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Abstract       This paper is a study regarding the distribution of some minerals 
in different imported fruits, known as exotic fruits. We determined, through 
flame atomic absorption spectroscopy (FAAS), the contents of Ca, Mg, Na, K, 
Fe, Mn, Zn, Cu, Ni, Co, Cr, Pb, and Cd of such exotic fruits as pineapples, 
mango, avocado, grapefruits, oranges and lemons. The results obtained from 
experimental analysis of macro-and micro-elements of studied fruits reveals 
that that these imported fruits are characterized by high nutritious metallic 
element content. The minerals distribution among this fruits is uneven. 
Experimental results show important contents of minerals and small, 
insignificant concentrations of toxic metals, which make this fruit category 
important for its supply of macro- and micro-elements, that completes the 
range of bioelements from native varieties of fruits.   
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Fresh fruits are vegetal food products with a high 

nutritious value that have in their composition 

important amounts of sugars, minerals (bioelements), 

vitamins, etc. Besides the fact that they are the main 

source of vitamins no matter the season, they also have 

a beneficial effect on the human body as moisturisers, 

diuretics, mineralisers, alkalinisers, laxatives, tonics, 

etc [6,7]. 

In order to fully meet inner consumption needs and to 

complete the range of native food products, Romania 

imports considerable amounts of fruits also known as 

exotic fruits: tropical fruits – lemons, oranges, 

tangerines), figs, olives – and sub-tropical fruits 

(bananas, pineapple, dates, etc.). 

Exotic fruits are not only delicatessen, but also highly-

nutritious foods, which recommends them as healers 

and makes them medicine-foods [2,9,10].  

The quality of exotic fruits is mainly determined by 

their main constituents, especially minerals[12]. 

Despite the fact that they are in small amounts 

compared to other nutritious principles, minerals are 

extremely important to the human body because they 

cannot be synthesised or replaced by it. They are 

regenerated through proper diet, with foods that 

include exotic fruits: hence, the interest in knowing the 

distribution of minerals in exotic fruits to assess the 

supply of bioelements necessary to the human body. 

Literature contains numerous references about the 

beneficial effects of the consumption of exotic fruits 

from tropical and sub-tropical areas, as well as the 

analysis techniques [1,3,4,5,11,13], but it lacks 

concrete data concerning mineral concentration in 

macro- and micro-elements of some exotic fruits 

imported in Romania.  

This paper is a study  regarding the distribution of 

some minerals in different imported exotic fruits. We 

determined, through flame atomic absorption 

spectroscopy (FAAS), the contents of Ca, Mg, Na, K, 

Fe, Mn, Zn, Cu, Ni, Co, Cr, Pb and Cd of such exotic 

fruits as pineapples, mango, avocado, grapefruits, 

oranges and lemons.  

Experimental results show important contents of 

minerals and small, insignificant concentrations of 

toxic metals, which make this fruit category important 

for its supply of macro- and micro-elements, that 

completes the range of bioelements from native fruits. 

  

Material and Methods 
 

Analysis of Fe, Mn, Zn, Cu, Ni, Co, Cr, Pb and Cd 

content was made with ContrAA-300, Analytik-Jena 

device, by flame atomic absorption spectrometry 

(FASS) in air/acetylene flame.The device working 

parameters (air, acetylene, optics and electronics) were 

adjusted for maximum absorption for each element. 

The standard solutions (1000 mg/L) were analytical 

grade from Riedel de-Haen (Germany) The nitric acid 

65% solution used was of ultra pure grade (Merck, 

Germany). All solutions were prepared using deionised 

water. 

The three samples for each primary product selection 

were analyzed after drying at 105°C to constant weight 

followed by burning of 100 ± 0.0002 g in quartz 

capsules of edible part,  at 650°C for 4 hours. After 

complete burning, a HNO3 0.5 N solution was added 

up to 50 mL. The solutions obtained were used for total 

metals contents determination by flame atomic 
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absorption spectrometry (F-AAS) with high-resolution 

continuum source. 

