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ABSTRACT: Milk and dairy products are avowed as rich source of dietary minerals. Globally, the popularity of ice 

cream is increasing due to its nutritional benefits and appealing tastes. Therefore, the main objectives of this study 

were: (a) to determine the concentration of macro-elements (K, Na, Mg, Ca, and P) in commercially available ice 

cream in Bangladesh; (b) to point out their contribution to our daily diet formulation. Based on the popularity, and 

availability, seven leading brands were selected and five samples from each brand were randomly purchased 

irrespective of their types, flavour, taste, and price. The concentration of macro-minerals were quantified using 

Inductively Coupled Optical Emission Spectrophotometer (ICP-OES) and UV-Vis Spectrophotometer. The average 

concentration (fresh weight) of studied elements had shown a descending order of Ca (1529.41278.88) > K 

(1363.69198.68) > P (1187.76231.23) > Na (569.79141.14) > Mg (194.9068.59) mg kg-1. Pearson’s correlation 

matrix among the different metals revealed a significant correlation between K-Na (r = 0.418) and K-Mg (r = 0.408) at 

p < 0.05 levels. The average estimated daily intake (EDI) of K, Na, Mg, Ca, and P were found 40.97, 17.12, 5.85, 

45.94, and 35.68 mg day-1, respectively, which indicated none of the studied samples exceeded the recommended 

daily allowance (RDA). The consumption of ice cream (30.04 g day-1) showed 0.87-7.34% contributions of macro-

elements to our daily diet. The present study concludes that ice cream could be considered as a possible source of 

essential minerals (especially Ca, and P). However, to assure the food quality and to create a balanced diet, regular 

monitoring of milk and dairy products is strongly recommended.  

 

                            INTRODUCTION 

Milk and dairy products are good sources of vitamins, 

proteins, dietary minerals and essential components of a 

balanced diet [13]. Ice cream is one of the most popular 

frozen dairy products, which is consumed by all age 

groups especially children during the summer season [4]. 

Globally, the popularity of ice cream is increasing due to 

its potential nutritional benefits and appealing taste. 

Studies showed that the major consumer countries are 

New Zealand, the United States, Australia, Canada, 

Belgium, Finland, and Sweden [5]. In 2013, New 

Zealand took the top spot of ice cream consumers with 

28.4 L.capita-1 per year. While the United States was at 

second position with 20.8 L.capita-1 of ice cream per 

annum. Australia came in third place of ice cream eating 

with 18 L.capita-1 [6]. In Bangladesh, the ice cream 

industry contributes around BDT 6.5 billion, among 

them 85% constitutes is the branded ice cream producer 

and the remaining is the artisanal maker [7]. 

Generally, ice cream is made by suitable blending and 

processing of cream or other milk products, together with 
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sugar, eggs, nuts, chocolates, cocoa, fruits, flavor, 

additives, etc. [5, 8]. Furthermore, a very small amount 

(0.5% by weight) of emulsifiers and stabilizers may be 

added during the processing of ice cream [8]. To get the 

desired appearance, texture, consistency, and taste of the 

final product various kinds of raw materials are used [5].  

Some minerals especially Ca, Mg, Na, K, and P play 

pivotal roles in metabolic processes, maintaining blood 

sugar levels, and enhancing weight gain [9]. Besides, Ca 

and P are necessary for bone growth and proper 

development of newborns [10, 11]. In the human body, 

mineral components account for four percent of total 

body mass. Several studies reported that these minerals 

have biochemical, structural, and nutritional functions, 

which are very important for both mental and physical 

health. Moreover, they act as catalysts that accelerate 

numerous biological reactions in the body, for instance, 

the transmission of nerve impulses, muscle contraction, 

and the utilization of nutrients from food [12, 13].  

On the other hand, extreme ingestion of these elements 

may arise several health implications like kidney 

dysfunction, high blood pressure, stroke, hypertension, 

and cardiovascular disease [14, 15]. To date, there are 

limited data available regarding the mineral profiles of 

ice cream and the people of Bangladesh consume ice 

cream without knowing their nutritional benefits. To 

assure the food quality and to evaluate the nutritional 

value of ice cream, this research was carried out. 

Therefore, the prime objectives of this research were to 

determine the concentration of major minerals (Ca, Mg, 

Na, K, and P) in commercially available ice cream in the 

Bangladeshi market and to point out their contribution to 

our daily diet.  

