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ABSTRACT - The mombin tree (Spondias mombin L.) is found in almost all regions of Brazil. Fresh and            

processed mombin fruits are increasingly demanded by the market. The objective of this work was to evaluate 

the post-harvest characteristics of mombin fruits coated with cassava starch and PVC film. Fruits from the 

mombin cultivar Lagoa-Redonda were harvested at physiological maturity in Limoeiro do Norte, State of            

Ceará, transported to the Chemistry Laboratory of the Ceará Federal Institute, Limoeiro do Norte campus, and 

stored for 8 days at 29.7°C and 59% of relative humidity. A completely randomized experimental design in a 

3x5 factorial arrangement was used, with three coating types (control, cassava starch at 3%, and cassava starch 

at 3% combined with PVC film) and five storage times (0, 2, 4, 6 and 8 days), four replicates and five fruits per 

plot. The fruit skin color, external appearance, soluble solids (SS), titratable acidity (TA), SS/TA ratio and 

weight loss were evaluated. The PVC film was effective in maintaining the fruit external appearance and             

decreasing weight loss. The use of cassava starch was not as efficient as the PVC film for conserving mombin 

fruits. The post-harvest life of fruits was 8 days for those treated with cassava starch or cassava starch          

combined with PVC film, and 6 days for the control. 
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ARMAZENAMENTO DE CAJÁS RECOBERTOS COM FÉCULA DE MANDIOCA E FILME PVC  

 

 

RESUMO – A cajazeira é encontrada em quase todas as Regiões do Brasil vem apresentando crescente            

demanda de frutos in natura e produtos processados. Este trabalho teve como objetivo avaliar o comportamento 

pós-colheita de frutos de cajá recobertos com fécula de mandioca e filme PVC. Para realização deste trabalho 

utilizaram-se frutos da cajazeira do genótipo ‘Lagoa Redonda’ colhidos em Limoeiro do Norte-CE em                  

maturação fisiológica. Em seguida, os frutos foram transportados ao Laboratório de Química do IFCE Campus 

Limoeiro do Norte e armazenados por 8 dias a 29,7 ºC e 59% de UR. O delineamento experimental foi o               

inteiramente casualizado em esquema fatorial 3 x 5, com três tipos de revestimento (controle, fécula de               

mandioca a 3 % e fécula de mandioca a 3 % associada ao filme de PVC) e cinco tempos de armazenamento (0, 

2, 4, 6 e 8 dias), com quatro repetições de cinco frutos por parcela. Avaliou-se a coloração da casca, aparência 

externa, teores de sólidos solúveis e de acidez titulável, relação SS/AT e a perda de massa. O uso do filme  

plástico foi eficiente na conservação da aparência externa e controle da perda de massa. O uso da fécula de 

mandioca não se mostrou tão eficiente quanto o filme plástico na conservação de cajás. A vida útil pós-colheita 

dos frutos foi de 8 dias para os tratados com fécula de mandioca ou fécula de mandioca associada ao PVC e de 

6 dias para o controle. 

 

Palavras-chave: Spondias mombin L.. Revestimento. Conservação. Vida útil. 
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INTRODUCTION 
 

Mombin (Spondias mombin L.,                            

Anacardiaceae) is a high, tropical, woody, deciduous 

fruit tree, which has a long, straight trunk covered by 

a thick and rough bark, with branches at the top 

(SOUZA; BLEICHER, 2002). This tree is found in 

several states of Brazil and its fresh and processed 

fruits are increasingly demanded by the market,             

increasing its socio-economic importance and the 

farmers and agribusinesses interest on its commercial 

production (SOUSA; INNECO; ARAUJO, 1999).  

Mombin fruits came to the attention of           

national and international producers, researchers, 

industries and markets due to its various possibilities 

of use, excellent nutritional characteristics and high 

potential for industrial processing. However, this 

fruit high perishability is one of the critical issues 

that hinder its feasibility throughout its production 

chain (MOREIRA et al., 2002). Therefore, the           

understanding of the biological and environmental 

processes involved in this fruit post-harvest                      

deterioration is necessary and can be used as a basis 

to develop technologies to increase its post-harvest 

life and maintain the fruit quality (SAMPAIO et al., 

2007). 

