
Addis Ababa University 

College of Natural and Computational Sciences 

Center for Food Science and Nutrition 

Proximate Composition and Levels of Esscntial/Toxic Metals in Chicl<en I\leat 

Raised Around IndustQ' Arcas in Ethiopia 

By 

Esubalew Kindie 

Under The Supervision of Dr. Ashagrie Zewdu 

A Thesis Suhmitted to College of Natural and Computational Sciences of Addis 

Ababa University in Partial Fulfillment of the Requirement for the Degree of 

Master of Science in Food Science and Nutrition 

April 2019 



Addis Ababa University 

College of Natural Sciences 

Centre for Food Science and Nutrition 

By: Esubalew Kindie 

Advisor: Dr. Ashagrie Zewdu 

A thesis submitted to Addis Ababa University, College of Natural Sciences, Center for 
Food Science and Nutrition in partial fulfillment of the requirements for the Degree of 

Master of Science in Food Science and Nutrition. 

Approval by examining board: Signature Date 

__________ (External examiner) 

___________ (Internal examiner) 

Dr.Ashagre Zewdu (Advisor) 

__________ (Chairman) 



Declaration 

I, th e undersigned, declare that thi s thes is is my or igi nal work and that all sources of materi als 

used for the thesis have been du ly acknowledged. 

Name: Esuba lew Kin ¢ie 

~ 

Signature: l:> 

The thesis has been approved for submission by: 

Name of Supervisor 

Signature Date 

o 

Date 

i I P age i 



Acknowledgemen ts 

First and foremost I would like to th ank the Almighl)' God ; He IS always w ith me 111 life 

situations. 

I wou ld like to express my app rec iation and thanks to Dr. Ashagrie Zewdu. my advisory, whom 

he was prov iding me valuab le comments and g uidance during th is thesis work. 

I would a lso like to express my thanks to a ll laboratory staffs of Addis Ababa University, 

Centre for Food Science and Nutrition , and my specia l thanks goes to Mr. Dcbebe Hailu for 

his pat ient gu idance and ass istance durin g laborato ry work. 

Officers from industry department o f the studied localit ies admi ni strat ions shou ld a lso be 

ack nowledged for their support in provid ing information regarding the current functioning 

industries at their respective admini stration areas; namely Ms. Abebech and Mr. Mesfin li'om 

Modjo, Mr. Teshome Degefa and Mr. Alemayehu Jira from Bishofitu and Mr. Fisseha 

Bedada from Akaki sub city admini strati ons. 

I would al so li ke to thank and acknowledge my be loved w ife , Mrs.Adancch Shimclash for her 

encouragement, and suppo rt not on ly for this work but at a ll times and I am a lso thankful for my 

kid, Hasset Esubalew for her shin y smiles and making my days br ighter. 

And last but not least I would a lso like to acknowledge Mrs. Zufan G/Kidan from Horricoop 

Ethiopia for her help during lab work for heavy meta ls ana lys is at HOl1icoop Eth iop ia. 

Co 

ii I P age ii 



Table of contents 

Contents ........ . . . ......... ...... . . ... . ....... .. ................. . ..................... .. . .. .. ....... .. . .. . page 

Dec laration .. .... ........................... .. ... .. ..................... ..... ............ ........................................ ... ..... .. ....... . i 

Acknowledgements ................ ... ........................ ... ...... ......... ... ... ...... ... ... ............................. .... ...... .. i i 

Tab le of contents .............. ............. .. .. ........ .. ......... ... ... .. ............. .. ..... .. ............ .............................. . iii 

Li sts of Acronyms ......................................................................... .... ....... .......... .. .... ................... vii i 

Lists of Figures .. ............ ............... ... ... ............................................. ... ... ........... ................. ......... ..... x 

Lists of Tables ....... ........................ ........ ... .................... ........... ........... ............ ... ......................... .... x i 

Abstract .................. .. .... ........... ... .... ... .. ....... ......... ................. .... ...... Error! Bookmark not defined. 

Chapter One ....... ... ...... ..... ........ ....... .......... .............. .... ... ...... ... .. ... .... .... .. ... ............... ................. ....... I 

I. Introduct ion ..... ... .. ....... ... ... ..... .. ... ..... .... ......... ... ... ............... ... ........ .. .. .. .............. ....................... ... 1 

1.1 Background ....... ....... ........... ........ .......... ......... ... ... ....................... .......... .......................... ..... .. I 

1.2 Statement of the Problem .... .......... ................. ...... ... ... ....... ........... ... .. .... ..... .... ........................ 3 

1.3 Significance of the Study ....... ......... ... ..................... ............................... ..... ..... ..................... .4 

1.4 Object ives .... .. ..... ..... ............ ........ ..... ...... .......... .......................................... .. ......................... 5 

1.4. 1 Genera l Objecti ve ... .. ................ ........................................................................... ..... ....... 5 

1.4.2 Speci fi c Objectives ...................... .......... .... ......... .... ... ... ...... ..... .... .... ..... ..... ............. ... ...... 5 

Chapter Two ... .. ................ .... ....................... ....... ........................... ..... ............... ........ ...... ... ... .... ...... 6 

2. Lite rature Review .......... ..... .. ................. ................ ......... .... .................. .. ........................ .... ...... ... 6 

2. 1 Chicken Meat ..... ......... .. ........ ... ..... ... .. ............ ............ ................ ............... ......... .. ...... .... ... ... 6 

2.2 Nutri tional Value of Ch icken Meat ............... .................. .............. ............................ .. .. ..... 7 
( c o 

iii I P age iii 



2.2.1 Meal Prolein Conlenl and Prolein ya lue ........ ....................................................... ... .... .. . 7 

2.2.2 Fal in Meat ...... .... ..................................... ........•........... ........ ......................... ......... ......... 8 

2.2.3 Mineral Contents of Chicken Meat ... ......... ................. .. .. ...................... ... .................... ... 9 

2 .3. Genera l Features of I-Ieavy Melal s .............. ....... ...... ....... .... .. ...... ....... ..... .. ................... .. ....... 9 

