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ABSTRACT	
Levels of selected metals (Ca, Mg, Fe, Mn, Zn, Cu, Co, Cr, Ni, Cd and Pb) were determined in four fruit samples: Avocado 
(Persea americana), Guava (Psidium guajava), Papaya (Carica papaya) and Mango (Mangifera indica) from eight 
different areas of Dilla, Ethiopia by flame atomic absorption spectrometry (FAAS). 0.5 g of fruit powder sample was 
digested using 3 mL of (69-72%) HNO3 and 1mL of (70%) HClO4 for 2:30 hrs at temperature of 270oC. The mean 
concentration range of each metal in the fruit  samples was found to be: Ca (104 – 149.3 μg/g), Mg (5830 – 45874 μg/g), 
Fe (105.5 – 262.4 μg/g), Mn (9.1 – 31.83  μg/g), Zn (4.9 – 8.1 μg/g), Cu (3.75 – 7.42 μg/g), Co ( 6.5 μg/g), Cr (0.01 – 0.05 
μg/g),  Ni (8.5 – 11.3 μg/g), Cd (0.04 – 0.1 μg/g) and Pb (0.01 – 0.05 μg/g). ANOVA was used for the source of 
statistically significant difference, while Pearson correlation was used to know the effect of one metal on the other metal 
and in order to highlight the relation between the elements Principal Component Analysis (PCA) was used. This study 
confirms that fruits are rich in magnesium followed by calcium in all the fruit samples. The present study also showed 
that the levels of the metals analyzed are comparable with the levels of metals in fruits with literature values and all of 
the studied metals are safe which are below the World health Organization Maximum Permissible Limit (WHO MPL). 
Hence, based on this result the fruits are safe for human consumption. But continuous monitoring of fruits for heavy 
metal accumulation is necessary because trace elements are not bio transformed and have tendency to accumulate on 
soil surface which increase availability for uptake by fruits. 
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INTRODUCTION 
Health	 professionals	 have	 advocated	 the	 daily	 consumption	 of	 fruits	 and	 vegetables	 as	 a	 means	 of	
protecting	against	the	pathogenesis	of	degenerative	diseases	 including	coronary	heart	diseases,	cancers	
and	 other	 free	 radical	 mediated	 conditions	 [1].	 Fruits	 and	 vegetables	 play	 these	 roles	 because	 they	
contain	 a	 wide	 range	 of	 compounds	 including	 the	 antioxidants	 such	 as	 vitamin	 C	 and	 E,	 phenolics	 and	
carotenoids.	In	addition,	fruits	and	vegetables	are	important	source	of	essential	elements,	which	play	vital	
roles	in	the	proper	development	and	good	health	of	human	body	[2].	
Fruits	and	vegetables	play	a	number	of	important	roles	in	human	health.	They	provide	antioxidants	that	
are	important	in	neutralizing	free	radicals	known	to	cause	cancer,	cataracts,	heart	disease,	hypertension,	
stroke	 and	 diabetes.	 They	 are	 also	 the	 most	 important	 sources	 of	 vitamin	 A,	 a	 nutrient	 important	 for	
several	 metabolic	 activities	 in	 the	 body,	 in	 addition	 to	 its	 role	 as	 antioxidant.	 They	 provide	 foliate	 and	
potassium	that	are	known	to	prevent	birth	defects,	cancer,	heart	disease,	hypertension	and	stroke.	They	
are	 also	 good	 sources	 of	 minerals	 such	 as	 iron,	 zinc,	 calcium,	 potassium,	 and	 phosphorus	 and	 contain	
ample	 fiber,	 important	 for	 digestion	 and	 bowel	 movements.	 In	 general,	 WHO	 places	 low	 fruit	 and	
vegetable	 consumption	 among	 its	 twenty	 risk	 factors	 in	 global	 mortality,	 just	 behind	 the	 better	 known	
killers	such	as	tobacco	use	and	high	cholesterol	levels	[3,	4].	
Interest	in	the	role	of	antioxidants	in	the	human	health	has	prompted	research	in	the	fields	of	horticulture	
and	food	science	to	assess	fruit	and	vegetable	antioxidants	and	determine	how	their	content	and	activity	
can	be	maintained	or	even	improved	through	cultivars	development,	maturity,	harvesting	methods,	post	
harvest	 procedures,	 processing	 technologies	 and	 storage	 conditions	 [5].	 Furthermore,	 biological	
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materials,	such	as	fruits,	often	serve	as	sensitive	indicators	of	pollution.	They	are	employed	for	studies	on	
the	up	take	of	toxic	materials	like	uranium,	thorium,	cadmium,	mercury	and	lead	[6].	
Therefore,	analysis	of	nutrients	in	fruits	can	be	seen	from	environmental	and	nutritional	point	of	views,	
because	the	result	can	indicate	the	extent	of	pollution	of	the	environment	and	nutritional	status	of	human.	
Accurate	and	adequate	 food	consumption	 data	are	 invaluable	 for	 estimating	 the	adequacy	of	 intakes	of	
essential	nutrients	and	assessing	exposure	risks	from	intake	of	toxic	non-	essential	elements.	Moreover,	
the	data	can	help	in	recommending	daily	intake	of	fruits	locally.	In	light	of	the	above,	it	is	worthwhile	to	
determine	the	concentration	of	Major-essential	(Ca,	Mg),	minor-essential	(Fe,	Mn,	Zn,	Cu,	Co,	Cr,	Ni)	and	
trace	toxic	metals	(Cd,	Pb)	in	edible	and	medicinal	fruits	cultivated	and	consumed	in	Dilla,	Ethiopia	,	as	in	
many	less	developed	countries,	such	data	are	not	readily	available.	
Fruits	 like,	 Avocado	 (Persea americana),	 Guava (Psidium guajava), Papaya (Carica papaya) and Mango 
(Mangifera indica)	which	are	selected	for	the	investigation	of	some	essential	and	nonessential	metals	are	
used	 as	 nutrition	 at	 large	 in	 Ethiopia,	 particularly	 in	 Dilla,	 which	 is	 our	 study	 area.	 Besides	 they	 are	
consumed	 as	 food,	 they	 play	 role	 in	 medicinal	 perspective,	 which	 is	 given	 by	 those	 of	 healers	 of	 local	
people.	
It	is	known	that	source	of	mineral	nutrients	for	human	being	is	fruit	materials	consumed	in	the	form	of	
food	 or	 medicine.	 In	 view	 of	 that,	 it	 is	 very	 imperative	 to	 assess	 the	 essential,	 non-essential	 and	 toxic	
mineral	nutrients	that	can	be	accumulated	in	the	stated	fruits	so	as	to	address	the	individual	daily	intake	
of	 mineral	 nutrients.	 What’s	 more,	 dosages	 of	 traditional	 medicines	 are	 not	 precisely	 understood.	
Subsequently	 individuals	 may	 take	 these	 traditional	 medicines	 in	 larger	 quantity.	 Therefore,	 beside	
toxicity	from	the	active	ingredients,	the	individuals	may	suffer	from	trace	toxic	metal	toxicity	and	hence	
their	 normal	 body	 function	 will	 be	 affected	 as	 trace	 metals	 are	 responsible	 for	 most	 of	 our	 body	
enzymatic	 activity.	 Therefore,	 determination	 of	 trace	 metals	 in	 the	 fruit	 extract	 is	 very	 important	 to	
ensure	individuals	health	status.	Furthermore,	the	result	of	this	study	may	help	to	propose	the	maximum	
dosage	of	the	fruit	for	normal	body	function	in	terms	of	trace	metal	content.	
 
