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Abbreviations: PWC, physiological water conservation; FDI, 
fruit disease index; PV, peroxide value

Introduction
The traditional concept of a packaging is to preserve the quality of 

the product with a minimal product/packaging interaction, however, 
in recentyears, a wide variety of packages have been employed for 
interaction with products to provide desirable or beneficial effects.1 
Active packaging technology is a relatively novel concept beneficial 
for extending the product shelf-life, maintaining its nutritional and 
sensory quality, as well as contributing to the microbial safety.2 The 
ability of edible film or coating as a type of active packaging to 
carry some products additives such as antioxidants, antimicrobials, 
colorants, flavors, fortified nutrients and spices are being studied.3

Chitosan, a natural carbohydrate copolymer [-(1–4)-2- acetamido-
d-glucose and -(1–4)-2-amino-d-glucose units], which is yielded 
from deacetylation of chitin [poly-(1–4)-N acetyl- 2d-glucosamine], 
is harmless to humans, animals and, and the environment; and has 
been studied for efficacy in inhibiting decay and extending shelf life 
of fruits. Chitosan and its derivatives have been shown to inhibit the 
growth of a wide range of fungus,4,5 so one of interest application 
of this biopolymer is products preservation because of its ability 
to be used as coating materials to extend the shelf life of different 
products.6,7 Recently, the use of A. vera gel as an edible coating has 
been reported to prolong the shelf life and to delay the changes in the 
parameters related to deterioration of quality of products.8,9

A. vera, a cactus-like plant, is a perennial succulent belonging 
to the Liliaceae family which grows in hot and dry climates.10 The 
plant has triangular, fleshy leaves with serrated edges, yellow tubular 
flowers and fruits containing countless seeds. For centuries, the 
yellow latex (exudate) and clear gel (mucilage), exuded from the large 

leaf parenchymatic cells of A. vera, has been employed for medical 
and pharmaceutical purposes such as anti-inflammatory effects, 
treatment of skin burns, protection of the skin against UV and gamma 
radiation damage, treatment of frostbite and psoriasis, supporting 
and enhancing the immune system, antiviral and antitumor activity, 
laxative effects, and, last but not least, wound healing.11 However, the 
main use of A. vera gel is mainly in the cosmetology and medication; 
More recently, it has found its application in the food industry as a 
source of functional foods in ice-cream, drinks and beverages,12 and, 
due to antifungal activity of A. vera gel, as an unique edible coating 
(plain or in combination with other components) to extend the post-
harvest storage of arctic snow,4 apple slices,13 sweet cherry,8 papaya 
fruits14 and table grapes.1,9,15 

A. vera gel based edible coatings have been shown to prevent 
loss of moisture and firmness, control respiratory rate and maturation 
development, delay oxidative browning, and reduce microorganism 
proliferation in fruits such as sweet cherry, table grapes and 
nectarines.6,8,12 There are no reports presently on the post-harvest 
application of Aloe gel and chitosan coating on pistachio; therefore, 
the objective of this research was to elucidate the role of A. vera 
gel edible coating on the storage life of pistachio in comparison to 
chitosan coating.

Materials and methods
Preparation of coating solutions

Chitosan and A. vera gel coatings were prepared according to the 
method of Marpudi et al.3 A. vera gel was ground in blender. After 
pasteurization at 700C for 45min, gel was cooled to an ambient 
temperature and ascorbic acid (1.9-2.0g L-1) was added to gel for 
stabilizing it; citric acid (4.5-4.6g L-1) was then added to maintain the 
pH at 4.
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Abstract

