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ABSTRACT 

Fruit and leaf of noni (Morinda citrifolia L.) have been used traditionally as food and for medicinal purposes by South 
Pacific populations since over two thousand years. Recently noni fruit juice became very popular as health beverage 
worldwide. Manufacturers and distributors of noni juice often praise the high content of minerals and trace elements in 
conjunction with the geological situation of the origin of the raw noni material. We therefore performed an investigation 
about the metal concentration of noni fruit, leaf and soil samples from 42 different locations in French Polynesia, and of 
16 commercial noni juices. Median concentrations of metals in noni fruit, leaf and fruit juice appeared in a normal range 
compared to other fruits, however, the variance between different locations was considerable. Noni fruits from lime soil 
were poorer compared to volcanic soil in most metals. Self-prepared noni juices did generally not serve for more then 
10% of the daily requirement of trace elements and minerals per 100 ml. The metal concentration in noni fruit puree 
was higher compared to clear juice and reached 10% and 34% of the daily requirement in 100 ml for manganese and 
chromium respectively. The concentrations of toxic metals (As, Cd, Pb) were below 2% of the maximum permitted 
levels (MPL) in all of these juices. For one of the commercial noni juices the MPL for lead was exceeded (170%) and 
some others were close to it. Most metals showed a good correlation regarding the concentration in noni fruit versus 
leaf, but not for soil versus fruit or juice. The concentration of magnesium, manganese, zinc and germanium in the 
commercial juices was highly correlated to the potassium concentration, indicating that these elements are useful to 
detect a dilution of noni juices. 
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1. Introduction 

The noni tree (Morinda citrifolia L.) grows in almost all 
tropical areas of the world, however, preferably on South 
Pacific islands [1,2]. After invading a habitat, the plant is 
distributed by animals eating the fruits, which contain 
over hundred non digestible seeds per single fruit. Pacific 
islands have often many different soil conditions, such as 
solid lava, soil resulted from decomposition of lava flows, 
volcanic ash [3,4] as well as lime soil at beach areas and 
coral islets [5]. Noni plants grow on all of these types of 
soil between coastal sides and up to heights of 500 - 600 
m (Table 1).  

The noni plant plays an important role in the Polyne-
sian culture since several thousand years. All parts of the 
plant were used to maintain health and cure many kinds 
of diseases [1]. These traditions survived until present 
time [6]. Since 1996, noni products, mainly the fruit juice, 
are available as health food worldwide. Noni fruit juice 

and noni leaf tea were recently approved by EU law as 
novel food [7,8]. 

Metals are important components of all organisms. 
They can be divided into minerals (Na, K, Ca, Mg) with 
multiple functions in every cell and essential elements 
(Zn, Fe, Cu, Co, Ni, Cr, V, Mo, Se), with limited func-
tion mostly as cofactors for enzymes. Minerals may oc-
cur in concentrations of grams per Kg biological mass, 
whereas essential elements make up only mg or µg 
amounts per KG [9]. Humans get their daily required 
amounts of metals mainly by food and to a minor degree 
by drinking water. Overload with or lack of minerals is 
rare because they are abundant in most kinds of food and 
our body has very effective regulating mechanisms 
which guarantee mineral homeostasis. Essential elements, 
on the other hand, have often a narrow range between 
daily requirement and toxicity [10]. A healthy, well bal-
anced diet normally guarantees a sufficient supply with 
all essential elements. Imbalanced diets and consumption 
of a high degree of processed food can cause deficiencies *Corresponding author. 

Copyright © 2012 SciRes.                                                                                  FNS 



Mineral and Trace Element Concentrations in Morinda citrifolia L. (Noni) Leaf, Fruit and Fruit Juice 1177

of essential elements with subsequent development of 
diseases. An overload with essential elements causing 
symptoms of toxicity can occur, if food plants grow on 
soil containing high concentrations of such elements, 
either naturally or by contamination [11,12].  

Food of plant origin is most important for supply with 
minerals and essential elements; however, it can also be a 
source of toxic metals, such as As, Cd, Pb, Hg. Tl, Po, Th 
or U. These elements have no known biological functions, 
but can adversely interfere with biological reactions. Or-
ganisms usually have defense mechanisms against the 
toxicity of such elements, and tolerate certain amounts in 
the diet [13]. Most countries introduced maximum per-
mitted levels (MPL) of toxic elements in food in order to 
minimize the exposure of people.  

Food companies often advertise their products as 
valuable suppliers of minerals and essential elements. 
This is also the case for some companies selling products 
prepared from noni (Morinda citrifolia) as can be seen in 
the internet. They argue that noni plants grow on vol-
canic soil, which is especially rich in minerals and essen-
tial elements. However, the availability of the metals for 
the plant depends on a number of conditions, such as the 
pH of the soil, the particle size and the chemistry of the 
soil components. Moreover, different plants may have 
individual accumulation capacities for metals [14,15]. 
The fact that a plant grows on volcanic soil does there-
fore not guarantee high concentrations of minerals and 
essential elements. Tobacco plants are known to accu-
mulate Cd and other toxic metals in the leaves [16]. 
Similar results were demonstrated for a number of food 
plants, such as rice and soy [17,18]. It is unknown, whe- 
ther noni plants have an increased potential to accumu-
late minerals and trace elements. 

The aim of the present investigation was to analyze 
noni fruits and leaves as well as noni juices for their 
content of minerals, essential and toxic elements and 
compare it to soil conditions of the origin of the plants.  

2. Materials and Methods 

2.1. Chemicals and Reference Compounds 

Standard solutions for Atomic Absorption Spectroscopy 
(AAS) of Na, Mg, K, Ca, V, Cr, Mn, Fe, Cu, Zn, Ge, As, 
Mo, Cd and Pb, were purchased from Merck (Darmstadt, 
Germany). Concentrated nitric acid (ultra pure) and Am- 
monium nitrate (ultra pure) were purchased from the 
same company. Commercial noni juices were purchased 
via the internet or in European food stores.  

