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ABSTRACT 
 

The high blood pressure is one of the main risk factors of cardiovascular diseases. Most 
studies in humans and animals provide very strong evidence of a causal link between ordinary 
salt intake (NaCl) and high blood pressure. On contrast potassium (K) showed effective role in 
reducing blood pressure. In this study, sodium chloride was partially substituted with potassium 
chloride and magnesium or calcium chloride in cucumber and carrot pickles. The product was 
stored for 30 days at room temperature, and then evaluated for organoleptic properties, 
microbiological count, technological and nutritional value. The results indicated that, T2 (4% 
NaCl+4%KCl) showed insignificant change in taste and overall acceptability compared to T1 
(8% NaCl). T4 (2% NaCl+2%CaCl2+4% KCl) showed the highest reduction in the total count of 
bacteria an yeasts (3x105&3x105 and 3x105&2x105) cfu/ml for sodium substituted pickles, while 
T3(2% NaCl+2%MgCl2+4% KCl) showed the highest increasing in potassium (7857.55 and 
8269.03 mg/100g) for cucumber and carrot respectively. β-carotene content showed the highest 
value in T4 (5.99 and 4.78 mg/100g) in both carrot and cucumber respectively. Maximum Force 
(N) ranged from 6.53 to 6.81 for cucumber while ranged between 12.38 and 15.05 for carrot.    
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Introduction 
 

The hypertension disease in humans is not fully understood, there are multi factorial 
combination of genetic and environmental factors can be attributed to. However, the most studies in 
humans and animals provide very strong evidence of a causal link between high salt intake and high 
blood pressure (Pierre et al., 2005). 

A high salt intake has been shown to increase not only blood pressure but also the risk of 
stroke. Adverse effects associated with salt intake reduction, where dietary salt intake reduction can 
assist blood pressure reduction in hypertensive patients receiving medical therapy, (Frisoli et al., 
2012). 

The current recommendations to reduce salt intake from (9-12) to (5-6) g/day will have a major 
effect on blood pressure, but a further reduction to 3 g/day will have a greater effect and should 
become the long term target for population salt intake, (He et al., 2013). The World Health 
Organization (WHO) recommends a population salt intake less than 5 g/day/person. 

On the contrary, increased potassium intake is reported to protect stroke, high blood pressure, 
heart harmony problems and kidney failure. The additional use of potassium chloride to partially 
replace sodium chloride could be helpful in reducing sodium content. However the use of potassium 
chloride is mainly limited due to its bitter taste (Bansal and Rani, 2014). 

Potassium is naturally present in most foods, fruits and vegetables being especially good 
sources. In our body, potassium is mainly found inside the cells, it has important roles in the body. 
Potassium is play a complementary role with the sodium and the balance between the two elements is 
critical in regulation of blood pressure. (EUFIC, 2006). 

Magnesium lowers intracellular sodium and calcium, which enhances blood pressure reduction. 
Magnesium is a natural calcium channel blocker, blocks sodium attachment to vascular smooth 
muscle cells, increases vasodilating prostaglandin, binds potassium in a cooperative manner, increases 
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nitric oxide, improves endothelial dysfunction, causes vasodilation, and reduces blood pressure, 
(Houston, 2011). 

Also, the evidence coming from a variety sources including animal studies, observational 
studies, trials, and meta-analyses refer to that, dietary calcium affects on  blood pressure . Meta-
analyses suggested that, calcium supplementation (400–2000 mg⁄ d) leads to modest reductions in 
systolic and dystolic blood pressure (Appel, 2009) .  

In most humans, healthy blood pressure depends upon a balance of both Na : K and Mg : Ca 
ratios at both cellular and whole body levels. View of the studies showing low magnesium causes 
imbalance in both cellular and physiological calcium, thus hypertensives have abnormal calcium 
metabolism, (Rosanoff, 2005). 

There are many foods popular among people that contain a high concentration of sodium 
chloride like: Potato chips, Sausage, Smoked meats or fish, Soy sauce, many kinds of cheese, Salt 
Biscuits, Catsup and Pickles. 

Substitution of sodium chloride by potassium chloride was applied in many kinds of foods. In 
some processed cheese, potassium chloride showed a high potential for used as a salt replacer without 
changing the chemical properties. A combination of 50% sodium chloride and 50% potassium 
chloride was recommended for use as a salt replacer in the processed cheese, (Patel et al.,   2013). 

In a study of fermented salted Bouri fish, it was found that can be used potassium chloride by 
up to 40% deduction from sodium chloride without any effect on the sensory evaluation with giving 
the best results of serum cholesterol and lipid profile of the rats feed on it, (Abd El-Halim et al., 
2007). 

