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Abstract 

The human body requires small quantities of vitamins and mineral elements for its proper functioning. Fruits and vegetables are the 

major sources of these micronutrients in our diet. Among them, vitamins are susceptible to degradation during storage. Hence, fresh 

locally harvested fruits and vegetables can be considered superior to exotic store bought ones in terms of micronutrient content. In 

the present study, fruits of Syzygium zeylanicum (L.) DC. var. zeylanicum, an underutilized tree, were analysed for the presence of 

various micronutrients. The fruits contained good amounts of vitamin A (78.445 ± 0.0123 IU/100g), vitamin K (0.291 ± 0.001µg/ 

100g) and vitamin C (18.201 ± 0.003 mg/100g). The B vitamins, vitamin D and vitamin E were found in trace amounts. The fruits 

were particularly rich in iron; the iron content being 1.67 ± 0.03 mg/100g.Whereas the sodium content (16.9 ± 0.15 mg/100g) was 

unusually high. 
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1. Introduction 
Micronutrients, as the name indicates, are those nutrients that are 

required in small amounts. They include mineral elements and 

vitamins and are necessary for the proper functioning and well-

being of the human body. The main sources of micronutrients 

are fresh fruits and vegetables. Although required only in small 

amounts deficiency of micronutrients can seriously affect the 

normal functioning of the body. Deficiency can result either 

from insufficient intake or malabsorption. The symptoms of 

micronutrient deficiency are not immediately obvious (with the 

exception of a few); hence micronutrient deficiency is also 

called hidden hunger. It is estimated that more than 2 billion 

people are victims of hidden hunger [1]. Hidden hunger is 

prevalent in the developing world and is not uncommon in the 

developed world. Sub-Saharan Africa and South East Asia are 

regarded as the hotspots of hidden hunger [2]. In the developing 

world, in recent times, there has been a shift in eating habits from 

minimally processed, locally available food to highly processed, 

calorie laden and micronutrient deficient foods. This has 

increased the incidence of micronutrient deficiencies [3]. In Latin 

America and the Caribbean, hidden hunger is relatively less 

prevalent owing to better eating habits (less dependence on 

single staples) and human intervention in form of nutrition 

education and distribution of supplements [4].  

While staples provide macronutrients, the main sources of 

micronutrients are fruits and vegetables. Most micronutrients, 

especially the B vitamins and vitamin C decline on storage. 

Therefore, dieticians generally instruct people to include fresh 

fruits and vegetables in their diet. As most are aware, store-

bought fruits and vegetables are far from fresh, having been in 

storage for considerable amount of time. A better alternative 

would be home grown or locally sourced produce.  

Though the Western Ghats is home to a large number of fruit 

bearing trees, only a preferred few are harvested for fruits. Vast 

majority of such fruit bearing tress are underutilized, their fruits 

consumed only in a few tribal settlements. Most of these 

underutilized fruits are small in size, low in calories (since they 

have never been bred for size and sweetness) and rich in 

micronutrients. Syzygium zeylanicum (L.) DC. var. zeylanicum 

(Myrtaceae) is one such underutilized, fruit bearing tree. The 

fruits are edible white berries and are produced in clusters. The 

fruits are used by Paniya and Kattunaika tribes of Wayanad 

district, Kerala [5, 6].In the present study, the fruits of Syzygium 

zeylanicum var. zeylanicum were investigated for minerals, fat-

soluble and water-soluble vitamins. 

 

2. Materials and methods 

The fruits of Syzygium zeylanicum var. zeylanicum (SZZ) were 

collected from JNTBGRI, Palode, Thiruvananthapuram and 

University of Kerala, Karyavattom Campus, 

Thiruvananthapuram. The fruits were cleaned, with minimum 

use of water. The cleaned fruits were cored, and subjected to 

analyses. 

Separation of vitamins was achieved on Shimadzu Class-VP 

V6.13 SP2 instrument with a variable wavelength UV detector 

(SPD 10 Avp). The column used was C18 (4.6 x 75mm, 3.5 µm). 

Injection volume was 5 µL. Mobile phases used were different 

for fat-soluble and water-soluble vitamins. For fat-soluble 

vitamins the mobile phase consisted of water and methanol at a 

flow rate of 1 ml/min. The mobile phase for the separation of 

water-soluble vitamins comprised of water and acetonitrile at a 

flow rate of 0.70 ml/min. The column temperature was held at 

20 ºC and 40 ºC for fat-soluble and water-soluble vitamins 

respectively.  

