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Composite treatments of salicylic acid and ethanol were used to reduce astringency and enhance the shelf life of 
premature persimmon during postharvest storage. The research was conducted at room temperature 20-25˚C.  In each 
treatment, the concentration of salicylic acid 2mML-1 was constant, but the concentration of ethanol was different in each 
treatment, i.e., 100µl to PSE1, 200µl to PSE2, 300µl to PSE3, 400µl to PSE4, 500µl to PSE5, 600µl to PSE6 and 700µl for 
PSE7. Different parameters tannin content (%), acidity (%), firmness (kg/cm2), ascorbic acid (mg/100g), pH, TSS, Juice 
content (%) and astringency were measured, while organoleptically evaluated for, texture, color and overall acceptability. 
Reduction was noted in tannin content (%) from 2.90 to 1.17, acidity (%) from 0.31 to 0.13, firmness (kg/cm2) from 8.32 to 
4.53 and ascorbic acid (mg/100g) from 20.55 to 18.29, while an increase was observed in juice content (%) from 31.70 to 
46.02, TSS from 19.56 to 22.65 and pH from 5.50 to 6.23. The statistical analysis revealed that treatment and storage 
intervals had a significant (P<0.05) effect on physicochemical and sensory analysis on persimmon fruit. This study found 
that treatment with PSE5 can keep lower astringency and have the ability to increase the shelf life of premature 
persimmon during storage.  
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INTRODUCTION 
Persimmon (Diospyros kaki Thunb) is a member of the 
gender Ebenaceae belonging to the family Diospyros L. It 
is believed that its origin is China from where it has spread 
to other countries of the world that have suitable 
environment for its growth such as Italy, Israel, Brazil, 
Iran, Spain, Australia, and New Zealand (Mowat, A.  
Collins, R. (2000). Consumer behavior and fruit quality: 
supply chain management in an emerging industry. 
Supply Chain Manage. An International Journal, 5:45-54.. 
In essence, Asian countries are the best producing area 
for persimmon production and being from Japan, China, 
and Korea, 95% persimmon produced as world production 
(Qinggang, Z.Z., Jingping, R., Donald, J.H., Jingyi, L., Yali, 
H., Song, K. (2013) Identification of xyloglucan 
endotransglucosylase/hydrolase genes (XTHs) and their 
expression in persimmon fruit as influenced by 1-
methylcyclopropene and gibberellic acid during storage at 
ambient temperature. Food Chemistry. 138: 471-477. In 
Pakistan, it is cultivated only in Khyber Pakhtunkhwa with 
area 3147 hectares with production of 26760 tonnes 
(GOP. (2015) Government of Pakistan. Fruit, vegetables 

and condiments statistics of Pakistan 2014-2015. ). It 
contains a functional food constituent with high levels, 
such as catechin, Gallic acid, and vitamin C, the fruit also 
contains, beta-carotene, glucose, and fructose (Yakushiji, 
H., Nakatsuka, A. (2007) Recent persimmon research in 
Japan. Japanese Journal of Plant Science. 1: 42-
62.Persimmon fruits are mainly divided in to two types of 
astringent and non- astringent, of which astringent 
cultivars originated in Asia. During maturation, soluble 
tannin is maintained in astringent persimmon fruits, while 
tannin content is reduced during maturation in non-
astringent fruits (Error! Reference source not found.It is 
significant for persimmon fruits to keep away from 
economic loss during storage in industry for processing 
because due to its perishable nature the postharvest life of 
persimmon fruit is very short. It is reported that extensive 
post losses occur during storage and handling of the fruits. 
It has been reported that in large varieties fruit loss can 
occur due to transpiration which can be affected 
unfavorably on the fruit quality during deformation. It is 
reported that at the time of storage, reductions occurs in 
vitamin C, total soluble solid, and physiochemical 
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characteristics of persimmon. During storage invert sugar 
initially reduced while increased after that at the end and 
carotene level improved too Turk, R. (1992) The Cold 
Storage of Persimmons (Diospyos kaki cv. fuyo) 
Harvested at Different Maturities and the Effect of 
Different CO2 Applications on Fruit 
Ripening. Physiological Basis of Postharvest 
Technologies. 343: 190-194.. The factor of astringency is 
the presence of soluble tannin in persimmon fruits as well 
in their pulp. In fruit pulp of fresh persimmon the 
astringency is decreased during development and 
maturation in non-astringent and astringent cultivars 
through metabolism by which the tannin content which 
existing is removed (Munoz, V.R.S. (2002) Destanization 
of persimmon (Diospyrus kaki L.).Rama Forte. Thesis 
(doctorate), State University of campinas, faculty of 
agricultural engineering, campinas.Over 2000 cultivars 
which are the most astringent present only in Asia, 
unpredictably such a problem is faced, different methods 
are used to remove the astringency, so that each method 
must be adapted for different location of production and 
cultivar (Edagi, F.K., Kluge, R.A. (2009) Removal of 
astringency from persimmon: an approach biochemistry, 
physiology and technology - Bibliographic Rev. Rural 
Science (Santa Maria). 39:585-594.. For an astringent 
cultivar it is a key point to remove astringency through 
minimally processing of persimmon. After processing, the 
fruit cannot contain astringency, because it is an ease 
product ready to eat. Flavor, color, and firmness of the 
fruit should be like the fresh product. An endogenous 
hormone, salicylic acid (a simple phenolic compound) 
having a fundamental role in different aspects of plant 
development and growth such as ion absorption, stomatal 
movement, seed germination, and response to 
environmental stresses as well. It is a molecule 
responsible for some signal transduction system, which 
stimulate the biosynthesis of guard components such as 
alkaloids orpathogenesis related (PR) protein and 
polyphenols (Yao, H., Tian, S. (2005) Effects of pre and 
post-harvest Application of Salicylic Acid or Methyl 
Jasmonate on Inducing Disease Resistance of Sweet 
Cherry Fruit in Storage. Postharvest Biology & 
Technology. 35: 253- 262.After harvesting of strawberry 
and other fruits ethylene action and production can be 
controlled by salicylic acid (Babalar, M., Asghari, M., 
Talaei, A., Khosroshahi, A. (2007) Effect of pre- and 
postharvest salicylic acid treatment on ethylene 
production, fungal decay and overall quality of Silva 
strawberry fruit. J Food Chem. 105: 449–453.. SA can 
prolong the shelf life of fruit through inhibition of action and 
production of ethylene that’s why fruits softening, and 
ripening can be delayed as well as occurrence disease 
development (Terry, L.A., Joyce, D.C. (2004) Elicitors of 
induced disease resistance in postharvest horticulture 
crops: A Brief Review. Postharvest Biology and 
Technology, 32: 1-13.. Keeping in view the above facts 
and nutritional value of persimmon fruit, the following 

study was design to increase the market value of the 
persimmon fruit by reducing the astringency properties as 
well as to increase the post- harvest life. 
  