2.4 Sources, Palhways and Health Haza rd s of Some Se lected Essenti al and Toxic Trace Heavy 

Meta ls ........................ ...................................................................... ... ... ...... .. ....... .. .... ... ... .... ...... 14 

2.4. 1 Z inc (Zn) ............. ........ .. ......... .... .......... ....... .. ... .......................... ...... ................. ..... ... ... . 14 

2.4.2 Coppe r (C u) ......................... ...................... ....... ........ ..... .. ...... ....................... ... ..... .... .... . 15 

2.4.3 Chromium (Cr) .. ............ ..... ..... ..... .... .......................... ................. ............ ...... ....... .. .... .. . 17 

2.4.4 Manganese (Mn) ...................... .... ............................ .......... ...... .. ....... .. .... ........... .. ......... 19 

2.4.5 N icke l (Ni) ........................ ........ .... ......................................... ... ........ ......... ......... .... .... ... 21 

2.4.6 Coba lt (Co) .. ...... ... .. ..... ....... .. ............. ...... .. .................... ..... ............... ............................ 22 

2.4.7 Cadmium (Cd) ..... ...... .. ......... .......... .. .......................................... ..... .... .. .... .................... 23 

2.4.8 A rsen ic (AS) ..... ..... ........ ............ .. ............... ....... ......................... ....... ... ......................... 27 

2.4.9 Lead (Pb) .... ... .. .. .......... .... ............ ... .................... .. ............... ...... ..... ... ... ... .......... ............ 29 

2.4. 10 Mercury (Hg) ..... .... .......... ... .... ... ... ...... ... ... ... ........ ... ................ ......... .............. .............. 3 1 

2.5 Pract ice and Uti lization o f Po ultry in Ethiop ia ................................. ... .... ... ... ...................... 3 1 

2.6 Heavy Metal s Po llution in Ethiop ia ......... ......... ..... .... .... .... .... ... ...... .... ... ..... .. ........ ... ............ 32 

Chapter Three ............. .... .. ......... ........ .. ... .... .. ........... .... .. ........................ ............ ... ......... ......... .. ..... 34 

3. Materials and Methods ................... ....... .. ... ..... ........................ ........................... ....... ...... .. ...... .. 34 

3. 1 Study Area ........... ..... ..... ..... ....... .......................................................................................... 34 
o ) , 

iv I P age iv 



3.2 Samp le Co ll ection and Preparation .................................................... ........... ........ .. .. .... ....... 34 

3.2. 1 Sample Collection ......................................................................................................... 34 

3.3 Samp le Treatment and Preparat ion ................................. .... ........ .. ... ....................... ... .... .......... 37 

3.4 Proximate Analysis ..................................... ... ...... ...... .. ... ............. ... ........ ....... .. .................... 37 

3.4.1 Moisture Content ................................... ....... .............. ............................................... .... 37 

3.4.2 Crude Protein Content .... .............. ..... ... ... ..... .............. ................. ... ...... ... ....... ............... 37 

3.4.3 Crude Fat Content .................................... ............................................... ... ..... ... .... ....... 38 

3.4.4 Ash Con tent ................ .................... ... ... ... ....... ...... ... .......... ... .. .. ......... ........................... . 38 

3.5 Essent ial and T@xic Metals Ana lysis ............. ................ .... ...................... .. .......................... 39 

3.5. 1 Wet Digesti on Technique ........... ....................... ..... ..... .............. ........ .... ......... ......... ...... 39 

3.5.2 Methods of Validation ............................................................................. ...................... 40 

3.5.2. 1 Lower Limit of Detect ion (LOD) ............................................................................... 40 

3.5.2 .2 Internal Con tro l Method ........................................................................... ....... ..... ..... 40 

3.5.2.3 Accuracy ..... ... ..... .. ..... .......... .. .... .......... .............. ................................... ............ .......... 41 

3.6. Statistica l Ana lys is ......... ....... .... ............................ ... .. .......... ............................................... 42 

3.7 Li mi ta ti ons of th e Study ....... ........... ....................... .. ..................................... .. .................... 42 

4. Results and Discuss ion ..... ..... ................ .. ........... ............. ...... ...... ...................... ........................ 43 

4. 1 Prox imate Compos ition ............. .... .......................... ..................... ... .................................... 43 

4. 1.1 Prox imate Compos ition of Thi gh and Chest Sample Pa rts of Chi cken from Aka ki , 

Bishofitu and Modjo Industry Areas .... ...... ...... ...... .. .. ..... ..... .. ........ .... ......... .. ......................... 43 

o 

vlPagev 



4.1.2 Proximate Compos ition of Thigh and Chest Samples of Chicken from Industry Areas 

.............. ....................................................................................................... .. .. .......... ... ...... .. .. M 

4.2 Essent ial Meta ls Analys is ............... ...... ......................... .. .... .. .. ....... ... ...... ... .. .... ......... .... .... . .46 

4.2.1 Essential Metals Concentrations from Liver, Thigh and Chest samples of Chicken 

Raised around Industry Areas ......................................... .... ............................. .. .. .. ............... .46 

4.2.2 Concentrat ion of Essent ial Meta ls from Three Body Parts of Chicken Samples of 

Akaki , Bishofitu and Modjo Industry Areas ........ .. .. .. ........ .. .. .. .............................................. 46 

Zinc (Zn) content ............ ........................................ ... ... .......... .. .. .... ...... ........ ... ....... .......... ...... 48 

Copper (Cu) content ......... ............. ...... .. .... ... ......... ...... .... ....... ................................. ............... 48 

Manganese (Mn) Conten t ................................................. ............ .................... ............ ...... .... 49 

Chromium (Cr) Content .. .... .... .... ............ ......... ... ..................... .......................................... .... 49 

Cobalt (Co) Content .............. .... ........................ .. .. .... .. .......... ... .. ................ ...... ........ .............. 50 

Nickel (Ni) Content ... .... .... ..... ...... ... ................................................. .............................. ........ 50 

4.2 .3 Poo led Mean Concent rat ions of Essentia l Metals .............................................. .... ....... 50 