2.2. Plant and Soil Materials 

Fresh noni fruit and leaf were harvested on the French 
Polynesian islands Tahiti, Moorea, Huahine, Raiatea and 

Tahaa (Society Islands,) and Nuku Hiva, Ua Pou, Ua 
Huka, Hiva Oa, Tahuata, Fatu Hiva (Marquesas). The 
samples were frozen on site and carried to Hamburg. 
Juices of noni fruits were prepared after thawing by 
squeezing the fruits in a potato press. The juices were 
centrifuged to remove solid particles. Soil samples from 
7 locations of French Polynesia were collected close to 
noni trees. These samples were irradiated prior to ship-
ment to Hamburg, in order to kill any microbes.  

2.3. Sample Preparation for AAS and ICP AES 
Analysis 

Noni fruit juice: About 100 µl of samples were filled 
into Teflon containers and dried at 100˚C. The residues 
were supplemented with 2 ml of 65% nitric acid. The 
mixture was autoclaved at 180˚C in closed Teflon vials 
for eight hours. After cooling down to room temperature, 
the clear solution was diluted to 20 ml with distilled wa-
ter. This solution was directly used for the determination 
of the metal concentrations in the AAS. For some metals 
(K, Na, Ca) the solutions were further diluted up to 
1:1000, before the determination of the metal concentra-
tion in the AAS. 

Noni fruit and leaf: Frozen samples of noni fruit and 
leaf were freeze dried and pulverized. Amounts of ap-
proximately 100 mg were placed in Teflon containers, 
supplemented with 2 ml of 65% nitric acid and auto-
claved at 180˚C for eight hours. The following steps 
were identical with the preparation of fruit juices. 

Total element analysis of soil samples: About 100 
mg of soil samples were supplemented with 2 ml 65% 
HNO3 in Teflon containers, closed and heated at 190˚C 
for about 6 hours. After cooling and opening, the solu-
tions were diluted with dist. water, filtered, transferred 
into a glass vial and adjusted to 20 ml. The insoluble 
particles (SiO2) were heated together with the filter at 
850˚C in a stream of pure oxygen and the residue was 
weighed and calculated as SiO2. The carbon and nitrogen 
content of soil samples were investigated by combustion 
at 1000˚C in an oxygen atmosphere using an elemental 
analyzer (Perkin Elmer, Rodgau, Germany). 

Soil extraction with ammonium nitrate: 2 g dry soil 
was mixed with 15 ml of 1 M NH4NO3-solution and 
stirred for 2 hours at room temperature. The mixture was 
filtered, washed with small amounts of dist. water, trans-
ferred to a glass tube and adjusted to 20 ml.  

2.4. Determination of the Metal Concentrations  

The concentration of the different metals in noni fruit, 
leaf, fruit juice and ammonium nitrate soil extracts were 
determined with a Thermo Elemental AAS Spectrometer 
(Solaar M), equipped with a flame detector and a GF-95 
graphite furnace. Specific hollow cathode lamps were 
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used for the determination of the different elements. The 
flame detection technique was used for the investigation 
of K, Na, Mg, Ca and Zn. All other elements were inves-
tigated using the graphite furnace technique. The AAS is 
equipped with quantitating software, which calculates the 
metal concentrations in mg (µg)/L. Total element analy-
sis of soil samples was performed with an ICP AES (In-
duced Coupled Plasma Atomic Emission Spectrometer), 
SPECTRO, Model SPECTRA FLAME (Kleve, Ger-
many). The elements Al, Co and Ni could only be inves-
tigated by ICP AES, whereas the elements Mo and Ge 
were investigated only by AAS. The other elements were 
detected by both techniques. 

3. Results and Discussion 

Noni fruit, leaf and soil samples were collected at two 
campaigns in April and September 2005 at eleven islands 
in French Polynesia belonging to the archipelagos of the 
Society Islands and Marqesas. The geographical posi-
tions of the sampling sites are given in Table 1. Twelve 
positions belong to plantations. At the other positions no 
regular harvest takes place. Within our sampling sites 
were lava soils, rich in minerals and trace elements, lime 
soils at beaches and small coral islets and mixed types of 
soil. The islands of French Polynesia were formed be-
tween 0.4 - 5 million years ago by movements of the 
lithosphere over stationary hot spots in the mantel, re-
sulting in the formation of chains of volcanic islands [19]. 
Most of the landmass of the islands was formed by basal-
tic lava and volcanic ash. Soils rich in minerals and trace 
elements were formed by erosion of this material. An-
other type of soil is located at beaches and small coral 
islets (Motus), originating from marine sediments. This 
soil is dominated by calcium carbonate. 

Analyses of seven representative soil samples are 
shown in Table 2, which contains total analyses of min-
erals and trace elements as well as metals extractable 
with 1 M NH4NO3. This fraction is believed to mimic the 
metals available to the plants. An overview of the ele-
mental composition of the soil samples is also given in 
Figure 1, which combines five samples of volcanic soil 
(positions 1, 2, 6, 8, 20) and two of lime soil (position 7, 
12) in two separate plots.  

The volcanic soils are dominated by SiO2 (31.1% - 
54.2%), Fe (9.4% - 21.7%) and Al (6.0% - 12.0%), fol-
lowed by C (2.1% - 4.7%) and Ca (0.38% - 0.98%). The 
lowest Ca-concentration (0.038%) was observed in the 
soil of Position 6. This position shows also the highest 
Fe-concentration (21.7%). N, P, Mg and Mn-concentra- 
tions ranged between 0.1% - 1% and the transition metals 
varied between 100 - 1000 ppm. The concentrations of 
the toxic metals Cd and Pb were considerably lower 
compared to the other trace elements. The Cd concentra-

tions in volcanic soil ranged between 7.1 (position 20) 
and 15.1 ppm (position 6). Pb-concentrations were below 
1.5 ppm, except for position 6 (9.9 ppm). This position is 
close to a street loop at the island of Moorea with an al-
titude of 230 m. The street ends at an overlook, called 
Belvedere, a very popular touristic place with lot of car 
traffic. The high content of lead and Cd is therefore more 
likely due to traffic contamination rather than geology. 

The lime soil samples were dominated by Ca (31% - 
32%) and C (12% - 13%). This is close to the composi-
tion of pure CaCO3 (42% Ca, 12% C). The Na-concen- 
tration was considerably higher compared to volcanic 
soil, as expected. The concentrations of the other ele-
ments were about 1 - 2 orders of magnitude less com-
pared to volcanic soil. Extremely low concentrations 
were observed for Cd (0.05 ppm).  

