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Elemental Characterization Of Pawpaw (Carica 
Papaya Linn) From Igbope And Ile-Ife, 

Southwestern Nigeria Using Particle Induced  
X-Ray Emission 

 
Aborisade Caleb Ayoade, Omoniyi A. 

 
Abstract: Both children and adult consume Carica papaya.  The aim of the study is to analyse the elemental constituent of Carica papaya leaves, 
seeds, fruits and peals of the female and leaves and flowers of the male in Igbope and Ile-Ife in the Southwestern Nigeria.  Particle Induced X-ray 
Emission (PIXE) analysis of the powdered samples was carried out using a 2.5 MeV proton ion beam analysis (IBA) accelerator. The elements 
discovered from the samples found at both locations are Na, Mg, Al, Si, P, S, Ci, K, Ca, Ti, Mn, Fe, Cu, Zn, Rb and Ba.  In all the samples analysed, K 
has the highest concentration in ppm of 58624.9 ± 46.9; 48729.9 ± 39.0; 46904.5 ± 37.7; 41629.9 ± 41.6 and 39468.8 ± 35.5 for fruits, male flowers, 
leaves, seeds and peels, respectively. The male leaves have higher concentration of K than the female leaves.  Also, male flower has the highest 
concentration of 24891.8 ± 69.7 ppm in Ca than any other parts of the plant. Rb, a not common element in many plants is present in all the samples with 
the highest concentration of 11090.3 ± 3389.2 in the male flowers.  The results showed that Carica papaya found in this work consist of several trace 
and major elements of importance to human health.  This work established that the male components of this plant are also useful as the female. 
 
Keywords: Carica papaya, element concentration, male, female, fruit, flower. 
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1. INTRODUCTION 
Human being obtain most of his nutritional requirements 
through diet and as heterotrophic creature, we require both 
organic and inorganic nutrients for our biological processes.  
Metals figure importantly in the composition of living matter 
and man has wide tolerance for some metals and they are 
required in substantial amounts.  The human body has 
narrow tolerance for some and are required in small 
quantity because if they are present in large quantity can 
produce distinct toxic effects.  Some metals have no known 
essential role in human life process but are toxic at any 
amount. Man at all ages consumes fruits of Carica Papaya 
because of its delicacy, nutritional and medicinal.  From the 
research works carried out on Carica papay, it’s mature but 
unripe of different part of the plant contain lots of chemical 
called papain, a proteolytic enzyme that can help in getting 
rid of such parasites as intestinal worms. Products from 
Carica papay are also use pay Pharmacists to make 
medicine that can be used in treatment for bacterial 
infections and food poisoning.  It also promotes wound 
healing, reduces the risk of developing a heart condition, 
ease the pain during menstruation, increases lactation, 
stomach ulcers, impotence, jaundice and a lot of 
commercial products prepared from different parts of the 
plant [1], [2], [3], [4], [5] [6].  Its fruit can be processed into 
jam, wine or puree, some people cook the green fruits as 
vegetable [7], [8].   
 
 
 
 
 
 
 
 
 
 
 
 

The seeds are used in the treatment of sickle cell diseases 
[9].  Extract from the leaves can be used to destroy tumour 
[10].  Acute toxicity study of Carica papaya leaf extract in 
Sprague Dawley rats has been carried out and it was 
discovered that it did not caused any death or acute 
adverse effect on the clinical observation and mortality on 
the rats treated [11]. In the South West of Nigeria, Eyo et 
al., carried out research work on toxicity and effect of 
Carica papaya seed aqueous extract and the results 
obtained showed that concentrations of pawpaw seed 
extract is in excess of the maximum admissible toxicant 
concentrations and hence positive toxicity effect was 
established [12].   There are wide variation in elemental 
composition from one locality to another leading to both 
deficiencies and excesses of metals [13], [14].  In Nigeria, 
Carica papaya is used as traditional medicine to treat 
parasite and reduction in the risk of developing a heart 
complications, stomach ulcers, impotence, diabetes, 
jaundice and many more.  The traditional medication was 
done without recon to elemental characterisation of Carica 
papaya.  These are part of the reasons we decided to carry 
out elemental characterization of pawpaw (Carica Papaya 
Linn) from Igbope and Ile-Ife, Southwestern Nigeria using 
Particle Induced X-ray Emission (PIXE).  Carica papaya is 
not only grown in Nigeria but also in West Africa, Philippian, 
Sri Lanka, India, Bangladesh, Malaysia and other countries 
in tropical America.  