MATERIALS AND METHODS 
Fresh sound, healthy persimmon fruit were picked from 
the orchids of Agriculture Research Institute, Tarnab, 
Peshawar, and were brought to the laboratory of Food 
Technology Section, ARI, Tarnab, Peshawar. 

Pre-Processing 
The fruit free from any mechanical damage were selected 
and then graded for uniform size, shape, color, and 
maturity. The graded fruit were washed with tape water to 
remove dust and other particles.  

Preparation of Sample 
Graded fruit 30 dozens were selected for this experiment. 
The fruits were dipped in 2mML-1 salicylic acid solution for 
5 minutes and were divided into 8 numbers of sub 
samples having 45 fruit in each, while every treatment was 
distributed in 9 boxes and then ethanol was sprayed on 
cotton pieces with different levels (0, 100, 200, 300, 400, 
500, 600, 700 µl) were kept in each box.  

Packaging and storage 
After the application of treatment, the fruit samples were 
packaged in styrofoam boxes, wrapped in plastic films and 
were kept at room temperature. The analysis was carried 
out at the beginning of the experiment and then after 4 
days intervals, i.e., initial, 4, 8, 12, 16, 20, 24 up to the 
successful completion of the experiment. 

Physiochemical analysis 
The treatment were analyzed for pH Levels, Titratable 
Acidity (%), Total soluble solids (TSS), Sugar Acid Ratio 
(TSS/Acid ratio), Firmness (kg cm-2), Juice content (%), 
Tannins content (%) and Ascorbic acid Content (mg/100g) 
according to standard method of (George, W., Latimer, J. 
(2012) Official Methods of Analysis of AOAC International, 
19th edition, volume II. Association of Official Analytical 
Chemists. Gaithersburg, Maryland 20877-2417 US.  

Organoleptic Evaluation 
Taste, color, texture, astringency acceptability, and overall 
acceptability of samples will be organoleptically evaluated 
by 15 panels of judges at 4 days interval of storage.9 point 
hedonic scale will be used for the evaluation. 

Statistical Analysis 
The data will be analyzed statistically by using Complete 
Randomized Design CRD (2 factorials without interaction) 
and means of LSD test at 5% significance level through 
Statistix 8.1. 
 
RESULTS AND DISCUSSION 
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Tannins content (%) 
The mean showed decreased in tannin content from 

2.90 to 1.17 during storage intervals (Fig 1). 
 

 
Figure 1: Storage effect on tannins content of 
persimmon during storage. 

 The highest mean value for tannins content was 
recorded in treatment PSE0 (2.54) treated with 2mML-1 of 
salicylic acid followed by PSE1 (2.34) treated with 2mML-1 
of salicylic acid and 100 µl of ethanol, while lowest mean 
value for tannins content was observed in PSE7 (1.55) 
treated with 2 mML-1 of salicylic acid and 700 µl of 
ethanol, followed by PSE6 (1.69) treated with 2mML-1 of 
salicylic acid and 600 µl of ethanol. In treatment, the 
maximum decreased was recorded in PSE7 (91.53%) 
followed by PSE6 (77.59%), while the minimum decreased 
was shown in PSE0 (29.31%) followed by PSE1 (40.68%) 
(Fig 2). 

 
 

Figure 2: Salicylic acid and ethanol application effect 
on tannins content of persimmon during storage 

 
The results are corresponding to the findings of (Neves 
J.A.C., Coneglian, R.C., Soares, A.G., Fonseca, M.J., 
Alencar, C.A. (2010) Determination of time exposure to 
ethanol to reduce astringency of 

persimmon'Mikado'(Diospyros kaki) for minimal 
processing. InXXVIII International Horticultural Congress 
on Science and Horticulture for People (IHC2010): 
International Symposium, 934: 543-549who concluded 
that increase timing of fruits exposure to alcohol vapors, 
resulted decreased in tannin content and firmness.
 The lowest value was founded (0.8161µg100 g-1) 
during analysis. The fruit which was present at the top of 
the Styrofoam boxes showed noticeably decreased in 
tannins content in treatment 3 0.9725µg 100 g-1 and 
treatment 4 0.8161µg 100 g-1. Similar results were also 
found by (Celik, A., Ercisli, S. (2008) Persimmon cv. 
Hachiya (Diospyros kaki Thunb.) fruit. Some physical, 
chemical and nutritional properties. International Journal 
of Food Science and Nutrition, 59: 599- 606. who studied 
that fresh harvested persimmon cv. Hachiya contain 3.15 
mg/100g of soluble tannins content. The astringent taste 
of the persimmon is due the presence of tannic fraction 
which is the constituent of pro-anthocyanidine,  poly 
phenolic compound with carbon-carbon inter flavan 
linkage between the c-4 and c-6 or c-8 units. 