Analyzed mineral microelements concentration was 

calculated using the formula:

 

 

 
m

fa
kgmgC


/  

where:  f - dilution factor; a - element content (mg/l); m 

- mass of sample(g). 

 

Results and Discussions 

 
The experimental results regarding the distribution of 

some macro and micro-elements in different fruits are 

presented in Tables 1 and 2.  

The analysis of experimental data obtained from 

experimental analysis of macro-and micro-elements of 

fruit studied reveals that minerals distribution is 

uneven.

 

 
                                                                                                                                       Table 1 

Distribution of macro-elements in different fruits 

 

Analyzed fruits 

Macro-elements content, average values 

(mg/kg fresh weight) 

Ca Mg Na K 

Pineapples 168 110.7 12.49 1682 

Mango 141 76.0 7.84 1856 

Kiwi 329 98.7 17.49 2498 

Avocado 131 95.8 13.30 2035 

Grapefruits 292 85.8 10.99 1426 

Oranges 445 103.7 22.91 1691 

Lemons 717 93.5 29.89 1563 

 
 

                                                                                                                                         Table 2 

Distribution of micro-elements in different fruits 

 

Analyzed 

fruits 

Micro-elements content, average values 

(mg/kg fresh weight) 

Fe Mn Zn Cu Ni Co Cr Pb Cd 

Pineapples 
2.201 4.494 1.085 0.952 0.054 < 0.02 

 

< 0.02 

 

< 0.02 

 

< 0.02 

Mango 2.253 0.797 0.540 0.538 0.028 < 0.02 < 0.02 < 0.02 < 0.02 

Kiwi 2.578 0.333 0.886 0.593 0.025 < 0.02 < 0.02 0.011 < 0.02 

Avocado 2.795 1.100 1.007 0.382 0.021 < 0.02 < 0.02 0.011 < 0.02 

Grapefruits 1.91 0.137 0.690 0.443 0.043 < 0.02 < 0.02 0.027 < 0.02 

Oranges 2.485 0.377 0.894 0.459 0.03 < 0.02 < 0.02 0.002 < 0.02 

Lemons 2.652 0.303 0.731 0.309 0.014 < 0.02 < 0.02 < 0.02 < 0.02 

 M.A. L.* - - 5.0 5.0 - - - 0.5 0.05 

   * Maximum allowable limit[14] 

 

 

Potassium, a macro-bioelement that plays an important 

role in all metabolic processes, in neuro-muscular 

regulation, in the synthesis of protein in the muscles, in 

the normalisation of heart rate,etc. predominates 

quantitatively in all the fruits we analysed, with values 

between 1563 ppm(lemons) 

and 2498 (kiwi).   

Calcium, a bioelement playing a plastic role in blood 

clogging, in muscular contraction, activating tripsine 

and lipase, easing the absorption of vitamin B12, 

diminishing neuro-muscular excitability (together with 

Mg), etc., was determined in variable concentrations: 

131 ppm (avocado) and 717 ppm (lemons).  

Magnesium is an essential macro-bioelement whose 

deficit increases the risk of heart and vascular diseases, 

favours memory loss, osteoporosis, diabetes, artery 

hypertension, etc. The highest magnesium content was 

in pineapples (110.7 ppm) and the lowest value in 

mango (76 ppm). 

Natrium, a macro-bioelement that controls cell osmotic 

pressure and water volume in the human body, 

enhances muscular tonus and maintains blood pressure, 

synthesises insulin and adrenaline, stabilises intra-cell 

osmotic pressure, was detected in smaller 

concentrations than magnesium and in much smaller 

concentrations than calcium. The values of exotic fruits 

natrium content were in the range 10.99 ppm 

(grapefruits) and 29.89 ppm(lemons).  

Iron, a micro-bioelement that is a redox catalyst, an 

oxygen carrier in the haemoglobin and respiration 

enzymes, etc. has the highest concentration (2.795 



 85 

ppm) in avocado and the lowest (1.91ppm) in 

grapefruits. 