4.3 Toxic Trace Heavy Meta ls analys is ............... .... ........... ............................... ............. .. .. ....... 5 I 

4.3. 1 Toxic Heavy Metals Concentrations fro m Li ver, Th igh and Chest body parts of 

Chicken Raised Around three se lected Industry Areas, Ethiopia .......... .......... ...... ...... ........ .. 51 

4.3.2 Toxic Heavy Meta ls Concentrations from Li ver, Th igh and Chest Samples of Chicken 

from Akaki , Bishofitu and Modjo Industry Areas .......... .............................. .... .................... . 52 

Concentration of Arsenic (As) .................................................... ......... ........................ ....... ... 53 

Concentrat ion of Lead (Pb) ............... .. ............................ ......... ... ... ... ..... .... .. .. .. .................... .. 53 

Concentration of Cadmium (Cd ) .... .. .. ......................................... .. ....... .................... ............ 53 

.; 

vi I P age vi 



Concentration of Mercury (Hg) ....... ...... ............... ........................... .... .... ... .. ... ....... ........... ..... 54 

4.3.2 Pooled Mean Concentrations of Toxic Heavy Metals ............................... .. ..... .. ........ .. ........ 55 

Chapter Five ............................................................................ ....... ................ ......... ... .......... .... .... . 56 

Conclus ions and Recommendations .. ... ... ...... ... ... .. ....... ....... ....... ................................ ............... 56 

5. I Conclusion ............ ..................................................................................... .... ...... ..... ...... .... 56 

5.2 Recommendations .......................... ~ .................... ... ..................................... .... ..... ...... ... ....... 57 

REFERENCES ...... ..... .... .. ....................................... ..... .... .............................. ............ ... .. .... ...... .... 58 

, 
APPEND IX .... .. ................... ... ........ ... ....... ................. ............. ..... ........... ..... ..... ............. .. .............. 69 

A. Calibrat ion Curve of studied Heavy Metal s ...... .. ...... .. .. .. .. .. .. .. .. .... .. .. ............................ ......... 69 

c 

vii I 8 age vii 



Lists of Acronyms 

Name Abbrev iation 

AI Alum inum 

ANOA Analysis Of Vari ance 

AOAC Association of Analyti ca l Chem ists 

As Arsenic 

ANZFA Australia- New Zealand Food Authority 

B Boron 

Ba Barrium ·c 

bw body weigh 

B-Pb Bl06J lead 

Ca Calcium 

CdCb Cadmium Chloride 

CdO Cadmium Oxide 

Cd Cadmium 

Co Cobalt 

Cr Chromium 

Cu Copper 

DM Dry Matter 

DOM Di ssolved Organic Matter 

EDTA Ethylene Diamine Tetra-Acetic Ac id 

EPA Environmental Protection Agency 

EEPA Eth iopian Environmental Protection Agency 

FAO Food and agr icu lture organi zat ion 

Fe Iron 

gi L gram per I iter 

GTF Glucose Tolerance Factor 

HCA Heterocyclic Am ine 

Hg Mercury 

HNO) Nitri c acid 
0 ( 

viii I P age vi ii 



H20 2 

l-hS04 

ICP-OES 

Li 

mg/L 

mg/Kg 

Mn 

MoH 

ND 

Ni 

Pb 

PbO 

PbS04 

P 

PDCAAS 

Ppm 

PTWI 

PUFA 

RGM 

Se 

SOD 

Sn 

SPSS 

TPN 

WHO 

SPSS 

US 

Zn 

flglkgbw 

Hydrogen Perox ide 

Su i furic ac id 

Inductively Coupled Plasma Optical Emission Spectroscopy 

Lithium 

mi lligram per li te r 

Mi lligram per kilogram 

Manganese 

Min istry of Health 

Not Detected 

Nickel 

Lead 

Lead oxide 

Lead sui fate 

Phosphorus 

Protein Digestibility-Corrected Amino Acid Scores 

Parts per mill ion 

Provisional Tolerable Week ly In take 

Polyunsaturated Fatty Acid 

React ive Gaseous Mercury 

Selenium 

Superox ide Dismutase 

Tin 

Statist ical Package for Social Sciences 

Total Parental Nutrition 

World Health Organization 

Stati stical Package for Socia l Science 

United States 

Zi nc 

Microgram per kilogram body weight 

o 

ix I P age ix 



Lists of Figu res 

Fi gure I Il lustrating the mechani sm of act ion of metal s on bio logica l systems ................. ..... ... ... 11 

Figure 2. Conceptual response ofmelal s concentrations to li vi ng things .... ..................... ............ 12 

Figure 3. Poss ible food chain path ways thro ugh which humans may be exposed to trace metal s . 

........ .......... ..... .. .. ... .............. ...... .......... .... ... ...... ........ ... .... ... .... .. .... ................................. .... .. .... .... ... 13 

Figure 4. Patho logical conditions following Zn tox icity/defi ci ency ................... ....... ... ............. .. 15 

Figure 5 Illustration of the accumul ation of Cd with age (Goyer & Clarkson. 1996) ..... .. .. ... ....... 26 

Figure 6 Sources of lead exposure ....... .. .............. .. .. ............... ..................... ..... ........ ...... .... .... ... .... 30 

Figu re 7 Flow chart of sample collection and preparation ............... ........... ...... ............. .. ............. 36 

c o 

xl Pagex 



Lists of Tables 

Tabl e I. LOD of the studied heavy metals by the ICP-O ES ........................ .................... ............ .40 

Table 2. In ternal Control Measurements ................. ........... .................................................... ...... .40 

Tab le 3. Concentrations of Standard Group A meta ls ...... ... ... ... ..... .... ............ ....... .. ... ... ... ...... ...... .41 

Table 4 Prox imate Composition of Thigh and Chest Samples of Chi cken From Akaki, Bishoti tu 

and Modjo Industry Areas ... ...... .................... ............................. ... .......... .... ............................... .. .44 

Table 5 Proximate Composition of Th igh and Chest Samples of Chicken from Ind ustry Areas . .45 

