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Abstract
This study was conducted to analyze the impact of sodium benzoate (SB), potassium sorbate (PS), and citric acid (CA) on 
the physicochemical properties, bioactive components, antioxidant activity, and color of Blackberry juice during storage at 
4 °C. The total content of phenol (14 mg/100 g), anthocyanin (32.26 µg/100 g), proanthocyanidin (203.01 mg/100 g), and 
antioxidant activity (723.62 mmol/100 g) of juice prepared with preservatives (SB + PS + CA) substantially increased on 
the first day than those of the juice made with preservatives (SB + PS) and without preservatives. On the other hand, total 
phenol content and color values (L* and a*) increased while the amount of anthocyanin, flavonoid, and antioxidant activity 
declined for all samples over the storage period. A strong correlation between anthocyanin and flavonoid, anthocyanin and 
DPPH, anthocyanin and total sugar, phenol and acidity were observed. Therefore, preservatives (sodium benzoate, potas-
sium sorbate, and citric acid were used to manufacture Blackberry juice, a practical approach to maintain nutritional quality.
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Introduction

Blackberry (Syzygium cumini L.) are belonging to the berry 
family because of having a tiny size and soft structure and 
also known as java plum, malabar plum, and black plum. 
Blackberries contain different vitamins, dietary fiber, and 
minerals along with phenolic compounds such as ellagi-
tannins and anthocyanins [1]. Phenolic compounds have 
essential antioxidants (free radical scavenging and metal 
chelating) that can contribute to reduced cardiovascular 
disease, cancer, diabetes, and other diseases [2]. Due to 
high moisture content Blackberry is a very perishable fruit. 
It spoils within 24 h after harvest. Several methods such 
as coating [3] and juice making [4] have been applied to 
make phenolic compounds available to consumers for a long 
time. Juices are easy to prepare and also a convenient way 
of consuming fruits. Now a day’s consumers like to have 

beverages that provide bioactive compounds with healthful 
effects. The popularity of fruit drinks is on the rise because 
they are suitable for our well-being [5]. Fruit juices are typi-
cally preserved with heat treatments to avoid bacterial and 
microbial spoilage [4]. These procedures usually lead to 
unintended changes, such as loss of vitamins and minerals 
and the product’s fresh color and taste [6]. Much researches 
have been carried out to inhibit the changes and to preserve 
its nutritional value. Non-thermal processing is one of them 
[4]. Thermal technology such as ultrasound and natural anti-
microbials has demonstrated useful tools to improve shelf-
life and maintain the nutritional and functional properties 
of fruits and vegetables [7]. As ultrasound and microwave 
processing sometimes cause harm to the human body if it 
exits the limit.

To improve fruit juices shelf life in the food industry, 
sodium benzoate, potassium sorbate, and citric acid have 
been used [8]. Sodium benzoate prevents the growth of 
microorganisms, deterring spoilage, and improves the dura-
bility of processed foodstuffs, beverages, and other personal 
care items. It is particularly effective in acidic foods. Simi-
larly, potassium sorbate is a widely used preservative. It is 
a popular preservative as it is effective and does not change 
the qualities of a product such as taste, smell, or appearance. 
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Potassium sorbate is found in many products (soft drinks 
and juices, apple cider, baked goods, canned fruits and veg-
etables, cheeses, dried meats and fruits, ice cream, pickles, 
wine, yogurt, etc.). Citric acid is used as a flavoring, a pre-
servative, an acidulant, and to provide pH control in foods 
and beverages [9]. It is applied in foods such as cookies, 
cake, ready sauces, cheese, baby foods, chewing gum, fizzy 
lemonade, margarine, juice and drinks [10]. In addition, 
sugar has now been applied to juices production to prevent 
polymerization and milk is also added to improve flavor.