 As well sodium substitution by potassium was successfully achieved in the preparation of 
lemon pickle. Replacement of sodium chloride by 50% and 75% potassium chloride was show up 
acceptable sensory characteristics during 3 months of storage., (Bansal and Rani, 2014 ).   

Pickling is one of the oldest methods of food preservation. By the early 1920s, the U.S. 
Department of Agriculture (USDA) had published instructions on making pickles at home. Many of 
these procedures are still used today. 

Organic acids such as lactic, acetic, sorbic, and benzoic acids, as well as sodium chloride are 
used as the primary preservatives for most types of pickle products. Lactic acid is produced naturally 
in fermented pickles. Acetic acid is typically added in the form of vinegar to acidify unfermented 
pickle products, (Perez-Dıaz et al.,  2013).  

Brined or fermented pickles require three weeks or longer to cure, e.g. cucumbers change from 
a bright green to an olive or yellow green. Salt is added at the beginning of the process to interfere 
with the growth of microorganisms other than the lactic acid bacteria. Vinegar is also used to create 
an acid environment which discourages growth of microorganisms other than the lactic acid bacteria 
(Oregon State University, 2012).  

The aim of this study, was the production of low sodium pickles for the hypertensive patients 
by partially substitution of sodium chloride by potassium chloride or other salts such as magnesium 
chloride and calcium chloride. Accordingly, studying the effect of these minerals on the sensory 
evaluation, nutrition value, texture and microbiological forms. As well as the proportion of these 
elements to each other in the final product.     
   
Materials and Methods 

  

Raw materials: 
 

1-Salts: Sodium, Potassium, Calcium and Magnesium Chloride were obtained from EL Gomhoureya 
Company for Drugs, Chemicals & Medical Supplies. 
2- Cucumber and Yellow carrot: were obtained from the local market and cleaned well. 
3- Vinegar (5% acetic acid) was obtained from the local supermarket. 
4- Sugar and Garlic: a little of sugar and garlic were used for flavor enhancement.  
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Preparation of the pickles: 
 

 Brine (8%) was prepared by boiling about 5 liters of tap water, then cooled to about 40ºC. 
After adding the vinegar, sugar and garlic, the solution was divided into five equal parts and the salts 
were dissolved by the following ratio: 

1- 8 % sodium chloride. 
2- 4 % sodium chloride + 4 % potassium chloride. 
3- 2 % sodium chloride + 2 % magnesium chloride + 4 % potassium chloride. 
4- 2 % sodium chloride + 2 % calcium chloride + 4 % potassium chloride. 
5- 2 % magnesium chloride + 2 % calcium chloride + 4 % potassium chloride. 

The above five solutions were halved and distribution on ten sterilized jars, five for cucumbers 
and the others for carrots. Cucumbers in a similar sizes were used as its while carrots were cut into 
spiral sliced, then brined at a ratio of 1:2 fruits : brine (W/V). The jars were tightly closed and storage 
in the dark at ambient temperature for 30 days.  

  
Sensory evaluation: 
 

The samples were sensory evaluated according to Bansal and Rani, (2014) with some 
modification. This was carried out for appearance, color, flavor, texture and taste based on 20 points 
for each. The means value of these sensory properties were evaluated as percentage of overall 
acceptability by a taste panel comprising of 10 staff members at the department of Special Food 
&Nutrition Food Technology Research Institute , Agriculture Research Center, Giza, Egypt.  

 
Microbial count: 
  

The total count of bacteria, moulds  and yeast of pickles were examined  according to the 
American Public Health Assoc, (A P H A, 1992). 

 
Texture Analysis: 
 

Maximum force (N) was determined according to method of Bourne, (2003) by a universal 
testing machine (Qc Tech, Co., Ltd.) provided with software. An aluminum 25 mm diameter 
cylindrical probe was used. The maximum force reading are expressed as Newtons (N). 
  
Chemical analysis: 
 
1- Ash and pH were determined according to AOAC, (2000).  
2- ß-carotene was determined by HPLC methods according to, (Kimura et al., 2007).  
3- Mineral concentration were determined by atomic absorption (Thermo-Tarrell, Ash, Smith-Hieftje)  
in their digested solutions according to AOAC, (2000).  
 
Statistical analysis:  
 

Values of different parameters were expressed as the means with last significant difference 
(LSD) at the level of P< 0.05 applied to data to establish significant differences between the samples 
(Duncan, 1955). 

