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Abstract: Packed fruit juices are commonly consumed on daily basis around the globe which usually contain sodium 
benzoate as a food preservative to enhance their shelf life and its amount may vary from defined food standards 
among brands. This mammalian model-based research was designed to investigate the impact of locally packed 
fruit juices’ regular intake on consumers. For this purpose, albino mice (Mus musculus) were acclimatized in the 
laboratory environment for ten days and then categorized into control and two experimental groups. The selected local 
brands were Murree brewery lemon malt and Shezan mango juice and on their bottles and tetrapacks, it was already 
mentioned that they contain sodium benzoate as a preservative. For further confirmation, the titration method was 
used to detect the presence of sodium benzoate in selected locally packed juice samples. After dose preparation and 
optimization, 0.1 ml of the prepared dose was given to each experimental group I (treated with lemon malt) and II 
(treated with mango juice), whereas the control group was treated with the equivalent amount of distilled water. The 
obtained histopathological results emphasized that regular intake of sodium benzoate having fruit juices may cause 
severe damage to hepatic and renal tissues, usually in the form of necrosis, vascular congestion sometimes dilation and 
other cellular alterations i.e., in glomeruli and bile duct. Moreover, it may result in the onset of tumorogenesis. The 
conclusion of this study is local food authorities should ensure the addition of a defined amount of sodium benzoate 
as a juice preservative in locally packed juices to provide healthy products to consumers.  
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1. INTRODUCTION

Fruit juices are the products of daily consumption. 
They may be prepared either through fresh 
extraction or supplied to markets in tetra packs 
which contain different types of food preservatives 
to avoid microbial growth and to improve their shelf 
life. The amount of these food preservatives varies 
from brand to brand and it is also an important 
parameter to compare the quality of locally packed 
fruit juices with international food standards. In 
this regard, reported data also highlight that the 
appliance of diverse synthetic compounds as food 
preservatives may cause detrimental health effects 
on consumers [1]. 

The commonly used juice preservatives are 
benzoate (SB), sodium metabisulphite (SM), 

potassium sorbate (PS), and their compositional 
mixtures but none of them is side effect free [11]. 
Among them, sodium benzoate is considered less 
harmful or sometimes safe, if added according to 
internationally defined standards by food and health 
organization [12]. But in general practice, especially 
in the case of local less renowned brands, such food 
standards are not uniformly followed which often 
alters the attributes of juices and beverages and 
indirectly results in adverse health effects.

Reported data also supports that if a higher 
concentration of sodium benzoate enters in living 
body, which is often used as a food preservative 
in fruit juices too, has been reported to affect renal 
function and as result may elevate the blood plasma 
level and disturbs cellular carbohydrate metabolism 
which can be observed in histological sections of 



kidneys [2]. This compound has also been found 
to induce immunosuppressive effects and disrupts 
the process of blood filtration and detoxification 
in the liver and kidney [3]. Recent mammalian 
model-based studies have also supported these 
above-mentioned side effects of sodium benzoate 
present in different food items as a preservative [4]. 
That is why; this research was designed to estimate 
the possible side effects of sodium benzoate as a 
preservative of locally packed fruit juices. 

2.   MATERIALS AND METHODS 

2.1  Animal Collection and Habituation

Thirty female albino mice (Mus musculus) of            
6 weeks of age were purchased from the University 
of Veterinary and Animal Sciences, Lahore. The 
mice were placed in an animal house, School 
of Zoology, Minhaj University, Lahore, at room 
temperature (25 °C ± 2 °C) and after habituation of 
10 days, they were divided into 3 groups: control 
group, experimental group I (treated with Murree 
Brewery lemon malt) and experimental group II 
(treated with Shezan mango juice).

2.2  Detection of Sodium Benzoate

For detection and confirmation of sodium benzoate 
in selected juice samples, the acidimetry-alkalimetry 
titration method was used and the percentage of 
sodium benzoate was calculated [13]. 

2.3  Dose Optimization

For dose optimization, 0.5 ml of each selected 
packed juice was diluted in 9.5 ml of distilled water 
and 0.1 ml of this prepared dilution was given to 
both experimental groups whereas control group 
mice were given 0.1 ml of distilled water orally 
during 4 weeks of experimentation.

2.4  Histopathology & Microscopy

The mice were dissected weekly and kidney and 
liver tissues were collected and preserved in                        
10 % formalin solution for further tissue processing 
through an automatic tissue processor. Their 
histological sections were prepared by microtomy 
and the prepared slides were stained by using 
Hematoxylin and Eosin staining. The microscopic 
observations and micrometry of prepared slides 

were done at 40X and their photomicrographs were 
recorded at 10X with the help of PixelPro software.