Manganese, an important micro-bioelement with 

multiple liver and kidney functions, enhances the 

activity of some enzymes, participates in the synthesis 

of some vitamins, proteins, lipids, and sugars, 

participates in the use of biotin, thiamine, vitamin C 

and choline, helps the activity of the central nervous 

system, etc., was detected in small concentrations in all 

the analysed fruits, except  pineapples, where its 

concentration was 4.494 ppm.  

Zinc is an important micro-bioelement in health 

maintenance in the reproductive and immune systems, 

as well as in the recovery and renewal of tissues, has 

the values between 0.540 ppm(mango) and 1.085 

ppm(pineapples).  

Copper, an important micro-bioelement that makes up 

some enzymes and favours the absorption of iron in the 

digestive tract.  Registered values with range between 

0.309(in lemon)  and 0.593(kiwi),  with the exception 

of pineapples  were the Cu content was 0.952 ppm. 

It is known that zinc and copper, in fact micro-bio-

elements essential for living organisms, above certain 

concentration limits can become toxic to the body. The 

maximum allowable limits (MAL) for Zn and Cu are 5 

mg/kg or 5 ppm [14]. 

Nickel, a micro-element that enhances the pancreas 

activity, helps in diabetes and is supposedly favouring 

haematopoiesis and myosin fibre elasticity, inhibiting 

myosin adenosine triphosphate activity, was detected in 

very small amounts, almost below the apparatus 

detection limit.  

Cobalt, a vessel dilating micro-element making up 

vitamin B12 an being an enhancer of some enzymes, 

that participates in the good functioning of red cells, 

was detected in very small amounts (below 0.02 ppm) 

and below the detection limit of the spectrophotometer. 

Chromium, a micro-bioelement that favours the 

biosynthesis of liver fat acids, improves sugar 

metabolism and control hyper-insulinism, corrects 

incipient diabetes, vascular diseases (atherosclerosis, 

trombophlebitis, varix), and high cholesterol values, 

was present in amounts so small that the apparatus 

could not detect it. 

Lead, a heavy metal with toxic pronounced character 

with maximum permissible max. in fruit of 0.5 

ppm[14], was found in very small amounts, far below 

the maximum allowed value, and, sometimes, below 

the detection limit of the device.  

Cadmium is the heavy metal with the most pronounced 

toxic nature among all the metals analyzed. That is 

why the maximum allowable limit is very small, below 

the 0.05 mg/ kg (ppm)[14]. In all fruits examined, 

cadmium content is extremely low, below the detection 

limit of the device, and below the maximum allowable 

limit.  

Comparing the values obtained in determining the 

distribution of mineral fruits studied with data from the 

literature [4,8], no significant differences senses. 

Conclusions 

 
The analysis of experimental data obtained from 

experimental analysis of macro-and micro-elements: 

Ca, Mg, Na, K, or Fe, Mn, Zn, Cu, Ni, Co, Cr, Pb and 

Cd of fruits studied: pineapples, mango, avocado, 

grapefruits, oranges and lemons, reveals that that these 

imported fruits are characterized by high nutritious 

metallic element content.The minerals distribution 

among this fruits is uneven. 

Among the elements analyzed, the best represented are 

macro-elements (99.9%). Potassium  registered the 

highest values, followed by Ca, Mg, and Na. 

The best represented micro-element was Fe followed 

by Mn, Zn and Cu. 

The  micro-elements were found in very low 

concentrations (Ni) or even in traces below the 

detection limit of the device (Cr, Co, Pb and Cd).  

Potentially toxic mineral elements for human 

consumption: Pb and Cd were detected below the 

maximum allowable limits. 

Experimental results show important contents of 

minerals and small, insignificant concentrations of 

toxic metals, which make this fruit category important 

for its supply of macro- and micro-elements, that 

completes the range of bioelements from native fruits. 
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