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Abstract

Background and Objectives

Pomegranate (Punica granatum L.) is one of the most important fruits grown on a
commercial scale in Iran. It has gained popularity worldwide due to its high economic,
nutraceutical, and therapeutic values. Chilling injury and weight loss are the most important
limiting factors for pomegranate fruit storage. Application of an edible coating such as
carnuba wax on the fruit surface imparts a glossy appearance and better color, reduces fruit
weight loss, extends storage life, and prevents microbial spoilage, which is extremely
important to perishable fruit. Edible coatings create a modified atmosphere around the fruit
by providing a semipermeable barrier to water vapor and gases, and their use offers an

effective alternative to film packaging due to their environmentally friendly characteristic.

Material and Methods

The present study conducted a factorial design based on completely randomized design with
four replications to evaluate the effect of carnuba wax on pomegranate fruit storage. The
treatments included carnuba wax in three concentrations 0, 0.5%, and 1%, and storage time in
3 levels (0, 45, and 90 days). After immersion and drying, the fruits were packed in plastic
baskets and kept in a cold room at 4 + 1 °C with 85 + 5% of relative humidity. In each
sampling removal, quantitative and qualitative characteristics such as weight loss (%),

electrolyte leakage (percentage), chilling index, tissue firmness, total acidity, pH, color indices
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(aril and skin), fruit flavor, anthocyanin, skin freshness, and overall fruit acceptance were

examined.

Results

The results showed that carnuba wax prevented weight loss until the end of the storage period
(90 days) but controlled ion leakage until 45 days of storage. The skin firmness of fruits and
arils was higher in carnuba than in control samples. Increasing the concentration of carnuba
wax resulted in lowering vitamin C but did not affect the antioxidant capacity. According to
the panelists', the flavor, skin freshness, and pomegranate fruits' appearance in both carnuba

treatments were better than the control samples.

Discussion

The results of this study showed that carnuba-coated fruit has protective quantitative and
qualitative characteristics during cold storage. Moreover, exogenous application of carnauba
wax showed improvement in pomegranate storability at 4 °C, which otherwise leads to chilling
injury and reduction in quality. The treatment with carnauba wax preserves fruit weight, total
acidity, and skin freshness. Pomegranate carnuba-coated fruit exhibited a significantly lower
chilling rate as compared to the control samples. According to the results, carnuba 0.5%
maintained most qualitative and quantitative properties of pomegranate fruit until 90 days at
4°C.
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Figure 1. The effect of carnuba wax (K) on weight loss in storage period
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)
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Table 3. The effect of carnuba wax (K) on chilling index in storage period
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)
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Figure 4. The effect of carnuba wax (K) on tissue firmness in storage period
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)

Table 1. The effect of carnuba wax (K) on some physical and chemical properties of pomegranate fruits

Treatments  Aril firmness (Kg F)  Vitamin C (mg asco/100ml) Aril chroma Aril hue
Control 0.59¢ 59.52 15.22 0.53%
K0.5% 0.792 63.25? 12.79° 0.582
K 1% 0.7° 50.1° 14.972 0.47°

Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test.
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Figure 5. The effect of carnuba wax (K) on total acidity in storage period
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)
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Figure 6. The effect of carnuba wax (K) on pH in storage period
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)

Table 2. The effect of storage time on some physical and chemical properties of strawberry fruits

Storage period (day) Aril firmness (Kg F) Antioxidant (DPPHsc %) Skinchroma Skin L Aril chroma Aril hue

Harvest time 0.67 99.4
45 0.75% 93.672
90 0.64b 89.9°

40.6 40.7 13.6 0.5
38.82 43.88? 16.9 0.47°
29.4° 32.9 11.7° 0.572

Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test.
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Figure 7. The effect of carnuba wax (K) on anthocyanin in storage period
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)
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Figure 8. The effect of carnuba wax (K) on fruit flavor in storage period
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)
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Figure 9. The effect of carnuba wax (K) on skin freshness in storage period.
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)
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Figure 10. The effect of carnuba wax (K) on fruit acceptance in storage period.
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)
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Figure 11. The effect of carnuba wax (K) on aril L in storage period
(Mean in each column and rows having the same letters are not significantly at 1% of probability using LSD test)


https://www.sciencedirect.com/science/article/pii/S092552140700302X#!

vy Ve le ) oples FF uls ( alE il 5

Cnlem 5 Ol (29) e Js ol GL2L SIFE e
238 o G108 5 S gl ey ) oo 05,8 5 Bash o e Sislan ) s ont
References

Akhavan, H. R, Barzegar, M., & Abbasi, S. (2008). Anthocyanins characterization of 15 Iranian pomegranate
(Punica granatum L.) varieties and their variation after cold storage and pasteurization. European Food
Research and Technology, 227(3), 881-887.