2.5  Statistical Analysis

Single-factor ANOVA was applied for statistical 
data analysis [5].
 
3.   RESULTS AND DISCUSSION

First of all, the detected percentage of sodium 
benzoate in the experimental group I sample was 
0.096 % and in the experimental group II sample 
was 0.11 % which was higher than the defined 
amount of sodium benzoate 0.1% used as food 
preservative according to the food authorities and 
especially the formulation of lemon malt should be 
revised [14]. Moreover, the weekly observations 
of body weight (Table 1) indicated considerable 
variations in both experimental groups after i.e. 
at the end weight gain was observed at 37.33 g of                  
1st week group II but at the end of 2nd week weight 
reduction was noticed while in group I body weight 
increased up to 34.33 g. Similarly, as compared to 
the previous week though body weight was reduced 
in group II (30 g) it was still significantly higher 
than group I (27 g) on completion of 3rd week. 
Whereas, 24.67 g and 36.67 g body weights were 
noted in groups I and II, respectively, at the end 
of the experimentation [15]. Dermal tumors were 
also observed in mice of experimental groups. 
These side effects occurred in presence of sodium 
benzoate which may induce toxicological and 
adverse changes in the biochemical markers and 
physiological processes of consumers [6]. 

For histopathological analyses, first of all, 
the variations in blood vessel diameter were 
observed. The diameter of renal arteries was 
significantly changed during 2nd week, in group 
I vasoconstriction (50.70 µm) and group II 
vasodilation (84.53 µm) were noted (Table 2). 
The reduction in arterial diameter was noticed in 
both experimental groups I and II, 48.65 µm and 
75.02 µm, respectively and same pattern continued 
till the end of 4th week (Figure 1). Whereas in the 
case of renal veins diameter, at the end of the 4th 
week, vasoconstriction was observed in group 
I (61.29 µm) while vasodilation was noted in                                                                                                         
group II (3.48 µm). The histopathological 
observations regarding glomerular diameter     
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(Table 3) indicated the considerable shrinkage of 
glomeruli at the end of 2nd week in both groups         
I and II, 46.49 µm and 35.93 µm, respectively, in 
comparison to the control group because exposure to 
sodium benzoate as preservative damage structure 
of kidney and disturbs its functions [15]. Moreover, 
the results related to the diameter of necrotic renal 
tissue presented maximum damage in groups               
I and II of 83.48 µm and 81.36 µm, respectively, at 
the end of 3rd week. It indicates that regular use of 
sodium benzoate-containing food items may lead 
to serious vascular complications like calcification 
and congestion of renal blood vessels [7].

In addition to this, histopathological changes 
related to the diameter of liver blood vessels 
were examined and among them, hepatic arteries 
showed prominent vasoconstriction in groups I and 
II of 46.49 µm and 85.92 µm, respectively, at the 

end of 2nd week but later on the trend was found 
opposite till the end of experimentation (Table 
4). Similarly, vasodilation was also noticed in 
diameter of hepatic veins, 117.23 µm (group II) and                                                                                                  
54.96 µm (group I) after 2nd week. Then till the 
end of the experimentation, a gradual reduction 
in the diameter of the vein was noticed in both 
experimental groups (Figure 2) due to biochemical 
alterations [8].

For the measurements of the diameter of bile 
duct, highlighted the gradual increase, from 1st to 4th 
week (Table 5). But the striking size of the damaged 
and necrotic area of hepatic tissue was observed at 
86.65 µm and 110.95 µm, in experimental groups                                                                                                      
I and II respectively, at the end of 3rd week [9]. Thus, 
locally available juice products are not reliable 
and their components may induce broad spectrum 
health side effects [10].  Mehdi et al 

 

 

Fig. 1. Comparative histopathological renal observations of (A) control group, (B) 1st week of experimental 
group I, (C) 1st week of experimental group II, (D) 4th week of experimental group I, (E) 4th week of 

experimental group II. Black arrows show damaged area diameter (µm), blue arrows show glomerulus diameter 
(µm), yellow arrows show artery (µm) and red arrow show vein diameter (µm). All microphotographs are of 

100X magnification. 