Iran is one of the largest pistachio producer and exporter in the world. Under unfavorable 
conditions during storage, pistachio quality will be reduced due to undesirable reactions. The 
objective of the present study was to evaluate the ability of Aloe vera gel to reduce/control 
the loss of post harvest fresh pistachio quality, compare with a natural polysaccharide-
chitosan, as an established coating material with antifungal activity. Freshly harvested 
pistachio fruits were coated with A. vera gel (100% and 50%), chitosan (0.05% and 0.5%) 
and control (water). The coated and uncoated pistachio was stored at 4º RH for 1month. The 
parameters analyzed included physiological water conservation (PWC), sensory analysis 
for pistachio quality (colour and marketability), degree of spoilage, and Peroxide value 
of oil extracted from them. Results indicate that chitosan and A. vera gel are potential 
candidates to preserve post-harvest quality of pistachio; either showed that for coating of 
pistachio, chitosan 0.05% is better than other coating; that followed by A. vera gel 50% 
and Chitosan 0.5% coating, and A. vera gel 100% is undesirable for coating of pistachio.
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Sample preparation and coating application

Fresh pistachios were purchased from a local producer in Iran, 
and then randomly distributed into five groups with three replicates. 
First group immersed in water as the control (F0), four other groups 
immersed in solutions of chitosan 0.5% (F1), chitosan 0.05% (F2), A. 
vera gel 100% (F3) and A. vera gel 50% (F4) for 5min. After 5 min; 
pistachios were dried at 25 0C until their coatings became non-sticky 
to touch. Each of Fifteen groups were placed into sterile plastic bag 
and were stored at 4˚C for one month.

Physiological water conservation (PWC)

After one month, the samples were dried in an oven. Then water 
conservation was calculated in terms of PWC by the following 
equation: 

                  

( )100 100
A B

A
−

− × ,

Where, A is the initial weight of Fresh pistachios after the storage 
period and B is oven dried pistachios . 

Sensory evaluation

Sensory analysis was applied to determine quality of the 
differently coated pistachios stored for one month. A taste panel of 8 
random panelists participated in the sensory evaluation of pistachios. 
The sensory quality of each batch of coating was evaluated visually 
in terms of pistachio bark color (5- ≥75% bright, 4- ≥50% to ≥75% 
bright, 3- 50% bright, 2- ≤50% to ≥25% bright, 1- ≥75% dark) and 
Marketability (5-Excellent, 4-Good with slight defects, 3-Fair and 
moderate defects, 2- Marketability limited, l-Not marketable).

Fruit disease index (FDI)

The differently coated pistachios were visually observed for fungal 
spoilage. The number of pistachios infected was recorded to assess the 
effect of the different coating on retarding fruit spoilage. Degree and 
Rate of Fruit Spoilage was reported as percentage disease index and 
calculated as follows:

( )( )( )( )( )
0

0
0 1 2 3 4 100xa xb xc xd xe

Diseaseindex
a b c d e x

= ×
+ + + +

Disease index- Where 0,1,2,3,4,5 are infection categories(o- no 
lesions, 1- 5 to ≤15%, 2- ≥15% to ≤5%, 3- ≥25% to ≤50%, 4-≥50% 
to ≥75%, 5-≥75%); a, b, c, d, e are number of pistachios that fall 
into the infection categories and X-maximum number of infection 
categories.14

Oil extraction

Each sample of coated pistachio was ground in a mill, and then 
oil extraction was carried out using a Soxhlet extraction system with 
hexane as solvent. An extraction time of 8 hours was chosen. After 
extraction, the extracts were evaporated on a rotary evaporator, and 
the samples were stored with the exclusion of light.

Peroxide value (PV)

PV was determined according to the thiocyanate method. The 
sample (0.01-0.30 g, depending on the extent of peroxidation) was 

mixed in a disposable glass tube with 9.8mL chloroform-methanol 
(7:3 v/v) in a vortex mixer for 2-4seconds. Ammonium thiocyanate 
solution (50μL, 30% w/v) was added and the sample was then mixed 
in a vortex mixer for 2-4seconds. Then, 50μL of iron (II) chloride 
solution ([0.4 g barium chloride dihydrate dissolved in 50 mL H2O] 
+[0.5 g FeSO4•7H2O dissolved in 50 mL H2O]+2 mL 10M HCl, with 
the precipitate, barium sulfate, filtered off to produce a clear solution]) 
was added, and the sample was mixed in a vortex mixer for 2-4seconds. 
After a 5minutes incubation at room temperature, the absorbance of 
the sample was read at 500 nm against a blank that contained all the 
reagents except the sample using a spectrophotometer (Jenway 6105 
UVVIS). The entire procedure was conducted in subdued light and 
completed within 10minutes. All PV analysis results were expressed 
as meq O2 kg-1 oil.16