MATERIALS AND METHODS 

Sample collection, preparation, and analysis 

In the Khulna city of Bangladesh, several ice cream 

manufacturers supply different types of ice cream (cup, 

cone, chalk bar, lolly, etc.). Based on the popularity, and 

availability seven leading ice cream brands were 

selected. For homogenous sampling, an equal number of 

ice cream samples (n=5 from each brand) were randomly 

collected from the local markets irrespective of their 

types, flavour, taste, and price, during 2019. To keep the 

brand’s identity anonymous the samples were labeled 

from A to G. The collected samples were transported 

using an icebox and transferred into a refrigerator at 20 

°C. On the day of sample preparation, the plain ice cream 

samples were softened at room temperature and mixed 

thoroughly by stirring with a spoon [16]. In the case of 

ice cream, where the chocolate or similar covering 

portion forms a separate layer, that part was removed and 

the remaining portion was taken for analysis. For fruit 

and nut containing ice cream, the samples were 

homogenized with a commercial blender to get uniform 

and fine particles [16].  

Approximately, 1.0~2.0 g of the ice cream sample was 

digested with a freshly prepared di-acid mixture HNO3: 

H2O2 at 6:1 ratio (Merck, Darmstadt, Germany) on a hot 

plate at 90C until a transparent solution was obtained 

[17]. After digestion, the samples were diluted up to 25 

mL with a sufficient amount of deionized water and the 

diluted solution was filtered through filter paper 

(Whatmann 42) to avoid solid impurities. ICP-OES 

(SPRECTRO GENESIS, Kleve, Germany) was used to 

determine the concentration of Na, K, Mg, and Ca. The 

operating and working conditions of ICPOES were as 

follows: Plasma Power 1400W; Pump speed 30 rpm; 

Auxiliary flow 0.80 L min-1; Coolant flow 13 L min-1; 

Nebulizer flow 0.80 L min-1; Nebulizer pressure 3.12 bar 

(2.04.0), Main argon pressure 7.3 bar (6.08.0), Plasma 

torch Quartz, fixed 1.8 mm injector tube; Career gas 

Argon; Replicates 3 times; Sample uptake delay 45 sec; 

Sample uptake rate 1 mL min-1, Rinse time 10 sec; 

Wavelengths K (766.490), Na (588.995), Mg (285.213), 

and Ca (315.887) nm. The concentration of phosphorus 

(P) in ice cream samples was quantified colorimetrically 

according to the chlorostannous - reduced 

molybdophosphoric blue color method [10, 18]. Briefly, 

1.0 g homogenized ice cream sample and 4 mL 

sulphomolybdic acid was taken in a 50 mL volumetric 

flask followed by the addition of 4-6 drops of stannous 

chloride (SnCl2.2H2O) solution (Loba Chemie, India). 

The color intensity was measured at 660 nm using a UV-

Visible Spectrophotometer (UVD-3200, LABOMED 

INC. USA) within 10 to 15 minutes after the addition of 

SnCl2.2H2O solution. 
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Estimated daily intakes (EDI)  

The EDI values (mg day-1) of studied minerals through 

the consumption of the ice cream were calculated by the 

following equation [19]: 

EDI= C  ADI  10-3 

Where, C is the mean concentration of an element on a 

fresh weight basis (mg kg-1), and ADI is the average 

daily intake, which was considered as 30.04 g day-1 

(fresh weight) for milk products from the reported data 

of household income and expenditure survey 2016 [20]. 

Contribution to recommended dietary allowance 

(%RDA) 

To assess the contribution of dietary elements through 

ice cream consumption, the RDA for children, men, and 

women were drawn from the report of the Institute of 

Medicine (US) Panel on Micronutrients [21]. The 

percentage of contribution to RDA was calculated as 

follows [19]: 

     
   

   
 

Statistical analysis 

Pearson’s correlation was evaluated using SPSS software 

(version 26) to establish the strength of the interaction 

between the analyzed dietary minerals of ice creams. The 

level of significance was considered as p < 0.05. 