Titratable Acidity (%) 
The data in mean the table showed a decrease in 

acidity from 0.31 to 0.13 during the storage period (Table 
I). The highest mean value for acidity were recorded in 
treatment PSE0 (0.25) treated with 2 mML-1 of salicylic 
acid followed by treatment PSE1 (0.24) treated with 2 
mML-1 salicylic acid and 100 µl of ethanol, while the lowest 
mean value were showed in treatment PSE7 (0.17) treated 
with 2 mML-1 of salicylic acid and 700 µl of ethanol 
followed by treatment PSE6 (0.19) treated with 2 mML-1 

salicylic acid and 500 µl of ethanol. Maximum decreased 
in percent acidity was recorded in treatment PSE7 
(75.74%) followed by treatment PSE6 (73.53%), while 
minimum percent decreased was recorded in treatment 
PSE1 (43.33%) followed by treatment PSE0 (46.36%) 
(Table II). Results shows decrease in total acidity during 
storage and reported that this reduction may be due to the 
presence of high ratio of malic acid and citric acid, during 
respiration which degrade, thus fruit acidity reduces. 
Similar results were also reported by Sayyari, M., Babalar, 
M., Kalantari, S., Serrano, M., Valero, D. (2009) Effects of 
salicylic acid treatment on reducing chilling injury in stored 
pomegranates. Postharvest Biology and Technology, 
53:152-154.application of salicylic acid on pomegranate. 
The results are similar to Tareen, M.J., Abbasi, N.A., 
Hafiz, I.A. (2012) Effect of salicylic acid treatments on the 
storage life of peach fruit Cv. Flordaking. Pakistan Journal 
of Botany. 44: 119-124.who studied that with passage of 
time the gradual decrease observed in total acidity of 
peach fruits but also notice that increase occur in total 
acidity in fruits which were treated with salicylic acid, while 
untreated fruits showed decrease in total acidity. Razavi, 
F., Hajilou, J., Dehgan, G., Hassani, R.N.B., Turchi, M. 
(2014) Enhancement of post harvest quality of peach fruit 
by salicylic acid treatment. International Journal of 
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Biosciences. 4: 177-184. investigated that peach fruits 
which were treated with salicylic acid showed lowered 
acidic nature than untreated fruits. The reduction in total 
acidity depends on the rate of metabolism especially 
respiration, which consumed organic acid of fruit (Rivera, 
J. (2005) Cutting shape and storage temperature effect of 
fresh cut papaya cv. Maradol. Journal Food Science. 70: 

488-489.Ghafir, S.A., Gadalla, S.O., Murajei, B.N., El-
Nady, M.F. (2009) Physiological and anatomical 
comparison between four different apple cultivars under 
cold storage conditions. African Journal Plant Science. 3: 
133-138. 

 

 
 

Table I: Salicylic acid and ethanol application effect physiochemical properties of persimmon during storage. 
 

Treatments Initial Day Day 4 Day 8 Day 12 Day 16 Day 20 Day 24 

Physiochemical Analysis 

Acidity (%) 0.31a 0.27b 0.26c 0.22d 0.19de 0.16ef 0.13f 

Firmness(Kg/ cm2) 8.32a 7.64b 6.87c 6.24d 5.67e 5.07f 4.53g 

pH 5.50f 5.65e 5.77d 5.80d 5.89c 6.02b 6.23a 

Ascorbic Acid 
mg/100gm 

20.51a 20.17b 19.92c 19.55d 19.16e 18.80f 18.32g 

Total Soluble Solid 
(Brix) 

19.56g 20.17f 20.59e 21.09d 21.63c 22.19b 22.65a 

Sugar Acid ratio 60.41e 71.88de 87.00d 117.69c 133.37c 156.74b 184.53a 

Juice content (%) 31.70e 34.63d 37.31cd 38.32c 41.30b 44.13a 46.02a 

 
 
 
 

Fruit firmness (kg cm-2)  
The data in mean table showed a decrease in 

firmness from 8.32 to 4.53 in storage period and 
significantly (P<0.05) affected by storage duration as well 
as by treatment (Table I). The maximum fruit firmness was 
recorded in PSE0 (7.22) treated with 2 mML-1 of salicylic 
acid followed by PSE1 (6.96) treated with 2 mML-1of 
salicylic acid and 100 µl of ethanol, while the minimum 
firmness was noted in PSE7 (5.02) treated with 2 mML-1of 
salicylic acid and 700 µl of ethanol followed by PSE6 
(5.48) treated with 2 mML-1of salicylic acid and 600 µl of 
ethanol. During treatments, the highest percent decrease 
was showed in PSE7 (73.0%) followed by PSE6 (63.1%), 
while the lowest percent decrease was recorded in PSE0 
(29.9%) followed by PSE1 (30.5%) (Table II). (Razavi, F., 
Hajilou, J., Dehgan, G., Hassani, R.N.B., Turchi, M. (2014) 
Enhancement of post harvest quality of peach fruit by 
salicylic acid treatment. International Journal of 
Biosciences. 4: 177-184. also find the similar results for 
peach fruits using salicylic acid which was efficiently 
retained peach firmness. Celik, A., Ercisli, S. (2008) 
Persimmon cv. Hachiya (Diospyros kaki Thunb.) fruit. 
Some physical, chemical and nutritional properties. 
International Journal of Food Science and Nutrition, 59: 
599- 606.) studied that at harvesting time the flesh 
firmness was 65.24 and 40.22 N/cm2 of persimmon cv., 
respectively. Wang, L., Chen, S., Kong, W., Li, S., 

Archbold, D.D. (2006) Salicylic acid pre-treatment 
alleviates chilling injury and affects the antioxidant system 
and heat shock proteins of peaches during cold storage. 
Journal of Postharvest Biology and Technology. 41: 244–
251.reported that due to the sharp decrease in 
endogenous salicylic acid of the fruit, a steady softening of 
the fruit is taking place. But using the exogenous salicylic 
acid postharvest treatment the softening of fruits can be 
delayed. In climacteric fruits the internal ethylene 
production can be decrease by salicylic acid which causes 
senescence by promoting the rate of respiration and 
severe softening (Salvador, A., Arnal, L., Monterde, A., 
Cuquerella, J. (2004) Reduction of chilling injury 
symptoms in persimmon fruit cv. Rojo Brillante by 1-MCP 
Journal of Postharvest Biology and Technology. 33: 285-
291.The enzymes degradation can also be stopped by 
salicylic acid treatments which cause collapsing of cell 
membrane and cell wall (Asghari., Aghdam, M.S. (2010) 
Impact of salicylic acid on postharvest physiology of 
horticultural crops. trends. Journal of Food Science and 
Technology. 2: 502–509.. Usually, firmness of the ripped 
persimmon is low, every different cultivar has different 
degree of firmness. A lowest degree of firmness is not 
recommended for persimmon fruit, but as commercial and 
marketing point of view, a fruit firmness less than 1.0197 
kg cm2 (10N) is not suitable (Salvador, A., Ibad, I., Arrnal, 
L., Martinez- Javega, J.M. (2007) Effect of ozone on post 
harvest quality of persimmon. Journal of Food Science. 
71: 443-446.. 