Table 6 Essen ti a l Metals Concentrations from three body parts Liver, Thigh and Chest samples 

of Chicken Raised Around Industry Areas (mg/Kg) ...... ... .. ... ...... ............... ............ ... ...... ............ .46 

Tab le 7 Concentration of Essenti al Metals from body parts of Chicken samples of Akak i, 

Bishotitu and Modjo Industry Areas (mg/Kg) .................................. ................... ........................ .. 47 

Table 8 Pooled Mean of Essenti al Metal s Concentrat ions li'om Akaki , Bishotitu and Modjo 

industry Areas (mg/kg) ......... .. ... .. ...... ..... ... .............. ..... .... .. .......... ... ... ... ......... ............................... 5 1 

Tab le 9 Toxic Heavy Meta ls Concentration s from Liver, Thigh and Chest samples of Chicken 

rai sed around selected Industry Areas, Ethiopia (mg/Kg) .......................................... ......... .. ...... .. 52 

Table 10 Concentrations of Toxic Heavy Meta ls li'OIll Liver, Thigh and Chest Samples of 

Chicken from Akaki , Bishofitu and Modjo Industry Areas (mg/Kg) ....... .. ....................... .. ..... ..... 52 

Table I I Pooled Mean Concentrat ions Of Toxic I-Ieavy Metals (mg/Kg) ....................... .. ........... 55 

xi I P age xi 



Abstract 

The ge nera l trend of poul try prod ucti on and consumpti on has been steadil y in creasi ng globa ll y in 

rece nt because o f its benefi t to consumers ' hea lth from chicken meat and eggs The o bjecti ve o f 

thi s stud y was to determine proximate composition and leve ls of some se lected essenti a l meta ls 

(Zn, C u, Mn, Cr, Co, & N i) and tox ic heavy meta ls (As, Pb, Hg, and Cd ,) o f chi ckens rai sed 

a ro und Akak i, Bishofitu and Modjo industry areas, Ethiop ia. Purposefu ll y 5 hens 11'om loca l 

markets o f each ind ustry area whic h were cu lt ivated in a trad itional way were purchased and 

used for the study purpose. Parts of chest and thi gh we re used for prox imate analys is and pa rts o f 

li ver, th igh and chest were used for essential and tox ic meta ls analysis pu rposes . Prox imate 

analys is was done us in g AOAC (2000) using o ffi c ia l methods. Wet d igestion technique to 

extract heavy meta ls from sam ple was used and meta ls analys is was carried out using inducti ve ly 

coup led plasma opti ca l emi ssion spectroscopy. Results of prox imate composit ion of chest and 

th igh samrles co ll ected from industry a reas a re summarized as, Prote in 22.49, 2 1.97; Moisture 

72.23 , 70.50 Fat 1. 14, 1.24, ash 1. 11 , 1.13 res pecti ve ly. These resul ts were found be ing 

comparab le w ith li teratures rev iewed. The results of mean concen trati ons of metal s from studied 

parts of industry areas of li ver, th igh and chest samples (mg/ Kg) ranged ; Zn 24.04- 134.53 , Cu 

2.90-9.24 Mn 1.40-8.64 , Cr 4.44 - 4.75 , Co ND - 0.02 , Ni 3.23 - 4.48 As 0. 11 - 0.33, Cd 0.0 I -

0.98 , Pb 0.02 - 0. 16, Hg 0 .05 - 0.09. The results of the mean concentrations o f those essenti al and 

tox ic meta ls were compared aga inst permiss ible limi ts of each trace meta l set by intern at ional 

standards; Cu from a ll studi ed sample parts; Zn from liver of Aka ki , Cd from liver samp les o f 

Akaki and Bisho fitu. Mean va lues of Mn, C r and N i from a ll sample parts were fo und to be 

hi gher than th e ir respect ive pe rmi ss ible limits. Whereas a ll oth er trace metal s oth er than Co, 

whose permiss ible limi t is not mentioned in World hea lth organi zation standard were fo und to 

have mean concen trat ions below than their permi ss ible limits. Though essenti a l meta ls a re 

important for human life in va rious ways excessive and prolonged exposures of those trace 

meta ls may im pose health ri sks to the community. Respiratory prob lems, increased risk o f lung 

cance r, neuro logica l defic itS, deve lopmenta l defic its in child ren and increased b lood pressure are 

hea lth ri sks due to N i ex posures. Neurolog ica l di sorders s imilar to Parki nson 's di sease may 

result due to excess ive Mn exposu re. Simil a rl y in hib ition lead ing to Wil son's d iseases after long 

ti me C u ex posure arId , skin rashes, stomach ul cer, kid l'i'ey , li ve r damages, lung cancer and 
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ultimate death due to pro longed higher Cr exposures. The result a lso indicated that chickens of 

li ver samples from Akaki and Bishofitu industry areas were found with much hi gher Cd 

concentrations (I.08±O.36mg/kg, and 1.45±O.68mglkg respect ively) re necting the environment 

is polluted with Cd. Higher leve l Cd exposures might cause hea lth impacts such as hypertension, 

eleva ted blood pressure. renal dysfuncti on, acute and chronic pu lmonary dysfun ct ions to the 

community. 

Tak ing the hea lth ri sks due to envi ronmental pollutions around industry areas into account. 

chicken meat that contai ns good nutrit ional values li ke proteins, fat, and essenti al minerals such 

as zinc, can al so be used to a lleviate poverty for the country. 

Key words: Chicken meal, proximale cOll1posilion and Essenlia/IToxic melal.I·, Environmenlai 

pollulion. 
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Chapter One 

1. Introduction 

1.1 Backgrou n«} 

The general trend of poultry production and consum ption has been steadil y increas ing g loba ll y in 

recent yea rs that poult ry meat accounts for about 33% of the global meat consumption of which 

87% comes from chicken. Simi larl y, the consumer demand for chicken meat has been growing 

progressive ly over the last decade because of its benefit to consumers' health from chicken meat 

and eggs, whi ch provide food contain ing high-qua lity protein with desirable amino ac id profiles 

(Melesse, 20 14). The propo rtional contribution of poultry to the total anima l prote in production of 

the world by the year 2020 is believed to increase to 40%, the major increase being in the 

developing wo rld (Asres ie & Mitiku , 2015). Approximately 800 million chi ckens are currently 

found on the African continent, of whi ch 80% are kept under traditi onal scavenging product ion 

systems (Melesse, 20 14). Previous studi es reveal that the total poultry population in Ethi opia is 

est imated to be more than 51.35 millio n (Sebho, 2016). where the majorities (99%) of th ese 

chickens are maintained in a traditional way (Leta & Endalew, 20 I 0). 