Extracts prepared by treatment of soil with NH4NO3 
solution reflect the availability of metals from the soil to 
plants much better then absolute concentrations. The 
solubility of Na and K in NH4NO3 solution varied be-
tween 0.3% - 30% and 1% - 50% of the total concentra-
tions in the soil. The corresponding values for Mg and Al, 
which are mainly part of the silicate fractions, were 0.1% - 
0.4% and 0.0003% - 0.01%. Very low concentrations 
were also observed for Al in the total element composi-
tion of lime soil compared to volcanic soil. The concen-
trations of Fe in the soluble fractions of volcanic and 
lime soil were similar, although the total content in vol-
canic soil was about 100 - 1000 times higher compared 
to lime soil. The lowest Ca-concentrations in the soluble 
fractions were observed in the lime soil samples, al-
though the absolute concentrations were much higher 
compared to volcanic soil. Sample 7 contained much 
higher concentrations of almost all elements in the am-
monium nitrate fraction compared to other locations ex-
cept for Na, Mg and Ca. This location is a flat area close 
to the beach at the island of Moorea not far from the 
harbor.  

Linear regression analyses for total contents of metals 
in the soil samples versus fractions soluble in NH4NO3 
did not show significant comparisons for any metal (data 
not shown). It should however be noted that the pH of 
the soils has considerable impact on the solubility of 
metals present as oxides, hydroxides or carbonates. The 
NH4NO3 soluble fraction does therefore not exactly rep-
resent the metal fraction available to plants.  

Table 3 shows the metal content of noni fruit puree 
samples from the above seven locations and its correlation 
to the soluble metal fractions of soil. Significant correla-
tions could be observed for Al and Pb. The highly sig-
nificant correlation between the Pb-concentration in noni 
fruit and soil is caused by the fact that the exceptional 
high concentration in soil of position 6 is also reflected in 
the fruits harvested at this position. This demonstrates   
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Table 1. List and geographical position of samples. 

No. Island Position (N/S) Position (W/E) Altitude (m) Comment 

1 Tahiti Nui S17˚38.814 W149˚18.618 30 At street, north coast 

2 Tahiti Nui S17˚46.137 W149˚27.688 15 Single tree at street, in sun 

3 Tahiti Iti S17˚45.183 W149˚16.852 210 Private property, single big tree 

4 Moorea S17˚29.827 W149˚45.639 8 Sandy soil near beach 

5 Moorea S17˚28.721 W149˚47.287 3 At street 

6 Moorea S17˚32.373 W149˚49.605 230 Street to Belevedere 

7 Moorea S17˚33.327 W149˚52.672 1 Near beach 

8 Raiatea S16˚48.585 W151˚23.904 15 Street at lagoon near Avera 

9 Raiatea S16˚50.911 W151˚23.165 28 Plantation 

10 Raiatea S16˚51.125 W151˚21.328 59 At street 

11 Raiatea S16˚52.015 W151˚25.378 100 At street, huge fruit and leaf 

12 Raiatea S16˚44.409 W151˚25.546 1 Motu near hotel resort 

13 Tahaa S16˚36.149 W151˚32.424 2 Street near ocean 

14 Tahaa S16˚35.948 W151˚29.183 22 Plantation 

15 Tahaa S16˚36.142 W151˚26.929 20 At street, some yellow leaf 

16 Tahaa S16˚36.172 W151˚27.687 39 Street at lagoon near Hipu 

17 Tahaa S16˚38.085 W151˚30.012 70 At street near Haamene 

18 Huahine S16˚47.984 W151˚00.455 21 Plantation, leaf partly yellow 

19 Huahine S16˚49.141 W150˚58.891 5 Beach area, shadow, coral soil 

20 Huahine S16˚44.775 W151˚00.308 14 Plantation, street at Maroe Bay 

21 Huahine S16˚45.101 W150˚59.735 10 Plantation, street at Maroe Bay 

22 Huahine S16˚44.916 W150˚59.667 39 Plantation near Maroe Bay 

23 Huahine S16˚43.913 W150˚59.973 48 At street near Faie 

24 Huahine S16˚41.870 W150˚58.933 2 Plantation at Motu near Airport 

25 Tahiti S17˚46.160 W149˚27.737 10 Plantation 

26 NukuHiva S08˚52.624 W140˚04.077 300 Taipi valley 

27 NukuHiva S08˚52.545 W140˚03.365 15 Taipi valley, near bay 

28 NukuHiva S08˚53.299 W140˚05.717 576 Between Taipi and Happa valley 

29 UaHuka S8˚55.759 W139˚34.544 43 Plantation, big healthy trees 

30 UaHuka S08˚55.251 W139˚33.552 120 Plantation 

31 UaHuka S08˚55.198 W139˚34.087 160 At street near Vaipae’e 

32 UaPou S09˚25.832 W140˚03.511 376 At street near Hohoi 

33 UaPou S09˚26.760 W140˚04.791 76 Hakatao, manyyellowleaves 

34 UaPou S09˚27.083 W140˚05.140 3 Near beach 

35 UaPou S09˚25.870 W140˚03.664 490 At street near Hohoi 

36 UaPou S09˚25.749 W140˚02.922 51 Plantation, near Hohoi 

37 HivaOa S09˚43.107 W139˚00.831 5 Dry creek, very large leafs 

38 HivaOa S09˚50.171 W139˚03.821 25 Ta’aoa, very large fruits 

39 FatuHiva S10˚30.703 W138˚41.129 1 Omoa Valley, river estuary 

40 FatuHiva S10˚30.689 W138˚40.343 60 Omoa Valley, near street 

41 FatuHiva S10˚27.805 W138˚39.724 70 Hana Vave 

42 Tahuata S09˚55.692 W139˚06.431 300 Plantation, Vaitahu valley 
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Table 2. Composition of soil samples collected at seven different islands in French Polynesia, analyzed by treatment with ni-
tric acid (65%) at 190˚C for 6 hours or extracted with 1 M NH4NO3 according to DIN Norm 19730 (values in Italic). 

