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I. Introduction 

Strawberry (Fragaria_ananassa) is a highly perishable non-climacteric fruit. It must be harvested at full maturity 

to achieve maximum quality in terms of visual appearance (freshness, colour and absence of decay or 

physiological disorders), texture (firmness, juiciness and crispness), flavor and nutritional value (vitamins, 

minerals, dietary fibre and phytonutrients). Losses can be categorized on the basis of cause into three classes: 

Mechanical damage, physiological damage (storage disorders) and biological damage (insect and pathogen 

diseases) (Ferguson et al., 1999). Biological damage is the most important portion of pre-harvest losses of 

strawberry production in Iran. Fresh strawberries are a good source of ascorbic acid and phenolic compounds 

but their quality declines rapidly after harvest. The free radical gas nitric oxide (NO) has commanded 

considerable attention in animal research in recent years (Feldman et al., 1993). NO exerts contrasting effects on 

many physiological and pathological processes in mammalian tissues and has found therapeutic use to alleviate 

aschemia, asthma and other pulmonary hypertension complications. Nevertheless benefits are concentration 

dependent since high endogenous levels are associated with stroke, septic shock and migraines (Schmidt and 

Walter, 1994; Moncada et al., 1991). The objective of this study was to assess the effects of post harvesting 

application of Nitric Acid, Chloride Calcium and Putrescine (as a polyamine) in conservation of qualitative 

attributes of Queen strawberry and preservative role of these compounds in preventing decomposition of fruit's 

advantageous compounds such as Vitamin C and phenolic compounds. 

 

II. Material and Methods 

Chemical compounds 
Gallic acid, Folin-Ciocalteau, Sodium Carbonate, Ascorbic Acid, 2, 6-Dichlorophenol indophenol, Sodium 

Nitroprussiate Dihydrate, Metaphosphoric Acid, 1, 4-D-Amino Butane and Hydroxide Sodium purchased from 

Sigma Company located in St. Louise, MO, USA.  

 

Treatment with Putrescine 
Fruits were treated with Putrescine via a immersing method for two minutes and were placed in plastic dishes 

after drying and were transferred to a refrigerator at 2 degrees and relative humidity of 85-95 percent. 

For this research, strawberry fruits were immersed in a solution containing 0, 1 and 2 MM of 1, 4-D-Amino 

Butane.  

 

Treatment with Chloride calcium 
For this purpose, Queen Strawberries were immersed in 0, 25, 50 and 75MM solutions of Chloride calcium for 

two minutes and afterwards, were dried in lab atmosphere and were kept in a refrigerator at 2 degrees for 14 

days. 

Abstract: Fresh strawberries are a good source of ascorbic acid and phenolic compounds but their quality 

declines rapidly after harvest. An experiment was conducted to study the effects of putrescine (at 

concentrations 1, 2 mmol L-1), nitric oxide (at concentrations 3, 5 mmol L-1) and chloride calcium (at 

concentrations 25, 50 and 75 mmol L-1) and combinations of treatments on quality attributes strawberry. 

Even control fruits treated with H2O2. Fruits stored at 2C  ْ with 85-95% RH. Quality attributes of 

strawberry evaluated in 7day, 14day. Total acidity, total phenolic, vitamin C evaluated. The results showed 

all treatments in 14day different significantly on preventing reduces Vitamin C and phenol content and 

protective acidity (P<0.05). The treatment with combination of Putrescine 1mmol, chloride calcium 25mmol 

L-1 and NO 3mmol L-1 significantly preserved Vitamin C in 7day and 14day. The results showed that 

Chloride calcium showed a more improvement in controlling decay.  

 

Keywords: Strawberry, Putrescine, Nitric Oxide, Chloride Calcium. 