MATERIAL AND METHODS 
Experimental site and its description  
The	study	was	conducted	in	Dilla	Zuria	sites	of	eight	different	areas	namely:	Haroresa,	Koffe,	Golla,	Chichu	
Gebrel,	Edget	sefer,	Shell	sefer,	Kidane	Mihret	and	Menoriya	bet	sefer.	Dilla,	a	market	town	 in	southern	
Ethiopia	−	the	administrative	center	of	the	Gedeo	Zone	in	the	Southern	Nations,	Nationalities	and	People	
Region	(SNNPR),	and	located	on	the	main	road	from	Addis	Ababa	to	Nairobi.	It	is	located	at	a	latitude	and	
longitude	of	60	24’	30’’	N	and	380	18’	30’’	E	and	359	Kms	away	from	Addis	Ababa.	Dilla	is	surrounded	by	
Sidama	zone	in	the	south,	Gamo	gofa	in	the	West,	Oromia	in	east	and	West.	The	town	is	found	in	Woina-
Dega	climatic	zone	with	 the	 mean	annual	 temperature	 ranging	 between	23-25	 oC	and	the	 mean	annual	
rainfall	between	700	-	900	mm.	Dilla	Zuria	is	located	at	1554	to	2149	m.a.s.l	and	it	is	known	for	the	high	
quality	edible	and	medicinal	fruits	production	which	is	mainly	supplied	to	Addis	Ababa	and	other	parts	of	
the	country.		
Sample collection	
500g	amount	of	each	fruit	sample	was	collected	from	different	areas	as	follows:	Mango	and	Avocado	were	
collected	from	plants	found	in	Haroresa,	Koffe,	Golla	and	Chichu	Gebrel.	In	the	same	manner,	Papaya	and	
Guava	were	collected	from	Chichu	Gebrel,	Edget	sefer,	Koffe	and	Shell	sefer,	Kidane	Mihret	and	Menoriya	
sefer	respectively.	The	fruits	were	collected	from	a	minimum	of	eight	mature	plants,	four	plants	per	site	
and	four	fruit	per	plant	starting	from	the	bottom	to	the	tips	by	stalk	position.	The	samples	were	packed	
and	 labeled	 according	 to	 its	 sites	 by	 polyethylene	 plastic	 bags	 and	 transported	 to	 laboratory	 for	
processing	and	preservation.		
Sample preparation 
Exactly	0.5	g	of	 the	dried	and	ground	of	Avocado	(Persea americana),	Guava (Psidium guajava), Papaya 
(Carica papaya) and Mango (Mangifera indica)	 	 fruit	 samples	 were	 digested	 using	 4	 mL	 of	 freshly	
prepared	3:1	mixture	of	concentrated	HNO3	(69–70.5%)	and	concentrated	HClO4	(70%)	under	reflux	at	a	
temperature	of	270oC	for	2:30	hours.	The	digests	were	filtered	through	Whatman	No.	41	filter	paper	and	
the	 filtrate	 was	 used	 for	 the	 analysis	 Ca,	 Mg,	 Fe,	 Mn,	 Zn,	 Cu,	 Co,	 Cr,	 Ni,	 Cd,	 and	 Pb	 by	 flame	 atomic	
absorption	spectrophotometer	(FAAS).	Each	of	fruit	sample	was	digested	in	triplicate	and	three	repeated	
measurements	 were	 performed	 on	 each	 sample	 by	 the	 FAAS.	 Digestion	 of	 a	 reagent	 blank	 was	 also	
performed	in	parallel	with	the	fruit	samples	keeping	all	digestion	parameters	the	same.	
Reagents and chemicals 
All	 the	 reagents	 were	 of	 analytical	 grade.	 6970%	 HNO3	 (Supreme	 Enterprises	 Cantt,	 India)	 and	 70%	
HClO4	 (Aldrich,	 UK)	 ,	 Lanthanum	 nitrate	 hydrate	 (99.9%,	 Aldrich,	 USA),	 and	 standard	 stock	 solutions	
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containing	 1000	 mg/L,	 in	 2	 %	 HNO3,	 of	 the	 metals	 Ca,	 Mg,	 Fe,	 Mn,	 Zn,	 Cu,	 Co,	 Cr,	 Ni,	 Cd	 and	 Pb	 (BUCK	
SCIENTIFIC	GRAPHIC	tm)	were	used	for	fruit	analysis.	
Apparatus 
Stainless	steel	and	Teflon	(PTFE)	knife	were	used	to	cut	the	fruit	samples	in	to	pieces	while	air-circulating	
oven	(Digitheat,	J.P.	Selecta,	Spain)	was	used	for	drying	the	edible	and	medicinal	fruit	samples	placed	on	
porcelain.	 Blending	 device	 (Moulex,	 France),	 ceramic	 pestle	 and	 mortar	 were	 used	 for	 grinding	 and	
homogenizing	 the	 fruit	 samples.	 Digital	 analytical	 balance	 (Mettler	 Toledo,	 Model	 At250,	 Switzerland)	
was	 used	 for	 weighing	 the	 fruit	 samples.	 A	 refrigerator	 (Hitachi,	 Tokyo,	 Japan)	 was	 used	 to	 keep	 the	
digested	sample	until	analysis.	A	100	mL	round	bottom	flasks	fitted	with	reflux	condenser	were	used	in	
Kjeldahl	 apparatus	 (Gallenkamp,	 England).	 Micropipettes	 (1-10	 μL	 and	 100-1000	 μL)	 were	 used	 for	
measuring	the	volume	of	reagents	and	standards.	BUCK	SCIENTIFIC	MODEL	210	VGP	(East	Norwalk	USA)	
atomic	absorption	spectrophotometer	equipped	with	deuterium	arc	background	corrector	was	used	for	
analysis	of	the	metals	Ca,	Mg,	Fe,	Mn,	Zn,	Cu,	Co,	Cr,	Ni,	Cd	and	Pb	using	air	acetylene	flame.	
Statistical analysis 
Statistical	Analysis	of	data	was	carried	out	using	SPSS	statistical	package	programs.	A	one-way	analysis	of	
variance	(ANOVA)	was	performed	by	Origin	software	for	the	source	of	statistically	significant	difference.	
 