Vitamin C was estimated by volumetric analysis. Sample was 

extracted in 4% oxalic acid and titrated against the dye 2, 6-

dichlorophenol indophenol. The end point was the appearance 

of light pink colour that persisted for 30 seconds. Ascorbic acid 

was used as the standard [7]. 

The elements Sodium (Na), Potassium (K), Calcium (Ca), 

Magnesium (Mg) and Phosphorous (P) were analysed by AAS 

(Pinnacle 900 H, Perkin Elmer). The samples were subjected to 

dry ashing at 500 ºC for 6 hours. The ash was dissolved in 1 N 

HCl, filtered and introduced into the AAS instrument. 
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Iron (Fe), Copper (Cu), Zinc (Zn), Manganese (Mn), Selenium 

(Se), Chromium (Cr), Cobalt (Co) were analysed by ICP-MS 

(Thermo Scientific ICAP Qc). For analysis of minerals using 

ICP-MS, the samples were subjected to microwave digestion 

(Anton Paar, Multiwave 3000) and introduced into the 

instrument. 

The values are expressed as mean ± standard deviation on fresh 

weight basis. 

 

3. Results 

Table 1 shows the amount of various fat-soluble vitamins in SZZ 

fruits. The fat soluble vitamins tested were, vitamin A, vitamin 

D3, vitamin E and vitamin K. SZZ fruits contain 78.445 ± 0.0123 

IU/100g vitamin A. The vitamin D3 (0.000041 ± 0.000002 

mg/100g) and vitamin E (0.000052 ± 0.000001 mg/100g) 

content was found to be very low. The vitamin K content was 

0.291 ± 0.001µg/ 100g. 

 
Table 1: Fat-soluble vitamins in SZZ 

 

Vitamin SZZ 

Vitamin A(Retinol acetate) (IU/100g) 78.445 ± 0.0123 

Vitamin D3(Cholecalciferol) (mg/100g) 0.000041 ± 0.000002 

Vitamin E(α-tocopherol) (mg/100g) 0.000052 ± 0.000001 

Vitamin K (µg/100g) 0.291 ± 0.001 

Values are mean ± standard deviation (n=3) 

 

The water- soluble vitamins estimated were, B vitamins (B1, B2, 

B3, and B6) and vitamin C. Vitamin B6, Pyridoxine was absent 

could not be detected in the samples. The content of other B 

vitamins tested was low. In 100g (fresh weight) of SZZ sample, 

0.009 ± 0.001mg Niacin (Vitamin B3), 0.0022± 0.0001 mg 

Thiamine (Vitamin B1), 0.0021± 0.00005 mg Riboflavin 

(Vitamin B2) could be detected. The Vitamin C content of SZZ 

was 18.201 ± 0.003 mg/100g. The results are summarized in 

Table 2. 

 
Table 2: Water-soluble vitamins in SZZ 

 

Vitamin SZZ 

Vitamin C (mg/100g) 18.201 ± 0.003 

Niacin (Vitamin B3) (mg/ 100g) 0.009± 0.001 

Pyridoxine (Vitamin B6) (mg/100g) 0 

Thiamine (Vitamin B1) (mg/100g) 0.0022± 0.0001 

Riboflavin (Vitamin B2) (mg/100g) 0.0021± 0.00005 

Values are mean ± SD (n=3) 

 

The major element in the fruit sample was potassium (K). The 

potassium content of fresh fruits was 45.8 ±0.23 mg/100g. In 

100g of the sample, 16.9 ± 0.15 mg Na, 18.3±0.10 mg Ca, 14.9 

± 0.12 mg Mg and 30 ±0.05 mg P could be estimated. 

Considerable amount of Fe (1.67 ±0.03 mg/100g) was detected 

in the fruits. The Cu and Zn content was 0.16 ±0.01 and 0.054 

±0.003 mg/100g respectively. Selenium was not detected. The 

content of Mn and Cr were 0.356 ±0.014 and 0.24± 0.01 

mg/100g respectively. The Co content was found to be 0.022 

±0.011 mg/100g. The results of mineral analysis are summarized 

in Table 3. 

Table 3: Mineral elements (mg/100g) in fresh fruits of SZZ 
 

Element SZZ 

Sodium (Na) 16.9 ±0.15 

Potassium (K) 45.8 ±0.23 

Calcium (Ca) 18.3±0.10 

Magnesium (Mg) 14.9 ±0.12 

Phosphorous (P) 30 ±0.05 

Iron (Fe) 1.67 ±0.03 

Copper (Cu) 0.16 ±0.01 

Zinc (Zn) 0.054 ±0.003 

Manganese (Mn) 0.356 ±0.014 

Cobalt (Co) 0.022 ±0.011 

Chromium (Cr) 0.24 ±0.01 

Selenium (Se) ND 
Values are mean ± SD (n=3) 

 
4. Discussion 
Micronutrients (vitamins and minerals) are required in small 

doses for the proper functioning of the human body. Vitamins 

are organic compounds and are classified into two groups based 

on their solubility; the two classes being fat-soluble and water-

soluble vitamins. Fat-soluble vitamins include, vitamin A, D, E 

and K. The water soluble-vitamins are vitamin C and the B 

vitamins [8]. A comparison of the vitamin content of SZZ fruits 

with a few commonly used fruits is given in Table 4. 

