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ABSTRACT 

Noni (Morinda citrifolia) fruit has recently been gaining attention in the area of nutraceutical 

research due to its potential health benefits. The Fruit of the morinda citrifolia plant, also known 

as Indian mulberry, has been used for medicinal purposes for centuries in Polynesia and Southeast 

Asia and recently in Africa. The fruit has gained significant attention for its profound therapeutic 

and nutritional benefits in treating various ailments. This study aims to contribute to the existing 

literature by analyzing the presence and quantity of selected elements relevant to human health, 

namely Calcium, Manganese, Potassium, Phosphorus, Sodium, Nickel, Mercury, Lead, Arsenic, 

Chromium, and Cadmium, in both ripe and unripe Noni fruits. The highly sensitive atomic 

absorption spectroscopic (AAS) technique was employed for this purpose. The results revealed 

that ripe Noni fruit contained higher concentrations of Calcium, Potassium, Chromium, and 

Phosphorus, while unripe Noni fruit had higher levels of Manganese, Sodium, and Nickel. 

Keywords: Nutraceutical, AAS, Morinda citrifolia, Noni, Macrominerals, Microminerals 

Therapeutics. 

  

INTRODUCTION 

Noni fruit has gained significant attention in 

the current era of nutraceutical research due 

to its profound therapeutic and nutritional 

health benefits. ‘Noni’ is the Hawaiian name 

for the fruit of Morinda citrifolia L. 

(Rubiaceae). The Fruit of the Morinda 

citrifolia plant, also known as Indian 

mulberry, has been used for medicinal 

purposes for centuries in Polynesia and 

Southeast Asia 1, and recently gained 

acceptance in America and Africa. This Fruit 

is a tropical plant belonging to the coffee 

family Rubiacea. It exists as a small 

evergreen tree or shrub growing to a height of 
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3 to 6m 2. The Fruits are multiple, oblong, 5 

to 7cm long, soft, and watery with a cheesy 

aroma. Since 1996, Noni products, mainly 

fruit juice, are available as health food 

worldwide. Fruit juice and leaf tea were 

approved by EU law as a novel food in 2003 

3. Concurrently, Metals are essential 

constituents of all cellular structures, but they 

exhibit a narrow margin between their 

required intake and toxic levels 4. 

This Fruit and its extracts are the subject of 

extensive research to elucidate their anti-

cancer potential 5,6. The fruits provide a rich 

source of essential minerals and trace 

elements that are vital for human health 7. 

Numerous publications have demonstrated 

that Noni possesses immense potential to 

relieve various ailments, with its registered 

uses spanning across the Pacific, Asia, and 

Africa. In fact, two clinical studies have 

reported the alleviation of arthritis and 

diabetes upon Noni-consumption 8,9. Such 

beneficial effects can be attributed to various 

elements and compounds such as scopoletin, 

nitric oxide, alkaloids, sterols, and many 

essential metals and non-metallic elements, 

as well as the potent antioxidant potential of 

Noni. Notably, the Fruit's reputation has led 

to its increased consumption in producing 

countries and the United States, Japan, 

Europe and Africa. 

Our team of researchers had earlier reported 

from this laboratory on the investigation into 

the content and potential uses of Noni leaves 

and stembark 10. 

In this work, we are investigating the 

presence of some essential elements in both 

ripe and unripe Noni fruits to explore their 

impact on longevity. This study employs 

Atomic Absorption Spectroscopy (AAS), a 

sensitive analytical technique to quantify the 

trace levels of metallic elements 11 in Noni 

fruit at different stages of ripeness. The 

elements of interest are Sodium (Na), 

Potassium (K), Calcium (Ca), Phosphorus 

(P), Cadmium (Cd), Nickel (Ni), Mercury 

(Hg), Lead (Pb), Arsenic (As), Manganese 

(Mn) and Chromium (Cr), which are widely 

distributed in fruits and have distinct roles in 

human health. 

MATERIALS AND METHODS 

The equipment and instruments used in this 

study were all calibrated to check their status 

in the middle of the experiments. Apparatus 

such as volumetric flask and measuring 

cylinder were thoroughly washed with 

detergents and tap water and then rinsed with 
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deionized water. All glassware were cleaned 

with about 10% concentrated Nitric acid 

(HNO3) in order to clear out any heavy metal 

on their surfaces and rinsed with distilled 

water.  