Food and Drug Administration (FDA) and The European 
Food Safety Authority (EFSA) have established that sodium 
benzoate, potassium sorbate, and citric acid are “Generally 
Recognized as Safe” (GRAS), excessive addition of these 
preservatives in food products may present adverse health 
effects to consumers. The maximum permitted level for ben-
zoates in soft drinks is 150 mg/L, expressed as benzoic Acid 
according to the European Food Safety Authority (ESFA). 
As a food additive, potassium sorbate is allowed in fruit 
juice and beverages at a concentration of 300 mg/L when 
used singly or 250 mg/L when used combined with benzo-
ates. Usually, potassium sorbate ingests as a food additive, 
it passes through our digestive system harmlessly as water 
and carbon dioxide [11]. It does not accumulate in our bod-
ies [12]. Considering the effectiveness of sodium benzoate, 
potassium sorbate, and citric acid have been used in this 
study to preserve the Blackberry juice. In this study, we tried 
to find out a way to make Blackberry juice in such a way 
which is both cost-effective and useful for preserving nutri-
ents without causing any harmful effect. The goal of this 
study was therefore to analyze the effects of preservatives 
such as sodium benzoate (SB), potassium sorbate (PS), and 
citric acid (CA) on the physicochemical properties, bioactive 
compound, and color parameter of Blackberry juice during 
storage 4 °C.

Materials and methods

Materials

Ripe, mature, and alike size Blackberries were collected 
from the local market. Other items such as sugar, black salt, 
and powder milk were purchased from nearby supermar-
kets. Blackberries were cleaned with tap water, and pulps 
were produced using a locally developed mechanical pulp-
ing machine. Pulps were stored at − 18 °C before juice 
preparation.

Chemical and reagents

Sodium benzoate, potassium sorbate, citric acid, Follin Cio-
calteu’s reagent, 2,2-diphenyl-1-picryl hydrazyl (DPPH), 

gallic acid, sulphuric acid, catechin, trichloroacetic acid, 
methanol, ethanol, sodium carbonate, sodium nitrite, alu-
minium chloride, sodium hydroxide, hydrochloric acid, 
vanillin, and ferric chloride were purchased from Merck 
(Darmstadt, Germany).

Preparation of juice

Raw pulps were thawed out for 5–6 h at room temperature 
(28 ± 1 °C). Based on 100 g total weight, the juice was pre-
pared by following two distinct steps. At first 20 g pulps 
were blended with a blender for 3 min. Then different pre-
servatives (sodium benzoate, potassium sorbate, and cit-
ric acid) and pulps were added to the mixture containing 
water (boiled water cool at room temperature), icing sugar, 
milk powder, black salt, and xanthan gum according to the 
Table 1. Then the juice was further blended for 2 min. The 
prepared juice was heated for 5 min at 80 ± 2 °C using a 
shaking water bath (VS-1205SW1). Hot juice was cooled 
at room temperature (28 ± 1 °C, for few minutes) and then 
filled in pre-sterilized (ringed with boiled water for 1 min) 
food grade plastic bottles. The juice bottles were stored at 4 
to 6 °C throughout the storage period. A sensory test (data 
not shown) was carried out for the determination of various 
preservative concentrations. Colors of blackberry juice were 
not retained at room temperature so we didn’t preserve it at 
room temperature.

Determination of chemical evaluation of the fruit 
juice

In order to determine the pH and TSS of Blackberry juice 
samples, the pH-meters (HANNA, 2211, pH/ORP meter, 
China) and refractometer (HANNA, HI 96814, China) were 
used at room temperature (28 ± 1 °C). The titratable acidity 
of Blackberry juice was calculated with a titration against 
0.0212 N sodium hydroxide (NaOH).

Table 1  Quantity of different ingredients for the preparation of 
Blackberry juice

Ingredients Quantity/100 g juice

S1 (g) S2 (g) S3 (g)

Pulp 20 20 20
Water 57 57 57
Sugar 15 15 15
Powdered milk 2 2 2
Xanthan gum 0.2 0.2 0.2
Beat salt 0.5 0.5 0.5
Citric acid – – 0.5
Sodium benzoate – 0.05 0.05
Potassium sorbate – 0.03 0.03
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Determination of total sugar content

