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The objective of this study is to determine the effect of mango leaves in preserving the varied 
concentrations of metals (sodium, potassium, calcium, magnesium, and phosphorus) present in two 
tomato varieties in Sokoto, Nigeria. After the application of different mango leaves extracts in the 
postharvest preservation of Daneka tomato fruits in a randomized control design, and atomic 
absorption spectrophotometry of macro elements; the most elevated concentrations noticed 
significant difference at (p<0.05) were revealed in potassium (1.20±0.002 to 3.00±0.001 ppm), and 
calcium (1.27±0.003 to 2.15±0.002 ppm). The lower levels of metals noticed upon storage under 
mango leaves are revealed by phosphorus (1.10±0.002 to1.37±0.002 ppm), and sodium (0.90±0.001 
to 1.30±0.001 ppm); and the least was revealed by magnesium (0.61±0.001 to 0.86±0.001 ppm). 
The different concentrations of elements upon addition of mango leaves in the postharvest 
preservation of UTC tomatoes in Sokoto, Nigeria show, the elevated concentrations revealed by 
phosphorus (2.5±0.001 to 3.8±0.004 ppm), potassium (2.00±0.001 to 2.99±0.001 ppm), and 
magnesium (1.01±0.001 to 2.59±0.001 ppm). The lower concentrations were observed in calcium 
(1.34±0.001 to 1.70±0.001 ppm), and sodium (0.55±0.005 to 1.80±0.002 ppm). The mango leaves 
possessed potential to preserve the Na, K, Ca, Mg, and P levels in tomatoes; thus could serve as 
cheap, accessible, and sustainable preservative in the state when improved. 
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1.Introduction
Tomato is among the foremost farm products 

cultivated at home, and imported worldwide across 

several parts of the worlds (1). 

*Corresponding author. Tel.: +2349096266980
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Tomato is an important vegetable in several parts of the 

world that serve in daily feeds to enrich our foods with 

a number of useful contents such as organic acids, 

vitamins, carotene, lycopene, sugars, amino acids, and 

minerals that are essential in human health and proper 

functioning (2, 3). 
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Mineral elements are essentially required substances 

that are needed for proper physiology and anatomy in 

humans and other animals as well (4). Particularly, 

macro elements are substances required by the body, 

but has to be taken from the diet in large chunk, such as 

sodium, potassium, calcium, magnesium, and 

phosphorus; therewith, the proper body functioning is 

ensured (5). Parable, magnesium has diverse biological 

roles, at least it acts in over 300 enzymes as cofactors; 

hence indicating its versatility in human metabolism 

(4). Sodium is vital in the human body to regulate blood 

pressure, stimulate nerves and muscles; calcium is 

termed as the peak mineral substance of the body. It is 

relevant in the regulation of blood clotting, production 

of teeth and bones, and modulation in muscle 

contraction (4). Insufficient availability of potassium in 

the body increases risks of disorders such as stroke, 

cancer, high blood pressure among others (6). 

Phosphorus is a basic parcel in DNA, RNA, and serves 

as energy store in metabolic reactions of the biological 

system (7, 8). 

Consequently, it is indeed needed to bio-monitor the 

amounts of macro elements present in a vital food 

material like tomato to expunge its contribution to the 

dietary intake of nutrients daily (1, 9). However, 

tomatoes are fleshy, berry, and contain 90% water; that 

in turn after being harvested started a path of high 

transpiration, and moisture loss, that spur deterioration 

and subsequent reduction of quality (2, 10). Farmers, 

producers, are faced with huge loss due to post-harvest, 

deprived of essential nutrients due to decay of tomato, 

and have to pay huge amount to processed tomatoes 

laced with chemicals that are harmful to the biological  

system by increasing the risk of cancer, infertility, 

chronic diseases, and other effects (11, 12). The situation 

is aggravated by the lack of basic amenities, such as lack 

of transportation of tomatoes from rural areas to cities, 

and insufficiency of electricity to store tomatoes for 

optimum time, in a state raged by burden of chronic 

and infectious diseases, poverty, food insecurity, and 

malnutrition (13, 14). 