        
Results and Discussion 

 
All the following data belonging to four treatments only after exclusion T5 ( 2% magnesium 

chloride + 2 % calcium chloride + 4 % potassium chloride) which didn't obtain any scours by 
panelists due to unacceptability.  

The results of sensory evaluation for the low sodium pickles are shown in Table (1). The 
present data show insignificant change between T1(8 % sodium chloride) and T2 (4 % sodium 
chloride + 4 % potassium chloride) in all parameters for both cucumber and carrot. This means that, 
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substitution of 50 % NaCl by KCl had no significant effect on sensory properties of pickles. These 
results are compatible with those of  Bansal and Rani, (2014 )  in lemon pickle.  

Also T3 (2% sodium chloride + 2 % magnesium chloride + 4 % potassium chloride) and T4 (2 
% sodium chloride + 2 % calcium chloride + 4 % potassium chloride) showed no significant different 
in appearance and color for cucumber, while showed significant decrease in  the taste for both 
cucumber and carrot compared to T1. The highest decrease was showed in T4  which recorded 13.40 
and 13.90 for cucumber and carrot respectively. This means that it can be reduced NaCl to 2% in 
pickles brine and can be used 2% of MgCl2 or CaCl2,  as well as 4% of KCl but MgCl2 is prefer where 
gave a high score in the taste than CaCl2. Although the overall acceptability of  all treatments was 
found in the acceptable scores limit where ranged from 80.65- 93.65 .   

 
Table 1: Sensory evaluation for the treatments of pickles based on twenty points for each parameter (Mean ± 

SE).  

Means in the same column followed by the same letter are not significantly different from each other at p<0.05 

The data in Table (2) show the microbial count of the pickle treatments after preparation and 
storage for 30 days at room temperature . The data refer to the total count of bacteria and yeasts 
increased in T2 and T3 while in T4  returned to decrease compared to T1 for both cucumber and 
carrot . Moulds were not detected through storage period. T4 which contain (2 % sodium chloride + 2 
% calcium chloride + 4 % potassium chloride)  seams the best microbiology where showed the lesser 
in total count bacteria and yeasts (3×105 & 3×105) and (3×105 & 2×105) cfu/mL for cucumber and 
carrot sodium substituted pickles respectively. 

These results are compatible with those of (Mateus et al., 2016), who reported that, a decrease 
of the enterobacteria population was observed in the fermentation samples which was greater and 
faster in brines containing potassium and calcium. The partial replacement of sodium with potassium 
and/or calcium chloride in the fermentation brines resulted in successful natural fermentative 
processes and in final products with excellent microbiological quality that fulfilled the 
microbiological criteria of food hygiene and safety. The presence of different chlorides in the brines 
allowed for the development of the expected acidity and pH levels and increased the rate of 
disappearance of Gram negative enterobacteria. 
 
Table 2: The total microbial counts of cucumber and carrot pickles stored at room temperature for 30 days 

(CFU/ml). 
Carrot Cucumber 

Treatments 
Moulds Yeasts Bacteria Moulds Yeasts Bacteria 

ND 3x105 2x105 ND 5x105 4x105 T1 
ND 4x105 3x105 ND 6x105 5x105 T2 
ND 6x105 7x105 ND 7x105 8x105 T3 
ND 2x105 3x105 ND 3x105 3x105 T4 

 

The pH values of pickle treatments are shown in Table (3). Acidity in pickles resulting from two 
ways: adding acetic acid (vinegar) or from converting the sugar, carbohydrate and other nutrients 