Several conservation methods, such as               

cooling and modified atmosphere (VILA et al., 

2007) are widely used to preserve the quality of 

fruits, which contribute to the reduction of                   

post-harvest losses, by reducing the metabolic                  

activity and water loss, maintaining their commercial 

characteristics. The use of modified atmosphere as a 

complementary measure to cooling, promotes a            

decrease in the fruit respiratory rate by increasing the 

CO2 and decreasing the O2 levels in the storage             

environment (RAI; OBEROI; BABOO, 2002). 

The interest in developing formulations for 

films and edible coatings that can be applied to the 

surface of perishable products, such as blueberry 

(DUAN et al., 2011), eggplants (SOUZA et al., 

2009), plums (EUM et al., 2009), guava (VILA et 

al., 2007), strawberry (RIBEIRO et al., 2007) and             

carrots (JAGANNATH et al., 2006), has been            

growing in recent years. This interest is due to the 

increasing demand for products that have high             

quality and longer post-harvest life, and                       

sustainability of this process, which reduces the use 

of disposable packaging, developing recyclable or 

biodegradable packaging (CHITARRA;                       

CHITARRA, 2005).  

Edible film coatings have the same purpose of 

wax coating, using starch derivatives, cellulose or 

collagen as raw materials. The film application may 

be performed directly to the food surfaces, which 

may be consumed with the edible films. Cassava 

starch is considered the most suitable raw material 

for preparation of edible biofilms because it forms a 

resistant, transparent and efficient film that reduces 

water loss and makes fruits and vegetables                  

commercially attractive due to the conservation of 

their organoleptic characteristics and maintenance of 

a good visual presentation (VILA, 2004). 

The knowledge on and application of                 

appropriate techniques is important to ensure the 

quality of fruit species, such as mombin, and reduce 

post-harvest losses. However, these techniques must 

be sustainable and consider local environmental  

conditions. Thus, the objective of this work was to 

evaluate the post-harvest characteristics of mombin 

fruits coated with cassava starch and PVC film. 

 

 

MATERIAL AND METHODS 
 

The mombin fruits (cultivar Lagoa-Redonda) 

used in the experiment were harvested, at                      

physiological maturity, in an orchard of the Frutal 

Institute (Jaguaribe-Apodi Irrigation District) located 

in Limoeiro do Norte, State of Ceará (CE) (5°

12'9.8"S, 37°59'29.2"W, altitude of 158 m - GPS 

12). The fruits were transported in covered plastic 

containers to the Food Chemistry Laboratory of the 

Federal Institute of Education, Science and                 

Technology of Ceará (IFCE), Limoeiro do Norte 

campus, where they were selected and sanitized with 

an active chlorine solution (100 ppm) for 10 minutes.  

One hundred fruits were coated with a               

cassava starch suspension (3%) and one hundred 

were coated with the cassava starch suspension (3%) 

combined with a 15 µm-thick, stretchable,                  

self-adhesive polyvinyl chloride (PVC) film (Alp 

Film®). Another 100 fruits were kept untreated 

(control). The fruits were stored at average                   

temperature of 29.7ºC and 59% of relative humidity, 

which were measured with a thermo-hygrometer 

(Minipa MT-241). 

The starch emulsion was composed of 1 liter 

of water and 30 g of starch mixed at 70°C under   

constant stirring until gelation and rested until  

reaching room temperature.  

A completely randomized experimental            

design in a 3x5 factorial arrangement was used, with 

three coating types (control, cassava starch at 3%, 

and cassava starch at 3% combined with PVC film) 

and five storage times (0, 2, 4, 6 and 8 days), four 

replicates and five fruits per plot. 