Statistical analysis

Data were analyzed by one-way analysis of variance (ANOVA) 
using Excel and SPSS version 13 software. Duncan test was used to 
determine the difference at 5 percent significance level. All tests were 
done in three replicates.

Results and discussion
Physiological water conservation (PWC)

The effect of selected edible coatings on PWC can be seen in Figure 
1. PWC was found to be significantly (P<0.05) different among five 
different coatings. PWC was observed to be 85.43%, 86.68%, 90.26%, 
85.93% and 88.08% for F0, F1, F2, F3 and F4, respectively. Among 
the coated groups, F2 had significantly highest water preservation, 
and then PWC of F4 was higher than other groups, followed by F1, 
F3 and F0. Effects of F1 and F3 on water preservation approximately 
were similar and the difference was to a lesser extent in these two 
coating groups compared to control (F0). A. vera gel based edible 
coating have been shown to prevent loss of moisture and firmness.1,4,14

Figure 1 Effect of selected edible coatings on PWC.

Marketability

Marketability values were found to be 2.5, 3, 4.5, 1.25 and 3.25 
for F0, F1, F2, F3 and F4, respectively (Figure 2). At the end of one 
month marketability was found to be better for F2 coated samples, 
followed by F4, F1, F0 and F3 coating. It is thought that bark firmness 
maintenance related to higher PWC. These results are in agreement 
with other studies.4,17
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Figure 2 Effect of selected edible coatings on marketability.

Sensory analysis

Color and firmness, the major sensory attributes, were scored by 
panel members (Figure 3) Color was evaluated based on the bark 
color with 5 as a score for bright to a score of 1 for complete dark. 
Bright color of bark changed to dark during storage in both control 
and coated fruits, but degree of darkening was varying in samples. 
The F3 had shown a greater degree of darkness. Color values were 
given as 1.25, 1.75, 2.75, 3.5 and 4.25 and 2.5 for F3, F0, F1, F4 and 
F2, respectively. Slow changes in physiochemical changes of coated 
samples revealed the more effective of maintaining ability.14

Figure 3 Effect of selected edible coatings on bark color.

Fruit disease index (FDI)

FDI was used as a measure to indicate the effect of selected 
coatings on the microbial quality of product. FDI was observed to 
be 6.125, 4.125, 0.92, 1.135 and 1.565 for F0, F1, F2, F3 and F4, 
respectively (Figure 4). Coated groups had lesser extent FDI compared 
to control (F0), but among them, F1 had higher FDI than other coating 
groups, followed by F4, F3 and F2. Thus effect of F2 for retarding 
pistachio spoilage is greater than other coatings. In the present study, 
.05% chitosan and A. vera gel coatings showed the low disease index. 
Antimicrobial activity of A. vera gel against bacteria has been reported 
previously.18,19 These results are in agreement with reported results of 
vena gel based coating in reduction of microorganism proliferation in 
Sweet cherries. A. vera gel based coatings have been reported earlier 
to reduce microorganism proliferation in sweet cherries and table 
grapes.15

Figure 4 Effect of selected edible coatings on FDI.

Peroxide value (PV)

The PV shows the degree of oxidation in the substance and 
measures the amount of total peroxides as a primary product of oil 
oxidation. As be seen in Figure 5, samples of F3 had Highest PV (even 
more than F0), followed by F0, F1, F4 and F2. These samples of F2 
had least PV.

Figure 5 Effect of selected edible coatings on PV.