pH 
The data in mean table showed an increase in pH 
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from 5.50 to 6.23 during storage (Table I). Maximum mean 
value for pH was observed in PSE7 (5.97) treated with 
2mML-1 of salicylic acid followed by PSE6 (5.93) treated 
with 2 mML-1 of salicylic acid and 100 µl of ethanol, while 
the minimum pH was shown by PSE0 (5.71) treated with 2 
mML-1 of salicylic acid and 500 µl of ethanol followed by 
PSE1 (5.73) treated with 2 mol-1 of salicylic acid and 700 µl 
of ethanol. In storage, the maximum percent increase was 
shown by PSE7 (15.51%) followed by PSE6 (14.33%), 
whereas least value was recorded in PSE0 (6.93%) 
followed by PSE1 (8.64%) (Table II). The results revealed 
that increasing storage time of persimmon fruits increase 
was occurred in pH value due to the breakdown of 
complex acidic compounds. It is stated that the normal pH 
of the persimmon fruit is 5.33 which is gradually increases 
during ripening up to 6.12 (Ramin, A., Tabatabaie, F. 
(2003) Effect of various maturity stages at harvest on 
storability of persimmon fruit (Diospyros kaki L.). Journal 
of Agriculture Science and Technology.5: 113-123.. 
Organic acid of fruits consumed during respiration as the 
storage time is increased which leads to high pH and low 
acidity (Rivera, J. (2005) Cutting shape and storage 
temperature effect of fresh cut papaya cv. Maradol. 
Journal Food Science. 70: 488-489.; Ghafir, S.A., Gadalla, 

S.O., Murajei, B.N., El-Nady, M.F. (2009) Physiological 
and anatomical comparison between four different apple 
cultivars under cold storage conditions. African Journal 
Plant Science. 3: 133-138.. 

Ascorbic acid (mg 100g-1) 
The mean data in the table showed a decrease in 

ascorbic acid from 20.51 to 18.32 during storage period 
(Table I). The largest mean value for ascorbic acid was 
recorded in treatment PSE5 (20.03) treated with 2 mML-1 
of salicylic acid and 500 µl of ethanol, followed by 
treatment PSE3 (19.83) treated with 2 mML-1 salicylic acid 
and 300 µl of ethanol, while the lowest mean value were 
recorded in treatment PSE7 (19.06) treated with 2 mML-1 

salicylic acid and 700 µl of ethanol followed by treatment 
PSE2 (19.63) treated with 2 mML-1 salicylic acid and 200 µl 
of ethanol. During treatments maximum decrease was 
occurred in percent ascorbic acid in treatment PSE7 
(12.93%) followed by treatment PSE3 (12.71%), while 
minimum decreased was showed for percent ascorbic 
acid in treatment PSE5 (8.39%) followed by treatment 
PSE4 (8.46%) (Table II).  

 

Table 2: Salicylic acid and ethanol application effect physiochemical properties of persimmon during storage. 

Treatments 
Acidity 

(%) 
Firmness 
(Kg/cm2) 

Ph 
Ascorbic Acid 

mg/100gm 
Total Soluble 
Solid (Brix) 

Sugar Acid 
ratio 

Juice 
content (%) 

Physiochemical Analysis 

PSE0 0.25a 7.22a 5.71f 19.39de 21.11c 87.61e 34.81e 

PSE1 0.24ab 6.96ab 5.72ef 19.63bc 21.50a 94.90de 36.31de 

PSE2 0.23ab 6.90ab 5.79de 19.16e 20.94c 97.22de 37.29cde 

PSE3 0.22bc 6.53bc 5.81cd 19.83c 21.07c 103.63cde 38.74bcd 

PSE4 0.21cd 6.36c 5.87bc 19.42cd 21.47ab 116.61cd 39.95abc 

PSE5 0.19de 6.20c 5.90ab 20.03a 20.47d 126.04bc 41.34ab 

PSE6 0.19de 5.48d 5.93ab 19.44cd 21.22bc 142.83ab 42.24a 

PSE7 0.17e 5.02d 5.97a 19.06de 21.63a 158.72a 41.79a 

 
 
The results are similar to the findings of Bisen, A., 
Pandey, S.K., Patel, N. (2012) Effect of skin coatings on 
prolonging shelf life of kagzi lime fruits (Citrus aurantifolia 
Swingle). Journal of Food Science and Technology. 49: 
753–759.who indicated that highest content of vitamin C is 
maintained during storage period when edible oil is treated 
with lemon. In various horticultural produce, ascorbic acid 
or vitamin C is a nutritional and essential key factor. 
Postharvest handling process affecting on vitamin C 
concentration of vegetables and fruits (Lee, S.K., Kader, 
A.A. (2000) Preharvest and postharvest factors influencing 
vitamin C content of horticultural crops. Postharvest 
Biology and Technology 20: 207-220.. Improper storage 
situation and poor management that is increasing 
temperature, lower relative humidity, chilling, and physical 

injuries enhanced ascorbic acid or vitamin C breakdown, 
which indicate that vitamin C is very responsive to storage 
period (Neves et al. 2010).  

Total soluble solids (0Brix) 
The data in the mean table showed an increase in 

TSS from 19.56 to 22.65 during storage (Table I). 
Maximum mean value for total soluble solid (TSS) was 
observed PSE7 (21.63) treated with 2 mML-1 of salicylic 
acid and 700 µl of ethanol followed by PSE1 (21.50) 
treated with 2 mML-1 of salicylic acid and 400 µl of 
ethanol, while minimum increase in TSS was recorded in 
PSE5 (20.47) treated with 2 mML-1 of salicylic acid and 
500 µl of ethanol followed by PSE2 (20.94) treated with 2 
mML-1of salicylic acid and 200 µl of ethanol. Maximum 
increase was showed by PSE2 (17.03%) followed by PSE0 
(15.22%), while least value was recorded in PSE4 
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(11.70%) followed by PSE7 (12.20%) (Table II). The same 
results were found by Novillo et al. (2016) whose reported 
that with the passage of storage time, the total soluble 
solids increased due the presence of free sugar content 
i.e. in TSS 75% sugar content combine with fruits acidity 
which gives taste and flavor to the fruits. By the action of 
sucrose phosphate synthase (SPS) enzymes the sugar 
level increases during fruits ripening. Increase in TSS of 
fruit is due to the biosynthesis of sucrose for which (SPS) 
enzyme is responsible (Khan etal., (2007). It is stated that 
due to the action of cell wall degrading enzyme the 
polysaccharides contents (cellulose and pectin) were 
digested which could protected successfully by salicylic 
acid declining the degrading enzymes, which also 
prevented increase in TSS of fruits (Asghari and Aghdam, 
2010). Sabeeh et al. (2021) also showed that salicylic acid 
effect the TSS of grapes during storage. 

