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ABSTRACT 

The levels of chloride and bromide in some Nigerian staple foods, cereals and fruits were 

determined titrimetrically. Chloride concentration ranged from 4.97 mg/g in pineapple to 17.40 

mg/g in plantain. Bromide varied between 2.56mg/g in cassava to 9.59 mg/g in pawpaw. 

Generally, levels of chloride were higher than bromide in the samples studied. The chloride level 

in the samples was found to be in the order: plantain > pawpaw > yam > rice > millet > maize > 

cassava > pineapple, while the bromide content was in the order: pawpaw > rice > millet > maize 

> plantain > yam > pineapple > cocoa > cassava. The moisture content was highest in fruits 

(44.27 - 79.08 %) and lowest in cereals (7.37 - 9.25%).  

 

Keywords: Bromide, chloride, cereals, fruits, titration 

 

SUMMARY 

Aim/Background: This research is aimed at ascertaining the levels of bromide and chloride in 

some common Nigerian foodstuffs since the quantities of these two ions in the human body is 

highly dependent on how much is present in the food consumed. As with other elements, optimal 
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level of bromide and chloride is ideal as both excess or deficiency have some serious health 

implications. 

Methods: The moisture content was determined by using an oven set at 1000C for 4 hours. 

Bromide was determined by titrating a complex mixture of the sample with 0.032M sodium 

thiosulphate solution , using starch indicator. Finally, the chloride was quantified by titrating 

10mL of  a 1% solution of the digested sample with 0.014M of silver nitrate solution using 

potassium chromate as indicator. 

Results: The moisture content was highest in fruits (44.27 - 79.08 %) and lowest in cereals (7.37 

- 9.25%).The chloride level in the sample was found to be in the order: plantain > pawpaw > 

yam > rice > millet > maize > cassava > pineapple, while the bromide content was found to be in 

the order: pawpaw > rice > millet > maize > plantain > yam > pineapple > cocoa > cassava.  

Conclusion: The results confirmed that chlorine is usually found in higher concentrations than 

bromine in plants. Also, all the foodstuffs analyzed can be consumed freely with a few 

exceptions.  

 

 

1.0 INTRODUCTION 

Food provides the materials for building and repairs of the body (Harthorn 1967). Chlorine is an 

essential mineral in food materials, with the special function of forming the hydrochloric acid 

(HCl) present in gastric juice. This acid is necessary for proper absorption of vitamin B12 and 

Iron for the activation of enzymes that break down starch, and for suppressing the growth of 

microorganisms that enter the stomach with food and drink. The body contains approximately 
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100g of chlorine, which represents 0.15% of the weight of an average person. The level of 

chlorine in the blood is higher than that of any other mineral (Ensminger et al., 1993). 

Chlorine in the form of chloride ion plays a major role in the regulation of osmotic pressure, 

water balance and acid/base balance. The chloride ion is also required for the production of HCl 

by the stomach. Chlorine is available to plant as the chloride ion (Cl-) and it is a major 

component of potash fertilizer (0.0.60). Potash fertilizer of muriate of potash, is purely KCl and 

it contains 60% K. Actual plant requirement for chlorine is very low and adequate levels of 

chlorine to meet plant needs are believed to be present in most soils (Finch et al., 2014). 

Accumulation of chlorine in leaves and fruits are associated with high levels of nitrate in these 

tissues. The amount of nitrate in the non-metabolic portion of leaves and fruits is significantly 

increased in the presence of chloride.  

However, excessive levels of chlorine in a plant can cause salt burn, leading to retarded growth 

and eventual death of the plant (Menary and Allan 2004). Therefore, the excess or lack of 

chloride in plants will, to a great extent affect the availability or otherwise of other plant 

nutrients or mineral. 

 The ability of chloride to pass readily from red blood cells (erythrocytes) into the blood plasma, 

known as chloride shift, enhances the ability of the blood to carry large amounts of carbon (IV) 

oxide, in the form of bicarbonates (HCO3
-) to the lungs (Westen and Prange 2003). 

Deficiency of chloride (hypochloremia) may result from prolonged or severe vomiting, diarrhea, 

injudicious use of diuretic drugs or strict vegetarian diet without salt. This deficiency can lead to 

slow and shallow breathing, restlessness, muscle cramp, wasting conditions, heavy sweating, 

lethargy and lack of appetite (Ensmiger et al, 1983). Chlorine increases the uptake of oxygen by 

root and thus promotes the respiratory oxidation of sugar. Chlorine apparently plays an important 
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role in nitrogen metabolism (biosynthesis of amino acids and probably, also, protein synthesis) 

(Shkolnik, 1984).  

The amount of bromine naturally occurring in food (i.e. plant materials) is generally minute. The 

bromide of sodium and potassium are very widely used as hypnotic (sleep inducing) drugs and in 

smaller doses as daytime sedative and for the control of epileptic attacks. But from recent 

research, it has been observed that bromide has unpleasant effects such as mental sluggishness, 

skin rashes and digestive disturbances (http://www.toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen). 