Reagents and chemicals 

The reagents and chemicals used for the 

laboratory works were all analytical grade; 

deionized water (chemically pure with 

conductivity of 1.5μs/cm and below was 

prepared in the Chemistry Research 

Laboratory of the Federal Univeristy, 

Gashua, Nigeria) was used for dilution of the 

sample, and intermediate metal standard 

solutions prior to analysis and rinsing glass 

wares and sample bottles. 

Sample collection  

The ripe and unripe Noni fruit (Morinda 

citrifolia L.) was collected from Nyanya area 

of Nasarawa State, near Abuja, Nigeria.  

Sample preservation and storage  

The Fresh fruits of Noni, ripe and unripe fruit 

flesh and seed were washed with running 

water, cut with a knife into small pieces, 

shade dried at room temperature, and then 

grounded. 20g of ripe and 22g of unripe dried 

Noni fruit powder were subjected to 

elemental analysis using a calibrated AAS 

machine (Buck scientific model 210GP). The 

preservation was done such that the sample 

contained 1% HNO3 by adding 0.75ml of 

HNO3 to the sample of Noni fruit and making 

the entire volume to 750ml using deionized 

water. Plastic containers were used to keep 

the sample to avoid contamination, and the 

samples were stored at 4oC in a refrigerator 

prior to the analysis.  

Preparation of standard and working 

solutions  

The metal concentration for each of the 

metals was determined in the experimental 

solution based on its respective calibration 

curve. In plotting the calibration curves for 

Pb, Zn, Cd, and other elements, a stock 

solution for each metal ion supplied by the 

manufacturer's company was used, from 

which a standard working solution of 100 

ppm was prepared. 

The 100ppm working solution was prepared 

from the earlier 1000ppm stock solution. A 

simple dilution formula (C1V1 = C2V2) was 

used to calculate the volume of the stock 

solution to be diluted to the new desired 

concentration. 1mL of concentrated HNO3 
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was added to each working standard and 

finally diluted to the desired volume with 

deionized water. 

Determination of Elements Concentration 

Using AAS Method 

Preparation of Calibrated Curve 

Calibration curves were prepared to 

determine the concentration of the metals in 

the sample solution. The instrument was 

calibrated using a series of working 

standards. The working standards of 

solutions of each metal were prepared from 

standard solutions of their respective metals, 

and their absorbance was taken using the 

AAS. A calibration curve for each metal ion 

to be analyzed was prepared by plotting the 

absorbance as a function of metal ion 

standard concentration. 

Determination of elements in the samples 

The concentration of the metal ions in the 

samples was determined by reading their 

absorbance using AAS (Buck scientific 

model 210GP) and comparing it to the 

respective standard calibration curves. Three 

replicate determinations were carried out for 

each sample. The metals were determined by 

absorption/concentration mode, and the 

instrument readout was recorded for each 

solution manually. The same analytical 

procedure was employed for the 

determination of elements in digested blank 

solutions and for the picked samples. 

 

 

RESULTS AND DISCUSSION 

Results 

The elemental contents obtained for both ripe 

and unripe Noni fruit samples obtained from 

Nyanya, Nasarawa-Abuja, Nigeria, are 

presented in the Table below. WHO 

standards/ maximum permissible levels for 

the selected elements are also presented for 

ease of comparison and benchmarking.  
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Table 1 Elemental Composition of Ripe and Unripe Noni Fruit 

Detected Elements Ripe (mg/kg) UNRIPE (mg/kg) WHO standard 

Calcium  373.09  354.93 800 

Manganese  4.76  5.46 6.06 

Potassium 1836.56 1648.07 2000 

Phosphorus  538.35  511.48 700 

Sodium  281.43 525.10 1000 

Nickel  0.629  0.880 10 

Mercury  0.00  0.000 0.001 

Lead  0.023     0.012 0.1 

Arsenic  0.000  0.000 0.2 

Chromium  0.270  0.149 1.3 

Cadmium  0.000  0.000 0.02 

 

The Table showed the mineral content of ripe 

Noni fruit as Calcium (373.09), Sodium 

(525.10), Manganese (4.76), Potassium 

(1836.55), Phosphorus (538.35), Nickel 

(0.629), Lead (0.023) and Chromium (0.270).  