RESULTS AND DISCUSSION 

In this study, the concentrations of essential elements for 

all ice cream samples were estimated on a fresh weight 

basis and are shown in Table 1. The mean values of 

studied elements in thirty-five samples were found K 

(1363.69198.68), Na (569.79141.14), Mg 

(194.9068.59), Ca (1529.41278.88) and P 

(1187.76231.23) mg.kg-1. In addition, the range of K, 

Na, Mg, Ca, and P in all studied samples were (940.35-

1751.32), (248.19-887.81), (88.67-371.87), (1016.39-

2147.62) and (748.93-1786.90) mg kg-1, respectively. 

The decreasing trends of the concentration of K, Na, Ca, 

Mg and P among the different brands were A > B > F > 

C > D > G > E, A > D > B > C > G > F > E, D > E > B > 

C > A > G > F, F > A > C > E > D > B > G and E > D > 

B > C > A > F > G, respectively. 

Table 1. Concentrations of nutrients (mg.kg
-1

 fresh weight) in ice cream samples collected from the local markets of Khulna, Bangladesh 

Brands K Na Mg Ca P 

A 1528.22 702.32 186.66 1658.78 1137.16 

 1363.37-1676.91 567.95-826.73 103.53-284.79 1484.32-1861.59 979.36-1237.39 

B 1457.92 618.09 202.52 1404.47 1207.85 

 940.35-1751.32 384.19-727.37 98.43-371.87 1039.59-1618.77 1089.32-1362.74 

C 1371.97 568.35 191.51 1575.14 1196.61 

 1227.68-1539.85 412.83-701.42 121.39-275.25 1147.79-2043.47 905.49-1679.23 

D 1343.19 673.25 226.41 1478.75 1335.94 

 1089.47-1573.23 477.89-887.81 88.67-316.33 1223.95-1741.38 1006.16-1786.90 

E 1172.56 453.80 215.43 1514.82 1383.11 

 1021.13-1339.42 329.62-598.26 144.59-286.48 1045.74-1816.64 1107.49-1597.44 

F 1415.36 495.93 164.03 1677.26 1066.34 

 1299.47-1654.87 248.19-637.90 122.53-269.36 1116.46-2147.62 849.68-1293.46 

G 1258.12 523.59 177.90 1396.67 987.31 

 1108.73-1497.89 436.63-614.16 129.36-237.45 1016.39-1857.72 748.93-1197.85 

Mean 1363.96±198.68 569.79±141.14 194.90±68.59 1529.41±278.88 1187.76±231.23 

Range 940.35-1751.32 248.19-887.81 88.67-371.87 1016.39-2147.62 748.93-1786.90 
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Sodium (Na) is considered the principal cation of 

extracellular fluids, which plays an essential role in nerve 

transmission, muscle contraction, and cellular 

homeostasis. Besides, Na regulates the enzyme activity, 

modulates the distribution of body water, blood pressure, 

and electrolytic balance [8, 21]. An adult body (70 kg) 

contains a total of 100 g of Na. Based on physiological 

conditions; an adult needs to consume 4–5 g day-1 of Na 

[9, 21]. A higher amount of Na intake is responsible for 

hypertension, high blood pressure, stroke, and 

cardiovascular disease [23]. On the other hand, 

deficiency of Na may cause excess sweating, diarrhea, 

kidney dysfunction, and renal failure [23]. The ICP–OES 

determination of Na was ranged between 248.19 (in 

brand F) and 887.81 (in brand D) mg kg-1. The mean 

concentration (569.79±141.14 mg kg-1) was similar to the 

reported value of Na in ice cream samples 537.38±6.37 

mg kg-1 [22], 581.30±37.92 mg kg-1 [10]. Whereas it was 

lower than the reported value of 690 mg kg-1 [13] (Table 

2) and RDA (1200 mg day-1 for children and 1500 mg 

day-1 for adults) [21]. 

 

Table 2. Comparison of mean concentration (mg kg
-1

) of studied elements in all ice cream samples with similar studies 

K Na Mg Ca P Ref. 