Sugar-Acid ratio 
The data in mean table showed significantly increase 

in sugar-acid ratio from 60.41 to 184.53 during the storage 
period as well as in treatments (Table I). The maximum 
mean value for sugar-acid ratio was recorded in PSE7 
(158.72) treated with 2 mML-1 of salicylic acid and 700 µl 
of ethanol followed by PSE6 (142.83) treated with 2 mML-1 
of salicylic acid and 600 µl of ethanol, While the minimum 
mean value was observed in PSE0 (87.61) treated with 2 
mML-1 of salicylic acid only followed by PSE1 (94.90) 
treated with 2 mML-1 of salicylic acid and 100 µl of ethanol 
during treatments. In treatment the highest percent 
increased were shown in PSE7 (78.87%) followed by PSE6 
(77.02%), while the least increased were recorded in 
PSE0 (49.98%) followed by PSE2 (56.06%) (Table II). The 
results are similar to the finding of (Razavi et al. 2014) 
who observed a decrease in total acidity and an increased 
in total sugar during storability of peach fruit but compared 
with control the fruit treated with salicylic acid showed low 
significant changes. The fruit treated with salicylic acid 
also showed a non- significant result. Similarly, in 
pomegranate salicylic acid application also showed non- 
significant changes for the TSS and TA (Sayyari et al. 
2009). Taste is animportant factor for the fruit quality 
between acid and sugar balance (Tareen et al. 2012). 

Total acidity showed decreasing trend while total soluble 
solid was increased during the storage time, which 
indicates fruit ripening stage and their balance results in 
significant fruit taste (Razavi et al. 2014). Salicylic acid 
application enhanced and improved characteristic of fruits 
quality (Asghari and Aghdam, 2010). 

 Juice content (%) 
The data recorded in mean table for the juice content 

indicated that storage interval significantly affected by 
salicylic acid and ethanol which showed an increase in 
percent juice content of persimmon fruit from 31.70 to 
46.02 during storage (Table I). The highest mean value for 
juice content were recorded in PSE6 (42.24) treated with 2 
mML-1 of salicylic acid and 600 µl of ethanol followed by 
PSE7 (41.79) treated with 2 mML-1 of salicylic acid and 
700 µl of ethanol, while the least juice content was shown 
in PSE0 (34.81) treated with 2 mML-1 of salicylic acid 
followed by PSE2 (36.31) treated with 2 mML-1 of salicylic 
acid and 200 µl of ethanol during treatments. The 
maximum percent increase was recorded in PSE7 
(43.11%) followed by PSE6 (36.66%), while the minimum 
value was recorded in PSE0 (14.86%) followed by PSE1 
(18.15%) (Table II). Similar results were found by various 
researchers including (Baninaiem et al. 2016) which 
observed 45% increase in juice % by salicylic acid 
application with concentration of 4 mM as pre-harvest 
application as well as post-harvest application on tomato. 
Wills and McGlasson (1998) stated that the rate of 
respiration and ethylene production inclined at the time of 
storability which promote senescence and ripening of fruit. 
During fruit storage, several quality characters were 
related to fruit senescence and ripening process such as, 
reduction in total acidity, increase in total sugar, decrease 
in firmness, change in color and aroma development while 
in some fruit like persimmon it improves juice 
concentration. Salicylic acid application is responsible to 
minimize the metabolic activities of the fruit which 
significantly delayed ripening, that leaded fruit juice 
content to decrease. To unnecessary exposures the 
persimmon is very susceptible such as to low temperature 
and ethylene etc. (Salvador and Arnal, 2004). 

 
 
Table 3: Salicylic acid and ethanol application effect Sensory properties of persimmon during storage. 

Treatments Initial Day Day 4 Day 8 Day 12 Day 16 Day 20 Day 24 

Sensory Evaluation Score 

Astringency score 1.04e 2.84d 3.19d 4.64c 5.17bc 5.78ab 6.18a 

Color score 5.03f 5.70e 6.45d 6.76cd 7.08bc 7.42ab 7.50a 

Texture score 8.84d 8.63a 8.22ab 7.95abc 7.47abc 7.13bc 6.85c 

Taste score 1.04d 2.73c 4.11b 5.29a 5.71a 5.84a 5.79a 

Overall 3.99d 4.98c 5.49b 6.16a 6.36a 6.54a 6.58a 

 
Astringency Acceptability Score 

The data in the mean table for astringency 



Khan et al.                                                                                                  Removal of astringency from persimmon fruit 

 

    Bioscience Research, 2022 volume 19(3): 1731-1739                                                                      1737 

 

acceptability score showed an increase from 1.04 to 6.18 
in storage intervals, which revealed that ethanol 
concentrations significantly affected on persimmon 
astringency (Table III).  