RESULTS AND DISCUSSION 
Results 
The	concentrations	of	major-essential,	minor-essential	and	toxic	metals	of	Avocado	(Persea americana),	
Guava (Psidium guajava), Papaya (Carica papaya) and Mango (Mangifera indica)	 fruit	 samples	 were	
presented	in	Table	1.	
 

Table 1:	Average	concentration	(mean	±	SD,	n	=	9	μg/g	dry	weight)	Persea americana,	Psidium guajava, 
Carica papaya and Mangifera indica samples	collected	from	Dilla,	Ethiopia.	
Metals Persea americana 

aConc.( X ± SD)(μg/g) 
Psidium guajava  

Conc.( X ± SD)(μg/g) 
Carica papaya      

Conc.(X±SD)(μg/g) 
Mangifera indica 

Conc.( X ± SD) (μg/g) 
Ca 104	±	0.03	 115.4	±		0.02 149.3	±	0.006	 115	±	0.03	
Mg	 5830	±	0.02	 23150	±	0.02	 45874	±	0.007	 16210	±	0.02	
Fe	 262.4	±	0.02	 167.9	±0.03	 169.5	±	0.01	 105.5	±	0.01	
Mn	 31.83	±	0.003	 17.38	±	0.005	 9.1	±	0.005	 30.1	±	0.005	
Zn	 6.8	±	0.001	 4.9		±	0.001	 8.1	±	0.002	 ND	
Cu 7.42	±	0.001 3.75	±	0.002 ND	 3.97	±	0.001	
Co	 bND	 6.5	±	0.004	 ND	 ND	
Cr	 0.01	±	0.001	 0.04	±	0.003	 0.05	±		0.007	 ND	
Ni	 8.5	±	0.005	 ND	 11.3		±	0.003	 ND	
Cd	 0.01	±	0.003	 0.03	±		0.01	 0.1	±	0.006	 0.09	±	0.001	
Pb	 0.04	±	0.008	 0.08	±	0.008	 0.02	±	0.01	 0.05	±0.01	

a	Data	presented	as	mean	±	standard	deviation						b	Concentration	below	method	detection	limit	

	
The	concentration	pattern	of	each	individual	fruit	samples	for	major	essential,	minor	essential,	and	trace	
toxic	 metals	 are	 described	 in	 detail	 and	 perhaps	 in	 each	 case	 there	 is	 variation	 which	 could	 be	 related	
with	soil,	climate	condition,	application	of	fertilizers	so	far	and	perhaps	the	geographical	situation	of	the	
soil	and	ability	to	absorb	minerals	also	could	vary	from	one	fruit	species	to	another	fruit	type.	
As	 it	 can	 be	 seen	 from	 table	 1,	 the	 concentration	 of	 calcium	 was	 in	 the	 range	 of	 104	 ±	 0.03	 to	 149.3	 ±	
0.006	μg/g.	Among	all	these	four	fruit	samples	the	highest	concentration	of	calcium	was	found	in	Carica 
papaya	 sample	and	 the	 lowest	 in	Persea americana	 fruit	sample.	The	concentration	of	calcium	found	 in	
Mangifera indica and	 Psidium guajava was	 115	 ±	 0.03	 μg/g	 and	 115.4	 ±0.02	 μg/g	 respectively.	 The	
concentration	of	magnesium	varied	from	5830	±	0.02	to	45874	±	0.007	μg/g.	The	highest	concentration	of	
calcium	was	found	in	Carica papaya	while	the	lowest	Mg	concentration	was	found	in	Persea americana.	
The	 concentration	 of	 Mg	 in	 Mangifera indica was 16210	 ±	 0.02	 μg/g	 and	 that	 of	 Psidium guajava	 was	
23150	±	0.020	μg/g.	 
The	concentration	of	Fe	varied	in	the	range	 from	105.5	±	0.01	μg/g	 in	Mangifera indica to 262.4	±	0.02	
μg/g	in	Persea americana.	While	the	concentration	of	Fe	in Carica papaya	and	Psidium guajava	was	169.5	
±	0.01	and	167.9	±0.03	μg/g	respectively.	The	concentration	of	Mn	was	recorded	from	to	9.1	±	0.005	μg/g	
in	 Carica papaya to	 31.83	 ±	 0.003	 μg/g	 in	 Persea americana.	 Whereas	 the	 concentration	 of	 Mn	 in	
Mangifera indica was 30.1	±	0.005	μg/g	and	Psidium guajava 17.38	±	0.005	μg/g.	The	concentration	range	
for	 Zn	 ranged	 from	 4.9	 ±	 0.001	 μg/g	 in	 Psidium guajava to	 8.1	 ±	 0.002	 μg/g	 in	 Carica papaya.	 Zn	
concentration	 in	 Persea americana	 was 6.8	 ±	 0.001	 μg/g	 but	 Zn	 was not	 detected	 in	 Mangifera indica 