In order to calculate total sugar Dubois et al. [13] procedure 
was adopted. A beaker containing 1 g of juice and an addi-
tional 15 mL of 80% ethanol solution was applied to the sam-
ple. The mixture was then mixed for 4 min in a magnetic agita-
tor (VS-130 SH, Korea) and was filtered with the filter paper 
using Whatman No. 41 and centrifuged at 2000 g for 20 min. 
2 mL of supernatant was added with 1 mL of 5% phenol solu-
tion. Subsequently, 5 mL of 95.5%  H2SO4 solution was added 
to the sample. Then the test tube was allowed to stand for 10 
min and vortex (KMC-1300 V) for 30 s. The sample was kept 
in a shaking water bath (VS-1205SW1) at room temperature 
(28 ± 1 °C) for the development of color. Finally, the absorb-
ance was read at 490 nm employing a spectrophotometer (UV/
VIS, UV-1800) against a blank. Standard curve for the total 
sugar content determination was constructed by using glucose 
solutions and expressed as g/100 g of sample.

Estimation of total phenol content

Total content of phenol was calculated by Singleton and Rossi 
[14] and Saikia et al. [15]. 5 g of sample and 10 mL of 80% 
ethanol was dissolved and stirred for 2 min and then filtrate 
through Whatman No. 41. Then 0.5 mL of filtrated sample 
along with 0.5 mL of Folin Ciocalteu’s reagent was taken in 
a 25 mL falcon tube and mixed thoroughly. The solution was 
allowed to react with 1 mL of 7.5% saturated sodium carbonate 
 (Na2CO3) to the falcon tube for neutralization and then vor-
texed (KMC-1300 V) for 30 s. After the mixture was allowed 
left in a dark place for 35 min at room temperature and centri-
fuged at 4000 g for 10 min. The absorption of the sample was 
read by a visible spectrometer (UV/VIS, UV-1800) at of 725 
nm. Gallic acid was used to execute a standard (calibration) 
curve. The findings have been shown to be equal mg/100 g of 
Gallic acid per 100 g of juice.

Determination of total anthocyanin content

According to the method described by Ranganna [16] antho-
cyanin content was determined. 1 g of juice sample was added 
to 15 mL of HCl-ethanol (1 mL HCl in 99 mL 95% ethanol) 
solution and was kept in a dark place for 3–4 h. Obtained 
extract was filtrated through a Whatman No. 41 filter paper 
and centrifuged at 4000 g for 20 min. Then the absorbance 
(diluted for 5 times) was measured using a spectrometer (UV/
Vis, UV-1800) against a blank at 530 nm.

where, A = absorbance, W = weight of sample taken, 
MW = molecular weight of cyanidin-3-glucoside (449.20 

Anthocyanin (mg∕100 g) =
AW ×MW × DF

� ×W
× 100

g/mol), DF = dilution factor, € = molar absorptivity of cya-
nidin-3-glucoside (26,900 L/mol/cm).

Determination of total flavonoid content

A colorimetric method described by Kim et al. [17] was used 
to evaluate the total flavonoid content in the juice. Sample 
extraction was carried out by stirring up of 4 g Blackberry 
juice with 20 mL of 80% ethanol solution. Then the sample 
was filtered through Whatman No. 41. After that, 1 mL of 
extract along with 4 mL of water and 5%  NaNO2 with 0.3 
mL distilled water poured into a 20 mL of falcon tube for 
5 min. Afterward, the 0.3 mL  AlCl3 (10%) was applied to 
the reaction mixture and allowed to stand 1 min, followed 
by 2 mL of 1 M NaOH and centrifuged at 4000 g for 5 min. 
Then tubes were incubated for 15 min at room temperature, 
using spectrophotometer (UV/VIS, UV-1800) at 510 nm and 
expressed as mg/100 g.

Determination of proanthocyanidin content

A method described by Price et al. [18] with minor modifica-
tions was used for analyzing proanthocyanidin. Briefly, 1.5 
g sample was applied in the falcon tube to 14 mL of 0.5% 
vanillin-HCl solution (0.5%, w/v vanillin in 4% concentrated 
HCl in methanol). The mixture was then transferred into a 
vortex for 1 min and filtered through Whatman No. 41. After 
incubation for 20 min, proanthocyanidin was quantified at 
room temperature (28 ± 1 °C) by a spectrophotometer (UV/
VIS, UV-1800) at an absorbance of 500 nm against a blank. 
The results were expressed as g/100 g of juice.