Island (Geographical position of soil sample according to Table 1) 
Element 

Tahiti (1) Tahiti (2) Moorea (6) Moorea (7) Raiatea (8) Raiatea (12) Huahine (20)

Content in % of dry mass 

C 3.4 4.3 2.1 13.6 6.2 12.1 4.7 

N 0.3 0.3 0.1 0.2 0.2 0.1 0.3 

P 0.163 0.335 0.096 0.065 0.213 0.050 0.189 

SiO2 44.67 43.33 31.15 <d.l. 29.42 <d.l. 54.15 

S 0.043 0.045 0.041 0.418 0.159 0.427 0.054 

Content in ppm of dry mass 

Na 213.86 517.04 44.89 2503.13 884.84 3412.51 283.08 

Na 17.74 2.77 13.55 10.2 2.06 21.2 40.09 

Mg 6570.63 7965.11 1580.35 10053.91 4184.58 8011.06 16399.70 

Mg 11.27 12.83 6.82 11.63 15.44 10.86 15.94 

Al 98713.35 107696.96 119898.61 339.22 70838.92 391.75 6044.38 

Al 0.48 0.67 0.69 0.11 0.19 0.041 0.40 

K 962.67 4166.48 199.04 115.82 299.93 93.46 2716.98 

K 46.98 55.46 24.63 47.13 48.35 46.20 29.00 

Ca 7150.06 815.21 380.00 316046.4 9890.3 324739.8 9618.09 

Ca 31.71 55.59 38.22 33.47 45.24 32.74 59.41 

Fe 130464.67 101030.39 217150.79 412.71 112233.49 677.08 93695.56 

Fe 0.38 0.49 0.16 0.21 0.28 0.089 0.094 

Mn 1617.85 1726.44 672.03 7.55 1148.51 8.84 979.08 

Mn 0.17 0.23 0.099 0.087 0.22 0.011 0.025 

Zn 165.30 174.90 153.07 3.45 134.69 72.66 150.19 

Zn 0.37 0.49 0.16 0.21 0.28 0.082 0.094 

Cr 521.14 111.67 413.59 3.87 524.45 4.26 401.68 

Cr 0.0011 0.0018 0.018 0.00083 0.0032 0.00030 0.00074 

Ni 370.89 108.63 185.32 1.23 413.52 0.89 336.26 

Ni 0.00000 0.00000 0.0064 0.0055 0.0048 0.00000 0.0071 

Co 57.53 46.73 69.64 2.84 62.62 5.24 69.07 

Co 0.00049 0.00000 0.00000 0.00023 0.00037 0.00000 0.00000 

Cu 57.53 48.73 59.84 2.84 62.62 5.24 69.07 

Cu 0.48 0.67 0.69 0.11 0.19 0.041 0.40 

Cd 9.10 7.44 15.12 0.05 7.96 0.05 7.08 

Cd 0.0018 0.0012 0.21 0.0045 0.012 0.0050 0.0019 

Pb 0.82 0.72 9.91 0.73 0.73 1.42 0.73 

Pb 0.00058 0.00060 0.166 0.026 0.0027 0.00035 0.00166 
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Table 3. Metal content (in ppm of dry mass) of noni fruit puree samples prepared from fruits collected at seven different is-
lands in French Polynesia and statistical correlation with NH4NO3-soluble fraction of soil samples from the same positions. 

Island (Geographical position of noni fruit samples according to Table 1) 
Correlation with  
NH4NO3 fraction Element 

Tahiti (1) Tahiti (2) Moorea (6) Moorea (7) Raiatea (8) Raiatea (12) Huahine (20) R* P** 

Na 403 200 1456 1194 774 6035 285 0.13 0.77 

Mg 1549 1485 1855 1674 1653 1734 2105 0.13 0.77 

Al 377.12 218.35 432.53 11.03 100.37 21.76 87.94 0.83 0.021 

K 20415 19811 22136 18472 16445 8750 22712 0.45 0.31 

Ca 2055 2690 6187 2889 4274 3380 3666 0.05 0.9 

Cr 1.02 0.34 0.39 0.07 0.39 0.10 0.45 0.47 0.28 

Mn 16.25 30.08 19.17 9.91 13.81 1.97 20.00 0.56 0.18 

Fe 286.07 72.32 112.27 18.75 71.56 13.49 68.97 0.45 0.31 

Co 0.31 <0.001 <0.001 0.077 0.084 <0.001 <0.001 0.90 0.005 

Ni 0.62 0.92 3.15 2.38 4.62 1.24 6.20 0.84 0.016 

Cu 3.79 6.29 8.96 5.04 10.90 2.00 6.90 0.44 0.32 

Zn 11.08 16.35 16.47 14.79 15.59 7.06 13.68 0.39 0.39 

Cd 0.011 0.081 0.0018 0.023 0.023 0.059 0.030 0.5 0.25 

Pb 0.071 0.39 3.11 0.082 0.16 0.32 0.19 0.97 0.0002 

*Correlation coefficient obtained by linear regression analysis; **Statistical significance obtained by linear regression analysis. 

 

  

Figure 1. Soil composition of sampling positions 1, 2, 6, 8, 20 (Volcanic soil) and 7, 12 (lime soil). Soil was treated with 64% 
HNO3 at 190˚C in closed Teflon containers and the elements were analyzed according to materials and methods. 
 
that local contamination with lead due to environmental 
situations may raise the concentration of this toxic metal 
in noni fruits and thus in products made thereof. The high 
correlation coefficients obtained for Co and Ni are arti-
facts because of the extremely low values which were 
below the detection limit in a number of the samples. 

We also investigated the metal concentrations in noni 

fruit and leaf samples harvested at 42 positions listed in 
Table 1. Median concentrations of metals together with 
minimum and maximum levels are listed in Table 4. 
This table contains also the means ± SD of the ratios of 
the metal concentrations of noni leaf versus fruit for all 
42 positions. The results of linear regression analyses of 
metal concentrations in leaf versus fruit samples for all   
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Table 4. Median and range of metal concentrations of noni leaf and fruit samples collected at 42 locations in French Polynesia, 
mean of the ratio of leaf/fruit concentrations from individual positions and correlation coefficients (R) and statistical signifi-
cances (p) obtained by linear regression of metal concentrations in noni leaf versus noni fruit. 