Hailemariam et al 



RJCES Vol 3 [4] August 2015                     47 | P a g e      © 2015 AELS, INDIA 

which	 was	 below	 method	 of	 detection	 limit.	 When	 we	 are	 dealing	 with	 the	 concentration	 of	 Cu,	 the	
highest	concentration	was	observed	in	Persea americana (7.42	±	0.001	μg/g)	and	lowest	concentration	in 
Psidium guajava	(3.75	±	0.002	μg/g).	The	concentration	of	Cu	in	Mangifera indica was	3.97	±	0.001	μg/g,	
but	it	was	not	detected	in	Carica papaya.	The	concentration	of	Co	is	only	obtained	in Psidium guajava to	
be 6.5	±	0.004	μg/g.	While	concentration	of	Co	in	the	remained	fruit	samples	were	not	detected.	The	Cr	
measured	the	highest	concentration,	0.05	±	0.003	μg/g,	in	Carica papaya and	lowest	concentration, 0.01	±	
0.007	μg/g,	in Persea americana.	The	concentration	of	Cr	in	Psidium guajava was	0.04	±	0.001	μg/g.	The	
concentration	of	Cr	in	Mangifera indica was	not	detected.	The	concentration	of	Ni	ranged	from	8.5	±	0.005	
μg/g	 in	 Persea americana	 to	 11.3	 ±	 0.003	 μg/g	 in	 Carica papaya.	 But	 the	 concentration	 of	 Ni	 both	 in	
Psidium guajava and Mangifera indica was	not	detected. 
The	 Cd	 concentration	 varied	 from	 0.01	 ±	 0.006	 μg/g	 to	 0.1	 ±	 0.01	 μg/g.	 The	 Persea americana had	 the	
lowest	Cd	concentration	while	the	Carica papaya had	the	highest	Cd	concentration.	The	concentration	of	
Cd	 in Psidium guajava	and	 Mangifera indica was	0.03	 ±	0.003	 μg/g	and	0.09	±	 0.001	μg/g	respectively.	
The	 lowest	 concentration	 of	 Pb,	 0.02	 ±	 0.008	 μg/g,	 was	 measured	 in	 Carica papaya while	 the	 highest	
concentration,	 0.08	 ±	 0.003	 μg/g,	 was	 recorded	 in	 Psidium guajava. The	 concentration	 of	 Pb	 in	 Persea 
americana was	0.04	±	0.004	μg/g,	and	in	Mangifera indica 0.05	±	0.01	μg/g.	
The	 level	 of	 metals	 in	 fruit samples	 as	 shown	 in	 figure	 1,	 2,	 3	 and	 4	 indicating	 the	 decreasing	
concentration	order	of	metals	Mg	>	Fe	>	Ca	>	Mn	>	Ni	>	Cu	>	Zn	>	Pb	>	Cr	=	Cd	in	Persea americana;	Mg	>	
Fe	>	Ca	>	Mn	>	Co	>	Zn	>	Cu	>	Pb	>	Cr	>	Cd	in	Psidium guajava;	Mg	>	Fe		>	Ca		>	Ni	>	Mn	>	Zn		>	Cd	>	Cr	>	
Pb	in Carica papaya and	Mg	>	Ca	>	Fe	>	Mn		>	Cu	>	Cd	>	Pb	in Mangifera indica.	
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Figure 1:	Concentration	of	Ca	(μg/g)	of	macro	element	in	fruits	
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Figure 2:	Concentration	of	Ca	and	Fe	(μg/g)	of	macro	elements	in	fruits	
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Figure 3:	Concentration	of	Zn,	Cu,	Co	and	Mn,	(μg/g)	of	micro	and	trace	elements	in	Fruits	
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Figure 4:	Concentration	of	Cr,	Cd	and	Pb	(μg/g)	of	toxic	elements	in	fruits	

																
DISCUSSION 
Comparison	 of	 analytical	 data	 with	 reference	 material	 is	 a	 common	 practice	 in	 analytical	 chemistry	 to	
validate	the	results.	However,	there	is	no	standard	reference	material	to	do	so	and	the	determined	results	
should	be	compared	with	the	investigations	made	in	other	countries	by	other	investigators.	As	far	as	our	
knowledge	is	concerned, no	investigation	is	made	yet	on	assessment	of	major-essential,	minor-essential	
and	trace	toxic	metal	in	edible	and	medicinal	fruits	in	Dilla,	Ethiopia.	

 
Table 2:	Comparison	of	metal	concentration	(μg/g)	fruit	samples	of	the	present	study	with	the	same	

fruits	of	literature	values	
Fruit Country Metal (μg/g) Ref. 