The following fruit characteristics were             

evaluated at the end of each storage time: external 

appearance, defined by a visual and subjective scale 

that ranges from 1 to 5 (LIMA et al., 2004),                    

considering the absence or presence of defects, wilts 

and fungal attacks; skin color, evaluated by a visual 

and subjective scale that ranges from 1 to 5, in which 

1 is a completely green fruit, 2 is a 25% yellow skin 

fruit, 3 is a 50% yellow skin fruit, 4 is a 75% of            

yellow skin fruit, and 5 is a completely yellow fruit; 

soluble solids (SS), determined by a digital                 

refractometer, using a filtered mombin juice, with 

results expressed as °Brix; titratable acidity (TA) 
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determined by titration of a sample of 10 mL of the 

juice with a NaOH solution (0.1 N), with results  

expressed as percentage of citric acid (IAL, 2008); 

and SS/TA ratio calculated the by ratio between  

soluble solids and titratable acidity. The weight loss 

was evaluated daily by the difference between the 

initial weight and the weight at each evaluation, with 

results expressed as percentages. 

The data were subjected to analysis of               

variance (ANOVA). The qualitative factors were 

subjected to the Tukey's test at 5% probability, and 

the quantitative factors, to regression analysis, using 

the software Table Curve (JANDEL SCIENTIFIC, 

1991). 

 

RESULTS AND DISCUSSION 
 

The coating types and storage times showed a 

significant interaction with the titratable acidity 

(TA), color and external appearance of the fruits. 

The soluble solids (SS) and weight loss were                 

affected by the coating types and storage times, and 

the soluble solids, weight loss and SS/TA ratio were 

affected by the storage time.  

The fruit weight loss had a gradual increase 

throughout the storage period (Figure 1A), reaching 

a maximum loss of 15.66% after 8 days. The fruits 

coated only with starch showed greater weight loss, 

with an average of 10.76%, approximately 26.02% 

higher than the other treatments, which changed the 

appearance of the fruits (Figure 1B).  

Figure 1. Weight loss of mombin fruits depending on the storage time (A) and different types of coating (B). 

Weight loss occurs mainly due to moisture 

loss by transpiration. Cassava starch does not have a 

good moisture retention efficiency due to the starch 

chain structure, which in some cases may act as a 

hydrophilic substance, removing moisture from 

fruits.  

Similar results were observed by Lemos et al. 

(2007), who evaluated the effects of biofilms of 

cassava starch at concentrations of 3, 4 and 5% on 

the preservation of Magali-R peppers under two 

storage conditions, and found that the biofilm did not 

reduce the weight loss at room temperature, while 

under refrigeration, the fruits treated with the biofilm 

lost more weight than the control. Vicentini et al. 

(1999), evaluating cassava starch coating at 1% and 

3% on peppers, and Pereira et al. (2006), evaluating 

coating concentrations (1, 2 and 3%) on papaya, 

found no significant decreases in weight loss, and 

lesser loss with increasing starch concentration.  

According to Chitarra and Chitarra (2005), 

the use of hydrophilic coatings, such as starch, has 

limitations due to their water vapor barrier. Thus, 

some lipids or proteins must be added to these edible 

films to overcome this limitation.  

Regarding the use of the plastic films, Al-ati 

and Hotchkiss (2003) found that the use of flexible 

films may increase the post-harvest life of fruits by 

modifying the storage atmosphere, minimizing water 

loss (CISNERO–ZEVALLOS; KROCHTA, 2002). 

Morreti and Pineli (2005), evaluated different 

atmospheres for eggplants storage at 12°C and found 

a lower weight loss compared with the control, using 

plastic films singly and combined with CaCl2. Thus, 

PVC films are effective in containing weight loss, 

probably due to a reduction in the fruit respiratory 

rate and formation of a physical barrier against water 

diffusion (VILA et al., 2007).  

The soluble solids (SS) increase from 9.2 to 

11.3 °Brix (Figure 2A) throughout the storage 

period, with the highest levels on the 4th day of 

storage. Regarding the types of coating, the fruits 

coated with starch combined with PVC showed the 

lowest SS contents (Figure 2B). 

The SS increased probably due to the 

hydrolysis of the starch and changes in soluble sugar 

contents during the storage period. The fruits treated 

with starch combined with PVC had lower levels of 

SS probably due to an increase in their metabolic 

processes, which may have increased the 

consumption of SS components in the respiratory 

process. 