Similarly, for the unripe Noni fruits, the 

mineral content was Calcium (354.93), 

Manganese (5.46), Potassium (1643.07), 

Phosphorus (511.48), Sodium (281.43), 
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Nickel (0.880), Lead (0.012) and Chromium 

(0.419).  

On the other hand, the elements Cadmium, 

Mercury, and Arsenic were not detected in 

either ripe or unripe Noni fruit.  

Discussion  

Minerals are inorganic substances that are 

required for various biological processes in 

the body. The minerals can be classified into 

macrominerals (Na, K, Ca, Mg, P, S) that are 

needed in large quantities by the body and 

microminerals (Fe, Zn, Cu, Mn, I, Se, Mo, Cr, 

Ni) that are needed in trace quantities by the 

same body. All of these minerals have 

diverse roles in different cells and tissues. 

Some of them function as enzyme cofactors 

or structural components of biomolecules. 

Others regulate the membrane potential or 

the osmotic balance of cells. Still, others 

modulate the activity of hormones or 

neurotransmitters. 

A comparative analysis of the results 

obtained for both the ripe and unripe Noni 

fruits using the AAS technique revealed that 

ripe Noni had higher concentrations of 

Calcium (373.09), Potassium (1836.56), 

Phosphorus (538.35), Chromium (0.270), 

while unripe Noni had higher concentrations 

of Manganese (5.46), Sodium (525.10) and 

Nickel (0.880). 
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Figure 1: Bar chart comparing the concentration of elements in ripe and unripe Noni Fruits.  

The results demonstrated that most of the 

elements tested in this work had similar 

concentrations in ripe and unripe Noni fruit, 

except for Sodium, which exhibited a 

significant difference. The ripe Noni fruit had 

a higher sodium content (525.10 mg/kg) than 

the unripe Noni fruit (281.43 mg/kg). This 

discrepancy may be attributed to the 

difference in the pH levels of the fruits, as 

unripe Noni fruit tends to have a higher 

alkalinity than ripe Noni fruit, which may 

influence their sodium content. Sodium is an 

essential mineral that regulates the body's 

fluid balance, nerve function, and muscle 

contraction. Although most fruits have low 

sodium levels, some fruits, such as avocados 

and tomatoes, contain small amounts of 

Sodium. 

The results also indicated the calcium and 

potassium content of ripe and unripe Noni 

fruit and their implications for human health. 

Calcium is an essential mineral that supports 

the growth and maintenance of bones and 

teeth and the function of muscles, blood 

clotting, and nerves 12. Several fruits are rich 

in Calcium, such as oranges, kiwis, and figs 
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13. Likewise, Potassium is another vital 

mineral that regulates blood pressure and 

fluid balance, as well as the function of 

muscles, nerves, and heart rhythm 13. Some 

fruits that contain high amounts of Potassium 

are bananas, cantaloupes, and apricots. This 

study shows Potassium as having the highest 

concentration of all the tested minerals in the 

Noni fruit, with the ripe and unripe fruits 

having 1836.56 and 1643.07 mg/kg, 

respectively. These results suggest that 

potassium concentration in ripe Noni is 

closer to the WHO recommended amount of 

2000 mg/L. While both ripe and unripe Noni 

have significant levels of Potassium, ripe 

Noni has a higher concentration, which may 

have more significant health implications. 

This may suggest that Noni fruit has 

beneficial effects on blood pressure and fluid 

balance, but excessive intake may also cause 

adverse effects such as hyperkalemia or 

kidney damage 14,15. 

Chromium is a trace element that is required 

for the metabolism of carbohydrates, 

proteins, and fats. It also plays a role in 

insulin sensitivity and may benefit 

individuals with type 2 diabetes 16. Other 

fruits that are good sources of chromium 

include apples and grapes. 

Phosphorus is a critical element that is 

necessary for the growth and maintenance of 

healthy bones and teeth. It also plays a role in 

energy metabolism and is involved in the 

function of nerves and muscles, including the 

heart 17. Many fruits, such as grapes and 

pineapples, are rich sources of phosphorus. 

The high phosphorus concentrations of both 

ripe and unripe Noni fruit indicate that noni 

fruit may benefit bone health, energy 

production, and nerve and muscle activity. 