The vitamin A content of SZZ fruits is 78.445 ± 0.0123IU per 

100g. Chemically vitamin A is all-trans-retinol. Vitamin A 

deficiency mainly affects the eye. It causes xerophthlamia, a 

condition which affects the conjunctiva and cornea of the eye. If 

left untreated, it can lead to irreversible blindness. Vitamin A 

deficiency also causes skin lesions, loss of immune function and 

epithelial keratinisation [10]. Compared to banana (64 IU/100g) 

and apple (54 IU/100g) SZZ fruits have higher vitamin A 

content. However, there are fruits that supply greater amounts of 

vitamin A, like orange (225 IU/100g) and papaya (950 IU/100g). 

Vitamin D is a fat-soluble vitamin that is synthesized in the 

human body with the help of sunlight. When skin receives solar 

radiation, 7-dehydrocholesterol is converted to previtamin D3, 

which in turn is converted to vitamin D3. The absorption of 

essential minerals calcium and phosphorous depends on vitamin 

D. In the absence of vitamin D only 10-15 % of calcium and 60 

% of phosphorous is absorbed. Vitamin D deficiency can cause 

rickets (weak skeletal system with soft bones and other 

deformities) and osteoporosis. It can also compromise your 

immunity. Vitamin D deficiency can also lead to chronic 

disorders like multiple sclerosis and colorectal cancer [11]. The 

vitamin D3 content of SZZ fruits (0.000041 ± 0.000002 

mg/100g) is negligible. According to the USDA Nutrient 

Database, vitamin D is absent in several fruits like banana, apple, 

orange and papaya [12]. Vitamin D is absent in many of the foods 

that we eat. The major sources of vitamin D in our diet are, fish, 

egg yolks and milk [10]. 
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Table 4: Vitamin content of SZZ and some selected fruits 
 

 Fat-Soluble Vitamins 

Vitamins SZZ Banana9 Apple9 Orange9 Papaya9 

Vitamin A (Retinol acetate) IU/100g 78.445 ± 0.0123 64 54 225 950 

Vitamin D (Cholecalciferol) (mg/100g) 0.000041 ± 0.000002 0 0 0 0 

Vitamin E (α-tocopherol) (mg/100g) 0.000052 ± 0.000001 0.10 0.18 0.18 0.30 

Vitamin K (µg/100g) 0.291 ± 0.001 0.5 2.2 0 2.6 

 Water-Soluble Vitamins 

Vitamins (mg/100g) SZZ Banana9 Apple9 Orange9 Papaya9 

Vitamin C 18.201 ± 0.003 8.7 4.6 53.2 60.9 

Niacin 0.009± 0.001 0.665 0.091 0.282 0.357 

Pyridoxine 0 0.367 0.041 0.060 0.038 

Thiamine 0.0022± 0.0001 0.031 0.017 0.087 0.023 

Riboflavin 0.0021± 0.00005 0.073 0.026 0.040 0.027 

Values are mean ± SD (n=3) 

 

A major antioxidant in our cells is vitamin E. It prevents cellular 

damage due to free radicles [13]. SZZ fruits (0.000052 ± 

0.000001mg/100g) have only trace amounts of vitamin E. Most 

fruits and vegetables have low vitamin E content. Vitamin E in 

our diets usually come from vegetable oils, nuts (peanuts, 

hazelnuts) and seeds (sunflower seeds) [14]. Clotting of blood 

requires a vitamin called vitamin K. Its deficiency can lead to 

excessive clotting. The intestinal bacteria produces vitamin K in 

animals and humans [15]. The vitamin K content of SZZ is 0.291 

± 0.001 µg/100g. Apples and papaya have nearly ten times as 

much vitamin K as SZZ fruits. However fruits like oranges do 

not contain any vitamin K. The major contributors of vitamin K 

in our diet are green leafy vegetables like spinach (493.6 

µg/100g) and kale (817 µg/100g) [9]. 

Vitamin C is an essential water-soluble vitamin that the human 

body is unable to synthesise. It is an antioxidant and is also 

capable of generating other antioxidants like α-tocopherol. 