Studies have shown that bromine elevates the level of chlorine in plants and help to stimulate the 

transport of chlorine from the root to the organs above the ground level.  It is known that 

although bromide is ubiquitous in the environment, its levels are generally low in air and in river 

water, varied in soil, and rather high (>60ppm) in sea water  

With regard to the distribution of bromine in the environment, the element level is low in air 

(0.55 to 13 ng/m³) and in river water (0.006-0.032 ppm) varied in soils (2-137 ppm), high (65 

ppm) in sea water, and exceptionally high (7,000ppm) in water of the Dead Sea (Zhang, et al., 

2001). Because of the low level in general air and high concentration in sea water, the expected 

major route of entry is ingestion of food. This suggests that foods, especially sea foods, are 

important sources of exposure to bromine.  

Bromide ion is proportionally reabsorbed to a slightly greater extent than, chloride by the renal 

tubules (www.epa.gov/triexplorer).  

Studies carried out in Australia revealed that the average concentration of bromide in human 

blood in Queensland, Australia is 5.3±1.4 mg/dL and varies with age and gender.  Much higher 

levels may indicate exposure to brominated chemicals (e.g. methyl bromide). However, since 
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bromide occurs in relatively high concentration in seawater and many types of seafood, bromide 

concentrations in the blood are heavily influenced by seafood contributions to the diet. 

Bromine elevates the level of chlorine in various plants, an effect which may be accounted for by 

the stimulation of the transport of chlorine from the roots to the above-ground plants organs 

(Makato and Yukio 1994). 

Some plants like carrot, tobacco and melon accumulate bromide and when crops have been 

grown in soils fumigated with methylene-bromide, they contain more inorganic bromide than 

those raised in non-fumigated soils (Mitsuhashi et al., 1987).  

Cereals, fruits and some staple food items like cassava, yam and plantain are widely cultivated 

and abundantly consumed in Nigeria. In this study, we report the moisture, bromide and chloride 

content of these food items. 

 

2.0 MATERIALS AND METHODS 

Samples of cassava, plantain, cocoa and millet, yam, maize and pineapple samples were 

purchased from the New Benin market in Edo State, while the pawpaw sample was obtained 

from one the pawpaw trees in Department of Chemistry, University of Benin, Benin City. 

The samples were immediately prepared and analyzed for their moisture content and thereafter 

their bromide and chloride content were determined. 

2.1 Moisture content determination 

100g of the food sample is weighed into a previously dried porcelain dish. The dish, with its 

contents, are placed in an oven (Gallenhamp model) and heated at 100°C for 4 hours. The dish is 

then removed from the oven, cooled in a desiccator to room temperature and weighed. This 
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process is repeated by drying for 1 hour in the oven until a constant weight is obtained. The loss 

in weight was calculated as percent moisture content. 

  %Moisture = W1 - W2  x 100 

                           W1 

Where W1 and W2 are the initial and final weights of the dish (and sample) respectively. 

2.2 Preparation of samples for analysis 

The dry sample was ground in a laboratory mortar and passed through a 90µm sieve. 1.0g of the 

fine powder that passed through the sieve was dissolved in 100mL of distilled water to obtain a 

1% solution. The solution was then left overnight for proper digestion. 

2.3 Determination of Chloride 

Ten millimeters (10mL) of the 1% solution is measured and placed in a beaker and the pH 

adjusted to between 7 and 8 by adding 1M NaOH solution. About 3cm3 of potassium chromate 

indicator is added and this turns the sample yellow. The sample solution is the titrated against 

0.014M silver nitrate solution. A reddish brown precipitate is formed at the end point. The 

chloride content is calculated as mass in grams of chloride per gram of sample using the formula: 

   g/g Cl  = M x V1 x E 

                             10 x Vs 

M = Molarity of AgNO3 = 0.014M, V1 = Average volume of titrant (AgNO3) used, 

E = Equivalent weight of chloride = 35.5, Vs = Volume of sample solution used = 10mL 

2.4 Determination of Bromide 

Twenty five millilitres (25mL) of manganese (II) solution is poured into 10mL of the sample 

solution (in a beaker) and stirred for 2 minutes. 5mL of chloroform is added followed by 5mL 

Wij's iodine. The beaker is covered and placed in a dark cupboard. After 5 minutes, 5mL of 10% 

potassium iodide solution is added followed by 20mL of distilled water.  
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The mixture is stirred thoroughly and titrated with 0.032M sodium thiosulphate solution using 

1% starch indicator. The endpoint is reached when the blue-black colour of the starch-iodide 

complex disappears. 