Therefore, it is pertinent to seek for natural, sustainable 

ways to help rural and urban people in the semi-arid 

region of Sokoto preserve their tomatoes to ameliorate 

a lot of sufferings. The utilized candidate for this 

sustainable method is mango material owing to its 

metabolites contents. Impliedly, mango supposed to 

have the potential to preserve tomato quality 

parameters such as the macro elements content (15). In 

this line, the Mangifera indica leaves contain inherent 

constituents that include the diverse array of secondary 

metabolites (such as alkaloids, flavonoids, phenols, 

tannins, saponins, mangiferin, and many more) that 

possess antimicrobial activities; thereby influencing the 

use of mango leaves to inhibit the growth of spoilage 

causing microbes (especially the fungi species). In turn, 

it is important to test its ability on the preservation of 

quality (macro elements) in tomatoes. The edible nature 

of the mango leaves and accessibility in the area are 

other added advantages (11).  

Certainly, tomato (Solanum lycopersicum L.) is widely 

used important crop across several parts of the world 

for diet purposes, health, and economic reasons. It is an 

invaluable for many of its contents such as lycopene, 

carotene, vitamins, sugars, proteins, amino acids, and 

mineral elements such as microelements  
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and macro elements. However, the fruit tomatoes are 

perishable, can easily transmogrified into decay during 

the postharvest period especially in rural areas where 

there are poor basic amenities (16). In this vein, food 

deterioration has led to huge loss of food materials due 

to microbial actions even in situation of using synthetic 

chemicals. Therefore, the search for preservatives has 

become eminent (17, 18). Hosea et al., (18) from Benue 

state, Nigeria conducted a study to determine the 

capacity of neem leaves in the preservation of tomatoes; 

and the study found out that, that the leaves of neem 

are able to protect the qualities of tomatoes after 

storage. The parameters studies include firmness, 

decay and the likes. No mineral elements were 

considered despite the wide knowledge that elements 

are parts of tomatoes. In a Sokoto study by Aliyu et al 

(19) several fungi species responsible for spoilage of 

tomatoes in the state were determined and restated the 

need to put down new ways of preservation that are 

sustainable. Utilization of different storage methods 

such as plastic crate, ash, rice straw, control, basket and 

revealed different levels of weight loss, shelf life, and 

proximate parameters (excluding the metals) in a 

Nigerian study (20). Sehata et al (16) recently applied 

some chemicals for preserving shelf life of tomatoes 

and found chitosan and CaCl2 as the most desirable for 

preserving qualities of tomatoes. In another study by 

Zewdie et al., (15) neem leaves and Bees wax were 

applied to store tomatoes and found that the two 

treatments in some instances had potential for 

extension of shelf life in tomatoes for the benefits of 

consumers, retailers, producers, and sellers 

 In this study mineral elements were not determined for 

reasons best known to the researchers. 

Therefore, it was pointed that there is scarcity of data 

revealing the effects of natural/ organic preservation 

materials (like mango leaves) in the preservation of 

macro elements concentrations in tomatoes during the 

post-harvest storage; therewith, the need to fill this gap 

considering the essentiality of macro elements to the 

humans and the other factors affecting Sokoto region. 

Microelements are types of elements that are required 

in much amount (more than their counterparts) due to 

their importance to the biological system. Sodium, 

potassium, calcium, magnesium, and phosphorus are 

examples of typical macro elements needed by the 

human body (21). Sodium and potassium act as 

electrolytes that the body enjoys to modulate acid-base 

balance for optimal transmission in muscles, and 

nerves; calcium acts in insulin divulgement; 

magnesium is in many enzymes acting as cofactor 

especially in carbohydrate metabolism; and 

phosphorus is needed in DNA, RNA and ATP by the 

body (22). The objective of this study is to determine the 

effect of mango leaves in preserving the varied 

concentrations of metals (sodium, potassium, calcium, 

magnesium, and phosphorus) present in two tomato 

varieties in Sokoto, Nigeria. 