The highest mean value for astringency sensory was 
recorded in PSE7 (5.69) treated with 2 mML-1 of salicylic 
acid and 700 µl of ethanol followed by PSE6 (5.55) treated 
with 2 mML-1 of salicylic acid and 600 µl of ethanol, while 
the least value was recorded in PSE0 (2.06) treated with 2 
mML-1 of salicylic acid followed by PSE1 (2.27) treated 
with 2 mML-1 of salicylic acid and 100 µl of ethanol in 
treatments. The maximum percent increase was observed 
in PSE7 (87.93 %) followed by PSE6 (87.12 %), while the 
minimum percent increase value was showed in PSE0 
(68.73%) followed by PSE2 (70.80 %) (Table IV). The 
same results are revealed by Neves J.A.C., Coneglian, 
R.C., Soares, A.G., Fonseca, M.J., Alencar, C.A. (2010) 
Determination of time exposure to ethanol to reduce 
astringency of persimmon'Mikado'(Diospyros kaki) for 
minimal processing. InXXVIII International Horticultural 
Congress on Science and Horticulture for People 
(IHC2010): International Symposium, 934: 543-549 
decrease was recorded in tannin content in treatment T3. 
A significant decrease was shown for tannins content in 
fruit which located at the top of the Styrofoam boxes as 
compared beneath fruits. A special tannins precipitate 
enzymes known as amylase are present in salivary fluids, 
when in the mouth of consumers the fruits are reach a 
sensation of dryness cause by this reaction on the palate 
that is a characteristic of astringent food (Edagi, F.K., 
Kluge, R.A. (2009) Removal of astringency from 
persimmon: an approach biochemistry, physiology and 
technology - Bibliographic Rev. Rural Science (Santa 
Maria). 39:585-594. It is revealed by Munoz, V.R.S. (2002) 
Destanization of persimmon (Diospyrus kaki L.).Rama 
Forte. Thesis (doctorate), State University of campinas, 
faculty of agricultural engineering, campinas.that 
astringency of the immature persimmon is due to the 
presence of soluble tannins content in the fruits pulp. 
Fresh fruit metabolism process is related to remove the 
tannins content in the fruit pulp, while due the 
development and maturation process the reduction take 
place in astringency of the astringent cultivar and 
disappearance of astringency in non-astringent cultivars.  

Color score 
The mean table showed an increase in values for 

color index from 5.03 to 7.50 during storage period (Table 
III). The maximum mean value was recorded for color 
score in PSE5 (6.98) treated with 2 mML-1 of salicylic acid 
and 500 µl of ethanol followed by PSE7 (6.92) treated with 
2 mML-1 of salicylic acid and 700 µl of ethanol, while the 
minimum mean value was showed in PSE0 (5.95) treated 
with 2 mML-1 of salicylic acid only followed by PSE1 (6.16) 
treated with 2 mML-1 of salicylic acid and 100 µl of ethanol 
during treatments. For treatments, the highest percent 
increase was recorded in PSE5 (39.24 %) followed by 

PSE4 (36.06 %), while the least value was recorded for 
color in PSE0 (25.47 %) followed by PSE2 (28.76 %) 
(Table IV). The results are similar to the finding of Cia, P., 
Benato, E.A., Sigrist, J.M., Sarantopóulos, C., Oliveira, 
L.M., Padula, M. (2006) Modified atmosphere packaging 
for extending the storage life of ‘fuyu’ persimmon. Journal 
of Postharvest Biology and Technology. 42: 228-234.. 
Salvador, A., Ibad, I., Arrnal, L., Martinez- Javega, J.M. 
(2007) Effect of ozone on post harvest quality of 
persimmon. Journal of Food Science. 71: 443-446. who 
stated that during storage fruit skin color index gradually 
increase with no significant changes between treatments. 
During storage the skin color of persimmon fruit changes 
from yellow to red which indicated that the fruits are 
ripened during storage. 

Texture score 
The data in mean table showed decrease for the 

texture from 8.84 to 6.85 in storage interval (Table III). The 
highest mean value in treatments for texture was recorded 
in PSE1 (8.19) treated with 2 mML-1 of salicylic acid and 
100 µl of ethanol, followed by PSE0 (8.13) treated with 2 
mML-1 of salicylic acid, while the least mean value was 
showed in PSE7 (7.38) treated with 2 mML-1 of salicylic 
acid and 700 µl of ethanol followed by PSE6 (7.43) treated 
with 2 mML-1 of salicylic acid and 600 µl of ethanol. During 
treatments, the maximum percent decrease score was 
showed for texture in PSE7 (33.37%) followed by PSE6 
(30.11%), while the minimum percent decrease score was 
recorded in PSE0 (15.05%) followed by PSE1 (18.58%) in 
treatments (Table IV). The decrease in texture score of 
persimmon fruit might be due to changes in cell structure, 
cell wall composition, and intracellular materials which 
enhance the biochemical process, hydrolysis of pectin and 
starch by enzymes. Yaman, Ö., Bayoιndιrlι, L. (2002) 
Effect of an edible coating storage on shelf-life and quality 
of cherries. Lebensm-Wiss Und-Technol. 35: 146-150. 
also explain the same results that shortening of chain 
length or de-polymerizations of pectin occur as the 
ripening process is in progresses, an increase in 
polygalactronase and pectin esterase activities, thus 
texture of the fruits affected. 

Taste score 
The data expressed in mean table showed an 

increase in taste score from 1.00 to 5.79 during storage 
period (Table 3). During treatment, the highest mean 
value was showed in PSE6 (5.96) treated with 2 mML-1 of 
salicylic acid and 600 µl of ethanol followed by PSE7 
(5.73) treated with 2 mML-1 of salicylic acid and 700 µl of 
ethanol, while the lowest mean value was noted in PSE0 
(2.53) treated with 2 mML-1 of salicylic acid only followed 
by PSE1 (2.95) treated with 2 mML-1 of salicylic acid and 
100 µl of ethanol. The maximum percent increase was 
recorded in PSE5 (87.64%) followed by PSE4 (85.79%), 
while the minimum percent increase was showed in PSE0 
(74.63%) followed by PSE1 (77.89%) during treatment 
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(Table 4).  
 
 

 
 

 
Table 4: Salicylic acid and ethanol application effect Sensory properties of persimmon during storage. 

Treatments 
Astringency 

score 
Color 
score 

Texture 
score 

Taste 
score 

Overall 
Acceptability 

Sensory Evaluation Score 

PSE0 2.06e 5.95d 8.13ab 2.53d 4.67d 

PSE1 2.27de 6.16cd 8.19ab 2.95cd 4.89cd 

PSE2 3.36cd 6.32cd 8.06ab 3.21cd 5.24bc 

PSE3 3.98c 6.46bc 8.04a 3.85c 5.58b 

PSE4 4.80b 6.79ab 7.98a 4.99b 6.14a 

PSE5 5.26ab 6.98a 7.77ab 5.66ab 6.42a 

PSE6 5.55a 6.90a 7.43b 5.96ab 6.46a 

PSE7 5.69a 6.92a 7.38b 5.73a 6.43a 

 
 
The statistical analysis indicated that salicylic acid and 

ethanol significantly influence on persimmon taste during 
different treatments and storage intervals. A process 
“hydrolysis of saccharides” which converted starch of the 
fruit cell wall into sugars might be taken place and thus 
become the reason for the changes in taste during storage 
period Crouch, I. (2003) 1–Methylcyclopropene 
(Smartfresh TM) as an alternative to modified atmosphere 
and controlled atmosphere storage of apples and pears. 
Acta Hort. 600: 433–436.. 