The bromide content is calculated as follows: 

 g⁄g Br-  = M x Vt x E 

               2 x 10 x Vs 

M= Molarity of NaS2O3 = 0.032M, Vt = Average volume of titrant (NaS2O3) used 

E = Equivalent weight of bromide =79.9, Vs = Volume of sample solution used = 10mL 

Note: The 2 is from the mole ratio of NaS2O3 to iodine in the equation of the reaction i.e. 2:1 

 

3.0 RESULTS AND DISCUSSION 

3.1 Moisture content 

The values of the moisture content of the food samples are shown in Table 1. The moisture 

content of pawpaw, cocoa and pineapple are found to be higher than those of others. The cereals 

(maize, rice and millet) have the lowest moisture content. The moisture content of food is 

directly related to the microbial activity. It has been discovered that the higher the moisture 

content of the food sample, the higher the water activity and hence the higher the level of 

microbial activity. As a result of this, fruit samples have a shorter shelf life relative to cereals. 

The higher moisture content of fruit samples relative to cereals may be due to their physiological 

nature and not their geographical location. 
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Table 1: Moisture content of samples 

Sample Wet sample (g) Dry sample(g) % Moisture 

Maize (Zea maize) 100 92.63 7.37 

Rice (Oriza sativa) 100 90.75 9.25 

Millet (Sorghum mellitum) 100 92.59 7.41 

Pawpaw (Cartea papaya) 100 20.92 79.08 

Cocoa (Theobronia cacao) 100 64.96 35.44 

Pineapple (Ananas sativa) 100 55.73 44.27 

Cassava (Manihot spp) 100 71.39 28.61 

Yam (Dioscorea spp) 100 69.17 30.83 

Plantain (Musa paradisiacal) 100 71.63 28.37 

 

3.2 Chlorine Content 

The chloride content of the samples is presented in Table 2. The results show that plantain has 

the highest chloride content (17.395mg/g) while pineapple has the least (4.970mg/g). A 

controlled experiment performed on plants has shown that chlorine has a favourable influence on 

the growth of plants, and ultimately on the yield of crops. The manifestations of the deficiency of 

chlorine in plants are twisting, browning of leaves, reduced fruit bearing and abnormal growth of 

root. The chloride content of the fruit samples (except pineapple) is higher than that of the 

cereals. This is in line with the fact that more chloride is required for the formation of fruits by 

plants than it is required for the formation of cereals.   
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3.3 Bromine Content 

Table 2 shows the bromide content of the fruit samples. Among the cereals, maize has the least 

bromide content (6.392mg/g) while rice has the highest (8.309mg/g). The bromide content of the 

food samples ranges from 3.196-9.588mg/g.  

Bromide is needed by eosinophils (white blood cells of the granulocyte class, specialized for 

dealing with multi-cellular parasites), which use it to generate antiparasitic brominating 

compounds such as hypobromite, by the action of eosinophil peroxidase, a haloperoxidase 

enzyme which is able to use chloride, but preferentially uses bromide when available (Mayeno et 

al., 1989, Wang and Slungaard 2006). 

Bromide is a minor necessary nutrient for collagen IV-producing animals in the sea. However, a 

few sea animals, such as Murex snails, use bromide to make organic compounds. Bromide ion is 

also heavily concentrated by some species of ocean algae, which construct methyl bromide and a 

great number of bromoorganic compounds with it, using the unusual enzymes called vanadium 

bromoperoxidases to do these reactions (McCall et al., 2014). 

Bromine is usually found in lower concentration in plants than chlorine in terms of nutrition 

requirements (Kashida 1985). 
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Table 2: Chloride and bromide content of samples 

Sample AgNO₃ (ml) Chloride 

(mg/g) 
Na₂S₂O₃ (ml) Bromide 

(mg/g) 

Maize (Zea maize) 1.50 7.455 0.50 6.3920 

Rice (Oriza sativa) 1.90 9.443 0.65 8.3096 

Millet (Sorghum mellitum) 1.30 8.946 0.60 7.6904 

Pawpaw (Cartea papaya) 2.80 13.914 0.75 9.5880 

Cocoa (Theobronia cacao) 1.60 7.952 0.25 3.1960 

Pineapple (Ananas sativa) 1.00 4.970 0.30 3.8352 

Cassava (Manihot spp) 1.20 5.964 0.20 2.5568 

Yam (Dioscorea spp) 2.00 9.940 0.35 4.4744 

Plantain (Musa 

paradisiacal) 

3.50 17.395 0.40 5.1136 

 

4.0 Conclusion 

The results obtained in this study have actually confirmed that chlorine is usually found in higher 

concentration than bromine in plants. By virtue of the role chlorine plays in the human body, 

plantain is highly recommended for consumption, particularly for patients with kidney problems. 

This sample is recommended for consumption because the level of chloride in a sample gives an 

indirect indication of the level of minerals such as potassium, sodium and calcium present. 

Because the negative effects of bromide in the human body far overweighs the positives, crops 

like maize, rice, millet and pawpaw should not be consumed in large quantities due to their high 
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bromide content. Other samples may be consumed in large quantities because the body can 

withstand bromide present in low concentrations (i.e. below 5mg/L) (Zhang, 2001). 
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