 

2. MATERIAL AND METHODS 
 
2.1 Methodology 
Particle Induced X-ray Emission (PIXE) technique was 
employed in the determination of major, minor and trace 
element constituents of leaves, seeds, fruits and peals of 
the female and leaves and flowers of the male in Carica 
Papaya from Igbope and Ile-Ife in the Southwestern 
Nigeria, using a 2.5 MeV proton ion beam analysis (IBA) 
facility at the Center for Energy Research and Development 
(CERD).  The facility is centred on a NEC 5SDH 1.7 MV 
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Pelletron Accelerator, equipped with a radiofrequency 
charge exchange ion source. The ion source is equipped to 
provide proton and helium ions. The end-station consists of 
an Aluminium chamber of about 150 cm diameter and 180 
cm height. The chamber has a sample ladder that can carry 
11 (eleven) 13 mm diameter samples. The end-station has 
a turbo pump and a variable beam collimator to regulate 
beam size, and an isolation value.  The same standard was 
employed in the determination of the H-value which was 
eventually used in analysed samples.  The measurements 
were carried out with a beam spot of 4 mm in diameter and 
a low beam current of 3-6 nA. The irradiation was for about 
10-20 minutes. A Canberra Si(Li) detector Model ESLX 30-
150, beryllium thickness of 25 µm, with full width half 
maximum (FWHM) of 150 eV at 5.9 keV, with the 
associated pulse processing electronics, and a Canberra 
Genie 2000 (3.1) MCA card interfaced to a PC were used 
for the X-rays data acquisition. The PIXE set-up was 
calibrated using some pure element standards and NIST 
geological standard, NBS278 [15]. The computer code 
GUPIXWIN was used for the analysis of the PIXE data.  
GUPIXWIN is a versatile software package for fitting PIXE 
spectra from thin, thick, intermediate and layered 
specimens.  It extracts peak intensities and converts these 
to concentrations via the H-value standardisation method.  
It provides a non-linear least square fitting of the spectrum, 
together with subsequent conversion of the fitted X-ray 
peak intensities into elemental concentrations [15], [17], 
[17]. PIXE is a powerful yet non-destructive elemental 
analysis technique now used routinely by geologists, 
archaeologists, art conservators and others to help answer 
questions of provenience, dating and authenticity. 
 
2.2 Sample Collection 
Samples of matured but unripe Carica Papaya were 
collected from two (2) different locations. The first location 
was Igbope a town in Oyo State, it is an area where many 
food products were produced and sold to other states in the 
country. The second location is the Senior Staff Quarters of 
the OAU, Ile-Ife, the most populated town in Osun State, 
both are in South Western Nigeria. The samples collected 
were Carica Papaya leaves, seeds, fruits and peals of the 
female, leaves and flowers of the male from ten (10) 
different areas in each of the two locations and were 
packed in well labelled poly-ethyne bags.  Moreover the 
locations are also the areas where most of the plant can 
grow well due to good humidity and proper soil topography. 
 
2.3 Sample Preparation 
In order to remove superficial contamination, the samples of 
Carica papaya leaves, seeds, fruits and peals of the female 
and leaves and flowers of the male were washed 
extensively in distilled water. The samples in the well 
labelled form were dried in an oven at temperature of 37 

o
C 

for about 96 hours.  In order to improve the binding of the 
pellet and to also to make the surface conducting, the dried 
samples were ground in an agate mortar and mixed with 
10% by weight of ultra-pure graphite powder prepared into 
Thick pellets of 13 mm diameter without binder. These 
samples were taken to the accelerator at CERD, Obafemi 
Awolowo University, Ile-Ife, for PIXE analysis.  The pictures 
of both male and female Carica papaya plant are shown 
below. 

 

 
 