Metal 
mg/Kg (ppm) of metals in  

dry noni leaf samples  
(minimum-maximum) 

mg/Kg (ppm) of metals in 
dry noni fruit samples  
(minimum-maximum) 

Mean of ratio  
leaf/fruit ± SD 

Correlation  
coefficient (R) 

Significance 
level (p) 

Na 4811 (589 - 16035) 1206 (200 - 6035) 6.0 ± 5.0 0.72 <0.0001 

Mg 4938 (2691 - 6796) 1685 (1112 - 2493) 3.0 ± 0.9 0.25 0.10 

K 17876 (7263 - 29054) 16771 (8750 - 22712) 1.0 ± 0.3 0.61 <0.0001 

Al 445 (16.5 - 2377) 136.9 (11.03 - 422.5) 3.5 ± 2.7 0.65 <0.0001 

Ca 16991 (7149 - 28193) 3381 (1848 - 5926) 5.4 ± 1.6 0.50 0.0005 

V 0.545 (0.1 - 2.32) 0.13 (0.00 - 0.55) 13.0 ± 12.3 0.51 0.0006 

Cr 1.08 (0.02 - 4.57) 1.8 (0.1 - 11) 0.60 ± 2.0 0.35 0.02 

Mn 92.00 (4.58 - 429.96) 18.9 (1.8 - 68.7) 4.8 ± 4.4 0.71 <0.0001 

Fe 169.7 (34.98 - 850.01) 38.5 (15.8 - 286.1) 5.0 ± 3.8 0.42 0.005 

Co 0.893 (0.01 - 6.28) 0.65 (0.00 - 3.2) 0.7 ± 0.7 0.39 0.009 

Ni 2.5 (0.00 - 10.6) 2.26 (0.00 - 7.7) 1.3 ± 1.0 0.53 0.0003 

Cu 8.13 (3.28 - 17.39) 7.11 (1.66 - 13.29) 1.0 ± 0.4 0.46 0.0023 

Zn 169.7 (34.98 - 850.01) 17.26 (7.06 - 34.16) 9.6 ± 9.9 −0.065 0.68 

Se 0.045 (0.00 - 0.0 27) 0.033 (0.00 - 0.22) 3.7 ± 4.4 0.5 0.0006 

Mo 0.513 (0.0022 - 2.04) 0.17 (0.01 - 0.83) 3.4 ± 2.6 0.62 <0.0001 

As 0.0067 (0.002 - 0.0578) 0.0012 (0.000 - 0.023) 6.6 ± 9.5 0.31 0.04 

Cd 0.137 (0.004 - 1.734) 0.04 (0.002 - 0.13) 5.6 ± 13.6 0.29 0.061 

Pb 2.651 (0.024 - 64.49) 0.24 (0.04 - 3.2) 11.0 ± 17.4 0.34 0.39 

 
positions were also performed and the correlation coeffi-
cients and p-values listed in the table. Considerable 
variations between minimum and maximum levels of 
metals in noni fruit and leaf harvested at different posi-
tions were observed. In some cases these differences ex-
ceeded two orders of magnitude. The mean concentra-
tions of metals for all positions calculated on the basis of 
dry matter were higher in leaf compared to fruit samples, 
except for chromium, although higher concentrations of 
metals in fruit versus leaf were observed at some indi-
vidual positions. The K-concentrations in fruit and leaf 
were almost the same. The most abundant metals were 
the minerals K, Ca, Mg and Na with concentrations over 
1000 ppm. The metals Al, Mn, Fe and Zn were in the 
range between 10 - 500 ppm and Cr, Ni, Cu and Pb (in 
leaf) between 1 - 10 ppm. The concentrations of all other 
metals were below 1 ppm. Linear regression analysis of 
metal concentrations in leaf versus fruit resulted in 
R-values > 0.6 and p-values < 0.0001 for Na, K, Al, Mn 
and Mo. Very poor correlations were obtained for Mg 
and Zn. Comparisons of the mean metal values in fruit 

and leaf harvested from wild noni trees versus trees 
growing on plantations did not result in significant dif-
ferences for any metal. This shows that no metal defi-
ciency occurred in the soil of noni plantations in French 
Polynesia after almost ten years of cultivation. 

Table 5 shows noni fruit and leaf samples, exceeding 
the mean concentrations of metals by a factor of 2 - 4, 4 - 
10 or more then 10 in relation to the position of harvest. 
For the metals Mg, K and Ca all values in fruit and leaf 
were below 2. This was also the case for Fe, Cu and Zn 
in noni fruits but not leaves. A 2-4-fold excess of the 
mean concentration in noni fruit was observed for Na at 
position 1, 5, 6, 19 and 34 and for noni leaf at positions 3 
and 34. With the exception of position 6, all of these lo-
cations were close to beaches and therefore under the 
influence of surf and saltwater. A 4-fold excess was ob-
served in fruits from a single tree at a private property at 
Tahiti Iti with an elevation of 210 m. Elevated concentra-
tions for Al were observed at a couple of positions in the 
mountains, all at elevations between 160 - 576 m. Iron 
and zinc both exceeded the mean concentration in leaf by  
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Table 5. Hot spots of metal concentrations in noni fruit and 
leaf samples harvested on 42 positions in French Polynesia. 