Investigation of both primary andsecondary oxidations along with 
peroxide value (PV)11 is requested on study of oxidative stability of 
vegetable oil as one of the key factors.20 Peroxide value (PV) is an 
index exhibiting the amount of primary oxidation.21 Figure 5 depicts 
that least oil oxidation of coated pistachios is related to 0.05% 
chitosan, followed by 50% A. vera gel, 0.5% chitosan, control and 
100% A. vera respectively. PV of 100% A. vera gel coated pistachio 
was even rather than control. Since surface coating causes to a 
reduction in oxidation, gas permeability and modifies international 
atmosphere as well, it can be thought that this kind of coating method 
being more practically affects on shelf life of coated food,22 which has 
been considered together with the peroxide value, as a classical index 
of primary oxidation products.11

Peroxide value (PV) is one of the most frequently determined 
quality parameters during oil production, storage, and marketing. The 
PV shows the degree of oxidation in the substance and measures the 
amount of total peroxides as a primary product of oil oxidation.21 As 
be seen in Figures least oil oxidation of coated pistachios is related 
to 0.05% chitosan, followed by 50% A. vera gel, 0.5% chitosan, 
control and 100% A. vera respectively. PV of 100% A. vera gel coated 
pistachio was even rather than control. These results showed that since 
surface coating increase resistance of fruit skin to gas permeability, 
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creating modified internal atmosphere22‒24 and reducing the respiration 
rate; maybe can said that each coating that reduced oil oxidation is 
more suitable for coating, rather than other coatings.

Conclusion
The results have proved the ability of chitosan and A. vera gel 

coatings used in the present study to extent the post-harvest quality 
preservation of pistachio. At the end of storage time, results showed 
that 0.05% chitosan coating had the maximum effect in retarding 
the change in quality of pistachio (bark Color darkening, lessen of 
marketability, decay and oil oxidation), to a greater extent than 50% 
A. vera gel, 0.5% chitosan and 100% A. vera coatings respectively. 
Since 100% A. vera reduced quality of pistachio is not suitable for 
coating of pistachio; maybe due to its high concentration that can’t 
penetrate in bark of pistachio. At the other hand, .05% chitosan and 
50% A. vera since had greatly delayed the physiological changes, are 
suitable for coating and can be used for transport of fresh pistachio 
for long distance.

Acknowledgements
None.

Conflict of interest
Author declares that there is no conflict of interest.

References
1. Valverde JM, Valero D, Martinez-Romero D, et al. Novel edible coating 

based Aloe vera gel on to maintain table quality and safety. J Agric Food 
Chem. 2005;53(20):7807‒7813.

2. Cha DS, Chinnan MS. Biopolymer-based antimicrobial packaging: a 
review. Crit Rev Food Sci Nutr. 2004;44(4):223‒237.

3. Marpudi SL, Abirami LSS, Pushkala R, et al. Enhancement of 
storage life and quality maintenance of papaya fruits using Aloe 
vera based antimicrobial coating. Indian Journal of Biotechnology. 
2011;10(1):83‒89.

4. Ahmed MJ, Singh Z, Khan AS. Postharvest Aloe vera gel-coating 
modulates fruit ripening and quality of ‘Arctic Snow’ nectarine kept 
in ambient and cold storage. International Journal of Food Science & 
Technology. 2009;44(5):1024‒1033.

5. Pena DCR, Torres JA. Sorbic Acid and Potassium Sorbate Permeability 
of an edible methylcellulose Palmitic Acid films: water activity and pH 
effects. Journal of Food Science. 1991;56(2):497‒499.

6. No HK, Meyers SP, Prinyawiwatkul W, et al. Applications of chitosan 
for improvement of quality and shelf life of foods: a review. J Food Sci. 
2007;72(5):87‒100.

7. Schulte E. Economical micro method for determination of polar 
components in frying fats. Eur European Journal of Lipid Science and 
Technology. 2004;106(11):772‒776.

8. Moore ED, MacAnalley BH. A drink containing mucilaginous 
polysaccharides and its preparation. US Patent. 1995;5:443‒830. 