2.4 Result and Discussion 
The results of the average elemental characterisation for all 
the samples are presented table 1, the average elemental 
concentration (ppm) from the leaves are presented in table 
2, average elemental concentration (ppm) from the female 
seeds and peals are presented in table 3, the average 
elemental concentration (ppm) from Female Fruits and 
Male flowers are presented in table 4.  The graphical 
representations are presented in figure 1-5. From table 1, 
fifteen (15) elements are present in the samples from the 
two locations namely Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Mn, 
Fe, Zn, Rb and Ba.  Potassium (K) has the highest 
concentration in all the samples analysed, in which the 
fruits from OAU have the highest average concentration of 
58624.9±46.9 ppm follows by calcium in which the male 
flower from Igbope has the highest concentration of calcium 
in all the samples with average concentration of 
24891±69.7 ppm.  Potassium is one of the seven (7) 
macrominerals and according to Megan Ware (2018) and 
the National Health and Nutrition Examination Survey 
(NHANES) human body requires nothing less than 4,700 
mg of it daily by adult to aid the major processes in the 
body.   If K is consume regularly and in the required 
quantity it regulate fluid balance, controlling the electrical 
activity of the heart, reduces the risk or overall mortality by 
20%, lowers blood pressure, decreases the risk of stroke, 
preserves bone mineral density and reduces the formation 
of kidney stone [18], [19], [20].  Ca another macrominerals 
known to be health beneficial to human body because it is 
an essential element in the development of our skeletal 
structure, blood clotting, verve and muscular functions is of 
high concentration.   Iron (Fe), has a significant high 
average concentration of 1113.9±15.4 ppm in leaves from 
Igbope. The reason for this high concentration may has to 
do with the geographical location and the type of soil on 
which the plant is cultivated, the variable uptake of minerals 
by the plant [13]  Fe is a good component in cytochromes, 
catalase, haemoglobin, myoglobin and essential for B 
vitamin synthesis is present in the sample.  It is needed for 
transportation of carbon dioxide and oxygen, used for 
anaemia caused by abnormal heavy bleeding during 
menstrual periods, pregnancy or kidney problems [21], [22], 
[23], [24],[25].  Zn usually referred to as ―essential trace 
element‖ because very small amounts of zinc are 
necessary for human health. The human body does not 
store excess zinc it is consumes regularly as part of the 
diet. The significantly high concentration of Zn from OAU 
when compared with the samples from Igbope has to do 
with geographical location.  Common known dietary 
sources of zinc include red meat, poultry, and fish, from this 
work Carica Papaya can also be included as one of its 
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source.   
Table 1: The Average Elemental Concentration (ppm) in the Carica Papaya for all the samples. 

 

 
 
 

Eleme
nt 

OAU(Ile-Ife) 
 

IGBOPE 

Female Male Female Male 

Leave Seed Peel Fruit Leave Flower Leave Seed Peel Fruit Leave Flower 

Na 41.2 41.2 48.0 17.9 28.1 16.2 29.1 18.2 ND ND 20.7 17.1 

Mg 6531.3 7357.7 1730.0 2974.5 4821.7 9667.4 8161.4 4595.4 1931.4 2915.5 4664.9 6290.2 

Al 1149.7 185.8 134.9 95.0 810.6 280.0 1203.1 113.8 124.4 89.0 784.3 303.7 

Si 4642.1 360.2 422.7 185.2 3208.0 607.5 5161.0 229.2 425.4 196.5 3351.7 973.2 

P 3462.7 9175.1 3193.7 3853.2 3247.2 5612.9 4286.9 8440.8 5909.3 3321.3 4046.9 6338.1 

S 4808.5 11474.2 9769.2 3169.3 4196.4 6950.3 4997.5 9770.3 8805.1 987.8 4382.0 8739.2 

Cl 1836.5 6947.7 812.4 3893.8 1695.2 6765.4 2480.8 7112.6 2007.9 4533.0 3186.4 6442.4 

K 33036.0 41629.9 34038.9 58624.9 46904.5 48729.9 28158.8 40060.7 39468.8 33527.9 40889.1 42424.8 

Ca 11629.4 7102.1 9463.0 5433.0 8663.7 14387.9 15595.3 10012.3 10545.9 9241.9 15268.9 24891.8 

Ti 88.4 ND ND ND 46.9 15.1 142.9 ND ND ND 94.7 ND 

Cr ND ND ND ND ND ND ND ND ND ND ND ND 

Mn 63.3 51.2 52.7 ND 34.2 79.1 50.5 31.3 58.5 ND 51.2 88.7 

Fe 670.8 157.0 120.1 95.2 520.1 84.9 1113.9 248.0 114.8 156.6 747.2 212.7 

Ni ND ND ND ND ND ND ND ND ND ND ND ND 

Cu ND ND ND ND ND ND ND ND ND ND ND ND 

Zn 5771.6 26820.0 10151.7 4135.3 7180.0 9141.2 73.2 ND 70.8 22.8 41.7 23.8 

As ND ND ND ND ND ND ND ND ND ND ND ND 

Br ND ND ND ND ND ND ND ND ND ND ND ND 

Rb ND ND ND 4115.6 4558.2 3345.2 ND ND 7631.3 ND 5939.1 11090.3 

Sr ND ND ND ND ND ND ND ND ND ND ND ND 

Y ND ND ND ND ND ND ND ND ND ND ND ND 

Zr ND ND ND ND ND ND ND ND ND ND ND ND 

Ba ND 59.0 ND ND ND 47.7 58.0 ND 59.5 ND ND 249.8 

Pb ND ND ND ND ND ND ND ND ND ND ND ND 

ND = Not detected 
 

Table 2: The Elemental Concentrations (ppm) in the 
Carica Papaya Leaves 

 
 