In addition to this, histopathological changes related to the diameter of liver blood vessels were 
examined and among them, hepatic arteries showed prominent vasoconstriction in groups I and 
II of 46.49 µm and 85.92 µm, respectively, at the end of 2nd week but later on the trend was 
found opposite till the end of experimentation (Table 4). Similarly, vasodilation was also 
noticed in diameter of hepatic veins, 117.23 µm (group II) and 54.96 µm (group I) after 2nd 
week. Then till the end of the experimentation, a gradual reduction in the diameter of the vein 
was noticed in both experimental groups (Figure 2) due to biochemical alterations [8].  
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Fig. 1. Comparative histopathological renal observations of (A) control group, (B) 1st week of experimental group I, 
(C) 1st week of experimental group II, (D) 4th week of experimental group I, (E) 4th week of experimental group II. 
Black arrows show damaged area diameter (µm), blue arrows show glomerulus diameter (µm), yellow arrows show 
artery (µm) and red arrow show vein diameter (µm). All microphotographs are of 100X magnification.
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Fig. 2.  Comparative histological hepatic observations of (A) control group  (B) 1st week of experimntal group I 
(C) 1st  week of experimental group II, (D) 4th week of experimntal group I, (E) 4th week of experimntal group II. 
Black arrows show the damaged area diameter (µm), blue arrows show the diameter of bile duct (µm), yellow 
arrows show the artery (µm) and red arrow show vein diameter (µm). All microphotographs are of 100X 
magnification. 

For the measurements of the diameter of bile duct, highlighted the gradual increase, from 1st 
to 4th week (Table 5). But the striking size of the damaged and necrotic area of hepatic tissue 
was observed at 86.65 µm and 110.95 µm, in experimental groups I and II respectively, at the 
end of 3rd week [9]. Thus, locally available juice products are not reliable and their components 
may induce broad spectrum health side effects [10].    
Table 1. Effect of sodium benzoate as juice preservative on body weight (g) 

Week Control group Experimental Group I Experimental Group II 

1 

35±2.52 (3) 

31.33±1.33 (3) *37.33±2.33 (3) 

2 *34.33±4.81 (3) 31.67±3.53 (3) 

3 27±2.65 (3) *30±2.31 (3) 

4 24.67±1.45 (3) *36.67±4.41 (3) 

*Values represent Mean ± S.E.M. (n). Data was compared by employing single factor analysis of variance and results were 
found significant at a 5% level (*). 
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Fig. 2. Comparative histological hepatic observations of (A) control group  (B) 1st  week of experimntal group I (C) 
1st  week of experimental group II, (D) 4th week of experimntal group I, (E) 4th week of experimntal group II. Black 
arrows show the damaged area diameter (µm), blue arrows show the diameter of bile duct (µm), yellow arrows show 
the artery (µm) and red arrow show vein diameter (µm). All microphotographs are of 100X magnification.
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Table 2. Effect of sodium benzoate as juice preservative on renal artery and vein diameter (µm) 

 
Week 

For renal artery For renal vein 

Control 
group 

Experimental 
Group I 

Experimental 
Group II 

Control 
group 

 

Experimental 
Group I 

Experimental 
Group II 

1 

85.60± 
4.84 (3) 

57.06 ± 12.81 
(3) 

49.66 ± 10.08 
(3) 

 
102.50 
± 2.80 

(3) 

72.91 ± 3.17 
(3) 

70.80 ± 2.80 
(3) 

2 50.70 ± 10.21 
(3) 

**84.53 ± 7.40 
(3) 

53.89 ± 5.50 
(3) 

59.17 ± 2.80 
(3) 

3 48.61 ± 9.40 
(3) 

** 75.02 ± 
9.212 (3) 

71.85 ± 2.11 
(3) 

47.56 ± 5.48 
(3) 

4 *57.06 ± 5.50 
(3) 

53.89 ± 11.13 
(3) 

61.29 ± 8.25 
(3) 

83.48 ± 8.65 
(3) 

*Values represent Mean ± S.E.M.(n). Data was compared by employing single factor analysis of variance and 
results were found significant at 5% (*) and 1% (**) levels. 

Table 3. Effect of sodium benzoate as juice preservative on diameter of glomerulus and renal necrotic 
area (µm) 

 

*Values represent Mean ± S.E.M.(n). Data was compared by employing single factor analysis of variance and 
results were found significant at 1 % level (*). 

