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Abstract - Blueberry fruits were harvested in the middle summer in western part of Georgia. After harvesting average 
samples of fruits were treated with combined water solution (CS) of ascorbic acid (0.5%), salicylic acid (0.03%) and methyl 
jasmonate (0.002%). Data showed that treatment with CS caused significant retention of polyphenols degradation process 
during storage period. Antioxidant activity of fresh fruits was equal to 689.22±34.46 mg equivalents of vitamin-C per 100 g 
of fruits. During storage this value decreased to423.15±21.15 and 589.62±29.48 mg equivalents of vitamin-C per 100 g of 
fruits for control and treated samples respectively. After 7 days storage period TSS of fruits decreased from 12.47±0.62 % to 
10.25±0.51 % in control samples and to 12.00±0.6 % in treated samples probably because of respiration process. Difference 
between the treated and untreated samples was statistically significant (p<0.05).  
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I. INTRODUCTION 
 
Blueberry(Vacciniumcorymbosum L) fruit ranks high 
in antioxidant activity among fresh fruits (Wang et 
al., 1996). This is highly correlated with polyphenol 
content (Prior et al., 1998). Blueberries are a good 
resource of anthocyanins, which can protect cells 
from oxidative deterioration and use blueberry as a 
potential functional food to prevent diseases related 
to oxidative stress (Srivastava, 2006; Shen et al., 
2012)Blueberries have been reported to have a 
pharmacological impact against ophthalmologic 
disorders.They improve blood and oxygen delivery to 
the eye and scavenge free radicals, which contribute 
tocataract and macular degeneration (Calò et al., 
2014).Short shelf life of berries is a common 
problem, which limits availability and 
consumption.Blueberries have quite a quick harvest 
season (Skrovankova et al., 2015). Therefore, there is 
a high demand on novel technologies capable to 
imrove biochemical and nutritional characteristics of 
blueberry during storage period. The objective of this 
work was to study effect of ascorbic acid, salicylic 
acid and methyl jasmonate combined application on 
fruits during storage at 0-0.50C and 90% relative 
humidity(RH).    
 
II. MATERIAL AND METHODS 
 
Chemicals  
Ascorbic acid and Potassium dihydrogen phosphate 
were purchased from Sigma - Aldrich (Steinheim, 
Germany), TPTZ – 2 – 4 – 6 - Tris (2 - pyridyl) – s - 
triazine (Sigma - Aldrich, Switzerland), Folin - 
ciocalteu Reagent (AppliChem, Germany), 
hydrochloric acid, formic acid and phosphoric acid 
were provided by Merck (Darm-stadt, Germany), 
Sodium carbonate was purchased from Chem Cruz 

(Chem Cruz Biochemicals, USA), Ethyl acetate and 
methanol (Sigma - Aldrich Steinheim, Germany) 
were HPLC grade. All other reagents were 
commercially available at the local market and were 
of analytical grades. 
 
Sample Collection  
Fruits were harvested in the middle summer in 
eastern part of Georgia. After harvesting average 
samples of fruits were treated with combined water 
solution (CS) of ascorbic acid (0.5% ), salicylic acid 
(0.03%) and methyl jasmonate (0.02%). 
 
Sample Preparation  
Samples for antioxidant analysis were prepared 
according to Rodriguez - Saona et al. (2001). About 
40 g of fruits were cryogenically milled in liquid 
nitrogen. Chilled test tubes were filled with milled 
fruit powder and weighed (5 g), and then the powder 
was extracted with acetone (200 mL).The acetone 
was removed under vacuum in a rotary evaporator at 
< 30ºC and then 250 mL, 70% methanol was added to 
the powder. Total methanol extract was examined for 
antioxidant activity.  
Samples for anthocyanin analyses by High 
performance liquid chromatography, HPLC (Varian – 
Prostar - 500, USA, detector - UV varianProstar, 
Australia, column – S 250 x 4.6, Agilent, Microsorb – 
100 - 5, The Netherlands) were prepared according to 
Prior et al. (2012). Berries (40 g) were homogenized 
in methanol/water/formic acid in a ratio of 60: 37: 3 
(v/v/v), kept overnight (14 h) at 3 – 5ºC and later 
filtered by filter 45 μm (Whatman, UK) through a 
Buchner funnel under vacuum. The filtrates were 
centrifuged (4000 X g, 15min, 21ºC) The supernatant 
was concentrated under vacuum in a rotary 
evaporator at < 30°C to total evaporation of the 
methanol. An aliquot (2.0 mL) of the aqueous phase 
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was carefully deposited onto a C - 18 cartridge 
(Agilent, Bond Elut, USA). sugars and more polar 
substances were removed by passing 2.0 mL of 
ultrapure water through the cartridge. polyphenols 
were removed by passing 2.0 mL of ethyl acetate and 
finally anthocyanin pigments were eluted with 10 mL 
of methanol. 10 mL deionized (DI) water was added 
to the methanol extract and then the methanol was 
removed under vacuum in a rotary evaporator at < 
30ºC. 
 