1280.56±14.30 581.30± 37.92 267.35±42.09 1803.6±200.40 1673.99±59.17 [10] 

1600 690 130 1300 1100 [13] 

1669.56±21.2 537.68±6.37 159.31±1.39 1844.36±12.72 1100.86±0.01 

 

 

[22] 

1363.96±198.68 569.79±141.14 194.90±68.59 1529.41±278.88 1187.76±231.23 Present study 

 

Unlike Sodium, Potassium (K) is mainly intracellular and 

the amount of K in an adult body is 140–170 g [9]. The 

majority of K is found in the cells of the liver, kidneys, 

bone, muscle tissue, and red blood cell. K involves in 

several biological functions like neurotransmission, 

regulation of blood pressure, muscle contraction, and 

activation of enzymes [9]. Depending on the 

physiological state, the requirement of K for an adult 

varies 3–6 g day-1. A normal diet provides 2–6 g day-1 of 

K and dairy products are excellent sources of this 

element [9]. However, a low concentration of K in the 

blood may arise symptoms like weakness, mental stress, 

and, if extreme, heart failure may result. Subsequently, 

an excessive level of K may be harmful if the kidneys are 

not functioning properly [23]. In this study, the 

concentration of K in ice cream samples was analyzed 

and the range was found between 940.35 (in brand B) 

and 1751.32 (in brand B) mg kg-1. The average 

concentration of K (1363.96±198.68 mg kg-1) was much 

lower than the reported value of 1669.56±21.2 mg kg-1 

[22], 1600 mg kg-1 [13] (Table 2) and RDA (3800 and 

4700 mg day-1 for children and adults) [21]. Contrarily, 

the mean concentration was higher than the previously 

published value of K (1280.56±14.30 mg kg-1) [10].  

In the human body, Calcium (Ca) is the most abundant 

mineral and important for teeth and bone health [9]. 

Furthermore, it contributes to blood clotting, cell 

signaling, blood pressure, fertility, cell proliferation, 

muscle contraction, hormone secretion, heartbeats, and 

nervous system function [9, 24]. The major portion of the 

Ca (about 99%) is found in the bone tissues of human 

organisms. A significant deficiency of Ca increases the 

susceptibility to bone fracture, which results in 

osteoporosis [9]. Without consuming milk and dairy 

products it is difficult to prevent these deficiencies. 

Based on the obtained results, the concentration of Ca 

was ranged between 1016.39 and 2147.62 mg kg-1, and 

the mean concentration (1529.41±278.88 mg.kg-1) was 

lower than the reported value of 1844.36±12.72 mg kg-1 

[22] and 1803.6±200.4 mg kg-1 [10]. On the other hand, 

the previously reported value of Ca (1300 mg kg-1) [13] 

was comparatively lower than the mean concentration of 

the present study (Table 2). However, none of the studied 

samples exceeded the RDA of Ca (1000 mg day-1 for 

children, men, and women) [21].  

Magnesium (Mg) is the fourth most abundant element in 

the body after Na, K, and Ca and the second most 

important intracellular cation. Generally, the body of a 

70 kg adult contains 15–20 g of Mg, which is required 

for the proper growth and development of bones [11]. 

Also, Mg is important to maintain heart rhythm, preserve 

nerve function, muscle contraction, promote the immune 
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system, hormone secretion, and protein formation, 

regulate blood pressure, regulate blood sugar, and be 

involved in energy production [24, 25]. Therefore, Mg is 

taken as dietary supplements to prevent Mg deficiency 

and dairy products can be considered as a potential 

source of Mg. Deficiency is rare but an extreme scarcity 

of Mg may cause neuromuscular dysfunction, muscle 

weakness, and mild hypomagnesemia [23]. Contrarily, 

regular intake of high dose supplements can result in 

diarrhea [25]. In this study, the lowest and highest 

concentration of Mg was observed at 88.67 (in brand D) 

and 371.87 mg kg-1 (in brand B). The mean 

concentration (194.90±68.59 mg kg-1) was slightly 

higher than the reported value of 159.38±1.39 mg kg-1 

[22] and 130 mg kg-1 [13]. On the other hand, this value 

was comparatively lower than the previously published 

value of 267.35±42.09 mg kg-1 [10] (Table 2) and the 

RDA of Mg (130, 400, and 310 mg.day-1 for children, 

men, and women, respectively) [21].  