Determination of free radical scavenging activity 
using DPPH

According to the Madhujith and Shahidi [19] was used to 
determine of free radical scavenging. Briefly, an aliquot of 
0.1 mL of supernatant was taken in a falcon tube. Subse-
quently, 1.9 mL of 0.3 mM 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical scavenger in methanol was added with the 
sample. The mixture was allowed to rest for 30 min. DPPH 
(2,2-Diphenyl-1-Picrylhydrazyl) was calculated using a 
spectrophotometer (UV/VIS, UV-1800) with 517 nm and 
the results were expressed as mmol/100 g juice.

Determination of color parameter

The sample color was determined with the colorimeter 
(BIOBASE-Lab, Qingdao, China). L* (light/darkness), a* 
(roughness/greenness), and b* (yellowness/blueness) color 
were expressed.
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Statistical analysis

The experiment was conducted in duplicate for each of the 
samples. All of the results were presented means ± standard 
deviation. A one-way variance analysis (ANOVA) was con-
ducted to analyze the statistic (SPSS for Windows version 
25). Duncan’s multiple range tests were also performed at 
p ≤ 0.05. Pearson’s coefficient correlation was done using 
SPSS version 25.

Results and discussion

Effect of preservatives on the chemical evaluation 
(pH, acidity and total soluble solids) of Blackberry 
juice during storage

The control sample  (S1) had a maximum pH value compared 
to the other samples that were treated with additives (SB, 
PS, and CA) on the first day (Table 2). The pH of the control 
sample gradually decreased across the storage period. The 
sample  S1 (control) pH is higher than that found by other 
authors in Blackberry cultivars. [20]. On the other hand, 
the pH of sample  S2 and  S3 declined at the end of the stor-
age period in comparison with the initial day. A pH reduc-
tion could be associated with acidic components produced 
by samples of sugar and pectinic acid [21]. The maximum 
reduction of pH in the  S3 sample because of increased hydro-
gen ions by adding citric acid [22].

The acidity of sample  S3 was substantially (p ≤ 0.05) 
higher than that of other samples during the storage era 
(Table 1). The sample  S3 had a lower acidity than those 
recorded by other researchers in Blackberry cultivars [20]. 
This was due to the addition of citric acid to the sample, 
which raised acidity by increasing the hydrogen ion con-
centration [21]. A steady increase (0.704–0.80%) in acidity 

over the storage period was observed in sample  S3, while the 
control sample  (S1) and sample  S2 increased over 30 days 
and then decreased for the remainder of the storage period. 
Acidity improved with storage time was also found in ready 
to serve blended Bael (Aegele marmelos) beverages reported 
by Singh et al. [23]. The degradation of pectin into pectic 
acid resulted in a percentage increase in acidity of dried 
apricot diet jam [24]. The decrease in titratable acidity was 
compatible with the findings of Tiwari et al. [25]. Total acid-
ity decreases due to the copolymerization of organic acids 
with browning reaction materials [26].

The impact of additives (SB, PS, and CA) on the total 
soluble solids (TSS) of Blackberry juice during the storage 
period is shown in Table 2. The higher (20.95° Brix) TSS 
was observed in the control sample  (S1) compared with other 
samples treated with preservatives on the primary day. The 
TSS of the control sample  (S1) was also higher than those 
reported in Blackberry cultivars by other investigators [20]. 
The TSS of the sample  S3 increased while the sample  S1 
decreased with an increase the storage period. In contrast, 
the TSS in the sample  S2 has been reduced up to 30 days 
then increased the remaining period of storage. The rise in 
TSS may be due to the breakdown of polysaccharides into 
monosaccharides and oligosaccharides obtained by Imtiaz 
et al. [27]. The ascorbic acid reduction is also responsible for 
increasing TSS because the structural formula of ascorbic 
acid is similar to glucose; hence, ascorbic acid reduction led 
to an increase in glucose and increased TSS [28].