Vitamin C is known to boost immunity and increase the 

absorption of non-heme iron. Insufficient vitamin C intake can 

result in scurvy, the symptoms of which include, fatigue, 

connective tissue weakness and capillary fragility [16]. SZZ fruits 

contain 18.201 ± 0.003 mg/100g of vitamin C. Shilpa and 

Krishnakumar (2015) reported the vitamin C value of Syzygium 

zeylanicum fruits to be 0.06 % of dry weight [17]. This is lower 

than the value obtained in the present study (0.14 % dry weight 

or 18.201 mg/100g fresh weight). The vitamin C content of SZZ 

is greater than that of banana (8.7 mg/100g) and apple (4.6 

mg/100g) [9]. However oranges (53.2 mg/100g) and papaya (60.9 

mg/100g) have higher vitamin C content than SZZ. The B 

vitamins are another class of water-soluble vitamins that play 

important roles in cell metabolism. Eight B vitamins have been 

identified and together they constitute the B complex. Four B 

vitamins, niacin, pyridoxine, thiamine and riboflavin were 

analysed in the fruit samples of SZZ. The niacin (0.009± 0.001 

mg/100g), thiamine (0.0022± 0.0001mg/100g) and riboflavin 

(0.0021± 0.00005 mg/100g) content of SZZ were negligible; 

pyridoxine was not detected. The conventional fruits, have 

greater vitamin B content and are better sources of B vitamins.  

Minerals are inorganic micronutrients. Based on requirement, 

mineral elements can be of two types, macroelements and trace 

elements (microelements). For an adult, the requirement of 

macroelements is more than 100 mg/day. The macroelements 

are Na, K, Ca, Mg, P, S and Cl. When the requirement of an 

element is less than 100 mg/day, it is called trace element/ micro 

element. Some of the trace elements are Fe, Cu, Zn, Mn, Co, Cr 

and Se [18]. Table 5 lists the mineral composition of SZZ and 

some selected fruits.  

The fruits of SZZ contain appreciable amounts of calcium (18.3 

±0.10 mg/100g), magnesium (14.9 ± 0.12 mg/100g) and 

phosphorous (30 ± 0.05 mg/100g). The phosphorous content of 

SZZ is higher than some of fruits that we eat daily (Table 5). 

Calcium and phosphorous are components of the bone. Calcium 

also functions as catalyst in blood clotting [21]. Magnesium is an 

important cation in the human body. Most of the magnesium in 

the body is intracellular, with less than 1 % in the extracellular 

space. A large number of biochemical reactions in the body 

require magnesium. Magnesium is also crucial to neuromuscular 

transmission and cardiovascular tone [22]. Magnesium content of 

SZZ is higher when compared to common fruits like apple and 

orange. Sodium and potassium act as electrolytes that influence 

the movement and distribution of fluids within the body.  

 

Table 5: Mineral Composition (mg/100g) of SZZ and some selected fruits 
 

 SZZ Banana19 Apple19 Orange19 Papaya9 

Sodium (Na) 16.9 ± 0.15 <0.5 1 1 8 

Potassium (K) 45.8 ± 0.23 330 100 122 182 

Calcium (Ca) 18.3 ±0.10 6 5 24 20 

Magnesium (Mg) 14.9 ± 0.12 27 4 8 21 

Phosphorous (P) 30 ± 0.05 23 8 16 10 

Iron (Fe) 1.67 ± 0.03 0.27 0.09 0.11 0.25 

Copper (Cu) 0.16 ± 0.01 0.10 0.03 0.03 0.0620 

Zinc (Zn) 0.054 ± 0.003 0.18 < 0.06 < 0.06 0.08 

Manganese (Mn) 0.356± 0.014 0.36 0.04 0.02 0.0420 

Selenium (Se) ND < 0.5 µg/100g < 0.5 µg/100g < 0.5 µg/100g NR 

Chromium (Cr) 0.24± 0.01 NR NR NR NR 

Cobalt (Co) 0.022± 0.011 NR NR NR NR 

ND-not detected; NR-not reported. Values are mean ± SD (n=3) 
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Sodium is the chief cation outside of the cells, while potassium 

is the predominant cation inside of cells [23]. Sodium levels (16.9 

± 0.15 mg/100g) were high in SZZ compared to other fruits. 