Treatments 
Appearance Color Flavor Texture Taste Overall acceptability 

Cucumber 

T1 18.7±0.26a 18.7±0.21a 18.55±0.24a 18.7±0.21a 18.6±0.27a 93.25±0.92a 

T2 18.4±0.34a 18.0±0.36a 17.65±0.21a 18.60±0.37a 17.95±0.37ab 90.60±1.39ab 

T3 17.8±0.46a 17.3±0.70a 16.35±0.66b 17.15±0.79ab 15.95±0.67b 84.55±2.87bc 

T4 17.9±0.55a 17.0±0.94a 15.85±0.50b 16.50±0.98b 13.40±1.17c 80.65±3.56c 

LSD 1.20 1.79 1.28 1.91 2.05 6.99 
Carrot 

T1 19.0±0.26a 18.60±0.56a 18.45±0.19a 19.0±0.21a 18.60±0.52a 93.65±1.55a 

T2 18.4±0.34ab 17.80±0.61ab 17.55±0.49ab 17.85±0.59ab 17.55±0.56ab 89.15±2.27ab 

T3 17.60±0.49b 17.1±0.66ab 16.75±0.37bc 17.75±0.57ab 16.35±0.63b 85.55±2.32bc 

T4 17.80±0.49b 16.60±0.77b 16.05±0.55c 17.05±0.73b 13.90±1.01c 81.40±2.93c 

LSD 1.17 1.88 1.22 1.61 2.04 6.66 
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(which drowning out by the salts) to lactic acid by the microorganisms. This acidic condition inhibits 
the growth of pathogens and other non acidic tolerant micro organisms especially aerobic spoilage 
microorganisms. Thus, the vegetable pickles will have a longer shelf life, translucent appearance, firm 
texture and pickle flavour, (Sayin and Alkan, 2015).  

The data in Table (3) refer to the decreasing in pH (increasing in acidity)  was showed in T2 for 
carrot (4.25) and in T3 for cucumber (4.08) after 30 days of storage. Bansal and Rani, (2014) found 
that increasing in acidity was more clear in high potassium pickle after 60 days of storage and this is 
due to the activity of microbial population. 

 
Table 3: pH values in the brine of pickles treatments after 30 days of storage. 

Treatments Cucumber Carrot 

T1 4.12 4.58 

T2 4.25 4.25 

T3 4.08 4.84 

T4 4.14 4.95 

  

Some pickles such as cucumber under commercial conditions can exposed to softening during 
storage due to pectinolytic enzymes. Using of firming agents such as calcium hydroxide or calcium 
chloride provide calcium which combine with natural pectin in vegetables and fruits to form calcium 
pectate giving the pickles a firmer texture, (Ingham, 2002). The data in Table (4) show the firmness 
retention or texture degradation of cucumber and carrot after pickling in different brines. From these 
data it could be noticed that the maximum forces were increased in T2, T3 and T4 compared to T1( 
8%NaCl) in both cucumber and carrot. The highest increased was found in T4 (2% NaCl+ 2% CaCl2 
+ 4% KCl) which increased  by 21.56%. in carrot and 4.28 % in cucumbers.  

Some studies indicated that calcium chloride (0.2–0.4%) and other calcium salts may inhibit the 
action of softening enzymes. Calcium chloride is now being added to commercial cucumber brines. 
The extent of protection against enzymatic softening offered by calcium has not been fully evaluated, 
although it has been reported that elevated calcium in fermentation brines greatly helping in 
maintaining product crispness, (Perez-Dıaz  et al., 2013) .   
 
Table 4: Maximum force (N) for treatments of cucumber and carrot pickles.  

Treatments Cucumber Carrot 
T1 6.53 12.38 
T2 6.78 13.46 
T3 6.74 14.90 
T4 6.81 15.05 

 

The data in Table (5) show the ash and some minerals content in the cucumber and carrot 
pickles after 30 days of storage at room temperature. From these data it could be noticed that,  levels 
of sodium, potassium ,magnesium and calcium in the prepared brine were reflected on concentration 
of these minerals in pickle products. Sodium showed the highest level in T1 (2671.56 and2107.39)  
mg/100g for cucumber and carrot, T3 showed the highest level in potassium and magnesium (7857.55 
and 8269.03 ) &( 80.56  and 67.7  ) mg/100g for cucumber and carrot, while calcium showed the 
highest level in T4 (2.76 and   )3.03 mg/100g for cucumber and carrot respectively.   

On the other hand T1 and T3 showed the highest levels of iron and zinc (2.96 and 0.27) and 
(2.33 and 0.69) mg/100g for cucumber and carrot respectively. T2 and T3 showed the highest level of 
manganese (0.12 and 0.13), while T3 showed the highest level of copper (0.92 and 0.144) mg/100g 
for cucumber and carrot respectively. 

One of the basic objective of this study is to obtain a final product of pickle balanced in its 
content of minerals especially in Na, K, Mg and Ca which confirm its role in blood pressure. 
Magnesium status has a direct effect upon the relaxation capability of vascular smooth muscle cells 
and the regulation of the cellular placement of other cations important to blood pressure - cellular 
sodium : potassium ratio and intracellular calcium, (Rosanoff, 2005).  
The data in Table (5) inducted that, T2, T3 and T4 showed higher concentration of potassium for 
sodium contrary T1 which showed higher concentration of sodium for potassium in both cucumber 
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and carrot. The key factor for blood pressure regulation is to kidney’s ability to excrete or conserve 
sodium. Reduced blood pressure is linked to increased potassium intakes which may be due to 
potassium’s ability to increase sodium excretion and the vasoactive effects of potassium on blood 
vessels, (EUFIC, 2006).   