The scavenging system plays an important rol e in supplying loca l populations with additional 

income and high-quality food in the form of meat and eggs (Goromela, el 01 .. 2006). Religions and 

cu ltu ral considerations are also amongst the reasons for keeping ch ickens by resource poor fanners 

in Africa including Ethiopia (Asresie & Mitiku, 20 15). In addition , the local chicken sector 

const itutes a s ignificant contribution to human li velihood and contributes s ignificantly to food 

security of poor househo lds (Leta & Endalew, 20 I 0) 

Meat and meat products are im portant for human d iet because th ey provide a great part of nutrients, 

including the necessary trace elements. As the fle sh of an imals used for food , it is a relevant dietary 

source of hi gh bio logical va lue proteins, essential amino acids, chemical elements (e.g. iron , zi nc) 

and vitamins (e.g. B 12, D) (Zahrana, & Hendyb. 20 15) which are e ithe r not present il; plant derived 

food or have a poo r bioavailabi lity (Gerber, 2007). It a lso contains a range of fats, including 

essentia l omega-3 polyunsaturated fats (Wil li ams, 2007). Among meat sources, chi cken meat 

con tains hi gher protein as we ll as lower fat and cho lestero l contents than red meat, and 
" 0 

consequentl y is considered superior for human health (Jung., el al .20 15). 
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Essentia l e lements have severa l im po rtant ro les in human bodi es. In fact, a lthough the trace 

e lements are essenti a l components o f biologica l acti v iti es, th e excess ive leve ls o f th ese e lements 

can be tox ic for the body hea lth and may lead to many fata l d iseases, such as cance rs (A I-Fartu sie 

and Mohssan, 20 17) .i.e meta ls such as iron. co pper, mangan ese, coba lt, zinc are essenti a l fo r 

human body but chroni c metabo lic di sturban ces may occur du e to the de fi c iency or excess of th ese 

metal s . It is important to keep the level of these meta ls in the ir proper ranges for maintaining 

pro per metaboli c fun ction s in human body (Go lub, el al., 2004). 

Tox ic meta l is de fined as th at metal , whi ch is ne ither essential nor has bene ficial e ffect, on the 

contrary, it d isplays severe tox icologica l symptoms at low levels and is defin ed as a meta l w ith a 

specific weigh more than 5 g/c m3 (W HO, 2007) . No n-essential e lements such as lead, cad mium, 

mercury and a rsenic are considered to be toxic and their presence in the bod y can cause profound 

b iochemica l and neuro logica l changes in the bod y (Lu kacova el al. , 20 14) . 

Wi th increasing industri a li zati o n, more and mo re metal s are enterin g into the environment. These 

meta ls stay permanent ly because they cannot be degraded in the environment. Eventua ll y th ese 

heavy metal s ente r into the food material and from there they ultimate ly make th e ir passage into the 

t issue (O nyeka and David, 20 15). Popul ation exposure to tox ic meta ls is o f greatest concern due to 

the ir non biodegradable nature (C howdhury, el al. , 20 I I). The ri sk assoc iated w ith th e expos ure to 

heavy meta ls present in food product has aro used widespread concern in human hea lth . 

Contamination o f food with vari ous environmenta l pollutants, especia ll y heavy meta ls and 

ingestion o f these contaminants by animals causes deposition of residues in meat (Badis" Rachid , & 

Esma,2014). The presence o f heavy meta ls in chi cken meat may result from natural occurrence in 

the so il , from where they are taken up by th e plants th at feed th e chicken, or due to th e use o f 

contaminated fi sh powder as a source o f anima l prote in feed, or from the remnants of vehicle 

exhausts, wh ich are hit by air to the source of fodd er and water to drink used in poultry 

(A bdo lgader, el al. 20 13). Hence tho ugh po ultry meat prov ides nutriti onal benefit s it may a lso be a 

so urce o f tox ic heavy meta ls and therefore should be c lean and safe from a ll hazardous agents li ke 

cadm ium, lead, mercury, and arseni c (C howdhury, el al., 20 II ) . 
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1.2 Statement of the Problem 

More th an one in seve n peop le today sti ll do not have access to sufficient protein and energy from 

their diet, and even more suffer from some form of micronutrient ma lnouri shment (God fray. el 01. , 

20 I 0). Pove rty and food insecurity are among the most press ing socia l issues in the sub-Sahara 

cont inent at the beginning of the 2 1 st century (Lemke, et 01 .. 2003). Food in secu rity at the 

household level in Ethiopia dates back a long peri od, it has rema ined as a challenging goa l even 

today (Bogale, & Sh imel is, 2009). Poultry, where ch ickens and their products are an im portan t 

source of food and income considerably contributes the cash income of the rural fami li es in 

Eth iopia (A lem, el 01. , 20 14). Because it has fast generat ion interva l and high producti vity rate wi II 

be an interesting too l to respond rapid ly to poverty gaps if included in rura l development strategies 

(Reta, 2009). Scavenging poul try provide their owners with econom ic and nutritional benefits with 

litt le, or without any inputs (Morek i, el 01 .. 2010). 