 Overall Acceptability 
The data in mean table gradually increased for overall 

acceptability from 3.99 to 6.58 during storability (Table III). 
The maximum mean score was noted in PSE6 (6.46) 
treated with 2 mML-1 of salicylic acid only followed by 
PSE7 (6.43) treated with 2 mML-1 of salicylic acid and 500 
µl of ethanol, while the minimum value was recorded in 
PSE0 (4.67) treated with 2 mML-1 of salicylic acid only 
followed by PSE1 (4.89) treated with 2 mML-1 of salicylic 
acid and 100 µl of ethanol for treatments. In treatments, 
the extensive percent increase was expressed in PSE5 
(49.35%) followed by PSE4 (46.19%), while the least 
increased was noted in PSE0 (26.37%) followed by PSE2 
(28.68%) (Table IV). The statistical analysis showed that 
overall acceptability of persimmon fruit was significantly 
(P<0.05) affected during storage and treatments. The 
results are similar to the finding of Cia, P., Benato, E.A., 
Sigrist, J.M., Sarantopóulos, C., Oliveira, L.M., Padula, M. 
(2006) Modified atmosphere packaging for extending the 
storage life of ‘fuyu’ persimmon. Journal of Postharvest 
Biology and Technology. 42: 228-234.. Salvador, A., Ibad, 
I., Arrnal, L., Martinez- Javega, J.M. (2007) Effect of 
ozone on post harvest quality of persimmon. Journal of 
Food Science. 71: 443-446. stated that during storage the 
skin color of persimmon fruit changes from yellow to red 
which indicated that the fruits are ripened during storage. 
The same results are revealed by Neves J.A.C., 

Coneglian, R.C., Soares, A.G., Fonseca, M.J., Alencar, 
C.A. (2010) Determination of time exposure to ethanol to 
reduce astringency of persimmon'Mikado'(Diospyros kaki) 
for minimal processing. InXXVIII International Horticultural 
Congress on Science and Horticulture for People 
(IHC2010): International Symposium, 934: 543-549 that 
decrease was found in tannins content during storage. 

CONCLUSION 
The physicochemical and organoleptic analysis revealed 
that ethanol vapor considerably reduces the tannin 
content, while salicylic acid improved the shelf-life of 
persimmon. Ethanol level (500µl) with 2ML-1 of salicylic 
showed a positive effect on removal of astringic properties 
and enhanced storage life of premature persimmon fruit. 
Increasing levels of ethanol more than 500µl caused 
adverse effect on fruit firmness and decreased storage life 
of persimmon. 
 
CONFLICT OF INTEREST 
All the authors show no conflict of interest.  
 
ACKNOWLEDGEMENT 
We acknowledge the contribution of Falak Naz Shah, 
Principal Research officer, Food Science & Technology 
Section, who edited the manuscript keenly. 
 
AUTHOR CONTRIBUTIONS 
A. Khan, M. Zeeshan, Q. Zeb for experiment conduction 
and H. Shah and S. Zeb help in manuscript write up, 
specially to Dr. Muhammad Ayub for technical writing of 
the draft. N. Uddin, A. S. Shinwari and S Shah help in 
proof reading. Whereas Dr. M. Ali Khan, M. Numan and 
M. Shah for statistical analysis.  All the authors have no 
conflict of interest regarding the article 

Copyrights: © 2022@ author (s).  
This is an open access article distributed under the terms of 
the Creative Commons Attribution License (CC BY 4.0), which 

https://creativecommons.org/licenses/by/4.0/


Khan et al.                                                                                                  Removal of astringency from persimmon fruit 

 

    Bioscience Research, 2022 volume 19(3): 1731-1739                                                                      1739 

 

permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author(s) and source are 
credited and that the original publication in this journal is 
cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not 
comply with these terms. 

 
REFERENCES   
 
Asghari., Aghdam, M.S. (2010) Impact of salicylic acid on 

postharvest physiology of horticultural crops. trends. 
Journal of Food Science and Technology. 2: 502–
509. 

Babalar, M., Asghari, M., Talaei, A., Khosroshahi, A. 
(2007) Effect of pre- and postharvest salicylic acid 
treatment on ethylene production, fungal decay and 
overall quality of Silva strawberry fruit. J Food Chem. 
105: 449–453. 

Baninaiem, E., Mirzaaliandastjerdi, A.M., Rastegar, S., 
Abbaszade, K. A. (2016). Effect of pre- and 
postharvest salicylic acid treatment on quality 
characteristics of tomato during cold storage. 
Advances in Horticultural Sciences, 30(3): 183-192. 

Bisen, A., Pandey, S.K., Patel, N. (2012) Effect of skin 
coatings on prolonging shelf life of kagzi lime fruits 
(Citrus aurantifolia Swingle). Journal of Food Science 
and Technology. 49: 753–759. 

Celik, A., Ercisli, S. (2008) Persimmon cv. Hachiya 
(Diospyros kaki Thunb.) fruit. Some physical, 
chemical and nutritional properties. International 
Journal of Food Science and Nutrition, 59: 599- 606. 

Cia, P., Benato, E.A., Sigrist, J.M., Sarantopóulos, C., 
Oliveira, L.M., Padula, M. (2006) Modified 
atmosphere packaging for extending the storage life 
of ‘fuyu’ persimmon. Journal of Postharvest Biology 
and Technology. 42: 228-234. 

Crouch, I. (2003) 1–Methylcyclopropene (Smartfresh TM) 
as an alternative to modified atmosphere and 
controlled atmosphere storage of apples and pears. 
Acta Hort. 600: 433–436. 

Edagi, F.K., Kluge, R.A. (2009) Removal of astringency 
from persimmon: an approach biochemistry, 
physiology and technology - Bibliographic Rev. Rural 
Science (Santa Maria). 39:585-594. 

George, W., Latimer, J. (2012) Official Methods of 
Analysis of AOAC International, 19th edition, volume 
II. Association of Official Analytical Chemists. 
Gaithersburg, Maryland 20877-2417 US. 