Combinations of magnesium and potassium with low-sodium intakes are more effective in 
reducing blood pressure. To maximize blood pressure reduction it is recommended by 100 mg of 
magnesium combined with 4.7 g of potassium and less than 1.5 g of sodium per day. Magnesium 
causes a vascular smooth muscle cells, increases nitric oxide, causes vasodilatation, and reduces blood 
pressure, (Houston, 2011). 
   
Table 5: Ash (%) and some minerals content (mg/100g) in the pickle treatments   

Ingredient 
Cucumber Carrot 

1T 2T 3T 4T T1 T2 T3 T4 

Ash 5.69 5.02 .554  5.25 5.39 5.26 5.49 5.52 

Na 2671.56 1456.93 715.36 751.69 2107.39 914.03 871.60 668.11 

K 603.16 4794.80 7857.55 5122.83 662.21 7600.09 8269.03 6535.40 

Mg 57.40 46.83 80.56 40.80 38.06 66.22 67.75 45.23 

Ca 1.94 1.89 2.35 2.76 1.71 2.02 1.73 3.03 

Fe 2.96 1.24 1.61 1.34 1.26 1.73 2.33 1.52 

Zn 0.27 0.17 0.23 0.18 0.20 0.20 0.69 0.17 

Mn 0.064 0.12 0.12 0.097 0.11 0.076 0.13 0.056 

Cu 0.058 0.21 0.92 0.041 0.075 0.029 0.144 0.035 

 

Pickling is one of the oldest traditional preservation methods of food by fermentation. pickling  
and the other preservation methods may be affected on the nutritional value of the food substance. 
The data in Table (6) show the β-carotene content in cucumber and carrot after pickling in brine with 
different concentration of salts. It could be observed that in case of cucumber T1 showed the less 
content of β-carotene (3.63 mg/100g) and T4 showed the highest content (4.78) while in case of carrot 
T3 showed the less content of β-carotene (4.11) and T4 showed the highest content (5.99) compared 
to (4.16) and (5.46)  mg/100g  for fresh cucumber and carrot respectively. 
 
Table 6: β-carotene content in fresh and pickle treatments (mg/100g). 

Treatments Cucumbers Carrots 
Fresh samples 4.16 5.46 

T1 3.63 4.33 
T2 3.88 5.94 
T3 4.51 4.11 
T4 4.78 5.99 

 
There is a variation of opinion in the effect of pickling on carotenoids and other antioxidant,  

Some authors report a decrease in the carotenoid concentration after processing while others report an 
increase in the content of these compounds. Guerra-vargas, et al. (2001) reported that there was a 
negative effect of the sodium chloride on the carotenoid retention while the acetic acid had no 
influence on the retention of the carotenoids. And refer that to the salt, in some form, could help to 
dissociate the carotenoid protein complexes and that the released carotenoid migrated 
into the brine.  

On the other hand (Sayin and Alkan, 2015) reported that pickling has an improving effect on 
the levels of bioactive components and antioxidant capacities of vegetables and pickling process is 
relatively a good method for the preservation of phenolic acids in vegetables, and most of the 
antioxidant capacities remained after 30 days of fermentation.  

The effects of lactic fermentation on the levels of β-carotene in selected orange fleshed sweet 
potato was studied by (Oloo, et al. 2014), and he found that the products with brine levels at 4 and 6% 
were most preferred, where the retention of β-carotene was 93.97% after 28 days.  
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 Also (Szilard, et al. 2008), mentioned that, during the fermentation, 15–45% of carotenoids (α-
carotene and β-carotene) degraded depending up on the strain of the lactic acid bacteria used. 
 
Conclusion and Recommendation 

 
Pickling beside is a preservative method for vegetables and fruits it is consider a food likable 

for many people around the world and in Egypt. But the high concentration of salt is limiting the 
consumption. Pickling technology can be development and employment for the production of a 
function product for hypertensive patients. Based on the preview studies and our present results it 
could be concluded that potassium chloride can be replacement of sodium chloride by 50%. Also it 
could be reduced the percentage of sodium chloride to 25% by using magnesium or calcium chloride 
with good sensory evaluation and microbial results. More studies are needed with reducing the 
disparities between doses of salts to get into the best taste with maintaining the balance between salts. 
Also it must be emphasized that a high intake of potassium, magnesium, and possibly calcium and 
reduced intake of sodium are important for the prevention of hypertension and major public health 
problems such as cardiovascular disease and stroke. 
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