Food safety is a term broadly appl ied to food quality that may adve rse ly affect the human health 

(Lee,el 01." 200 1). Environmental po llutants always have haza rdous impact on li ving organ isms 

that affects life-sty le of li ving entiti es throughout the globe (Katole, et 01. , 20 13). Due to the focus 

on ly on development program on econom ic growth and industrialization, limited resources for 

environmental management and weak po llution leg islation in most developing coun tries li ke 

Ethiopia has worsened heavy metal pollution. In a study, levels in (mg/kg) of Cd (0.345 ±O.IS) in 

lettuce, Cr (24. 11 ±2.4) in lettuce and Zn ( 130. 1±6.4) in spinach exceeding reco mmended lim its 

were recorded in Ethiopia (Yabe, et aI., 2010). Arsenics, chromium , iron, and lead from a study 

done to evaluate the level s of heavy metals in leafy vegetables grown in Add is Ababa were found to 

surpassed max imum perm itted metals concentrations (Itanna, 2002). 

Even though it 's reported by different publications regarding the levels of essentia l/toxic meta ls on 

different food items in Ethiopia there was no study on this area on chicken meat and its prox imate 

compos ition of chicken meat in our country, the present study attempted to invest igate and put an 

effort on thi s hidden issue. That is leading us to have insufficient knowledge in order to draw firm 

conclusions on how industri ali zation affect the com pos ition of essent ia l/tox ic heavy metal s III 

chicken meat. The study al so tri ed to determ ine the prox imate composition of chicken meat. 

.) 
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1.3 Significance of th e Study 

Thi s stud y was ai med to assess and determine the prox imate composition , and level of essential! 

toxic heavy meta ls in chicken meat rai sed mound se lected industry areas in Eth iopia. The 

nutri tional composition of Ethiop ian chickens may be used as a means fo r poverty a ll ev iation. 

Besides to say food is quality it is not merely means it conta ins high nutriti onal components, rat her 

it should be free from food contaminants too. Therefore knowing the leve l of the composition of 

those toxic trace heavy metal s in chicken meat wil l help to take proper actions if the result showed 

beyond the permi ss ive in take leve l. 

In genera l thi s wo rk wi ll have the fo ll owing uses 

./ Provide a base line data for parties conce rned regarding prox imate, essential /tox ic metal s 

composition level in chicken m~at 

./ Regulatory agencies like Ethiopian environmenta l protect ion agency (EE PA) may use the data for 

planni ng 

./ Health professional and Ministry of Health (MoH) may use thi s data concerning disease like cancer 

and other chronic illnesses 

./ Pou ltry farm individ ual s and agencies may use the informat ion regard ing the source of pou ltry feed 

and locat ion of poultry fa nning selection 

./ The work will be a reference materi al for researchers, students and for poli cy makers who are 

concerned on proximate composi tion, essenti al! tox ic trace heavy metals and its hea lth importance 

and consequences. 
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1.4 Objectives 

1.4.1 General Objective 

.:. The main objecti ve of Ihi s study was 10 determine prox imate compositio n and leve ls o f 

essentia l/tox ic heavy metals found in chicken meat rai sed aro und three se lected in dustry areas: 

namely Akaki , Bishofitu and Modjo by the yea r 20 18119 GC 

1.4.2 Specific Objectives 

The spec ific objectives of lhi s study were to: 

:;.. To determine the prox imate compos it ion (protei n, moisture, fat and ash) of chi cken meat ra ised 

around industry a reas of Akaki. Bishofitu and Modjo 

);> To determine, compare and contrast th e leve l of essential (zinc, manganese, copper, chrom ium, 

cobalt and nickel) and toxic (arsen ic, cadmium, lead and mercury) heavy metals compos ition 

among chi cken grown arou nd se lected ind ustry a reas 

);> To compare pooled mean composition of each essential and tox ic trace heavy metal s among th e 

selected industry areas. 
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2. Literature Review 
2.1 Ch icken Meat 

Chapter Two 

Meat has cxcI1cd a crucial role in human evolution and is an important component of a hea lthy. 

especially the brain and inte llectua l development and well balanced diet due to its nutritiona l 

richness (Pereira & Vicente, 20 13). It is very ri ch and conven ient source of nutrients inc luding also 

a large ex tent of microelements (Lukacova el al. 20 14). As the flesh of animals used for food , meat 

is a re levant dietary source of high biological va lue protei ns, essen tial am ino acids, chemical 

e lements (e.g. Fe, Zn) and vitamins (e.g. B 12, D) (Zahrana, & Hendyb, 20 IS) wh ich are either not 

present in plant derived 1'000 or have a poor bioava il abi li ty (Gerber, 2007). It also contains a range 

offats, including essentia l omega-3 polyunsaturated fa ts (Wi lliams. 2007). 

Meat is frequently assoc iated with a "negati ve" hea lth image due to its "high" fat content and in 

the case of red meat is seen as a cancer-promoting food. Th is was due to ep idemio logical earl y case 

control and cohort studies suggested a positive correlation between fat intake and incidences of 

breast, co lon and prostate cancer. However, more recent cohort, large case control and pooled 

analys is of case control stud ies fail ed to detect an assoc iation between fat intake and colon cancer. 

(B iesalski , 2005). Instead meat as a protein-rich and ca rbohydrate- low product contributes to a low 

glycemic index, which is assumed to be beneficial with respect to obesity, diabetes development 

and cancer (Gerber, 2007). However it should be cons idered that carc inogens and promoters, e.g. 

heterocyclic amines (HCAs) are formed when meat is fried or cooked and may contribute more or 

less to the indiv idual cancer risk, especially in colorecta l, breast and prostate cancer (Biesa lski , 

2005). 

The chemical composition of meat depends on both the kind and degree of the source animal 

(Bad is, el al. , 20 14). Chicken meat is an important and good source of essentia l am ino acids, 

vitamins, and minerals/essential metals for human consumption (O luso la, el al., 20 12). It is also 

distinguished for its low energy concentrat ion and , consequently, it has high nutrient density. 

Pou ltry meat, as we ll as other meats, is a good source of high biological va lue prote in (20-22%). 