Ca Mg Fe Mn Zn Cu Co Cr Ni Cd Pb 
Psidium 
guajava 

Pakistan	 22	 19.1	 92	 1.152	 2.8	 5	 1.12	 NR	 0.4	 NR	 NR	 [7]	

Mangifera 
indica 

Pakistan	 32	 32.6	 115	 0.526	 1.3	 9	 1.12	 NR	 0.6	 NR	 NR	 [7]	

Mangifera 
indica 

Malaysia	 -	 -	 -	 -	 12.22	 5.74	 NR	 0.66	 0.06	 0.12	 1.64	 [8]	

Psidium 
guajava 

Malaysia	 -	 -	 -	 -	 11.62	 4.61	 NR	 0.58	 0.18	 0.24	 2.44	 [8]	

Carica papaya Malaysia	 -	 -	 -	 -	 8.13	 3.48	 -	 0.58	 0.65	 0.55	 1.38	 [8]	

Carica papaya Nigeria	 248.6	 235.4	 25.6	 0.08	 0.56	 0.01	 ND	 NR	 NR	 ND	 ND	 [9]	
Carica papaya Nigeria	 -	 -	 -	 -	 0.045	 NR	 0.02	 NR	 0.114	 NR	 NR	 [10]	
Carica papaya Nigeria	 -	 -	 -	 -	 9.08	 NR	 NR	 NR	 NR	 0.93	 1.82	 [11]	
Psidium 
guajava 

Nigeria	 NR	 NR	 NR	 NR	 26.96	 NR	 NR	 NR	 NR	 1.44	 10.47	 [11]	
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Mangifera 
indica 

Nigeria	 NR	 NR	 NR	 NR	 NR	 NR	 NR	 NR	 NR	 5.91	 1.01	 [11]	

Mangifera 
indica 

Pakistan	 NR	 NR	 9.563	 0.050	 0.668	 3.23	 0.87	 4.09	 5.033	 0.28	 1.91	 [12]	

Mangifera 
indica 

India	 NR	 NR	 75.16	 11.59	 18.29	 6.34	 6.23	 37.36	 ND	 16.90	 67.20	 [13]	

Psidium 
guajava 

Ethiopia	 170	 NR	 6.4	 NR	 2.4	 8.4	 NR	 NR	 NR	 NR	 NR	 [14]	

Psidium 
guajava 

Ethiopia	 320	 NR	 30	 NR	 1.4	 3.7	 NR	 NR	 NR	 NR	 NR	 [14]	

Mangifera 
indica 

Nigeria	 -	 -	 1.495	 -	 0.018	 0.110	 0.03	 -	 0.028	 0.02	 0.80	 [15]	

Carica papaya Nigeria -	 -	 0.749	 -	 0.088	 0.043	 0.03	 -	 0.032	 0.01	 0.90	 [15]	
Persea 
americana 

Khanate	 -	 -	 -	 -	 -	 4.65	 -	 53.9	 3.75	 -	 30.0	 [16]	

Persea 
americana 

Ethiopia	 104	 5830	 262.4	 31.83	 6.8	 7.42	 ND	 0.01	 8.5	 0.01	 0.04	 This	
study	

Psidium 
guajava 

Ethiopia	 115.4	 23150	 167.9	 17.38	 4.9			 3.75	 6.5	 0.04	 ND	 0.03	 0.08	 This	
study	

Carica papaya Ethiopia	 149.3	 45874	 169.5	 9.1	 8.1	 ND	 ND	 0.05	 11.3			 0.1	 0.02	 This	
study	

Mangifera 
indica 

Ethiopia	 115	 16210	 105.5	 30.1	 ND	 3.97		 ND	 ND	 ND	 0.09	 0.05	 This	
study	

