (with the exception of the control batch). 

Specifically, in the first 45 days of preservation, TA tended 

to decrease in all experiments (at all concentration levels). 

This trend can be explained as follows: In the early stages 

of storage, pomelos begin to ripen, during which a certain 

amount of starch in pomelo is converted into sugars, 

making the fruit sweeter. This raises the pH in pomelo. As 

the pH increases, the bond between tannin and some 

alkaloids in pomelo weakens, leading to the release of 

some alkaloids into the surrounding environment. The 

released alkaloids react with organic acids, which reduces 

TA in pomelo. These indings are consistent with previous 

studies (Arnon et al., 2014; Xing et al., 2011), which 

assessed the impacts of other additives such as chitosan, 

polyethylene, acetic acid, and tannin on TA in various 

citrus fruits such as oranges, tangerines, and yellow 

pomelo. 

When the storage period was prolonged to 60 and 75 

days, TA (at mixture concentration of 0%) tended to 

increase significantly. Whereas at other concentrations, TA 

was significantly decreased before stabilizing. This pattern 

parallels results reported by Mayuoni et al. (2011) and Nie 

et al. (2020) who investigated the impact of 

polyethylene-supplemented biofilms on TA of some citrus 

fruits. This phenomenon can be explained as follows: after 

15 days of preservation, in batches with low additive 

mixture concentrations (0.5 and 1.0%), the additives 

inhibited but did not completely eradicate microorganisms. 

The activity of anaerobic microorganisms facilitated the 

conversion of some sugars into organic acids, causing an 

increase in TA. Conversely, at higher concentrations (1.5%, 

2.0%, and 2.5%), TA decreased during the initial 15 days 

of storage. Over extended preservation periods, microbial 

populations were fully suppressed, preventing fermentation 

and sugar-to-acid conversion. This resulted in the 

stabilization of TA levels. These findings align with 

previous research (Saberi Riseh et al., 2024; Tran et al., 

2020). 

pomelo weight loss rate during preservation  

Weight loss is an inevitable problem during the 

preservation of pomelo, primarily caused by water 

evaporation, respiration, and physiological and 

biochemical changes in pomelos (Hossain et al., 2018). To 

maintain the stable quality of pomelos, it is necessary to 

find the best preservation methods that minimize weight 
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loss. The effects of biofilms made from chitosan, nisin, and 

tannin on pomelo weight loss are presented in Figure 1. 

The results presented in Figure 1 show that the rate of 

weight loss gradually decreases over the preservation 

period. Among all treatments, the control batch (0% 

coating solution) exhibited the highest weight loss at every 

storage interval. This can be explained by the high water 

content in pomelos: approximately 74.7% in the peel and 

up to 87.2% in the segments (Tuoi et al., 2021). 

While the pomelo is still attached to the tree, the amount 

of water evaporated is continuously replenished by the 

water absorption from the roots. In the control batch, the 

weight loss reaches the highest value because the 

evaporation occurs most intensely. 

 

 

Figure 1: Effects of coating solution from chitosan, nisin, and tannin on pomelo weight loss during the preservation period 

 

As storage time increases, pomelos experience weight 

loss due to water evaporation and activities of 

microorganisms, leading to fruit wilting. In addition, the 

internal enzymes modify the structure of the pomelo 

segments (for example, pomelo become more porous, dry, 

fibrous, and etc.). According to some previous reports (Ali 

et al., 2011; Shiekh et al., 2013), Previous studies have 

reported that without chemical preservation methods (such 

as lime water treatment) or Polyvinyl Chloride (PVC) films, 

pomelo weight loss can range from 25.36% to 26.13% after 

just 15 days of storage At coating solution concentrations 

of 0.5 and 1.0%, the rate of pomelo’s weight loss was 

relatively high: after 90 days of storage, the loss rate 

exceeded 50%. This is because the film-forming ability of 

chitosan exerted its anti-evaporation effect. However, at 

this concentration, the amount of chitosan was low, so 

water loss was still relatively high. As a result, the pomelo 

continued to lose weight, but to a lesser extent than in the 

control batch. These findings are consistent with 

previously published results studying pomelo weight loss 

using biofilms made from chitosan and acetic acid (Chien 

et al., 2007; Cisneros-Zevallos and Krochta., 2003; Nguyen 

et al., 2014; Nie et al., 2020). 

At the additive mixture concentrations from 1.5 to 2.5%, 

the weight loss rate remained stable even when the storage 

period was extended from 2 to 3 months. The reasons for 

this change are as follws: at these concentrations, the 

coating had a thickness enough to effectively prevent water 

evaporation. Moreover, the amount of tannin and nisin is 

large enough to inhibit or destroy a large number of 

microorganisms, leading to significantly reducing heat 

generation within pomelo. In this circumstance, the 

preservation bio-film not only prevented water loss, but 

also effectively destroyed microorganisms. Thus, the 

pomelo weight loss was significantly improved. However, 

at additive concentrations of 2.0 and 2.5%, the pomelo– 

spoilage rate was relatively high. Based on the above 

experimental results, an additive mixture concentration of 

1.5% is the most suitable for minimizing pomelo weight 

loss. These findings are consistent with previously 

published studies on the weight loss of some citrus fruits 

during storage (Sawant and Panhekar et al., 2017; Petracek 

et al., 1998; Vargas et al., 2004). 

 

Conclusions 

The coating composed of chitosan, nisin, and tannin 
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proved to be a highly effective method for pomelo 

preservation. The most suitable coating solution 

concentration was 1.5%. At this concentration, after 90 

days of storage, the pomelos exhibited the lowest spoilage 

rate of 22.20%. TSS increased steadily before stabilizing at 

approximately 12.03 °Bx. TA reached a minimum value of 

0.68 g/100 ml, and the weight loss rate was about 40% 

compared to the initial weight. Therefore, when preserving 

pomelos using a coating made from chitosan, tannin, and 

nisin, a 1.5% concentration is optimal for maintaining the 

best quality indicators. 
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