9. Silveira MFA, Soares NFF, Geraldine RM, et al. Active film incorporated 
with sorbic acid on pastry dough conservation. Food Control. 
2007;18(9):1063‒1067.

10. Choi S, Chung MH. A review on the relationship between Aloe vera 
components and their biological effects. Seminars in Integrative 
Medicine. 2003;1(1):53‒62.

11. White PJ. Conjugated diene, anisidine value and carbonyl value analysis. 
In: Warner K, Eskin NAM, editors. Methods to assess quality and 
stability of oils and fat-containing foods. Champaign, Illinois: AOCS 
PRESS; 1995. 220p.

12. Moreira MR, Pereda M, Marcovich NE, et al. Antimicrobial 
effectiveness of bioactive packaging materials from edible chitosan and 
casein polymers: assessment on carrot, cheese, and salami. J Food Sci. 
2011;76(1):M54‒M63.

13. Chauhan OP, Raju PS, Singh A, et al. Shellac and aloe-gel-based surface 
coatings for maintaining keeping quality of apple slices. Food Chemistry. 
2010;126(3):961‒966.

14. Martinez-Romero D, Alburquerque N, Valverde JM, et al. Postharvest 
sweet cherry quality and safety maintenance by Aloe vera treatment: a new 
edible coating. Postharvest Biology and Technology. 2006;39(1):93‒100.

15. Wani MY, Hasan N, Malik MA. Chitosan and Aloe vera: two 
gifts of Nature. J Journal of Dispersion Science and Technology. 
2010;31(6):799‒811.

16. Serrano M, Castillo S, Valverde JM, et al. Use of Aloe vera gel coating 
preserves the functional properties of table grapes. J Agric Food Chem. 
2006;54(11):3882‒3886.

17. Aider M. Chitosan application for active bio-based films production 
and potential in the food industry: review. LWT- Food Science and 
Technology. 2010;43(6):837‒842.

18. Habeeb F, Shakir E, Bradbury F, et al. Screening method used to 
determine the antimicrobial properties of Aloe vera inner gel. Methods. 
2007;42(4):315‒320.

19. Yaman O, Bayondirli L. Effects of edible coating and an cold 
storage on shelf life and quality of chemes. LWT-Food Sci Technol. 
2002;35:146‒150.

20. Przybylski R, Malcolmson LJ, Eskin NAM, et al. Stability of low 
linolenic acid canola oil to accelerated storage at 60 oC. LTW-Food 
Science and Technology. 1993;26:205‒209.

21. Han JH. Edible and biodegradable films/coatings carrying bioactive 
agents. 2001. 

22. Banks NH, Dadzie BK, Cleland DJ. Reducing gas exchange of 
fruits with surface coating. Postharvest Biology and Technology. 
1993;3(3):269‒284.

23. Farhoosh R, Moosavi SM. Carbonyl value in monitoring of the quality of 
used frying oils quality. Anal Chim Acta. 2008;617(1‒2):18‒21.

24. Sanchez-Gonzalez L, Chafer M, Hernandez M, et al. Antimicrobial 
activity of polysaccharide films containing essential oils. Food Control. 
2011;22(8):1302‒1310. 