Eleme
nt 

OAU(Ile-Ife) IGBOPE 

Female 
Leave 

Male Leave Female 
Leave 

Male Leave 

Na 41.2±8.0 28.1±8.0 29.1±5.7 20.7±5.6 

Mg 6531.3±30.
0 

4821.7±27.0 8161.4±28.
6 

4664.9±23.3 

Al 1149.7±14.
5 

810.6±14.4 1203.1±10.
9 

784.3±10.8 

Si 4642.1±16.
2 

3208.0±13.5 5161.0±13.
9 

3351.7±11.4 

P 3462.7±15.
9 

3247.2±14.9 4286.9±16.
3 

4046.9±15.0 

S 4808.5±13.
9 

4196.4±13.4 4997.5±14.
0 

4382.0±13.1 

Cl 1836.5±10.
3 

1695.2±10.0 2480.8±10.
7 

3186.4±11.5 

K 33036.0±33
.0 

46904.5±37.5 28158.8±28
.2 

40889.1±36.8 

Ca 11629.4±54
.7 

8663.7±77.1 15595.3±49
.9 

15268.9±70.2 

Ti 88.4±6.4 46.9±7.8 142.9±7.0 94.7±8.0 

Mn 63.3±6.7 34.2±8.5 50.5±6.3 51.2±8.0 

Fe 670.8±10.6 520.1±11.5 1113.9±15.
4 

747.2±16.4 

Zn 5771.6±179
2.1 

7180.0±2042.7 73.2±10.5 41.7±11.6 

Rb ND 4558.2±951.8 ND 5939.1±1339.3 

Ba ND ND 58.0±17.1 ND 

ND = Not detected 

Table 3: The Elemental Concentration (ppm) in the Carica 
Papaya from Seeds and Peals 

 

 Seed Peal 

Elem
ent 

OAU(Ile-
Ife) 

IGBOPE OAU(Ile-Ife) IGBOPE 

Na 41.2±9.8 18.2±6.2 48.0±7.9 - 

Mg 
7357.7±36.
8 

4595.4±23.4 1730.0±21.6 1931.4±18.2 

Al 185.8±15.3 113.8±9.3 134.9±10.9 124.4±8.9 

Si 360.2±12.3 229.2±7.7 422.7±10.8 425.4±7.4 

P 
9175.1±22.
9 

8440.8±21.1 3193.7±16.9 5909.3±16.5 

S 
11474.2±21
.8 

9770.3±19.5 9769.2±20.5 8805.1±16.7 

Cl 
6947.7±18.
8 

7112.6±17.8 812.4±10.2 2007.9±10.8 

K 
41629.9±41
.6 

40060.7±40.1 34038.9±37.4 39468.8±35.5 

Ca 
7102.1±54.
0 

10012.3±58.1 9463.0±52.0 10545.9±64.3 

Mn 51.2±7.9 31.3±7.8 52.7±6.8 58.5±7.6 

Fe 157.0±8.5 248.0±13.5 120.1±7.5 114.8±13.0 

Zn 
26820.0±42
53.7 

- 
10151.7±2690
.2 

70.8±14.3 

Rb - - - 7631.3±2171.1 

Ba 59.0±22.9 - - 59.5±16.4 

ND = Not detected 
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Table 4: The Elemental Concentration (ppm) in the Carica 

Papaya from Female Fruits and Male flowers 
 

  OAU(Ile-Ife) IGBOPE 

Element 
Female 
Fruits 

Male Flower 
Femal

e 
Fruits 

Male 
Flower 

Na 17.9±7.7 - - - 

Mg 
2974.5±22

.5 
9667.4±34.8 

2915.5
±19.5 

6290.2±25
.8 

Al 95.0±11.6 280.0±14.4 
89.0±8

.7 
303.7±10.

1 

Si 
185.2±10.