Phosphorus (P) is another major element, which triggers 

many vital biological functions in the human body. It 

occurs both as inorganic and organic phosphate in body 

fluids and tissues and is the prime component of many 

biological compounds such as carbohydrates, lipids, 

nucleic acids, and proteins [13, 14]. As calcium 

phosphate, P is the most important structural element of 

bones and teeth. However, excessive or extreme intake of 

this mineral may reduce the Ca level and pose negative 

effects on bones [13, 26]. In this research, the minimum 

and maximum P content was observed 948.93 (in brand 

G) and 1786.90 (in brand D) mg kg-1. The mean 

concentration of P (1187.76±231.23 mg kg-1) was almost 

similar to the reported value of 1100 mg kg-1 [13] and 

1100.86±0.01 mg kg-1 [22]. Contrariwise, the average 

concentration of P was much lower than the reported 

value of P (1673.99±59.17 mg kg-1) [10] (Table 2). 

However, the estimated daily intake of P through the 

consumption of ice cream was calculated at 35.68 mg 

day-1, which was much lower than the RDA of P (500 

and 700 mg.day-1 for children and adults) [21]. 

Correlation matrix analysis 

To identify the common sources of elements, Pearson's 

correlation matrices among the K, Na, Mg, Ca, and P in 

ice cream samples were analyzed (Table 3). This study 

revealed that Na had a significantly (at 0.05 level) 

positive correlation with K and Mg, suggesting a 

common source of elements. On the other hand, no 

significant positive correlation was found among the 

KMg, KCa, KP, NaCa, NaP, MgCa, MgP, and 

CaP, therefore, the abundant sources are different for 

these elements. 

Table 3. Correlation coefficient matrix of essential elements in ice cream collected from Khulna, Bangladesh. 

Elements K Na Mg Ca P 

K 1.00 

    
Na .418* 1 

   
Mg .408* 0.272 1 

  
Ca 0.317 0.166 0.277 1 

 
P -0.079 -0.09 0.176 0.12 1 

                                      * Correlation is significant at the 0.05 level (2-tailed). 
 

Dietary intakes of minerals 

RDA can be defined as the amount of element, which 

needs to consume on daily basis to maintain a normal 

physiological state. The deficiency of these elements can 

be fulfilled by the consumption of different types of 

nutrient-rich foods in the diet [19]. The mean EDI of 

essential minerals due to consumption of ice cream and 

their (%) contribution to RDA for children (48 years), 

men, and women (1930 years) are shown in Table 4. In 

this study, the average EDI of K, Na, Mg, Ca, and P were 

found 40.97, 17.12, 5.85, 45.94, and 35.68 mg day-1, 

respectively, which were insufficient with compared to 

RDA for both children and adults (Table 4). 
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Table 4. Mean EDI (mg day
-1

) values and contribution (%) to RDA values of dietary minerals for children (4-8 years), men, and women (19-30 

years) [21] through the daily intake of 30.04 g ice cream 

Elements EDI 

Children Men Women 

RDA %RDA RDA %RDA RDA %RDA 

K 40.97 3800 1.08 4700 0.87 4700 0.87 

Na 17.12 1200 1.43 1500 1.14 1500 1.14 

Mg 5.85 130 4.50 400 1.46 310 1.89 

Ca 45.94 1000 4.59 1000 4.59 1000 4.59 

P 35.68 500 7.34 700 5.24 700 5.24 

 

The average percentage of contributions (%RDA) of K, 

Na, Mg, Ca and P ranged from 0.871.08, 1.141.43, 

1.894.50, 4.59, and 5.247.34%, respectively among 

the studied ice cream samples. From the nutritional point 

of view, K has a low percentage of contribution to RDA, 

whereas P contributes the highest percentage to RDA. 

However, a diet enriched in Na with a high Na/K ratio 

causes health implications [19]. In this study, the mean 

concentration of Na was significantly lower in 

comparison to K in the examined ice cream samples and 

the Na/K ratio varied between 0.35 and 0.5, which was 

apprised to be favorable. The EDI and %RDA analyses 

revealed that the consumption of ice cream (30.04 g.day-

1) could have a significant contribution to our daily diet. 

CONCLUSIONS 

The present study highlights valuable information 

regarding the concentrations of macro-minerals present 

in ice cream samples. Besides, this study points out their 

contribution to our daily diet. The decreasing sequence 

of the average concentration of minerals among all 

brands was Ca > K > P > Na > Mg. Pearson’s correlation 

matrix among the different metals revealed a significant 

correlation between KNa and KMg at p < 0.05 levels. 

The EDI and %RDA analyses revealed that Ca, and P 

have a significant contribution and ice cream could be a 

possible source of nutritional supplement to our daily 

diet.  
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