https://doi.org/10.15406/jnhfe.2015.02.00042
http://www.ncbi.nlm.nih.gov/pubmed/16190634
http://www.ncbi.nlm.nih.gov/pubmed/16190634
http://www.ncbi.nlm.nih.gov/pubmed/16190634
http://www.ncbi.nlm.nih.gov/pubmed/15462127
http://www.ncbi.nlm.nih.gov/pubmed/15462127
http://nopr.niscair.res.in/bitstream/123456789/10956/1/IJBT%2010%281%29%2083-89.pdf
http://nopr.niscair.res.in/bitstream/123456789/10956/1/IJBT%2010%281%29%2083-89.pdf
http://nopr.niscair.res.in/bitstream/123456789/10956/1/IJBT%2010%281%29%2083-89.pdf
http://nopr.niscair.res.in/bitstream/123456789/10956/1/IJBT%2010%281%29%2083-89.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01873.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01873.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01873.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01873.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1991.tb05312.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1991.tb05312.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1991.tb05312.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/17995743
http://www.ncbi.nlm.nih.gov/pubmed/17995743
http://www.ncbi.nlm.nih.gov/pubmed/17995743
http://onlinelibrary.wiley.com/doi/10.1002/ejlt.200401004/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ejlt.200401004/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ejlt.200401004/abstract
http://www.sciencedirect.com/science/article/pii/S0956713506001848
http://www.sciencedirect.com/science/article/pii/S0956713506001848
http://www.sciencedirect.com/science/article/pii/S0956713506001848
http://www.sciencedirect.com/science/article/pii/S154311500300005X
http://www.sciencedirect.com/science/article/pii/S154311500300005X
http://www.sciencedirect.com/science/article/pii/S154311500300005X
http://onlinelibrary.wiley.com/doi/10.1002/food.19950390543/abstract
http://onlinelibrary.wiley.com/doi/10.1002/food.19950390543/abstract
http://onlinelibrary.wiley.com/doi/10.1002/food.19950390543/abstract
http://onlinelibrary.wiley.com/doi/10.1002/food.19950390543/abstract
http://www.ncbi.nlm.nih.gov/pubmed/21535694
http://www.ncbi.nlm.nih.gov/pubmed/21535694
http://www.ncbi.nlm.nih.gov/pubmed/21535694
http://www.ncbi.nlm.nih.gov/pubmed/21535694
http://www.sciencedirect.com/science/article/pii/S030881461001513X
http://www.sciencedirect.com/science/article/pii/S030881461001513X
http://www.sciencedirect.com/science/article/pii/S030881461001513X
http://www.sciencedirect.com/science/article/pii/S0925521405001961
http://www.sciencedirect.com/science/article/pii/S0925521405001961
http://www.sciencedirect.com/science/article/pii/S0925521405001961
http://www.ncbi.nlm.nih.gov/pubmed/16719510
http://www.ncbi.nlm.nih.gov/pubmed/16719510
http://www.ncbi.nlm.nih.gov/pubmed/16719510
http://www.sciencedirect.com/science/article/pii/S002364381000040X
http://www.sciencedirect.com/science/article/pii/S002364381000040X
http://www.sciencedirect.com/science/article/pii/S002364381000040X
http://www.ncbi.nlm.nih.gov/pubmed/17560318
http://www.ncbi.nlm.nih.gov/pubmed/17560318
http://www.ncbi.nlm.nih.gov/pubmed/17560318
http://www.sciencedirect.com/science/article/pii/S0023643883710455
http://www.sciencedirect.com/science/article/pii/S0023643883710455
http://www.sciencedirect.com/science/article/pii/S0023643883710455
http://www.sciencedirect.com/science/article/pii/0925521493900628
http://www.sciencedirect.com/science/article/pii/0925521493900628
http://www.sciencedirect.com/science/article/pii/0925521493900628
http://www.ncbi.nlm.nih.gov/pubmed/18486636
http://www.ncbi.nlm.nih.gov/pubmed/18486636
http://www.sciencedirect.com/science/article/pii/S0956713511000521
http://www.sciencedirect.com/science/article/pii/S0956713511000521
http://www.sciencedirect.com/science/article/pii/S0956713511000521

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and methods 
	Preparation of coating solutions 
	Sample preparation and coating application 
	Physiological water conservation (PWC) 
	Sensory evaluation 
	Fruit disease index (FDI) 
	Oil extraction 
	Peroxide value (PV) 
	Statistical analysis 

	Results and discussion 
	Physiological water conservation (PWC) 
	Marketability 
	Sensory analysis 
	Fruit disease index (FDI) 
	Peroxide value (PV) 

	Conclusion
	Acknowledgements
	Conflict of interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4 
	Figure 5