Poultry meat is d ist inguished for its low energy concentration and, consequent ly, it has high 

nutrient density. Bes ides, it prov ides Fe and Zn of high bioavailab il ity in lower quantit ies than red 

meats, but imp'6 rtant amounts compared with food 6rvegetable origin. Poultry meat has s ignificant 
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content of vitam ins from gro up B such as thiamin , riboflavin , ni aci n and vitami n B6, a ltho ugh 

v itamin B 12 content is less than in other meat s. The quantity of vitamin E. pantothenic ac id , fo li c 

and biotin of poultry meat is cons iderab ly low. Fat content in poultry meat is re lat ively low 

(Barroeta, 2007 ). Particul arl y the free rea rin g (scaveng ing) ch ickens have superi or qual ities than 

Farm base ones, i.e. , th e free rearin g eggs are hi gher in vitamins. mineral s, an d lower in cho lesterol , 

whil e free range poultry is Fo un d to be leaner and tougher due to the chickens mo re acti ve lifesty le 

and natura l diet(Brower, el al. . 20 13). 

Though meal is an im portant source food , it may potentiall y accumulate tox ic minerals and 

represents one of the sources of heavy metal s for humans (Zahrana, & Hend yb. 201 5). The ri sk 

associated w ith th e exposure to heavy metal s present in food product has aroused w idespread 

concern in human hea lth . In gestion of these contaminants by animals including chicken causes 

deposit ion of residues in meat (Badi s, el 01. , 20 14). 

2.2 Nutritional Value of Chicken Meat 

2.2.1 Meat Protein Content and Protein Value 

Literatures showed that the average protein content of meal usua ll y ranges from 20 - 25% 

(Will iams, 2007). Pou ltry meats is considered as a good source o f an ima l protei n with high 

b io logica l va lue as it contains al l the essenti a l amino acids, many v itam ins and minera ls whi ch are 

required for human nutriti on (Goyer & Clarkson, 1996) . It is also important to note that thi s protein 

has hi gh di gestibility scores as determined by the Prote in Digestib ility-Corrected Amino Acid 

Scores (PDCAAS). The hi gher PDCAAS 1.00 have been attr ibuted to egg white and case in 

prote ins. Meat scored 0 .92, while pinto beans, lenti ls, peas and chickpeas which are broad ly 

cons idered important protein sources in vegetarian di ets scored va lues from 0.5 to 0.7 1 (Wi II iams, 

2007) and wheat gluten had been class ified w ith a 0.25 score (Pereira & Vicente, 201 3). This can be 

exp lained to some extent with the fact that p lant prote ins are mostl y embedded into pol ysaccharide 

matrices (ce ll wall s) where they cann ot be reached by the proteo lytica l enzymes (Ge rber, 2007). 

Ce real s like rice and wheat are especia lly poor in lysi ne while legumes have low contents of 

methionine (Pere ira & Vicente, 20 13). 

The nutritional quality of a prote in depends on the pro porti o n of essential amino ac ids present ; hi gh 

qual ity dietary prote ins conta:.ning th e necessa ry amounts ofessen:ia l amino acid to cover the needs ) 
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of the human body where as low qua lity dietary prote ins show an imbalanced ratio of essential 

ami no acids; the most lacking is called the limiting amino acid (Gerber, 2007). Protein from meat 

provides all essentia l amino acids (lys ine, threonine, methionine, phenylalanine, tryptophan, 

leucine, iso leucine, va line) and has no limiting amino acids (Pereira & Vicente, 20 13). The amino 

acid glutamic acid/glutamine is present in meat in the hi ghest amounts (16.5%), followed by 

arginine, a lan ine and aspartic ac id (W illiams, 2007). Therefore, the requirement for dietary prote in 

consists of two components; (a) a requirement for the nutritionally essential ami no acids, and (b) 

the need to meet the requirement for non-specific nitrogen in order to suppl y the nitrogen necessary 

for synthes is of the nutritionally not essential amino ac ids and other phys iologically important 

nitrogen conta ining compounds (nucleic ac ids, creatine, porphyrins) (Gerber, 2007). 

2.2.2 Fat in Meat 

Fat is the richest di etary energy source and storage: supplies essential nutrients such as essent ial 

fatty ac ids as well as precursors of compounds that regu late a number of physiologica l function s 

(e .g. prostaglandins) and he lps to absorb fat- soluble vitamins (A, D, E and K). Fat also acts as a 

protection of the organs and as source of fatty acids wh ich aga in act as structural element of ce ll 

membranes. Fat al so provides palatability and flavor to food. In the right proportions it is therefore 

an essentia l component of any ba lanced diet (Gerber, 2007). Due to their antithrombotic effects, the 

presence of omega 3 fatty acids in meat could counteract in part the pro thrombotic elTect of omega 

6 fatty acids ( arachnidonic ac id ) wh ich increases the ri sk of thrombosis (Perei ra & Vicente, 2013). 

The most ubiquitous fatty acids in meat are ole ic (C 18: I), palm itic <C 16:0), and steari c (C 18:0) 

ac id . Linoleic acid (CI8 :2n-6) is the predominant Poly Unsat urated Fatty Acids (PUFA) (0.5 - 7 

%), fo llowed by a lpha- linolen ic acid (CI8:3n-3). Trans-fatty ac ids compri se below 0.5 % of total 

fatty acids across a ll types of meat from monogastric an imals; in ruminant meats they represent 

aro und 2 - 4 % (Gerber, 2007, Biesalski , 2005). Poultry meat is an important provider of the 

essentia l PUFAs, especially the omega (n)-3 fatty ac ids. Scavengi ng chickens are palticularl y good 

source because of their varied diet. The fat content of cooked chicken varies depending on whether 

it is cooked with the skin on or off, the portion of the bird, and the bird 's d iet and breed. Breast 

meat contains less than 3 g fat/ I 00 g and skin having the highest proportion. About halfofthe fat 

from ch icken meat is made up of the desirable monounsaturated fats, and only one-third of the less 
~ 
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health y saturat ed fat s. Chicken meat is th erefore seen as a hea lth y meat. Chicken meat does not 

contain the trans fats that contri bute to coronary hea rt di sease (Ravi ndran. 20 13). 