Ayoubi, A., Sedaghat, N., Kashaninejad, M., Mohebbi, M., & Youseftabar, N. (2015). Effect of lipid edible
coating (Glyceryl monoestearate and Carnuba wax) on shelf life of raisin. Journal of Food Science and
Technology, 48(12), 139-151.

Babalar, M., Mosayyebzadeh, A., Zamani, Z., Mousavi, A., & Fattahi Moghadam, M. R. (2017). The effect of
two covering methods with waxed paper to inhibit chilling injury in Pomegranate ‘Malas-e-Saveh’ fruit
during cold storage. Iranian Journal of Horticultural Science, 48(2), 251-263. [In Farsi]

Baldwin, E. A., Burns, J. K., Kazocas, W., Brecht, J. K., Hagenmaier, R. D., & Bender, R. J. (1999). Effect of
two edible coatings with different permeability characteristics on mango ripening during stronger. Journal of
Postharvest Biology and Technology, 17(3), 215-226.

Barman, K., Asrey, R., & Pal, R. K. (2011). Putrescine and carnuba wax pretreatments alleviate chilling injury,
enhance shelf life and preserve pomegranate fruit quality during cold storage. Scientia Horticulturae, 130(4),
795-800.

Dang, K. T. H., Singh, Z., & Swinny, E. E. (2008). Edible coatings influence fruit ripening, quality, and aroma
biosynthesis in mango fruit. Journal of Agriculture and Food Chemistry, 56(4), 1361-1370.

Debeaufort, F., Quezada-Gallo, J. A., & Voilley, A. (1998). Edible films and coatings: Tomorrow’s packagings:
A review. Critical Reviews in Food Science, 38(4), 299-313.

Dobrzanski, B., Rabcewicz, J., & Rybczynski, R. (2006). Handling of apple: Transport techniques and
efficiency vibration, damage and bruising texture, firmness and quality. B. Dobrzanski Institute of
Agrophysics Polish Academy of Sciences, Poland.

Feygenberg, O., Hershkovitz, V., Ben-Arie, R., Nikitenko, T., Jacob, S., & Pesis, E. (2005). Postharvest use of
organic coating for maintaining bio-organic avocado and mango quality. Acta Horticulture, 682(62), 507-512.

Ganai, S. A., Ahsan, H., Wani, I. A., Lone, A. A, Mir, S. A., & Wani, S. M. (2015). Colour changes during
storage of apple cv. Red delicious-influence of harvest dates, precooling, calcium chloride and waxing.
International Food Research Journal, 22(1), 196-201.

Goncalves, B., Silva, A. P., Moutinho-Pereira, J., Bacelar, E., Rosa, E., & Meyer, A. S. (2007). Effect of ripeness
and postharvest storage on the evolution of colour and anthocyanins in cherries (Prunus avium L.). Food
Chemistry, 103(3), 976-984.

Goncalves, F. P., Martins, M. C., Silva-Junior, G. J., Lourenco, S. A., & Amorim, L. (2010). Postharvest control
of brown rot and rhizopus rot in plums and nectarines using carnuba wax. Postharvest Biology and
Technology, 58(3), 211-217.

Han, C., Zhao, Y., Leonard, S. W., & Traber, M. G. (2004). Edible coatings to improve storability and enhance
nutritional value of fresh and frozen strawberries (Fragaria X ananassa) and raspberries (Rubus ideaus).
Postharvest Biology and Technology, 33(1), 67-78.

Hayat, I., Masud, T., & Rathore, H. A. (2005). Effect of coating and wrapping materials on the shelf life of apple
(Malus domestica cv.Borkh). Internet Journal of Food Safety, 5(5), 24-34.

Hoa, T. T., & Ducamp, M. N. (2008). Effects of different coatings on biochemical changes of ‘cat Hoa
loc’mangoes in storage. Postharvest Biology and Technology, 48(1), 150-152.

Hu, H., Li, X., Dong, C., & Chen, W. (2011). Effects of wax treatment on quality and postharvest physiology of
pineapple fruit in cold storage. African Journal of Biotechnology, 10(39), 7592-7603.

Khuyen, T. H. D., Singh, Z., & Swinny, E. E. (2008). Edible coating influence fruit ripening, quality and aroma


https://www.researchgate.net/profile/Hamid-Reza-Akhavan-2?_sg%5B0%5D=LBVsD9SeTvOpAJiZ8dL-RpQgoxTtSkoohxHcYOvImBC74WgiBR1a6MI2HpM25HqFftsKkWY.WMOsYbvo6W_mor83vhhjYsVbmxVoLnqnUVSdk6bsVYEkJ3dxlRr71zypJXQkgqeK1JrjybBzZ8qLuQfPdC_7pA&_sg%5B1%5D=8hiZ7dZ74MDGmSba534S56jFMvNagO04gBnMW1vnqosVECBhhi8Nj5TqP8goq7RixS9zD9A.axz9g_PtDz6XnqTnDjegsQJy6R2sA1xzb4DrKkyOeuXSYF1uWQHfDOG8VhmplsgNRwrNSBrjWjo30vA5bpS36A

e g S U l8 STy 5T 0 5 g sbL ¢

biosynthesis in mango fruit. Journal of Agricultural and Food Chemistry, 56(4), 1361-1370.