ND	=	Not	detected;	NR	=	Not	Reported	
	
The	concentrations	of	Ca	(104	–	149.3	μg/g)	recorded	in	this	study	were	lower	than	levels	of	Ca	reported	
in	Nigeria	(248.6	μg/g)	[9],	and	Ethiopia	(170-320	μg/g)	but	higher	than	levels	of	Ca	obtained	in	Pakistan	
(22-32	μg/g)	[7].	The	concentrations	of	Mg	found	in	this	study	were	much	higher	than	those	recorded	in	
Pakistan	 [7]	 and	 Nigeria	 [9].	 This	 study	 confirms	 that	 as	 it	 is	 true	 that	 fruits	 are	 reach	 of	 calcium	 and	
magnesium	 minerals.	 The	 amount	 of	 Fe	 obtained	 in	 this	 study	 (105.5	 -	 262.4	 μg/g)	 were	 higher	 than	
those	literature	value	reported	by	Ismail	et al		(115	μg/g)[7]	,	Oloyede	et al		(25.6	μg/g)[9],	Mahdavian		et 
al		(75.16	μg/g	)[13]	,	perhaps	the	concentration	of	Fe	in	this	study	is	in	line	with	recommended	value		by	
WHO	guideline	for	fruits	which	is	425	μg/g	[17,18].	
The	 concentration	 of	 Mn	 in	 our	 study	 ranged	 from	 9.1	 -	 31.8	 μg/g.	 Literatures	 indicate	 that	 fruits	 are	
source	 of	 Mn	 and	 it	 is	 reported	 that	 daily	 intake	 of	 Mn	 is	 1800-	 2300	 μg/day.	 According	 to	 studies,	
concentration	of	Mn	(1.152	μg/g)	[7]	in	Psidium guajava, (0.526	μg/g)	[7]	in Mangifera indica,	(0.08	μg/g)	
[9]	 in	 Carica papaya	 and	 (0.05	 μg/g)	 [12]	 in	 Mangifera indica	 were	 lower	 than	 this	 study,	 but	 the	
concentration Mangifera indica	 (11.59	 μg/g)	 [13]	 reported	 in	 India	 is	 comparable	 with	 us.	 The	
recommended	 concentration	 of	 Mn	 in	 fruit	 according	 to	 WHO	 is	 500	 μg/g	 [17,18].	 Thus	 the	
concentrations	of	Mn	in	all	the	fruit	samples	were	fall	below	the	stipulated	limit.	Similarly,	concentration	
of	 Zn	 (4.9	 -	 8.1	 μg/g)	 is	 in	 safe	 range	 according	 to	 WHO	 maximum	 limit	 100	 μg/g[17,18].	 Higher	
concentration	was	obtained	in	our	case	as	compared	with	literature	in	Pakistan (1.3-2.8μg/g)[7],	Nigeria	
(0.56	 μg/g)[9],	 Nigeria	 (0.045	 μg/g)[10]	 and	 Pakistan	 (0.668μg/g)[12],	 Ethiopia	 (1.4-2.4	 μg/g)	 [14],	
Nigeria	 (0.018-0.088	 μg/g)	 [15].	 However	 higher	 concentration	 was	 reported	 in	 Malaysia	(8.13	 -	 12.22	
μg/g)[8],	Nigeria	(9.08	-	26.96	μg/g	)[11]	and	India	(18.29	μg/g	)	[13].		
As	 shown	 in	 above	 table	 1	 the	 concentration	 of	 Cu	 (3.75-7.42	 μg/g)	 was	 comparable	 with	 reported	
literatures	in	Pakistan	(5	μg/g)	[7],	Malaysia	(4.61	-	5.74	μg/g)	[8],	India	(6.34	μg/g)	[13],	Khanate	(4.65	
μg/g)	[16].	While	lower	concentration	was	reported	in	Nigeria	(0.01	μg/g)	[9],	Malaysia	(3.48	μg/g)	[8],	
Pakistan	(3.23μg/g)	[7],	Ethiopia	(3.7	μg/g)	[14],	Nigeria	(0.043	-	0.110	μg/g)	[15].	The	concentration	of	
Cu	in	Ethiopia	(8.4	μg/g)	[14]	was	higher	than	this	study.		AS	WHO	established	the	tolerance	limit	of	fruits	
and	vegetables	is	73	μg/g,	so	that	all	fruit	samples	that	we	studied	were	under	safe	limits	[17,	18].	As	far	
as	Co	is	concerned,	except	in	Psidium guajava (6.5μg/g),	in	all	other	case	it	was	below	method	of	detection	
limit	 so	 that	 not	 detected	 (ND).	 Literature	 also	 confirms	 in	 Nigeria	 (ND)	 [9].	 Lower	 concentration	 was	
reported	in	Pakistan	(1.12μg/g)	[7],	Nigeria	(0.02μg/g)	[10],	Pakistan	(0.87μg/g)	[12],	Nigeria	(0.03μg/g)	
[15],	But	comparable	with	Indian	(6.23	μg/g)	[13].	The	concentration	of	Co	 in	this	study	was	much	less	
than	the	WHO	maximum	guideline	50	μg/g.	Lower	concentration	of	Ni	was	reported	in	Nigeria	(0.4	μg/g)	
[9],	 Pakistan	 (0.4-0.6μg/g)	 [7],	 Malaysia	 (0.06-0.65μg/g)	 [8],	 Nigeria	 (0.114μg/g)	 [10],	 Pakistan	 (5.033	
μg/g)	[12],	Nigeria	(0.028-0.032μg/g)	[15],	Khanate	(3.75	μg/g)	[9],	than	this	study	(8.5	-11.3	μg/g).		As	
literatures	 indicate	 the	 acceptable	 daily	 intake	 of	 Ni	 is	 from	 3000-7000	 μg/day	 [20].	 The	 maximum	
guideline,	67	μg/g,	stipulated	by	WHO	was	however,	higher	than	the	concentration	of	Ni	measured	in	all	
the	 fruit	 samples	 [17,18].	 Chronic	 exposure	 to	 Cr	 may	 result	 in	 liver,	 kidney	 and	 lung	 damage.	 The	
recommended/	permissible	value	(μg/day)	for	Cr	is	in	the	range	2500	-	5000	μg/day	and	its	permissible	
limit	is	2.3	μg/g	[17,18].	In	this	study	the	concentration	of	Cr	range	from	0.01	-	0.05	μg/g	was	lower	than	
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the	permissible	limit	set	by	WHO.	Higher	concentrations	were	reported	in	Malaysia	(0.58-0.66	μg/g)	[8],	
Pakistan	(4.09	μg/g)	[12],	India	(37.36	μg/g)	[13],	Khanate	(53.9	μg/g)	[16].	
Cadmium	is	a	non-essential	toxic	heavy	metal	in	foods.	In	all	fruit	samples	analyzed	in	this	research	work,	
its	 level	 was	 observed	 in	 0.01	 -	 0.1μg/g	 which	 was	 below	 the	 standard	 level	 according	 to	 WHO/FAO	
guidelines	 (0.2μg/g)	 [19].	 Comparable	 result	 was	 reported	 by	 Oklo	 and	 Asemaye	 (0.01	 μg/g)	 [15].	
Whereas	 higher	 concentrations	 were	 reported	 in	 Malaysia	 (0.12-0.55μg/g)	 [8],	 Nigeria	 (0.93-5.91μg/g)	
[11],	Pakistan	(0.28μg/g)	[12],	India	(16.90	μg/g)	[13],	Nigeria	(0.02μg/g)	[15].	The	levels	of	Pb	obtained	
in	this	study	(0.01-	0.05μg/g)	compared	with	literature	values,	it	was	lower	than	with	results	reported	in	
Malaysia	(1.38-2.44	μg/g)	[8],	Nigeria	(1.01-10.47μg/g)	[11],	Pakistan	(1.91μg/g)	[12],	India	(67.20	μg/g)	
[13],	 Nigeria	 (0.08-0.90μg/g)	 [15],	 Khanate	 (30.0	 μg/g)	 [16].	 The	 concentrations	 of	 Pb	 in	 all	 the	 fruit	
samples,	 however,	 fall	 below	 the	 standard	 WHO/FAO	 guidelines	 (0.3μg/g)	 [19].	 The	 variation	 in	
concentrations	of	the	metals	across	the	sample	and	the	region	compared	is	may	be	due	to	the	nature	of	
the	environment	in	terms	of	the	soil,	ability	of	the	individual	fruits	to	absorb,	and	the	human	factors	may	
reasonably	implicate	the	variation	and	status	of	the	heavy	metal	concentration.		