2. Materials and methods

The study was carried out in Sokoto state, Nigeria. In 

this vein, tomatoes varieties and mango (Mangifera 

indica) were obtained from Sokoto Metropolis, Sokoto 

state, Nigeria. After identification of tomato, mango 

leaves extracts were shuttled to the plant physiology 
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laboratory and cleaned, air-dried and grounded into 

fine powder and kept for further analysis. 

Powdered leaves of mango were dissolved in distilled 

water to form 5%, 10% and 25% (w/v) aqueous 

solutions of mango leaves extract to be used in coating 

the tomatoes. 5 g, 10 g and 25 g powder were dissolved 

in 9.5, 9.0 and 7.5 L of distilled water respectively (23). 

The percentages of extract were set to give distinctive 

concentrations of secondary metabolites inherent in the 

mango leaves to inhibit the growth of microbes that 

incite spoilage. 

Ripe, firm, smooth and healthy tomato fruits of the two 

varieties (UTC and Daneka) were selected and washed 

under running tap water, distilled water, rinsed and 

air-dried before treatment.  The experimental treatment 

was done according to the methods described by (18). 

Detailed steps of the experiment were shown in Fig. 1. 

Sodium, potassium, calcium, magnesium, and 

phosphorus mineral elements were analyzed on the 

basis of standard methods deciphered in (24). And data 

analysis was done using analysis of variance (ANOVA) 

at 5% level of significance. For Table 1, the f-ratio value 

is 253.56526. The p–value is < 0.0001, therefore the 

result is significant at p < 0.05. Then for Table 2, the f-

ratio value is 43.82848. The p–value is < 0.0001, 

therefore the result is significant at p < 0.05. 

Data analysis was done using descriptive statistics and 

analysis of variance (ANOVA) at 5% level of 

significance. 

3. Results

The results showing the effects of addition of mango 

leaves on the concentrations of selected macro elements 

during the postharvest preservation of tomatoes in 

Sokoto, Nigeria were shown in Tables 1 and 2. 

Table 1 shows the varied concentrations of elements 

(sodium, potassium, calcium, magnesium, and 

phosphorus) after the application of different mango 

leaves extracts in the postharvest preservation of 

Daneka tomato fruits. The most elevated 

concentrations noticed due to addition of extract leaves 

were revealed in potassium (1.20±0.002 to 3.00±0.001 

ppm), and calcium (1.27±0.003 to 2.15±0.002 ppm). The 

lower levels of metals noticed upon storage under 

mango leaves are revealed by phosphorus (1.10±0.002 

to 1.37±0.002 ppm), and sodium (0.90±0.001 to 

1.30±0.001 ppm); and the last was revealed by 

magnesium (0.61±0.001 to 0.86±0.001 ppm). 

In Table 2, the different concentrations of elements 

upon addition of mango leaves in the postharvest 

preservation of UTC tomatoes in Sokoto, Nigeria. 

Comparatively, the elevated concentrations were 

shown by phosphorus (2.5±0.001 to 3.8±0.004 ppm), 

potassium (2.00±0.001 to 2.99±0.001 ppm), and 

magnesium (1.01±0.001 to 2.59±0.001 ppm). The 

revealed lower concentrations were seen in calcium 

(1.34±0.001 to 1.70±0.001 ppm), and sodium (0.55±0.005 

to 1.80±0.002 ppm).   
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Figure 1. A flow chart of experiments for the treatment of tomatoes with mango leaves extracts (25) 

Placement of 1st group of 
tomatoes in 5%  mango 

extract

Placement of 2nd group of 
tomatoes in 10%  mango 

extract

Placement of 3rd tomato 
group in 25% mango 

extract

Placement of 4th group of 
tomatoes in 40 C

placement of 5th tomato 
group in an untreated 

condition (control)

Each group prepared was kept for 10 min, then dried and subsequently removed from the treatment 

Placement of tomatoes in plastic trays inside cages (to avoid animals attack) and allowed for 30 days stay. 