 

http://www.iasir.net/
../../AppData/Local/My%20Documents/Documents%20and%20Settings/Administrator/My%20Documents/Downloads/72874-IJZR-AJ_1(Checked)_1.doc#Ferguson
../../AppData/Local/My%20Documents/Documents%20and%20Settings/Administrator/My%20Documents/Downloads/72874-IJZR-AJ_1(Checked)_1.doc#Feldman
../../AppData/Local/My%20Documents/Documents%20and%20Settings/Administrator/My%20Documents/Downloads/72874-IJZR-AJ_1(Checked)_1.doc#Schmidt
../../AppData/Local/My%20Documents/Documents%20and%20Settings/Administrator/My%20Documents/Downloads/72874-IJZR-AJ_1(Checked)_1.doc#Schmidt
../../AppData/Local/My%20Documents/Documents%20and%20Settings/Administrator/My%20Documents/Downloads/72874-IJZR-AJ_1(Checked)_1.doc#Moncada


Alipour et al.,  American International Journal of Research in Formal, Applied & Natural Sciences,  14(1),  March - May, 2016, pp. 56-60 

AIJRFANS 16-152; © 2016, AIJRFANS All Rights Reserved                                                                                                               Page 57 

Treatment with Nitric Acid 

For this purpose the Queen strawberries were sprayed with 0, 3 and 5MM solutions of Sodium Nitro-Pruccide 

which releases Nitric Acid. After the treatment, fruits were put in a refrigerator on a plastic dish at 2 degrees for 

14 days with humidity of 85 to 95 percent. For undertaking each of the aforementioned treatments, a number of 

15 healthy strawberries without any physical deformities and abnormal shape were selected. Ultimately, the 

control fruits were also treated with distilled water. 

Total Phenol  
Total phenolics in the fruit extracts were determined using the Folin-Ciocalteau reagent according to the method 

of Waterhouse (2002). 

Vitamin C (Ascorbic acid) 
Ascorbic acid was determined using the Dye method [35]. Fruit pulp tissues (10 g) from five Strawberry fruits 

were homogenized with 90 mL of 3% metaphosphoric acid (HPO3) using a kitchen blender, the mixture was 

filtered through cotton wool. Five mL of aliquot was titrated with a standard dye solution (2, 6-dichlorophenol-

indophenol) to a pink colour that persisted for 15 seconds. The ascorbic acid content (Vitamin C) was expressed 

as (mg-1 100g) of fresh fruits. 

Titrable acidity (TA)  
After firmness analysis, strawberries were cut into small pieces and homogenised in a grinder and 10 g of 

ground strawberry was suspended in 100 ml of distilled water and then filtered. The pH and titrable acidity of 

the samples were assessed using a pH meter (pH-526; WTW Measurement Systems, Wissenschaftlich, 

Technische Werksta¨tten GmbH, Wellhelm, Germany) and titrated to pH 8.1 using 0.1 MNaOH. Titrable acidity 

was expressed as grammes of citric acid per 100 g of strawberry weight.  

Statistical analysis 
Statistical analysis of the results was performed using a one-way analysis of variance (ANOVA) with the 

statistical software of SAS 9.1. Differences between means were studied with Duncan’s test and differences at p 

< 0.05 were considered to be significant. All storage treatments were done with three replications. 

 

III. Results and Disscusion  

Since the sampling and evaluation of attributes were carried out in two different times, in addition to applied 

material, the element of time is also introduced to calculations. Two sampling times are as follows: 

Time1: 7th day after storage in refrigerator 

Time2: 14th day after storage in refrigerator 

Table-1, results of analysis of the variance of the effects of treatments, storage time and mutual effects on 

measured attributes and Queen Strawberry 
Source of variable 

(SOV) 

 (df) Means square (MS) 

Total phenol Acidite Vit C Firmness Decay 

(Main factor)Treatment 10 **68266.80 ** 0.004 **16.167 **1522.009 **139.136 

(EA )Treatment's test error 20 73.344 9.12 0.431 2.273 0.723 

Time storage(subsidiary factor) 1 ** 1599942.06 ** 0.0240 **5398.32 ** 82751.045 **5786.72 

(A×B )Treatment× Time 10 **54258.96 ** 0.0018 **10.038 **1225.578 **6742.22 

(R×B )Repetition×Time 2 24.242 ns 4.091 ns 350.2 ns 0.727 ns 1.273 ns 

(EB )Time 's test error 20 17.092 2.42 0.849 4.961 0.723 

 

Total phenol 
The content of phenolic compounds was declined in all treatments at the end of storage time and this declination 

was lower in treated fruits with first compositional treatment and Putrescine in both densities. Among the 

implemented materials, the compositional treatment 1 (putrescence 1MM + Chloride Calcium 50 MM + Nitric 

Oxide 3MM) and Putrescine treatments were more effective in maintenance of total Phenol in both densities. 