Measures and Covariates 
Total Soluble Solids: Total Soluble Solids (TSS) was 
measured by digital refractometer (WYA – 2 S 
China) according to ºBrix reading.  
Determination of pH: pH level of the berry fruits was 
measured using a pH-meter at 20°C (Tosun et al., 
2008).  
Determination of  reducing sugars (RS): The 
concentration of reducing sugars was analyzed by 
Bertrand’s and Fehling standard 
procedures.(ChidanCumar et.al., 2014) 
Determination of total anthocyanins 
(TA):Anthocyanin quantitation was performed by the 
pH differential method of Giusti et al. (2001). 
Samples were diluted 1 : 150 in pH 1.0 and pH 4.5 
buffers, and then measured at 520 and 700 nm in UV 
- Visible spectrophotometer (A & E Lab Co LTD, 
UK). It was based on a cyanidin 3 - glucoside molar 
extinction coefficient of 26,900 ΔE/mol and a 
molecular weight of 449.2 g/mol. Resultant values 
were expressed in terms of mg of anthocyanins 100 g 
of fresh fruit.  
 
Determination of total phenolics: Determination of 
Total Phenolics (TPC) was performed by Bond et al. 
(2003). As aliquot of 1.0 mL of diluted sample 
extract was vortexed with 10 mL DI water and 1.0 
mL Folin-Ciocalteau reagent, and a 1.0 mL deionized 
water was used as control. After equilibration at room 
temperature for 8 min, the solutions were mixed with 
4 mL of 7.5% (w/v) Na2CO3. The samples and 
standards (Gallic acid dilute working standard 
solutions: 10 - 50 μgmL-1) were equilibrated at room 
temperature for 60 minutes. The absorbance of the 
samples and standards were measured 
spectrophotometrically(UV/Vis spectrophotometer, 
A&E Lab Co LTD, UK) at 765 nm, with a 10 mm 
path length cell. TPC was calculated as mg of gallic 
acid equivalents per 100 g fresh weight of sample.  
 
FRAP assay: The antioxidant capacity was 
determined following the procedure described by 
Benzie et al. (1996) with modifications. The FRAP 
reagent was freshly prepared by adding 10 mM 2,4,6-
tripyridyl-s-triazine (TPTZ) (dissolved in 40 mM of 
HCl), 20 mM of FeCl3 in water and 300 mM of 
acetate buffer (pH 3.6) in the ratio of 1:1:10. The 
FRAP reagent was warmed to 37ºC for 15 minutes. 
Then, 100 μL of sample was added to 3.0 mL reagent 

blank. The absorbance was recorded at 593 nm. The 
reaction was monitored for 4 min. FRAP values of 
samples were compared to that of ascorbic acid and 
expressed as vitamin C equivalents per 100 g of fresh 
fruits.  
 
Statistical Analysis:The data represents the mean of 
three replicates ± standard deviation (SD). Data were 
subjected to the t - test. All calculations were 
performed with Microsoft Excel (Version 4, 
statistical functions, Microsoft Corp., Redmond, WA, 
USA). 
 
III. RESULTS AND DISCUSSION  
 
TSS 
After 7 days storage period TSS of fruits decreased 
from 12.47±0.62 % to 10.25±0.51 % in control 
samples and to 12.00±0.6 % in treated samples 
probably because of respiration process (Table 1). 
Difference between the treated and untreated samples 
was statistically significant (p<0.05). During the 
whole period of storage, this indicator is reduced in 
fruits.Difference between the treated and untreated 
samples was statistically significant (p<0.05). 
 
pH 
pH value of the control samples decreased from 
3.15±0.16 to 2.20 ±0.11after 21 days storage. 
Whereas, pH value of the treated samples reduced to 
less extent, down to 2.50±0.12only (table 1.). The 
reason of reduction may be a partial hydrolyses of 
proteins into amino acids during storage period. 
Difference between control and treated samples was 
statistically significant (p<0.05). It is most likely that 
such difference is due to retention of protein 
hydrolyses process by treatment of fruits with CS.   
 