 
Table 3: Recommended	concentration	of	some	traces	metals	in	fruits	by	WHO	

Metals The   present study (μg/g) WHO ML(μg/g) Reference 
Fe	 105.5	–	262.4	 425	 [17,	18]	
Mn	 9.1	–	31.83	 500	 [17,	18]	
Zn	 4.9	–	8.1	 100	 [17,	18]	
Cu	 3.75	–	7.42	 73	 [17,	18]	
Co	 6.5	 50	 [17,	18]	
Cr	 0.01	–	0.05	 2.3	 [17,	18]	
Ni	 8.5	–	11.3	 67	 [17,	18]	
Cd	 0.04	–	0.1	 0.2	 [19]	
Pb	 0.01	–	0.05	 0.3	 [19]	

					WHO	ML-World	health	Organization	Maximum	Limit	
	
As	shown	in	table	2,	Concentration	of	each	metal	was	compared	with	elsewhere	outside	Ethiopia.	It	was	
founded	that	mostly	lower	and	higher	concentration	of	trace	metal	were	obtained	in	our	case	and	in	fact	
some	 were	 comparable.	 But	 the	 concentration	 of	 all	 metals	 measured	 in	 this	 study	 were,	 however,	 fall	
below	the	World	health	Organization	Maximum	Limit	(WHO	ML),	as	shown	in	table	3.	 	Hence,	based	on	
this	result	the	fruits	are	safe	for	human	consumption.	
Pearson Correlation 
In	this	study,	to	correlate	the	effect	of	one	metal	concentration	on	the	concentration	of	the	other	metal,	
the	 Pearson	 correlation	 matrices	 using	 correlation	 coefficient	 (r)	 for	 the	 samples	 were	 used	 and	
presented	 in	 table	 4.	 The	 values	 of	 Pearson	 correlation	 coefficient	 revealed	 that	 there	 is	 weak	 and/or	
moderate	 positive	 or	 negative	 correlation	 of	 metals	 with	 each	 other	 except	 for	 some	 metals.	 The	 weak	
negative	or	positive	correlation	indicating	that	the	presence	or	absence	of	one	metal	affect	in	lesser	extent	
to	the	other.	Some	exception	is	observed	from	the	table	is	 that,	 there	 is	high	positive	correlation	for	Ca	
with	 Mg,	 Cd,	 Mn	 	 and	 	 Fe	 with	 Zn,	 Cd,	 Pb	 and	 	 Ni	 with	 Zn	 and	 Pb	 which	 may	 arise	 from	 common	
anthropogenic	 or	 natural	 sources	 as	 well	 as	 from	 similarity	 in	 chemical	 properties.	 The	 high	 negative	
correlation	of	Fe	with	Cd	and	Pb	indicates	that	large	absorption	of	Fe	may	affect	the	absorption	of	Cd	and	
Pb	in	fruit	samples	studied.		
	
Table 4:	Pearson	correlation	matrices	for	metals	in	fruit	sample	(n	=	4)	

	 Ca Mg Fe Zn Co Mn Ni Cd Pb 

Ca 1	 0.897	 -0.702	 0.02	 0.133	 -0.830	 0.063	 0.967	 0.391	
Mg 0.897	 1	 -0.350	 0.451	 0.036	 -0.0944	 0.496	 0.802	 -0.027	

Fe -0.702	 -0.350	 1	 0.676	 0.104	 0.189	 0.601	 -0.840	 -0.927	
Zn 0.026	 0.451	 0.676	 1	 0.059	 -0.539	 0.978	 -0.170	 -0.903	
Co 0.133	 0.036	 0.104	 0.059	 1	 -0.345	 -0.138	 -0.046	 -0.0114	
Mn -0.830	 -0.944	 0.189	 -0.539	 -0.345	 1	 -0.516	 -0.0667	 0.173	
Ni 0.063	 0.496	 0.601	 0.978	 -0.138	 -0.516	 1	 -0.096	 -0.844	
Cd 0.967	 0.802	 -0.840	 -0.170	 -0.046	 -0.667	 -0.096	 1	 0.575	
Pb 0.391	 -0.027	 -0.927	 -0.903	 -0.114	 0.173	 -0.844	 0.575	 1	

	
	Correlation	is	significant	at	the	0.05	level		
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PCA Analysis  
In	order	to	highlight	the	relation	between	the	elements	the	principal	component	analysis	(PCA)	was	used.	
The	 principal	 components	 which	 have	 Eigen	 values	 higher	 than	 1	 were	 extracted.	 This	 led	 to	 the	
formation	of	two	principal	components.	The	first	component	accounted	for	52.331%	and	the	second	for	
36.939%	of	the	total	variation	of	data.	The	first	two	components	account	for	89.27%	of	variances	for	all	of	
the	data.	The	first	component	represents	the	maximum	variation	of	the	data	set.	
Factor	loadings	of	elements	data	from	table	5 indicate	the	similarities	and	correlations	between	elements.	
The	elements	with	small	factor	loadings	have	only	little	influence	on	data	structure,	whereas	the	elements	
with	high	loadings	represent	those	elements	with	the	greatest	influence	on	the	grouping	and	separation	
of	fruit	samples.	The	first	factor	with	52.331%	of	variance	comprises	Ca,	Cr,	Cd	and	Mg	with	high	loadings	
and	Co	with	low	loadings.	Elements,	Fe,	Zn,	Cu	and	Mn	have	negative	 loadings	 in	this	 factor.	A	negative	
correlation	 supports	 the	 fact	 that	 there	 is	 a	 strong	 influence	 between	 matrix	 elements	 and	 traces.	 No	
significant	 loading	 value,	 except	 for	 Fe,	 Zn,	 Ni,	 Pb,	 was	 obtained	 for	 any	 variable	 of	 the	 second	 factor,	
which	is	responsible	for	36.939%	of	total	variance.	
 