Ghafir, S.A., Gadalla, S.O., Murajei, B.N., El-Nady, M.F. 
(2009) Physiological and anatomical comparison 
between four different apple cultivars under cold 
storage conditions. African Journal Plant Science. 3: 
133-138. 

GOP. (2015) Government of Pakistan. Fruit, vegetables 
and condiments statistics of Pakistan 2014-2015.  

Khan, D., Khan, A.R., Bibi, S., Aliand, S.,  Khalil, I. A. 

(2007) Storage stability of persimmon fruits 
(Diospyros kaki) stored in different packaging 
materials. Journal of Agriculture and Biological 
Sciences. 2: 1990-6145  

Lee, S.K., Kader, A.A. (2000) Preharvest and postharvest 
factors influencing vitamin C content of horticultural 
crops. Postharvest Biology and Technology 20: 207-
220.  

Mowat, A.  Collins, R. (2000). Consumer behavior and fruit 
quality: supply chain management in an emerging 
industry. Supply Chain Manage. An International 
Journal, 5:45-54. 

Munoz, V.R.S. (2002) Destanization of persimmon 
(Diospyrus kaki L.).Rama Forte. Thesis (doctorate), 
State University of campinas, faculty of agricultural 
engineering, campinas. 

Neves J.A.C., Coneglian, R.C., Soares, A.G., Fonseca, 
M.J., Alencar, C.A. (2010) Determination of time 
exposure to ethanol to reduce astringency of 
persimmon'Mikado'(Diospyros kaki) for minimal 
processing. InXXVIII International Horticultural 
Congress on Science and Horticulture for People 
(IHC2010): International Symposium, 934: 543-549 

Novillo, P., Salvador, A., Crisosto, C., Besada, C. (2016) 
Influence of persimmon astringency type on physic 
chemical changes from the green stage to 
commercial harvest. Science Horticulturae. 206: 7–
14. 

Qinggang, Z.Z., Jingping, R., Donald, J.H., Jingyi, L., Yali, 
H., Song, K. (2013) Identification of xyloglucan 
endotransglucosylase/hydrolase genes (XTHs) and 
their expression in persimmon fruit as influenced by 
1-methylcyclopropene and gibberellic acid during 
storage at ambient temperature. Food Chemistry. 
138: 471-477. 

Ramin, A., Tabatabaie, F. (2003) Effect of various maturity 
stages at harvest on storability of persimmon fruit 
(Diospyros kaki L.). Journal of Agriculture Science 
and Technology.5: 113-123. 

Razavi, F., Hajilou, J., Dehgan, G., Hassani, R.N.B., 
Turchi, M. (2014) Enhancement of post harvest 
quality of peach fruit by salicylic acid treatment. 
International Journal of Biosciences. 4: 177-184. 

Rivera, J. (2005) Cutting shape and storage temperature 
effect of fresh cut papaya cv. Maradol. Journal Food 
Science. 70: 488-489. 

Sabeeh, M., Muhammad, A.K., Arsalan, K., Muhammad, 
Z., Muhammad, A, Abid S.S., Sadiq, S., Mukaram, 
S., Sajjad, A., Iftikhar, J., Shah, Z., Rashid K. (2021) 
Post-Harvest Grapes Quality: An assessment 
through application of Salicylic acid and Antioxidants. 
Bioscience Research. 18(2): 1560-1569. 

Salvador, A., Arnal, L., Monterde, A., Cuquerella, J. (2004) 
Reduction of chilling injury symptoms in persimmon 
fruit cv. Rojo Brillante by 1-MCP Journal of 
Postharvest Biology and Technology. 33: 285-291. 

Salvador, A., Ibad, I., Arrnal, L., Martinez- Javega, J.M. 



Khan et al.                                                                                                  Removal of astringency from persimmon fruit 

 

    Bioscience Research, 2022 volume 19(3): 1731-1739                                                                      1740 

 

(2007) Effect of ozone on post harvest quality of 
persimmon. Journal of Food Science. 71: 443-446. 

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

Tareen, M.J., Abbasi, N.A., Hafiz, I.A. (2012) Effect of 
salicylic acid treatments on the storage life of peach 
fruit Cv. Flordaking. Pakistan Journal of Botany. 44: 
119-124. 

Terry, L.A., Joyce, D.C. (2004) Elicitors of induced 
disease resistance in postharvest horticulture crops: 
A Brief Review. Postharvest Biology and Technology, 
32: 1-13. 

Turk, R. (1992) The Cold Storage of Persimmons 
(Diospyos kaki cv. fuyo) Harvested at Different 
Maturities and the Effect of Different CO2 
Applications on Fruit Ripening. Physiological Basis of 
Postharvest Technologies. 343: 190-194. 

Wang, L., Chen, S., Kong, W., Li, S., Archbold, D.D. 
(2006) Salicylic acid pre-treatment alleviates chilling 
injury and affects the antioxidant system and heat 
shock proteins of peaches during cold storage. 
Journal of Postharvest Biology and Technology. 41: 
244–251. 

Wills, R., McGlasson, B., Graham, D., Joyce, D. (1998) 
Postharvest an introduction to the physiology and 
handling of fruit and vegetables and ornamentals. 
Sydney 2052. Australia, university of New South 
Wales Press Ltd. 4: 125-156. 

Yakushiji, H., Nakatsuka, A. (2007) Recent persimmon 
research in Japan. Japanese Journal of Plant 
Science. 1: 42-62. 

Yamada, M., Taira, S., Ohtsuki, M., Sato, A., Iwanami, H., 
Yakushiji, H., Wang, R., Yang, Y., Li, G. (2002) 
Varietal differences in the ease of astringency 
removal by carbon dioxide gas and ethanol vapor 
treatments among Oriental astringent persimmons of 
Japanese and Chinese origin. Scientia Horticulturae, 
94: 63–72. 

Yaman, Ö., Bayoιndιrlι, L. (2002) Effect of an edible 
coating storage on shelf-life and quality of cherries. 
Lebensm-Wiss Und-Technol. 35: 146-150. 

Yao, H., Tian, S. (2005) Effects of pre and post-harvest 
Application of Salicylic Acid or Methyl Jasmonate on 
Inducing Disease Resistance of Sweet Cherry Fruit 
in Storage. Postharvest Biology & Technology. 35: 
253- 262. 