RS 
Reduction of level of RS of control simples was 
registered already on the seventh day of storage, 
probably because of respiration. RS content in fruits 
dropped from 10.47±0.54 % to 9.60±0.47 % and 
10.00±0.51 % in the control and treated samples 
respectively (Table 1.). Though, difference between 
these samples was not statistically significant. During 
next 21 days of storage RS level in fruits did not 
change practically. 
 
TPC 
TPC gradually decreased in both samples during 
storage. But in the treated samples reduction in TPC 
was only 29 % after 21 days storage, while in non-
treated sample it was found to be up to 40 %(Table 
2.). Difference between these two samples was 
significant already on the seventh day of storage: 
200.82±10.04 mg 100g-1 and 259.35±12.96 mg 100g-1 

for control and treated samples respectively. Similar 
picture was observed on the 14-th and 21-th days of 
storage. These data showed that treatment with CS 
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caused significant retention of polyphenols 
degradation process during storage period.  
 
TA 
Total anthocyanins amount in fresh fruits 
was415.63±20.78 mg 100g-1. After 21 days storage 
their content degraded down to 36 %and 23%in the 
control and treated samples respectively (Table 2). 
The effect of treatment was statistically significanton 
the all days of experiment.  
 
Antioxidant activity 
Antioxidant activity of fresh blueberry fruits was 
equal to 689.22±34.46 mg equivalents of vitamin-C 
per 100 g of fruits. After 21 days of storage this value 
decreased to 423.15±21.15 and 589.62±29.48 mg 
equivalents of vitamin-C per 100 g of fruits for 
control and treated samples respectively (Table 2.). 
The effect of treatment was statistically 
significantalready on 7-th day of experiment: 
difference between treated and non-treated samples 
was 20 %.  
 
CONCLUSIONS 
  
Treatment of blueberry fruits with combined water 
solution (CS) of ascorbic acid (0.5%), salicylic acid 
(0.03%) and methyl jasmonate (0.02%) have a 
positive effect on a storage process of the fruits. 
Antioxidant activity, total polyphenols and 
anthocyanins were retained on higher level in the 
treated samples than in the control ones. CS can be 
successfully applied in the post-harvest storage 
technology of blueberry fruits.      
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Table1.Changes ofTSS, RS and pH values during cold storage period in blueberry fruits 

          Storage period (days)                   Treatments                          TSS %                          pH                            RS                           
 
                      0                                            fresh                            12.47±0.62a               3.15±0.16a   10.47±0.54a 
                      7                                               C*                             10.25±0.51b                2.60±0.13b                 
9.60±0.47a 
                                                                      CS**                          12.00±0.60a                 2.95±0.14b  10.00±0.51a 
                     14                                              C9.88±0.49b 2.43±0.12b                  9.00±0.45a 
                                                                      CS                             11.70±0.58a 2.74±0.14b9.85±0.50a 
                     21                                              C9.50±0.47b 2.20 ±0.11b8.64±0.43a 
                                                                      CS                            11.20±0.56a2.50±0.12b   9.50±0.47a 
 
C* - control; CS** - Combined solution    
*-Values within a row with different letters are significantly different by ANOVA with Tukey's HSD tests at p < 0.05. 
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Table2.Changes of TPC, TA and FRAP values during cold storage period in blueberry fruits 
          Storage period (days)                 TreatmentsTPC mg 100g-1TA mg100g-1FRAP mg equivalents  
vitamin-C x 100g-1 
 
                      0                                            fresh                            297.58±14.88a415.63±20.78a689.22±34.46a 
                      7                                               C*200.82±10.04b301.47±15.07b500.56±25.02b 
                                                                      CS**259.35±12.96c  375.21±18.76c                624.56±31.22c 
                     14                                              C                              211.52±10.57b287.15±15.35d450.31±22.51d 
     CS                   239.17±11.95d347.18±17.36e600.47±30.02c 
21              C                      180.62±9.031e 263.54±13.18c 423.15±21.15d 
   CS                    210.18±10.50b319.55±15.97 b589.62±29.48c 
 
C* - control; CS** - Combined solution 
*-Values within a row with different letters are significantly different by ANOVA with Tukey's HSD tests at p < 0.05. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