(A) 1 (B) 1 

a a 

b 
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Figure 2. Soluble solids content (ºBrix) of mombin fruits depending on the storage time (A) and different types of coating 

(B). 

Filgueiras et al. (2000) found average levels 

of SS in mombin fruits of 10.3 (pre-completely 

yellow skin) to 11.3 °Brix (completely yellow skin). 

The authors also observed an increase in total SS, 

probably due to the conversion of carbohydrates, an 

increase in reducing sugars, and a decrease in starch 

content, which was found at small concentrations in 

the fruits. 

SS consist of several compounds, including 

acids, pectins, phenolic compounds and especially 

sugars. Sampaio et al. (2007), evaluated the 

respiration of mombin fruits and found SS contents 

of 9.1 (ripened green) to 13.7 °Brix (maximum 

climacteric).  

The titratable acidity levels increased 

regardless of the type of coating up to the 6th day of 

storage, with a subsequent decrease mainly in fruits 

coated with starch combined with PVC film           

(Figure 3A). The SS/TA ratio increased throughout 

the fruit storage, with initial and final averages of 5.8 

and 7.4, respectively (Figure 3B).  

Figure 3. Titratable acidity of mombin fruits with different coatings (A) and SS/TA ratio (B) depending on the storage 

time. 

The fruits coated with starch combined with 

PVC showed a greater decrease of titratable acidity 

at the end of the experiment, indicating a change in 

metabolic processes, which increased the 

consumption of acids by the respiratory process. 

According to Chitarra and Chitarra (2005), the 

fluctuation in titratable acidity contents with fruit 

storage time may be related to biochemical processes 

of the respiratory metabolism, which synthesizes and 

consumes organic acids.  

The soluble solid contents found in the 

present work (11.23 ºBrix) were below the values 

found by Filgueiras et al. (2000). The total soluble 

solid and titratable acidity ratio is related to the sugar 

and acid balance of fruits, which is an important 

indication of flavor. The determination of this 

relation is important, since some fruits containing 

low levels of acids and soluble solids have high SS/

TA ratios, which may lead to misinterpretations of 

organoleptic characteristics. 

The external appearance of the fruits lost 

quality throughout the experimental period, 

(A) 1 

(A) 1 

(B) 1 

(B) 1 

a a 
a 
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regardless of the treatments (Figure 4A). The fruit 

skin color had a less intense change from green to 

orange in the coating treatments using starch and 

starch combined with PVC, keeping a green skin 

until the end of the experiment (Figure 4B).  

Figure 4. External appearance (A) and skin color (B) of mombin fruits with different coatings depending on the storage 

time. 

The control fruits were unfit for consumption 

(score 1) at the end of the experiment, whereas the 

fruits of other treatments were still marketable 

(scores higher than 3). The loss of external 

appearance was mainly due to wilting, loss of gloss, 

uneven skin and fungal attacks. The fruit external 

appearance is the most important quality factor from 

the marketing point of view (CHITARRA; 

CHITARRA, 2005), which is evaluated through 

several attributes such as freshness, size, shape, 

color, cleanliness, maturity stage and defects. 

Vicentini et al. (1999), evaluating peppers, 

found a delay in color change due to the decrease in 

O2 and increase in CO2 levels, thus, the film is not 

completely permeable to O2 and CO2, although it is 

to water. According to Wills et al. (1998), 

chlorophyll degradation occurs due to changes in pH, 

action of acids, increases in oxidative processes and 

action of chlorophyllase. The maintenance of the 

green color may be related to a lower penetration of 

oxygen into the fruit, reducing the synthesis of 

chlorophyllase, which is mediated by ethylene. 

 

 

CONCLUSIONS 
 

The use of plastic film as fruit coating is 

effective in maintaining the fruit external appearance 

and reducing weight loss. 

The results found with the use of cassava 

starch as fruit coating were not satisfactory 

compared with the cassava starch combined with 

PVC film, however, those showed better results 

compared with the control treatment.  

The period for conservation of mombin fruits 

without changes in their external appearance was 8 

days for the fruits coated with cassava starch or 

cassava starch combined with PVC film, and 6 days 

for the control fruits.  
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