 

Table 4. Effect of sodium benzoate juice as juice preservative on diameter of liver artery and vein 
(µm) 

 
Week 

For hepatic artery For hepatic vein 
Control 
group 

Experimental 
Group I 

Experimental 
Group II 

Control 
group 

Experim
ental 

Group I 

Experime
ntal 

Group II 
1 

73.97 ± 9.21 
(3) 

102.50 ± 
32.35 (3) 

45.44 ± 7.40 
(3) 

 
 

126.8± 30 
(3) 

68.68 
±15.35 

(3) 

67.63±20.0
8 (3) 

2 **46.49 ± 
5.60 (3) 

35.93 ± 2.80 
(3) 

54.95 ± 
6.93 (3) 

*116.23±8.
65 (3) 

3 67.63 ± 2.11 
(3) 

62.3433 ± 
11.2 (3) 

83.48 ± 
4.61 (3) 

81.36±17.0
1 (3) 

4 66.57 ± 
12.001 (3) 

67.63 ± 4.61 
(3) 

62.34 ± 
3.81 (3) 

63.4±9.69 
(3) 

Week 
Glomerular diameter Diameter of renal necrotic 

area 
Control 
group 

Experimental 
Group I 

Experimental 
Group II 

Experimental 
Group I 

Experimental 
Group II 

1 

86.65 ± 
9.21 (3) 

102.50 ± 32.35(3) 45.44 ± 7.40(3) 68.68 ± 15.35 
(3) 

67.63 ± 20.08 
(3) 

2 **46.49 ± 5.60 (3) 35.93 ± 2.80 (3) 54.95 ± 6.93 
(3) 

116.23 ± 8.65 
(3) 

3 **67.63 ± 2.11 (3) 62.34 ± 11.20 
(3) 

83.48 ± 4.61 
(3) 

81.36 ± 17.01 
(3) 

4 66.57 ± 12.001 (3) 67.63 ± 4.6 (3) 62.34 ± 62.34 
(3) 

63.40 ± 9.69 
(3) 
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Group I 

Experimental 
Group II 

Experimental 
Group I 

Experimental 
Group II 

1 

86.65 ± 
9.21 (3) 

102.50 ± 32.35(3) 45.44 ± 7.40(3) 68.68 ± 15.35 
(3) 

67.63 ± 20.08 
(3) 

2 **46.49 ± 5.60 (3) 35.93 ± 2.80 (3) 54.95 ± 6.93 
(3) 

116.23 ± 8.65 
(3) 

3 **67.63 ± 2.11 (3) 62.34 ± 11.20 
(3) 

83.48 ± 4.61 
(3) 

81.36 ± 17.01 
(3) 

4 66.57 ± 12.001 (3) 67.63 ± 4.6 (3) 62.34 ± 62.34 
(3) 

63.40 ± 9.69 
(3) 

*Values represent Mean ± S.E.M.(n). Data was compared by employing single factor analysis of variance and results were found 
significant at 5% (*) and 1% (**) levels.
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4.   CONCLUSION 

It can be concluded that sodium benzoate is not a 
suitable juice preservative and the consumption of 
products having this food preservative may cause 
hepatic and renal physiological disturbances and 
their long term consumption may lead to adverse 
health complications. The current study showed 
that it affected the functioning of the liver and 
kidney. In this regard, local food authorities should 
take appropriate action to secure the health of 
consumers. 
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*Values represent Mean ± S.E.M.(n). Data was compared by employing single factor analysis of variance and 
results were found significant at 5% (*) and 1% (**) levels. 

 

 

 

 

Table 5. Effect of sodium benzoate as juice preservative on bile duct and necrotic area diameter of liver (µm) 
 

Week 

For diameter of bile duct For diameter of hepatic necrotic area 

Control 

group 

Experimental 

Group I 

Experimental 

Group II 

Experimental 

Group I 

Experimental 

Group II 

1 

65.51±9.21 

(3) 

48.61 ±14.80 

(3) 

42.27±2.11 (3) 69.74 ± 12.81 (3) 83.48 ± 10.41 (3) 

2 62.34 ± 13.74 

(3) 

60.23±3.66 (3) 77.14 ± 19.74 (3) 85.59±12.68 (3) 

3 58.12 ±10.72 

(3) 

68.68 ±14.68 (3) 86.65 ± 8.6492 

(3) 

110.95±8.39 (3) 

4 78.19 ± 13.86 

(3) 

57.06±6.34 (3) 71.85 ± 3.81 (3) 100.4 ± 16.51(3) 

*Values represent Mean ± S.E.M. (n). Data was compared by employing single factor analysis of variance and no significant 
result was found. 

4.   CONCLUSION 

It can be concluded that sodium benzoate is 
not a suitable juice preservative and the 
consumption of products having this food 
preservative may cause hepatic and renal 
physiological disturbances and their long term 
consumption may lead to adverse health 
complications. The current study showed that 
it affected the functioning of the liver and 
kidney. In this regard, local food authorities 
should take appropriate action to secure the 
health of consumers.  
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