Miguel, G., Fontes, C., Antunes, D., Neves, A., & Martins, D. (2004). Anthocyanin concentration of “Assaria”
pomegranate fruits during different cold storage conditions. Journal of Biomedical and Biotechnology, 5(1),
338-342.

Mirdehghan, Sh., & Rahemi, M. (2005). Effects of hot water treatment on reducing chilling injury of
pomegranate (Punica granatum L.) fruits during storage. Acta Horticulturae, 682(115), 887-892.

Oms-Oli, G., Salliva-Fortuny, R., & Martin-Bellosa, O. (2008). Edible coatings with anti-browning agents to
maintain sensory quality and antioxidant properties of fresh cut pears. Journal Postharvest Biology and
Technology, 50(1), 87-94.

Paimard, F., & Heidari, M. (2018). Effects of harvest time and storage duration on some physical and
biochemical indices in pomegranate (Punica granatum L.) Fruits. Plant Productions, 41(1), 57-69. [In Farsi]

Petrack, PD., Dou, H., & Pao, S. (1998). The influence of applied waxes on postharvest physiological behavior
and pitting of grapefruit. Postharvest Biology and Technology, 14(1), 99-106.

Purvis, A. C. (1994). Interaction of waxes and temperature in retarding moisture loss from and chilling injury of
cucumber fruits during storage. Florida State Horticultural Society, 107(4), 257-260.

Rahemi, M., & Mirdehghan, Sh. (2004). Effects of temperature conditioning on reducing chilling injury in
pomegranate fruits during storage. Indian Journal of Horticulture, 4(116), 345-347.

Ramezanian, A., Rahemi, M., Maftoun, M., Bahman, K., Eshghi, S., Safizadeh, M. R., & Tavallali, V. (2010).
The ameliorative effects of spermidine and calcium chloride on chilling injury in pomegranate fruits after
long-term storage. Fruits, 65(3), 169-178.

Robles-Sanchez, R. M., Rojas-Grau, M. A., Odriozola-Serrano, I., Gonzalez-Aguilar, G., & Martin-Belloso, O.
(2013). Influence of alginate-based edible coating as carrier of antibrowning agents on bioactive compounds
and antioxidant activity in fresh-cut Kent mangoes. Food Science and Technology, 50(1), 240-246.

Sayyari, M., Babalar M., Kalantari, S., Serrano, M., & Valero, D. (2009). Effect of salicylic acid treatment on
reducing chilling injury in stored pomegranates. Postharvest Biology and Technology, 53(3), 152-154.

Sayyari, M., Babalar, M., & Kalantari, S. (2010a). The effect of pre-storage application of calcium chloride on
chilling resistance and calcium concentration of pomegranate fruits. Acta Horticulturae, 868(49), 367-372.

Sayyari, M., Babalar, M., Kalantari, S., Martinez-Romero, D., Guillen, F., Serrano, M., & Valero, D. (2011).
Vapour treatments with methyl salicylate or methyl jasmonate alleviated chilling injury and enhanced
antioxidant potential during postharvest storage of pomegranates. Food Chemistry, 124(3), 964-970.

Sayyari, M., Valero, D., Babalar, M., Kalantari, S., Zapata, P. J., & Serrano, M. (2010b). Pre-storage oxalic acid
treatment maintained visual quality, bioactive compounds, and antioxidant potential of pomegranate after
long-term storage at 2degree C. Journal of Agricultural and Food Chemistry, 58(11), 6804-6808.

Shafiee M., Taghavi T. S., & Babalar, M. (2010). Addition of salicylic acid to nutrient solution combined with
postharvest treatments (hot water, salicylic acid, and calcium dipping) improved postharvest fruit quality of
strawberry. Scientia Horticulturae, 124(1), 40-45.

Tanada-Palmu, P., & Grosso, C. R. F. (2005). Effect of edible wheat gluten-based films and coatings on
refrigerated strawberry quality. Postharvest Biology and Technology, 363(2), 199-208.

Wang, L., Chena, S., Kong, W., Li, W., & Archbold, D. D. (2006). Salicylic acid pretreatment alleviates chilling
injury and affects the antioxidant system and heat shock proteins of peaches during cold storage. Postharvest
Biology and Technology, 41(3), 244-251.

Wang, S. Y., & Gao, H. (2013). Effect of chitosan-based edible coating on antioxidants, antioxidant enzyme
system, and postharvest fruit quality of strawberries (Fragaria x aranassa Duch.). Food Science and
Technology, 52(2), 71-79.