Ideally the sodium to potassium ratio should be low i.e. it should 

favour potassium. High sodium to potassium ratio is implicated 

in high blood pressure (hypertension). In SZZ the potassium 

levels (45.8 ± 0.23 mg/100g) were almost three times higher 

than that of sodium. Iron is a trace element; the daily 

requirement being less than 100 mg. Iron has various functions 

in the body. It plays a central role in transport of oxygen, 

synthesis of DNA and in the electron transport chain. The iron 

content (1.67 ± 0.03 mg/100g) of SZZ fruits was found to be 

quite high. Mulberry (1.85 mg/100g) and dates (0.9-1.2 

mg/100g) are fruits that are known to have high iron content. 

With an iron content that is comparable to mulberry and dates, 

SZZ fruits can be considered a good source of iron. Metabolism 

of iron in the body requires another trace element, copper. In the 

absence of copper, some tissues of the body experience iron 

deficiency, whereas others like intestine and liver accumulate 

the mineral in excess [24]. Copper is also necessary for bone 

health, immunity and cholesterol metabolism [25]. The copper 

content of SZZ (0.16 ± 0.01mg/100g) is higher than many of the 

fruits but is well within the permissible range. The 

recommended daily allowance (RDA) of copper is around 900 

µg/day or 0.9 mg/day. The zinc requirement of an adult human 

ranges from 8-11 mg/day [26]. Zinc deficiency affects the skin, 

central nervous system, gastrointestinal tract, immune and 

reproductive systems [27]. Both animal and plant sources provide 

zinc. Some fruits like pomegranate (0.35 mg/100g) and avocado 

(0.64 mg/100g) are particularly rich in zinc [9]. Fruits like apple, 

orange and SZZ (0.054 ± 0.003 mg/100g) contain less than 0.06 

mg/100g of zinc. Manganese is an element that is present in very 

small amounts in the body. It is a component of superoxide 

dismutase (SOD), an antioxidant enzyme. Thus magnesium is a 

vital part of the antioxidant machinery of the cell. The 

manganese requirement of the body ranges from 1.8-2.3 mg/day 
[26]. Typically vegetarian diets provide more manganese than 

non-vegetarian diets. Blueberries are a good source of 

manganese; 100g of fresh blueberries give 0.69 mg of 

manganese [19]. Banana (0.36 mg/100g) and SZZ fruits (0.356± 

0.014 mg/100g) contain half the quantity of manganese in 

blueberries and can be considered reasonably good sources of 

manganese. Selenium is a trace element that is necessary for 

proper thyroid function and immunity. Fish and meat are rich 

sources of selenium. Vegan diets can also supply adequate 

amounts of selenium. The selenium requirement of the body is 

only 55µg/day. SZZ fruit samples did not contain selenium. In 

fruits like apple, orange and banana, selenium content is less 

than 0.5 µg/100g. Inadequate intake of chromium, a trace 

element can impair glucose and lipid metabolism. Studies have 

demonstrated that a diet rich in simple sugars can lead to 

excessive elimination of chromium through urine [28]. Brewer’s 

yeast and broccoli are rich in chromium. SZZ fruits are good 

sources of chromium. Hundred grams of fresh SZZ fruits contain 

0.24± 0.01 mg chromium. Trace element cobalt is a major 

component of vitamin B12 cynacobalamin. Thus it plays an 

important role in the formation of red blood cells 

(erythropoiesis). It is also needed for the proper functioning of 

pancreas. Green leafy vegetables are better sources of cobalt 

than meat. It is estimated that meat contains 7-25 µg/100g 

cobalt. SZZ fruits have 0.022± 0.011 mg/100g cobalt i.e. 22 µg 

/100g and can be considered a good source of cobalt. 

Shilpa and Krishnakumar (2015) reported the mineral 

composition of Syzygiumzeylanicum fruits of Mangalore 

University Campus. The reported values for calcium (275.33 

mg/100g), magnesium (458 mg/100g) and potassium (45.8 

mg/100g) were exceptionally high. The copper (0.0019 

mg/100g), iron (0.00532 mg/100g) and zinc (0.00204 mg/100g) 

content were very low and lower than the values reported in the 

present study. The difference in values may be attributed to the 

difference in soil composition. 

 

5. Conclusion 
The present study has established that SZZ fruits are reasonably 

good sources of vitamin A and vitamin K. Vitamin C is also 

present in appreciable amounts. SZZ fruits contain low levels of 

B vitamins (niacin, thiamine, riboflavin), vitamin D and vitamin 

E. Pyridoxine is completely absent. The sodium content is 

higher than in other fruits. The fruits of SZZ are also good 

sources of trace elements. The iron content is very high in SZZ. 

Along with mulberry and dates, the fruits of SZZ can be 

considered a good source of iron. The present study has revealed 

SZZ fruits to be an affordable source of micronutrients. 
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