n-fold excess of mean value of metal concentration 
Element 

n = 2 - 4 n = 4 - 10 n > 10

Geographical position of fruit (leaf) sample according to Table 1

Na fruit 1, 5, 6, 19, 34 3  

Na leaf 3, 34   

Mg fruit    

Mg leaf    

Al fruit 3, 28, 32, 34   

Al leaf 2, 28, 32 31  

K fruit    

K leaf    

Ca fruit    

Ca leaf    

V Fruit 2   

V Leaf  30  

Cr Fruit 8, 20 14  

Cr Leaf 30, 38 6, 14  

Mn Fruit 26, 32, 35   

Mn Leaf 3, 25, 34 30, 31  

Fe Fruit    

Fe Leaf 30 2  

Co Fruit 
10, 11, 14, 15, 16, 21, 

22, 25, 30 
3  

Co Leaf 1, 10, 14, 21 30  

Ni Fruit 8, 14, 15, 17, 20, 26   

Ni Leaf 20, 22, 26, 39  23  

Cu Fruit    

Cu Leaf 23, 27   

Zn Fruit    

Zn Leaf 30 2  

As Fruit 2, 3, 12 7 5 

As Leaf 4, 5, 40   

Se Fruit 25,30, 33, 37, 40 32, 36, 41  

Se Leaf 3, 36, 37 ,38 40  

Mo Fruit 1, 12, 13, 16, 17, 19, 32   

Mo Leaf 5, 7, 12, 13, 17, 19, 34   

Cd Fruit 2, 15, 18, 21, 32, 37   

Cd Leaf 16, 17, 18, 32 36 7 

Pb Fruit 21, 30  6 

Pb Leaf 7  6 

a factor > 2 at position 30 and > 4 at position 2. Both 
positions belong to noni plantations. These elevated val-
ues could be due to the use of fertilizers by the farmers, 
because both elements are essential for plants [20]. Fruits 
did not show these hot spots. Concentrations of the ele-
ments Mn, Co, Ni, Se and As exceeded the mean values 
by a factor of 2 and 4 in noni fruit and leaf at several 
positions. Hot spots with concentrations of more than 
10-fold of the mean values were only observed for the 
toxic elements As, Cd and Pb at positions 5, 6 and 7 at 
the island of Moorea. It should however be noted that 
these concentrations are still at a normal range compared 
to fruits in cereals and herbs from other parts of the 
world [21-23]. 

Zahir et al. [23] reported about the concentration of 
the essential elements Fe, Mn, Co, Ni, Cu and Cr and the 
toxic metals Cd and Pb in various fruits from the Paki-
stan market. We compared their findings with the corre-
sponding values in noni fruits from French Polynesia. 
The results are shown in Table 6. Among the fruits from 
Pakistan were such as apple, apricot, banana, mango, 
lemon, date and tomatoes, well known worldwide and 
some with regional distribution, such as chikoo, jaman 
and neem. The concentration of Zn, Ni and Co were very 
similar in noni compared to the mixed fruits from Paki-
stan, whereas the essential elements Fe and Mn were 
2-3-fold higher and Cu was about 4-fold higher in noni 
fruits. In contrast, the concentrations of Cd and Pb in the 
fruit basket from Pakistan exceeded that of noni fruits by 
a factor of 6 and 59. This comparison shows that fruits 
harvested at pristine areas, such as the islands of French 
Polynesia may contain significant fewer concentrations 
of toxic metals compared to urbanized areas, while  
 
Table 6. Mean of metal concentrations (mg/kg dry weight) ± 
SD in noni fruits from 42 positions in French Polynesia and 
from 10 kinds of fruits from Pakistan (data from [22]). 

Element
Noni fruit from 

French Polynesia
Ten kinds of fruit* 

from Pakistan 

Ratio of Noni 
versus other 

fruits 

Cr 1.8 ± 1.5 3.85 ± 0.46 0.46 

Mn 18.9 ± 12.1 9.48 ± 18.24 2.0 

Fe 38 ± 42 13.91 ± 5.07 2.7 

Co 0.65 ± 0.88 0.51 ± 0.38 1.3 

Ni 2.3 ± 1.8 1.37 ± 1.36 1.7 

Cu 8.7 ± 2.8 2.06 ± 1.14 4.2 

Zn 12.2 ± 4.1 12.50 ± 16.44 0.98 

Cd 0.038 ± 0.035 0.25 ± 0.04 0.15 

Pb 0.24 ± 0.45 13.9 ± 5.07 0.017 

*Apple, apricot, banana, chikoo, date, jaman, lemon, mango, neem, tomato. 
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essential elements are present in equal or even higher 
concentrations.  

Although the ancient Polynesian population used all 
parts of the noni plant, the fruit juice is the most impor-
tant product used today worldwide. The distribution 
started in 1996 with a single company, which still sup-
plies more than 90% of the market worldwide. Presently 
noni juice is also sold by a variety of smaller companies. 
We have recently published a paper about analytical 
methods to control the quality of such juices [24]. This 
method includes the determination of potassium as a 
marker for a possible dilution of such juices.  

We were able to prepare authentically noni fruit juices 
from 35 out of the 42 positions listed in Table 1. The 
metal concentrations of these samples (median and range) 
are listed in Table 7. We also listed the daily requirement 
of minerals and essential elements for humans, and the 
amount contributed by consumption of 100 ml of the 
pure noni juice. The concentrations of the toxic elements 

As, Cd and Pb in the variety of self prepared noni juices 
are also listed in this table, together with the maximum 
permitted levels (MPL) of these elements in fruit juices 
in the European Community.  

If we assume that the water content of fresh noni fruits 
is approximately 90%, we should expect that the metal 
content of the noni juices listed in Table 7 is around 10% 
of that in dry fruit matter listed in Table 4. However, this 
is not the case. The juices contain only 15% - 70% of the 
metal concentrations calculated from the corresponding 
values in fruit puree. This indicates that parts of the met-
als are tightly bond to fruit pulp. The consumption of 
fruit puree does therefore provide higher amounts of 
minerals and essential elements compared to clear fruit 
juice.  

Table 7 also shows the percentage of the daily re-
quirement of metals for an adult human provided by 
consumption of 100 ml noni fruit juice. The average val-
ues are below 10% or even smaller than 1%. Although  

 
Table 7. Median and range of metal concentration of juice prepared from noni fruits collected at 35 locations in French 
Polynesia. 

Metal 
Mean concentration 

(minimum-maximum) 
Daily requirement 

Percent of daily requirement 
in 100 ml fruit juice  

(minimum-maximum) 

Percent of daily requirement 
in 100 ml fruit puree  

(minimum-maximum) 

Minerals mg/L mg/adult human   

Na 66.75 (14.52 - 334.1) 1000 0.67 (0.14 - 3.34) 1.2 (0.2 - 6.1)  

Mg 129.3 (49.4 - 246.0) 300 4.3 (1.6 - 8.2) 5.6 (3.7 - 8.3) 

K 890.1 (274.0 - 1415.0) 2000 4.5 (1.4 - 7.1) 8.3 (4.4 - 11.4) 

Ca 47.1 (12.47 - 126.9) 800 0.58 (0.16 - 1.6) 4.2 (2.3 - 7.4) 

Essential elements mg/L mg/adult human   

V 0.00353 (0.00049 - 0.0085) 0.02 1.8 (0.25 - 4.3) 6.5 (0 - 27.5) 

Cr 0.147 (0.0097 - 0.328) 0.2 7.4 (0.5 - 16.4) 9.0 (0.05 - 55) 

Mn 1.281 (0.224 - 4.967) 2 6.4 (1.1 - 24.8) 9.5 (0.9 - 34.4) 