Effect of preservatives on the total sugar content 
of Blackberry juice during storage

The highest total sugar levels (2.66–2.95 g/100 g) were 
observed during the initial storage days for all samples 
(Table 2). The total sugar content of sample  S2 and  S3 
gradually reduced over the storage period whereas control 

Table 2  Effect of preservatives 
on the pH, acidity TSS and 
total sugar of Blackberry juice 
during storage

Values are mean ± standard deviation
Different letters (a to c) indicate significant differences (p ≤ 0.05) among treatments of the samples. Differ-
ent letters (A to G) indicate significant differences (p ≤ 0.05) among storage times

Samples Storage 
period (days)

pH Acidity (%) TSS (°Brix) Total sugar (g/100 g)

S1 0 4.35 ± 0.01aA 0.26 ± 0.00cE 20.95 ± 0.07aAB 2.86 ± 0.02aAB

30 4.19 ± 0.00aC 0.58 ± 0.00bC 21.00 ± 0.07aAB 1.08 ± 0.03cE

60 4.08 ± 0.01bD 0.26 ± 0.00bE 20.80 ± 0.00aCD 1.44 ± 0.02aE

S2 0 4.24 ± 0.00bB 0.42 ± 0.05bD 20.85 ± 0.07aBC 2.95 ± 0.11aA

30 4.19 ± 0.00aC 0.54 ± 0.05bC 20.80 ± 0.00bCD 1.91 ± 0.01bD

60 4.20 ± 0.00aC 0.32 ± 0.00bE 21.00 ± 0.00bA 1.16 ± 0.08bE

S3 0 3.42 ± 0.01cE 0.70 ± 0.00aB 20.55 ± 0.07bE 2.67 ± 0.25aBC

30 3.36 ± 0.00bG 0.77 ± 0.00aA 20.70 ± 0.00bD 2.62 ± 0.05aC

60 3.39 ± 0.00cE 0.80 ± 0.05aA 20.80 ± 0.00aCD 1.06 ± 0.05bE
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sample  (S1) did not show the similar trend. This research’s 
total sugar content is lower than that of other authors found 
during storage in Red Currant juice [29]. Different sample, 
processing, and storage condition can cause the lower total 
sugar content. The reduction of total sugar for all samples 
was also demonstrated in apple-jamun juice blend dur-
ing storage [30]. The drop in total sugars may be due to 
the inclusion of sugars in browning reactions [31]. Other 
authors also detected an increase in total sugar of jamun 
ready-to-serve (RTS) drink and nectar during storage [32]. 
Conversion of starch and pectin into simple sugars may be 
responsible for the raising of total sugar [33].

Effect of preservatives on the total phenol content 
(TPC) of Blackberry juice during storage

The impact of preservatives on the total phenol content 
(TPC) of Blackberry juice during storage are shown in 
Fig. 1. The control sample  (S1) had a lower TPC than the 
treated sample  (S2 and  S3) at first days due to higher poly-
phenol oxidase levels [34]. The  S3 sample had a significantly 

(p ≤ 0.05) higher total phenol content (14.87 mg/100 g) than 
the other samples  (S1 and  S2) during the storage period. The 
values documented here are consistent with those stated dur-
ing storage in blackberry juice [35] and lower than other 
reporters’ findings in Iranian wild Blackberry species [36]. 
Although there was no significant (p ≤ 0.05) difference 
between 30 and 60 days of storage in the value of the  S3 
sample. Sample  S3 had a higher total phenol content because 
citric acid lowers the pH that inhibits the deterioration of 
polyphenol by suppressing the enzyme polyphenol oxidase 
[37]. Other authors have previously identified and docu-
mented a potential increase in total phenol content associ-
ated with reactions between oxidized polyphenols and the 
development of new antioxidant compounds during juice 
storage [38]. The highest (14.87 mg/100 g) total phenol 
content was observed at 30 days and then decreased (14.77 
mg/100 g) for the rest of the storage period for all samples. 
However, the percentage decrease of total phenol content 
was higher in sample  S2 contrast with other samples  (S1 
and  S2) at the end of the storage days. The decrease in total 
phenol content in sample  S2 (treated with SB and PS) can be 
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Fig. 1  Effect of preservatives on total phenol content, anthocyanin, 
flavonoid and proanthocyanidin of Blackberry juice during stor-
age at 4 oC. Different letters (a to c) indicate significant differences 

(p ≤ 0.05) among treatments of the samples. Different letters (A to E) 
indicate significant differences (p ≤ 0.05) among storage times



3665Physicochemical properties, bioactive compounds and total antioxidant activity of Blackberry…

1 3

attributed to the role of total phenol content in the produc-
tion of polymeric compounds, the complex formulation and 
eventual precipitation of protein phenols [39]. In this study 
a strong correlation (r = 0.892) was observed between total 
phenol content and acidity (Table 3).