Transport of the tomatoes to atomic absorption spectroscopy machine 

Selection, washing (cleaning) of healthy (ripe, firm) tomatoes and subsequent grouping into 

five groups each containing 20 tomatoes 
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Table  1. Potential of mango leaves in preserving mineral elements present in Daneka tomato type from Sokoto 

 Key: Values are expressed as mean standard deviation. The f-ratio value is 253.56526. The p–value is < .0001, therefore the result is
  significant at p<0.05

Table 2.  Potential of mango leaves in preserving mineral elements present in UTC tomato type from Sokoto 

 Storage
 condition

 Potassium
 (ppm)

 Calcium
 (ppm)

 Magnesium
 (ppm)

Phosphorus
(ppm)

Control 
 (0%) 

0.05±0.001 1.20±0.001 1.34±0.001 1.00±0.001 2.0±0.001 

5% 0.55±0.005 2.00±0.001 1.56±0.001 1.01±0.001 2.5±0.001 

10% 1.39±0.001 2.90±0.003 1.60±0.001 2.07±0.001 3.6±0.003 

25% 1.80±0.002 2.99±0.001 1.70±0.001 2.59±0.001 3.8±0.004 

4OC 0.65±0.005 1.90±0.002 1.90±0.005 1.50±0.001 2.7±0.002 

 Key: Values are expressed as mean standard deviation. The f-ratio value is 43.82848. The p–value is <. 0001, therefore the result is
 significant at p<0.05  

Storage 
condition 

 Sodium
 (ppm)

Magnesium 
(ppm) 

Phosphorus 
(ppm) 

Control (0%) 0.10±0.001 0.90±0.002 1.00±0.002 0.60±0.001 1.00±0.002 

5% 0.90±0.001 1.20±0.002 1.27±0.003 0.61±0.001 1.10±0.002 

10% 0.95±0.001 2.00±0.002 2.00±0.002 0.64±0.001 1.22±0.001 

25% 1.30±0.001 3.00±0.001 2.15±0.002 0.86±0.001 1.37±0.002 

4OC 0.80±0.001 2.15±0.002 2.38±0.001 0.46±0.001 1.30±0.005 
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4. Discussion

As denoted in Table 1 and 2 the different concentrations 

of elements (sodium, potassium, calcium, magnesium, 

and phosphorus) due to the application of different 

mango leaves extracts in the postharvest preservation 

of Daneka tomato fruits, are higher than the 

concentrations magnesium, calcium, and sodium 

observed in a Katsina study done on fresh three 

varieties of tomatoes (involving the UTC, Daneka and 

other one variant) (26). This has shown how 

comparatively the preservative extract (mango leaves) 

have potential in preserving the mineral elements in the 

fruit tomatoes.  In this vein (as shown in Tables 1 and 

2) the amounts of metals in the mango leaves treated

tomatoes (UTC and Daneka) are more preserved 

(concentrated) than in the control (untreated tomatoes) 

because the extracts have the phytochemicals that will 

act to inhibit the growth of microbes that cause 

deterioration. Inhibiting deterioration is a preservation 

of integrity/ quality of tomatoes including the levels of 

metals (1, 26). There exists another study that was 

conducted on elemental compositions of tomatoes from 

Austria, showing very higher calcium, sodium, 

magnesium, phosphorus, and potassium than the 

values revealed in Table 1 and 2 of this study (1). The 

differences between the values of Austrian study and 

this work are due to the differences in varieties 

examined and the long-term of storage of tomato in this 

study, because quality parameters in tomatoes usually 

reduce over the days of storage (1, 26). It can be noted 

vividly that, the concentrations of Sodium, potassium, 

calcium, magnesium, and phosphorus revealed in 

tomatoes in this study are not sufficient enough to serve 

as the sole provider of  

recommended dietary intake per day; but, they can 

significantly contribute in the proper functioning, 

health growth, and development of the human 

biological system (10, 14, 19, 27-29). 