This is while compositional treatment 2, 3 had the least effectiveness in maintenance of total Phenol in treated 

fruits (Fig 1). 

 
Figure1, the effect of chemical treatments on total phenol of queen strawberry 
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Put1: 1MM Putrescine, put2: 2MM Putrescine, CaCl2 25: 25MM Chloride Calcium, CaCl2 50: 50MM Chloride 

Calcium, CaCl2 75: 75MM Chloride Calcium, NO3: 3MM Nitric Oxide, NO5: 5MM Nitric Oxide,COMP1: 

1MM Putrescine + 50MM Chloride Calcium + 3MM Nitric Oxide, COMP2: 2MM Putrescine + 75MM Chloride 

Calcium + 5MM Nitric Oxide, COMP3: 1MM Putrescine + 25MM Chloride Calcium + 3MM Nitric Oxide, 

Control: Control treatment 

In the present research, the content of Phenolic compositions had declined for all treatments at the end of storage 

time and this declination was lower in treated fruits and therefore, the entire undertaken treatments had a 

significant effect on inhibiting the reduction of total Phenol value except for distilled water treatment. 

It seems that treatment with Putrescine and Chloride Calcium inhibits the deterioration of total Phenols via 

inhibiting the activity of Enzymes which dissect Phenolic compositions such as Poly Phenol Oxidase and 

respective reduction in production of ethylene. 

It is also been said that concentrations of Nitric Acid of less than 1MM per liter impose a preventive effect of the 

activity of Poly Phenol Oxidase and Phenyl alanine Ammonialiase (Zhu et al. 2009). 

Treatment with Chloride Calcium and Putrescine decreases aspiration and as a result declines the production and 

effects of Ethylene and also leads to a decreased activity of Phenyl alanine Ammonialiase and ultimately 

prevents loss of total Phenol value (Hyodo, 1978).  

Valero et al. (1997) indicated that treatment of pomegranate with Polyamines leads to preservation of the density 

of Ascorbic Acid and increased Phenolic compositions compared to control fruits. This suggests the decrease of 

activities of Phenol Oxidase Enzyme and as a result, the brownish effect decreases. Their findings are in 

compliance with the results of Duan et al. (2007). 

Titrable Acidity 
According to variance analysis table 1-2 it could be inferred that implemented chemical treatments in Queen 

strawberry fruits are significant at 0.01 in terms of acidity. Control group fruits featured the lowest level of 

acidity while among the implemented treatments; maximum acidity value was related to the treatment of 25MM 

Chloride Calcium and 3MM Nitric Oxide which were both ranged in one statistical group with no difference(Fig 

2). 

 
Figure2, effects of chemical treatments on the acidity of Queen Strawberries 

 

Application of Putrescine also leads to a lower declination of acids compared to control treatment which points 

to the role of Putrescine in maintenance of acids in the fruits of strawberry and pomegranate (Serrano et al. 

2003). During the post-harvest period, the values of acidity and PH are respectively expected to decrease and 

increase. 

Research conducted by Cheour et al. (1991) revealed that strawberries which were treated with Calcium had lost 

less acidity after 14 days of storage. This could be as a result of lowered speed of fruit's ripening process 

because of application of Calcium which leads to decomposition of organic acids to other compositions. 

Results of this research are not in compliance with the results of researches conducted by Esna-Ashari and 

Zakaei Khosroshahi (2009). They stated that Putrescine has no significant effects on inhibition of loss of acidity 

in strawberries and apricot.  

Vitamin C 
According to variance analysis table 1, chemical treatments have a significant effect on the level of Vitamin C at 

significance level of 0.01; in a way that according to means comparison table, the compositional treatment 1, 2, 

3 had the most effective influences on maintenance of the level of Vitamin C. on the other hand, the existing 

data in aforementioned table shows that control group fruits and fruits treated with 1MM Putrescine had the 

lowest level of Vitamin C. results of this test indicated that all there compositions were significant at 0.01 in 

maintaining the level of acidity. This difference was bolder in seventh day. Among the treatments, the 3MM 
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Nitric Oxide in seventh day and applied compositional treatments in 14th day had the most effects in maintaining 

the acidity. 