Effect of preservatives on the total anthocyanins 
content of Blackberry juice during storage

The influence of food preserving agents (SB, PS, and CA) on 
the stability of anthocyanins of the Blackberry juice during 
the storage period are presented in Fig. 1. Sample  S3 showed 
a higher (32.26 µg/100 g) anthocyanin value in comparison 
with other samples  (S1 and  S2) on the initial day. The find-
ings of anthocyanins are contradictory to those of Iranian 
wild Blackberry species and berry juices processed at dif-
ferent temperatures [36, 40]. This opposition may be due to 
the different in variety, treatment, packaging or storage tem-
perature. The retention of total anthocyanin was improved 
in the sample  S3 as the citric acid used to stabilize the pH 
in the juice [39]. The anthocyanin content of all samples 
 (S1,  S2, and  S3) decreased throughout the storage period. 
However, control sample  (S1) had higher (22.21 µg/100 g) 
anthocyanin content as compared to other samples at the end 
of the storage. The decrease in anthocyanin levels could be 
due to the rise of hydroxyl groups in the anthocyanin nucleus 
B-ring [41]. The loss of anthocyanin may also be caused 
by residual enzyme activity or anthocyanin condensation 
reactions with other phenolics [42]. In this study, there was 
an extensive correlation between the content of flavonoid 
and anthocyanin content (r = 0.890) and total sugar and 
anthocyanin content (r = 0.832) (Table 3). Muniyandi et al. 
[43] also showed the correlations between anthocyanin and 
flavonoid in rubus fruit. Shi et al. [44] were also observed 
similar positive results in the case of bayberry fruit between 
anthocyanin and total sugar.

Effect of preservatives on the total flavonoids 
content of Blackberry juice during storage

The contents of flavonoids (Fig. 1) were higher (2.114 
mg/100 g) in control sample  (S1), while the contents of 
flavonoids were lower (0.798 mg/100 g) in  S2 sample dur-
ing the storage period. The analysis of findings does not 
resemble those of other authors obtained during the shelf-
life study of commercial tomato juices and the assessment of 
Blackberry wines [45, 46]. The diversity of samples, storage 
temperature, juice processing and treatment can be related 
to the different findings. Flavonoid content of all samples 
diminished throughout the storage period. The reduction 
of flavonoid content could be due to the oxidative cleav-
age of phenolic compounds and their protein polymeriza-
tion may also result in the reduction of flavonoid content Ta
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during storage [47]. Same decline in flavonoid content was 
observed during storage in the carrot-grape juice blend 
[48]. Lower levels of anthocyanin may be the other reason 
for lower levels of flavonoid content in the  S2 sample. Fur-
thermore, in this study there was a significant correlation 
(r = 0.90) of flavonoid content with the anthocyanin content 
(Table 3). Muniyandi et al. [43] found a significant correla-
tion between anthocyanins and flavonoid content (r = 0.753).

Effect of preservatives on the proanthocyanidin 
content of Blackberry juice during storage

The impact of preservatives on the proanthocyanidin content 
of Blackberry juice across the storage period are shown in 
Fig. 1. The proanthocyanidin content of the sample  S1 and  S3 
was reduced at the final storage days compared to sample  S2. 
On the other hand, the proanthocyanidin content of the sam-
ple  S2 increased (173.38 mg/100 g) throughout the storage 
period. The results of this proanthocyanidin content analysis 
are much greater than those of other Blackberry wines and 
commercial blackcurrant juices collected by other research-
ers [46, 49]. Proanthocyanidin content reduction may be due 
to the efficacy of the respective combination of preservatives 
in precipitating tannins in juice which reduced proanthocya-
nidin content in samples  S1 and  S3. The proanthocyanidin 
content also increased with an increase in storage time when 
the pomegranate juice was kept at cool temperatures [50]. 
Furthermore, maillard reaction, ascorbic acid depletion, and 
tannin oxidation and condensation [51–53] are the relevant 
reactions responsible for non-enzymatic browning in juice 
products that increase proanthocyanidin content.