Table 5:	The	loadings	and	the	scores	of	all	extracted	factors.	
	 Factor 1(PC1)	 Factor 2(PC2)	 Factor 3(PC3)	
Ca	
Mg	
Fe	
Zn	

0.9925	
0.8807	
-0.7501	

-0.02575	

0.05481	
0.4731	
0.6587	
0.9992	

0.1093	
-0.02383	
0.05919	
-0.03052	

Cu	
Co	
Cr	
Mn	
Ni	
Cd	
Pb	
Eigen	value	
Variance	(%)	
Cumulative	
variance	

-0.08643	
0.01925	
0.9533	
-0.7737	
0.03483	
0.9879	
0.4479	

5.75646	
52.331	
52.331	

	

-0.4663	
0.09006	
-0.2993	
-0.5684	
0.9731	
-0.1461	
-0.8931	
4.06331	
36.939	
89.27	

0.1884	
0.9958	
-0.0401	
-0.2798	
-0.2277	

-0.05219	
-0.04241	
1.18023	
10.729	
99.999	

 
Method validation 
Method	 validation	 is	 the	 process	 of	 providing	 that	 analytical	 method	 is	 acceptable	 for	 its	 intended	
purpose.	Because	of	the	absence	of	certified	reference	material	for	the	fruit	samples	in	our	laboratory,	the	
validity	 of	 the	 optimized	 digestion	 procedure	 was	 assured	 by	 spiking	 the	 samples	 with	 a	 standard	 of	
known	concentration	of	the	analyte	metals.	Then	recovery	%	is	then	calculated	by:	
	
													Recovery	%	=	Spiked	amount	value	–	Unspiked	amount	value	X	100		
																																																															Amount	added	
Table 6:	 Analytical	 recovery	 results	 obtained	 for	 the	 validation	 of	 the	 optimized	 procedure	 of	 fruit	
sample	

Metal aConc. in sample 
(μg/g) 

Amount added 
(μg/g) 

bConc. in spiked 
sample (μg/g) 

cRecovery (%) 

Ca 104	 53	 154.96	±	0.03	 96.15	±	0.01	

Mg	 5830	 1500	 7194.7	±	0.02	 90.98	±	0.05	
Fe	 262.4	 60	 317.79	±	0.02	 92.32	±	0.013	
Mn	 31.83	 10	 42.36	±	0.003	 105.30	±	0.08	
Zn	 6.8	 3	 9.99	±	0.001	 106.33	±	0.06	
Cu 7.42	 3.5	 10.64	±	0.001	 92.00	±	0.03	
Co	 6.5	 3	 9.52	±	0.004	 100.70	±	0.07	
Cr	 0.05	 0.02	 0.071	±	0.001	 105.00	±	0.012	

Ni	 8.5	 4	 12.7	±		0.005	 105.00	±	0.005	
Cd	 0.09	 0.04	 0.133	±	0.003	 107.50		±	0.03	
Pb	 0.08	 0.04	 0.118	±	0.008	 95.00	±	0.015	

a	Mean	concentration	of	fruit	samples	analyzed	in	triplicate	
b	Mean	concentration	±	SD	of	samples	spiked	in	triplicate	
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c	Mean	recovery	±	SD	of	percentage	recoveries	of	triplicate	analyses	
As	shown	in	table	6,	the	recoveries	for	the	eleven	analyzed	metals	were	between	90.98	%	and	107.50	%	
revealing	an	acceptable	digestion	method	for	the	analysis	of	fruit	samples.	
  
CONCLUSION  
In	this	study	the	levels	of	selected	metal	contents	in	edible	and	medicinal	fruits	of	Dilla,	Ethiopia	has	been	
carried	out.	The	concentration	of	eleven	elements	Ca,	Mg,	Fe,	Mn,	Zn,	Cu,	Cr,	Co,	Ni,	Cd	and	Pb	have	been	
analyzed	by	flame	atomic	absorption	spectrometry	(FAAS).	The	wet	digestion	in	a	digester	heater	block	
using	Kjeldahl	method	developed	in	this	study	provides	an	effective	method	for	the	fruit	sample	powder	
digestion.	This	was	revealed	by	the	excellent	recoveries	(90.98	-107.50	%)	obtained	which	were	found	in	
the	 acceptable	 range	 for	 the	 analyzed	 metals.	 This	 study	 confirms	 that	 as	 fruits	 are	 rich	 in	 source	 of	
essential	metals,	at	large	magnesium	in	all	four	fruits	followed	by	Ca.	The	present	study	also	shows	that	
the	 levels	 of	 the	 metals	 analyzed	 are	 more	 or	 less	 comparable	 well	 with	 levels	 of	 metals	 in	 fruits	 with	
literature	 values	 and	 all	 of	 the	 studied	 metals	 are	 safe	 which	 are	 below	 World	 health	 Organization	
Maximum	 Permissible	 Limit	 (WHO	 MPL),	 while	 others	 are	 not	 detected	 which	 are	 below	 method	 of	
detection	 limit	 indicating	 that	 it	 is	 possible	 to	 say	 that	 their	 toxicity	 is	 very	 less.	 Hence,	 based	 on	 this	
result	 the	 fruits	 are	 safe	 for	 human	 consumption.	 But	 continuous	 monitoring	 of	 fruits	 for	 heavy	 metal	
accumulation	 is	 necessary	 because	 trace	 elements	 are	 not	 bio	 transformed	 and	 have	 tendency	 to	
accumulate	on	soil	surface	which	increase	availability	for	up	take	by	fruits.		
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