As a result of consumption during aspiration, organic acids decrease while the fruit ripens and their decrease is 

directly related to metabolic activities. In fact, organic acids are reserved sources of energy for the fruit which 

are consumed at the time of ripening with increase in metabolism (Rahemi, 2006). Studies indicate that elements 

that cause decreased aspiration and production of ethylene prevent loss of organic acids as well as increase of 

solid particles in solutions as a result of reduced sugar consumption (Rahemi, 2006). In this research, application 

of Nitric Oxide significantly affected the maintenance of level of acidity. Nitric Oxide leads to decrease of cell's 

metabolic activities such as aspiration and production of ethylene and therefore, the loss of acidity decreases. 

According to the results of Singh et al. (2009) treatment with Nitric Oxide has significantly postponed the loss 

of total acidity which complies with our results in this research(Fig 3). 

 

 
Figure 3, effects of chemical treatments on Vitamin C levels of Queen Strawberry 

 

Presence of relatively high values of vitamin C in strawberry has turned this fruit into one the most desirable 

products in the market. On this basis technics and solutions for maintaining the values of vitamin c as well as 

prolonging its post-harvest life can play a significant role in post-harvesting process of strawberry. 

During the storage period the value of Ascorbic acid which is a main anti-oxidant decreases. The reason is 

consumption of this vitamin as a provider of electron for oxidants for diffusing free radicals (Smirnoff, 1995). 

Decreased vitamin C content can be a result of activity of enzymes such as Ascorbic Acid Oxidase. These 

enzymes are more active in cut tissues (Klein, 1987). 

Putrescine leads to a linear decrease in the level of Ascorbic Acid which is under the influence of Polyamine 

treatments through increased activity of Ascorbic Oxidase. Decrease in total Oxidant levels is a result of 

increased activities of Cytochrome Oxidase, Ascorbic Acid Oxidase and Peroxidase Enzymes. Reduction in 

color development in external application of Putrescine is related to a reduced deterioration of Chlorophyll and 

postponed aging process. Polyamine treatments are effective on the ratio of weight loss which significantly 

increased the ratio of solid materials in the solution compared to acids during the process of ripening. Treatment 

of pomegranate fruits with polyamines led to maintenance of density of Ascorbic Acid and increased Phenolic 

compounds compared to control group fruits as a sign of reduced activity of Phenol Oxidase Enzymes and 

respectively decreased browning effect (Mirdehghan et al. 2007).  

Chloride Calcium and Nitric Oxide also prevent decomposition of cell walls and restrict production of free 

radicals through preventing the production of ethylene, reduction of aspiration and delaying aging and therefore, 

as a result of reduced free radicals the cell's need for consumption of Ascorbic Acid also decreases and overall, 

the levels of vitamin C are maintained in the fruit (Smirnoff, 1995). It's been reported that the vitamin C content 

of Lebanese yellow apples treated with Chloride Calcium are significantly higher than control group fruits. This 

fact could be attributed to a postponed fast Oxidation of vitamin C by Chloride Calcium (Akhtar et al. 2010).  

Results of this research are in compliance with the results of researches conducted by Abdullahi et al. (2011) 

regarding strawberry. 

 

Table 2, effects of chemical treatments on qualitative attributes of Queen Strawberry 
Treatment Total phenol 

(mg Gallic acid /100 gr) 

Acidity 

(mg 100g citric acid) 

Vit C 

(mg 100g  ascorbic acid) 

Firmness 

(N) 

Decay 

(%) 

Put 1mm 1316.667C 0.586DC 25.83DC 256.83E 19.50B 

Put 2mm 1331.167B 0.598C 26.86DC 266.50C 17.66C 

CaCl2 25mm 1303.167D 0.650A 25.86D 247F 11.5DE 

CaCl2 50mm 1314.167C 0.591DC 28.21B 257.50E 10.16E 

CaCl2 75mm 1238.33E 0.621B 26.21D 264.66DC 8.66F 
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NO 2mm 1172.667F 0.638A 27.81BC 259.33E 12.66D 

NO 5mm 1161.50G 0.596C 28.56B 263.33D 10.50E 

COMP1 1363.167A 0.588DC 28.36B 274.66B 12.50D 

COMP2 1116.167H 0.593DC 27.51BC 283.50A 10.16E 

COMP 3 1090.33I 0.581ED 30.40A 277.50B 10.66E 

Control 1070J 0.570E 24.50E 225G 24A 
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