Effect of preservatives on the free radical 
scavenging activity of Blackberry juice 
during storage

The free radical scavenging behavior of the  S3 sample was 
of higher value compared to other samples on the primary 
day (Fig. 2).  S3 sample retained higher (723.621 mmol/100 
g) free radical scavenging activity than other samples  (S1 
and  S2). The highest DPPH-free radical scavenging activity 
could be supported in addition to the increased anthocya-
nin in the sample  S3. The enhanced activity of antioxidants 
through the use of citric acid in processed foodstuffs has 
also been found by other writers [54]. The DPPH free radi-
cal activity is lower than Blackberry wines and carrot-grape 
juice during storage studied by other authors [46, 48]. Dur-
ing each storage cycle, all three samples reduced antioxidant 
activity. Similar conclusions were also seen during the stor-
age time in Blackberry juice recorded by Kopjar et al. [35]. 
The reduction of anthocyanin and phenolic compounds as 
well as changes in structure of formed compounds have led 
to the degradation of the antioxidant activity [35]. It was 
noteworthy that the association between the total content of 
flavonoids and activity of antioxidants was high (r = 0.802) 
(Table 3). The strong association of the flavonoid and anti-
oxidant content in fruit also emerges from Calado et al. [55]. 
Moreover, there was a better connection between the antho-
cyanin and the DPPH (r = 0.889) (Table 3). The positive 
associations between anthocyanin and DPPH scavenging 
behaviors in pomegranate juice were also observed by Çam 
et al. [56].

Fig. 2  Effect of preservatives 
on DPPH scavenging activity of 
Blackberry juice during storage 
at 4 °C. Different letters (a to c) 
indicate significant differences 
(p ≤ 0.05) among treatments of 
the samples. Different letters (A 
to G) indicate significant differ-
ences (p ≤ 0.05) among storage 
times cC
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Effect of preservatives on the color parameters 
of Blackberry juice during storage

The effect of the preservatives on L* (lightness or darkness), 
a* (green and red), and b* (blueness and yellowness) of 
Blackberry Juice are shown in Fig. 3 during storage. Color 
is a crucial factor in the evaluation of visual characteristics 
and an important parameter for the product selection. Color 
changes may be induced due to the acceleration of chemical 
reactions, increased diffusion rate, dispersion, aggregate for-
mation, and particle breakdown [57]. The lightness (L*) and 
redness (a*) of sample  S3 had a higher value in comparison 
with the control sample  (S1) and sample  S2 (treated with 
SB and PS) throughout the storage period. The value of L* 
and a* declined up to thirty days and then increased for rest 
of the storage period for all the sample. Increased lightness 
(L) of the juice may be caused by an increase attribution to 

partial precipitation of unstable suspended particles [58]. 
All the samples showed a fluctuation in b* values through 
the storage period. Changes in a* and b* coordinates may be 
related to changes in L* values [25]. The decreased L* and 
b* may be caused by oxidative browning [59]. An increase 
in L* value during the storage period similarly detected by 
del Socorro Cruz-Cansino et al. [57]. A reduction of the L* 
values also recorded by Daoudi et al. [60] after 30 days of 
storage at 4 °C. On the other hand, an increment in a* value 
in juices have also been found by Patras et al. [61]. As b* 
implies yellowness, the color of the blackberry juice is not 
very influential, since it is a purple fruit itself. 

Conclusion

Juice treated with preservatives (SB and PS) and (SB, PS 
and CA) retained higher physicochemical properties (TSS, 
acidity) and bioactive compounds (total phenol) than those 
of the untreated Blackberry juice during storage. Treated 
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juice did not prevent decreases in the amount of anthocya-
nin, proanthocyanidin, and free radical scavenging than the 
untreated sample. The lightness (L*) and redness (a*) of 
color had a higher value in treated samples as compared to 
the untreated samples at the end of the storage period. There-
fore, the treated juice (SB, PS and CA) could also increase 
the shelf-life of Blackberry juice by maintaining a higher 
phenolic content and color values (L* and a*).
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