Manganese is an essential trace element for 

the metabolism of carbohydrates, amino 

acids, and cholesterol. It is also involved in 

bone formation and wound healing 13. Fruits 

that are rich in Manganese include 

raspberries and pineapples. In Noni fruit 

juice, Rybak and Ruzik (2013) reported that 

Manganese is complexed from flavonoids 

rutin, dyes like anthraquinone (alizarin), and 

glycosides asperulosidic acid 18. 

Furthermore, this study detected Mn 

concentrations of 5.406 and 4. mg/l in ripe 

and unripe Fruit, which was more than a 20-

fold increase compared to the 0.3 mg/l 

reported by Rybak and Ruzik (2013) study 18. 

maintain healthy fluid balance in the body 

and blood pressure 19. It also plays a role in 

nerve and muscle function 19. While many 

fruits are low in Sodium, some, such as 
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avocados and tomatoes, contain small 

amounts. Therefore, its concentration in food 

has been a topic of interest for its potential 

health implications due to excessive intake of 

Sodium in the Western diet, which can lead 

to health problems such as high blood 

pressure, heart disease, and stroke. The 

recommended daily intake of Sodium for 

adults is 1000 mg per day, with an ideal limit 

of no more than 1,500 mg per day 19. The 

sodium concentration in unripe Noni, as 

reported, is 281.56 mg/L, while the sodium 

concentration in ripe Noni is reported to be 

525.07 mg/L. The implications of consuming 

Noni fruit with varying Sodium levels on 

human health remain unclear and require 

further investigation; however, the risk factor 

is significantly reduced.  

Nickel, a trace element required for the 

metabolism of certain enzymes in the body, 

is not considered an essential nutrient, 

although some research work suggested 21-25 

that it may play a role in the immune system, 

metabolism, blood formation, and bone 

health. Nickel is a trace element that is 

required for the metabolism of certain 

enzymes in the body. It is important to note 

that the aforementioned mineral 

concentrations may vary depending on 

various factors, such as the region in which 

the Noni fruit is grown, the maturity of the 

Fruit at the time of testing, and the methods 

used for testing. The higher concentrations of 

Calcium, Potassium, and Phosphorus in ripe 

noni fruit are significant, as these elements 

are essential for maintaining healthy bone 

density, preventing osteoporosis nerve 

transmission, muscle contraction, and energy 

metabolism. Additionally, the higher 

concentration of chromium in ripe Noni fruit 

may have implications for its potential use as 

a natural supplement for individuals with 

type 2 diabetes, as chromium has been shown 

to improve insulin sensitivity 1,26–28. 

Even though the concentrations of all 

elements in both ripe and unripe noni fruit are 

below the WHO maximum permissible 

levels, suggesting both ripe and unripe Noni 

fruit are safe for human consumption, the 

concentrations of mercury, nickel, lead, and 

arsenic are higher in unripe Noni fruit than in 

ripe noni fruit (Table 1). These elements are 

toxic to human health, as they can cause 

various adverse effects such as neurological 

damage, kidney failure, anemia, and cancer 

4,29. 

This study's findings are consistent with 

previous studies showing that Noni-fruit 

compounds have antioxidant and anti-
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inflammatory properties30. In addition, the 

high Sodium, Potassium, Calcium, and 

Phosphorus levels in Noni-fruit compounds 

make them essential in maintaining proper 

body function.  

CONCLUSION 

This study denotes that noni fruit is a 

potential source of minerals, nutrition, and 

essential elements for human health. Our 

analyses revealed that ripe noni fruit had 

higher concentrations of Calcium, Potassium, 

Phosphorus, and Chromium, while unripe 

Noni fruit had higher concentrations of 

Manganese, Sodium, and Nickel. These 

findings have significant implications for the 

potential use of noni fruit as a natural 

supplement for maintaining healthy blood 

pressure, fluid balance, bone density, and 

improving insulin sensitivity and other health 

benefits. Furthermore, locational variation on 

where the Noni plant is grown, be it Africa, 

America. Asia or Europe does not seem to 

show significant variation in the nutritional 

and nutraceutical contents of the plant. 

Despite these findings, further research needs 

to be done to have deeper understanding on 

the health implications of these findings, 

including the bioavailability of other 

essential elements not investigated in this 

work present in the Noni fruit grown in 

Nigeria. 
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