6 
607.5±10.7 

196.5±
6.3 

973.2±8.8 

P 
3853.2±17

.0 
5612.9±18.0 

3321.3
±12.3 

6338.1±19
.0 

S 
3169.3±13

.3 
6950.3±16.7 

987.8±
7.5 

8739.2±17
.5 

 Cl 
3893.8±13.

6 
6765.4±16.2 

4533.0
±11.3 

6442.4±19
95.5 

K 
58624.9±4

6.9 
48729.9±39.0 

33527.
9±30.2 

42424.8±3
8.2 

Ca 
5433.0±91

.3 
14387.9±76.3 

9241.9
±65.6 

24891.8±6
9.7 

Mn ND 79.1±10.4 ND 88.7±13.6 

Fe 95.2±10.5 84.9±11.0 
156.6±
12.0 

212.7±16.
8 

Zn 
4135.3±21

65.2 
9141.2± 4087.9 

22.8±8
.3 

23.8±7.4 

Rb 
4115.6±13

23.6 
ND ND 

11090.3±3
389.2 

Ba ND ND ND 
249.8±59.

6 

ND = Not detected 

 

 
 

 
 

 
 

 
 
including the heart, and for the transmission of electrical 
signals in the body is of high concentration in all the 
samples analysed. Adequate Mg intake has been 
associated with a lower risk of a therosclerosis, a fatty 
build-up on the walls of arteries, hypertension, or high blood 
pressure. This work presents the presence of Rubidium, 
(Rb), in necessary quantity. Rb is an uncommon element to 
get in a plant and is quite a rare trace mineral that is very 
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useful to human body but not very abundant in the human 
body is present in the female fruit, peels from the fruit, male 
leave but highest in male flowers of Carica papaya 
analysed.  This rubidium helps in the prevention of 
diabetes, maintains hormonal balance, aids in the 
regulation and absorption of iron that is needed in small 
quantity by human body, helps in depression you may 
suffer from mental imbalances. Silicon has it highest 
concentration in the leaves in all the sample characterised.  
Similarly, seeds and male flowers are rich in P, Cl and S 
more than any other products of the plant.  Trace of Ti and 
Ba were detected in the sample but in negligible quantity. In 
all the essential and trace elements detected, their 
concentrations are within the maximum permissible values 
by the National Agency for Food and Drug Administration 
and Control’s (NAFDAC).  Heavy metals such as lead, 
mercury and cadmium have no essential role in the human 
body but toxic even at low level are completely absent from 
all the samples in this work Figure 1 show the comparison 
between average elemental concentrations in female fruits 
that are usually consume by man at all ages and the male 
flowers that are neglected in Nigeria and normally cut down 
and burnt.  The figure showed that all the essential and 
trace elements detected have higher concentration in the 
male flowers than the edible female fruit.  Even Rubidium, 
(Rb), the useful trace element that is not common in plant is 
present in male flower.  Similarly, figure 2 showed that 
female leaves and female fruits have comparable high 
average concentrations of all useful the elements.  The 
leaves are also neglected by majority of Nigerian.  Figure 3 
showed that the male flowers has high average 
concentration of all the major and minor element but that of 
male flowers is a little bit higher that the leave.  This also 
confirmed that the male components of the plant are in 
good proportion and male flower that is neglected has 
useful elements.  Figure 4 shows comparison of 
concentration (ppm) between Carica papaya in this study 
with Moringa Oleifera the show called ―miracle tree‖ by 
Aborisade et. al. [14]. The characterizations of the elements 
were done using the same accelerator at CERD, OAU, Ile-
Ife for these two useful plants and the samples were 
collected from the same geographical locations. The results 
of this work showed that Carica papaya has high required 
concentrations of essential and trace elements that are for 
human health benefits than Moringa Oleifera.  Zn, an 
essential trace element that is necessary for human health 
has a better concentration in the Carica papaya but 
negligible concentration in Moringa Oliefera. 
 

3. CONCLUSION 
Carica papaya is found to consist of several trace and 
major elements of importance to human health.  Taken in 
the powdered form of any part of this plant is of great health 
benefit to humankind. Products from this plant can therefore 
serve as health supplements for all ages.  The absence of 
harmful elements in the Carica papaya leaves, peals, fruits 
and seeds in female and leaves and flowers in male 
showed that the product has no potential danger to the 
consumers.  There was slight difference in concentration of 
the elements found at the two locations.  The presence of 
Rb and other metals in the male flowers shows that the 
male products have high medicinal values and it should not 
be neglected. 
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