Fe 1.185 (0.382 - 4.698) 15 0.79 (0.25 - 3.1) 2.6 (1.1 - 19.1) 

Co 0.015 (0.00032 - 0.079) 0.005 30 (0.64 - 158) 130 (0 - 640) 

Cu 0.112 (0.030 - 0.245) 1.5 0.75 (0.2 - 1.6) 4.7 (1.1 - 8.9) 

Zn 0.863 (0.328 - 1.349) 15  0.57 (0.22 - 0.9) 1.2 (0.47 - 2.3) 

Se 0.0039 (0.00 - 0.0 27) 0.1 0.39 (0.0 - 2.7) 0.33 (0 - 2.2) 

Mo 0.011 (0.00073 - 0.047) 0.1 1.1 (0.073 - 4.7) 1.7 (0.1 - 8.3) 

Toxic metals µg/L MPL (EU)a for fruit juice
Percent of MPL in noni  

fruit juice 
Percent of MPL in noni  

fruit puree 

As 0.45 (0.068 - 1.25) 10 µg/L 4.8 (0.68 - 12.5) 1.2 (0.0 - 23) 

Cd 0.54 (0.00 - 4.42) 30 µg/L 2.0 (0.0 - 14) 13.3 (3.3 - 43.3) 

Pb 7.31 (0.00 - 37.6) 50 µg/L 14.6 (0.0 - 75.2) 48.0 (0.0 - 640) 

aMaximum permitted level for European Union; bProvisional Tolerable Daily Intake (World Health Organization); cValues derived from Table 4 with the as-
umption that fruit puree contains 10% dry matter. s  
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the cobalt content of 100 ml noni juice is equal to 30% of 
the daily requirement, this is not beneficial to humans, 
who can only utilize this element in the form of cobala-
min (vitamin B12), which is almost completely served 
from food derived from animals. The maximum values 
for noni fruit juice from certain positions can be much 
higher than the average values and exceed 10% (Cr, Mn) 
of the daily requirement. The corresponding values for 
fruit puree are also listed in Table 7. These values are 
derived from the metal concentrations in dry fruit puree, 
shown in Table 4 by the assumption that natural fruit 
puree contains 10% of dry matter. All median values, 
except for Se, are greater than 1%. The median support 
with manganese from 100 ml of noni puree is 9.5% with 
a maximum of 34% and for chromium the corresponding 
values are 9% and 55%. Manganese has multiple func-
tions in radical scavenging, bone and cartilage formation 
and function of the immune system [25]. Trivalent chro-
mium has important functions for glucose metabolism 
and chromium deficiency can contribute to diabetes [26]. 
The normal human diet often contains less than the daily 
requirement of this element [27]. Therefore, additional 
supplementation of Cr is welcome. From the findings of 
our analysis we can conclude that the daily consumption 

of 100 ml of noni fruit puree can significantly contribute 
to the daily requirement of some minerals and essential 
elements.  

The median concentrations of the toxic elements As, 
Cd and Pb in noni fruit juices are well below the maxi-
mum permitted levels (MPL) for fruit juices in the EU. 
One hot spot at position 6 (Belvedere at Moorea) reaches 
75% of the MPL for lead. The corresponding median 
values for fruit puree are still in line with European law. 
Because of a variety of hot spots, the median value for 
lead is 48% of the MPL, whereas the maximum value 
exceeds the MPL about more than 6-fold. This example 
shows that quality control of noni fruit juices and fruit 
puree is important in order to guarantee the compliance 
with food law. 

We also investigated the metal contents of 16 different 
commercially available noni juices and compared it to 
the mean of the metal contents of 35 noni juices, which 
we prepared from fruits collected at different islands in 
French Polynesia. The results are shown in Table 8. The 
potassium concentration of a fruit juice is in most cases 
indicative of its dilution with water. Most of the com-
mercial noni juices contain some pulp material, which 
increases the potassium concentration compared to a  

 
Table 8. Metal content of commercial noni juices (No. 1-16) and mean values of metal content from 35 self-prepared noni 
juices, harvested in French Polynesia (No. 17). 