Similarly, as denoted in Tables 1 and 2, it is evident that, 

the treatment of tomatoes during storage has the 

potential to preserve the concentrations of Na, K, Ca, 

Mg, and P depending on the increasing concentration 

of the mango leaves extract applied for the storage. It 

was also noticed that, the low temperature of 4 °C is 

effective in preserving the concentrations of elements in 

tomatoes under storage. The low temperature might 

have actually achieved that due to its ability to slow the 

growth of microbes that cause spoilage in tomatoes; 

and the mango leave extracts were able to preserved the 

concentrations of metals because of the phytochemicals 

present in the plant that have the ability to inhibit the 

growth of spoilage causing microbes (18, 29). Spoilage 

microbes when present unabated are parasites that 

consume nutrients in the tomatoes, and cause 

deterioration that is capable in reducing all other 

qualities of tomatoes including the elemental contents 

(17, 18, 29). The current trend in the region of sokoto, 

the semiarid area, that is known with extent of poverty, 

double burden of diseases, malnutrition, low basic 

social amenities in rural areas, and food insecurity 

among others called for better improvement in food 

preservation to ameliorate the present undesirable 

trend (14, 31). Tomato, a popular vegetable fruit that is 

produced and consumed in the area is essential to 

provide important nutrients including the 

macroelements, (sodium, potassium, calcium, 

magnesium, and phosphorus) (32). This is in tandem 

with what was divulged by the concentrations of 
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elements in the findings of this study. Additionally, the 

study proved the ability of mango leaves in ensuring 

the preservation of mineral elements contents in 

tomatoes, and quality parameters by extension. The 

effective behavior of mango leaves to preserve 

tomatoes indicates the ability of organic materials in 

preserving mineral contents like indicated by other 

studies as well (32, 33). Also, it portrays a way to save 

the public from the detrimental effects linked with the 

addition of synthetic food additives/ preservatives (34-

37). In the same vein, providing cheap, sustainable, 

greener ways that are desirable to preserve the 

environment, reduce poverty, increase shelf life of 

crops, among other benefits (30, 34, 35).  

Albeit, the levels of macro elements depicted by this 

study are not up to the recommended dietary intake for 

humans; but the fruits have considerable amount of 

elements that on daily basis can significantly add to the 

daily requirement of the body and help in the proper 

functioning of the body. They can also be helpful in 

reducing the prevalence of macro elements related 

deficiencies in the state (38). Likewise, the presence 

ability demonstrated to preserve some extent of macro 

elements in tomatoes after storage is an indication that 

the microbes responsible for spoilage might be 

drastically reduced and in turn conferring the fruits 

with reduced spoilage causing microbes that can cause 

public health risks when taken along with the tomatoes 

(17). 

5. Conclusion

Tomatoes are cheap, available source of a diverse array 

of compounds such as macro elements, Na, K, Ca, Mg, 

and P needed by human body especially in areas like 

Sokoto state, where there are challenges like food 

insecurity, malnutrition, hunger, and low basic social 

amenities in rural areas. However, the tomato is 

affected by its tendency to rot in a short period of time 

that is why there is need to devise a way of increasing 

shelf life effectively. This study shows the application 

of a natural material (mango leaves) for preservation of 

tomatoes in Sokoto has yielded fruits by preserving the 

amount of sodium, potassium, calcium, magnesium, 

and phosphorus elements found in tomato to a certain 

extent. Therefore, the potential of mango leaves should 

be harnessed and further studies are needed to 

ascertain and divulge more values of using mango 

leaves to preserve tomatoes.  
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