Juice 
Na 

mg/L 
Mg 

mg/L 
K 

mg/L 
Ca 

mg/L 
V 

µg/L 
Cr 

µg/L
Mn 

mg/L
Fe 

mg/L
Cu 

µg/L
Zn 

mg/L
Ge 

µg/L
Se 

µg/L
Mo 

µg/L 
As  

µg/L 
Cd 

µg/L
Pb 

µg/L

1 90 260 2700 17.4 16.8 69.5 1.6 8.7 840 1.7 8.71 0.18 10.1 0.30 1.28 21.6

2 200 30 400 40.8 21.0 63.4 0.2 1.6 169 0.1 0.86 0.33 3.97 0.74 0.11 4.02

3 175 30 350 33.7 20.5 112 0.3 2.7 610 0.4 0.59 0.27 2.56 0.10 0.20 1.36

4 100 220 2700 32.6 19.6 54.0 1.1 2.1 378 0.8 5.64 5.23 14.8 0.54 0.86 1.74

5 185 270 2700 48.1 23.7 26.4 0.6 3.0 178 1.0 5.27 6.84 34.4 0.46 0.39 2.00

6 95 20 250 35.5 8.10 28.2 0.2 1.7 122 0.1 0.24 0.24 2.27 0.28 0.09 0.00

7 75 260 3000 20.8 10.0 65.7 1.3 9.4 808 1.9 8.22 0.02 9.78 0.40 3.48 43.7

8 290 290 3400 18.1 18.9 16.6 2.8 2.5 790 1.2 14.4 0.45 5.08 0.74 0.68 0.40

9 75 150 1400 52.1 26.4 27.4 1.2 3.9 250 0.5 2.7 0.58 8.17 4.58 0.36 0.00

10 185 30 400 36.7 8.80 77.2 0.3 2.0 143 0.2 0.15 0.00 2.02 1.60 0.19 0.00

11 125 340 3450 32.0 36.8 26.5 2.1 9.3 1204 2.3 7.00 0.60 2.47 1.66 0.81 42.1

12 270 189 1600 107 25.5 43.0 1.1 7.3 123 1.3 3.36 0.98 9.89 1.47 0.70 84.0

13 340 165 400 65.5 31.0 123 0.3 2.0 56 0.2 0.24 0.45 2.97 0.43 0.11 20.5

14 310 137 600 44.3 27.0 37.9 0.7 2.0 254 0.4 0.09 0.63 2.38 8.63 0.57 10.7

15 240 189 2000 110 14.8 48.4 1.1 5.2 311 1.2 3.14 3.39 2.9 1.11 0.74 16.2

16 80 116 1000 81.7 58.7 178 1.8 2.9 305 0.8 3.35 0.45 9.53 5.57 1.65 19.0

17 66.7 129 890 47.1 3.5 147 1.3 1.2 112 0.84 1.63 3.9 11.0 0.45 0.54 7.31
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clear juice. However, juices with potassium concentra-
tions > 2000 mg/L (juice No. 1, 4, 5, 7, 8, 11, 15) clearly 
represent concentrates. On the other hand, juices with 
K-concentrations < 500 mg/L (juice No. 2, 3, 6, 10, 13) 
are certainly diluted. The sodium concentrations of some 
of the latter juices are higher compared to the control, 
although the potassium concentrations are lower. This is 
most probably due to the addition of sodium benzoate, 
which we could identify in these juices in relatively high 
concentrations (data not shown). Natural undiluted noni 
juice is resistant to the growth of microbes. We have noni 
juice bottles in our lab, which do not show any microbial 
growth even several years after opening. Dilution of noni 
juices reduces the shelf live; therefore such juices require 
the addition of preservatives. European law requires the 
labeling of preservatives such as benzoic acid; however, 
none of these juices complied with this law.  

Table 9 contains the correlation coefficients and sta-
tistical significance values obtained by linear regression 
of the K-concentrations and the other metals in the vari-
ety of the 16 commercial noni juices. Highly signifi-
cances could be observed for Mg, Mn, Zn and Ge. 
Therefore the dilution of a certain juice can also be rec-
ognized by the comparison of the concentration of these 
elements with that of the control. Germanium, which is 
not essential to humans, is nevertheless an excellent in-
dicator of the dilution of fruit juices, because it is almost 
uniformly distributed in the soil and local hot spots are 
rare. The metal concentration in juices are normally also 
not altered by contamination due to processing. However, 
some companies may add germanium compounds such 
as Ge-sesquioxide which is suspected to have beneficial 
biological properties. Because high germanium doses 
may cause damage of the kidneys and liver [28], this 
practice is forbidden in the EU, USA and many other 
countries worldwide. Within our selection of commercial 
noni juices no extraordinarily high Ge-concentrations 
could be observed. All values were highly correlated to 
the corresponding potassium concentration, showing that 
none of the companies added germanium to their noni 
juice. However, the concentration of vanadium and iron 
in the commercial noni juices was considerably higher 
compared to the control. This could be due to the fact 
that these metals are components of stainless steel, which 
is routinely used in factories preparing fruit juices.  

Another interesting observation is the fact that some 
juices with high potassium concentrations (No. 1, 7, 8) 
have low Ca-concentrations. A possible explanation is 
that calcium is precipitated as Ca-phosphate, -oxalate or 
another sparely soluble salt, during the concentration of 
the juice. Most divergent concentrations in commercial 
noni juices were observed for copper. The values varied 
from half to ten-fold of the copper concentration of the 
control. Copper is often used in agriculture to reduce  

Table 9. Correlation coefficients (R) and statistical signifi-
cances (p) estimated by linear regression of potassium ver-
sus metal concentrations in 16 commercial noni juices 
available on the European market. 

Correlation coefficient (R) and significance 
level (p) of potassium versus metal  Metal 

R p 

Na −0.21 0.42 

Mg 0.93 <0.0001  

Ca −0.25 0.35 

Mn 0.76 0.0005 

Fe 0.62 0.01 

Zn 0.86 <0.0001 

V 0.027 0.91 

Se 0.36 0.17 

Ge 0.90 <0.0001 

Cr −0.43 0.09 

Cu 0.71 0.002 

Mo 0.42 0.11 

As −0.26 0.33 

Cd 0.50 0.048 

Pb 0.26 0.32 

 
microbial growth. This practice may influence the copper 
concentration in products derived from such farms. An 
excess of copper in the soil can reduce the uptake of zinc 
by plants [20]. However, zinc is essential to plant growth. 
In order to prevent zinc deficiency, the soil has to be en-
riched with zinc together with copper. In agreement with 
this hypothesis is the fact that the juice with the highest 
Cu-concentration (No. 11) contains also the highest con-
centration of Zn. The fruits used for the production of 
this juice were harvested at plantations at Fiji islands. 

Great differences were also observed with regard to 
the concentration of the toxic metals As, Cd and Pb in 
the different commercial fruit juices. This is also pre-
sented in Figure 2, which shows the data as percent of 
the maximum permitted levels (MPL) for the EU. None 
of the juices shows Cd-concentrations > 10% of the MPL. 
Although still compliant with European law, the concen-
tration of As exceeded 50% of the MPL in juices No. 9 
and 16% and 80% of the MPL in juice No. 14. The situa-
tion of lead was even worse. Juices No. 7 and 11 ex-
ceeded 80% of the MPL and juice No. 12 showed a Pb 
level equivalent to 170% of the MPL. This juice does not 
comply with European law and should not be present on 
the market. Whether the high concentrations of Cd and  
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Figure 2. Concentration of toxic metals in commercial noni 
juices as % of EU Maximum Permitted Levels (MPL) for 
fruit juices. 
 
Pb are due to agricultural contamination or processing of 
the juice cannot be decided from our data. 

4. Conclusion 

The concentration of minerals and trace elements in noni 
fruits are comparable with other fruits and poorly corre-
lated to the metal content of the soil. Metal concentra-
tions were generally higher in fruit puree compared to 
clear juices. Relatively high concentrations could be ob-
served in noni fruit puree for manganese and chromium, 
which are both important essential elements. 100 ml of 
noni fruit puree can serve for 9% - 34% of the daily re-
quirement of manganese or 9% - 55% of the correspond-
ing amount of chromium. The concentration of K, Mg, 
Mn, Zn and Ge in commercial noni juices was highly 
significantly correlated and can be used to demonstrate a 
possible dilution of the juices. One of the commercial 
noni juices exceeded the MPL for lead and some others 
came close to this value.  
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