2.2.3 Mineral Contents of Chicken Meat 

Meat is a ma jor contribu tor o rmany of th e essenti a l mineral s (e .g. Fe. Zn) (Lubicova el al. 20 14) 

req uired in the human diet. Many of these biogenic mineral s are mo re readil y avai lable to humans 

from ani mal t iss ues th an from any other food source (Za rkadas, el al., 1987). Po ultry meat prov ides 

Fe and Zn of hi gh bioavai lab ility in lower qua ntiti es than red meats, and it a lso has s ignifi cant 

content o f v itamins from group B such as thi amin , ri boflav in, ni ac in and vitami n B6, a lthough 

v itamin B 12 content is less than in other meats (Barroeta, 2007). Meat is the food richest and 

represe nts as a primary so urce of heme iron, th e iron form hav ing the hi ghest bioavailab ility 

(Lombardi-Boccia, el al. , 2005 ). Especiall y as man y auth ors pointed out, those free rea ring 

chickens has increased substantiall y as a result of the greater demand for the so-ca lled natura l 

products, whi ch avo ids the use of di etary an ima l by-products and an tibiotics for poul try growth. 

Many consumers beli eve these products have superior sensory qualities and repOlt that th ey " taste 

better" (Wei , el al., 2016) . 

2.3. General Features of Heavy Metals 

Heavy meta ls are by de finiti on metal s hav ing dens it ies hi gher than ~ S g mL- I
, for example. Fe, Cu, 

Pb, Cd, Hg, N i, Zn, and Mn. I-Ieavy metal s can be class ifi ed into four major groups on th e ir hea lth 

importance: esse nti a l (cobalt, chromium II I, copper, Iron ,manganese, molybdenum, se lenium, 

z inc), meta ls w ith poss ible beneficia l ro les (boron ,ni cke l,s ili con,vanadium), non-essential 

(a luminum, an timon y, barium , bery ll ium), tox ic (Cd, Pb, Hg) heavy meta ls (A I- Fartusie & 

Mohssan , 20 17). But c lass i ficati o n of the trace e le ments into essentia l, no n-essentia l, a nd tox ic 

groups can be inaccura te and m is lead ing d ue to the fact that a ll the essential e leme nts become 

tox ic at suffi cientl y hi gh in takes; it is al so probab le that other e lements will be added to the 

essentia l list as experimental techniques are fu rther refined and app li ed. Conseq uently, it can be 

pred icted that some of the trace e lements present in livi ng ti ssues that are now regarded mere ly as 

contaminants, rejecting the contact of the organi sm with its environment, will be fo und to perform 

some v ital fun cti on; as nicke l, t in , si licon , and vanadium have emerged as essent ial nutrients onl y in 

re lati ve ly recent years (WHO, 2004). 
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Essentia l meta ls (elements) have several important roles in human bod ies, some are essentia l fo r 

enzymes reacti ons where they attract and fac ili tate conversion of substrate molecules to specific end 

prod ucts (Golub el al., 200 14). Others do nate or accept e lect rons in redox reac tion s that are of 

primary importance in th e generat ion and uti li zati on of metabo li c energy. Some of them have 

structu ral roles and respo nsib le for the stabi lity o f important bio logical molecu les. Furtherm ore, 0 

some trace e lements have im portant acti ons througho ut bio logica l processes, for examp le, iron (Fe) 

whi ch can bind , transport , and re lease oxyge n in the body. In fact , although th e trace e lements are 

essentia l components of bio log ica l activ it ies, the excessive levels o f these e lements can be tox ic fo r 

the body hea lth and may lead to many fatal diseases, such as cancers (A I-Fartus ie & Mohssan, 

20 17). Iron, iodine, copper, z inc, manganese, coba lt, se len ium, chromium, nickel, tin , and 

vanadium are essential meta ls (W HO. 2004). 

A toxic metal is a meta l, whi ch is ne ither essent ial nor has benefici a l effect, on the contrary, it 

di sp lays severe toxico logical symptoms at low leve ls. Tox ic elements can be very harmful even at 
(j 

low concen tratio n when ingested over a long time period due to their abil ity to acc umulate in 

human and anima l body (8ad is, el al. , 2014). With increasing ind ustr ia li zation , mo re and more 

metal s are ente ring into th e environment. Those heavy meta ls stay permanentl y because th ey cannot 

be degraded in the environment (Kato le, el al., 20 13). Eve ntuall y those heavy meta ls enter into th e 

food material and ultimate ly they make their passage into the tissue ( Is lam, el al 20 15). The 

poisoning effects of heavy meta ls are due to their interference with the normal body biochem istry in 

the normal metabo lic processes . When .ingested , in the ac id medium of the stomach , they are 

convelted in to the ir stable ox idation states and combine with th e body' s bio-mo lec ul es such as 

prote ins and enzymes to form ve ry stable biotoxic compounds, whi ch become difficult to be 

di ssociated, due to the ir bio-stabilities, dur ing extracti on from the body by medi cal detox ifi cat ion 

the rapy. The eq uat ions below show their react ions durin g bo nd fo rm ation with the sulphydry l 

groups (-SH) of cysteine and sul phur atoms of methi o nine (-SCH3) (Ireri , 20 14). 
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The hydrogen atoms or the metal groups in the above case are rep laced by the poisoning meta l and 

the enzyme is thus inhib ited from functioning, whereas the protein- metal compound acts as a 

substrate and reacts with a metabo lic enzyme (Ireri , 20 14). 

Where: A = Intramolecular bonding; B = Intennolecular bonding; P = 

Protein; E = Enzyme; M = Metal 

Figure I Illustrat ing the mechanism of action of meta ls on biologica l systems (Ireri, 20 14) 
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Essential metals Non-Essential metals 

. . . . . ' . . .. . . .. ! . . . .... . .. .... r . 1--"""",-' .. ..... ... .... , . . . . ... . ...... . . 
, , 

COllcentnUoIl 

.. Their lack provokes 
pathological alterations 

.. Surpassing a threshold: TOXIC 

.. No biological role 

.. "Small" threshold 

Figure 2. Conceptual response of metals concentrations to li ving things (Jadia & Fulekar, 2009) 

Increased environmental exposure to several of the more toxic trace elements- notably lead, 

cadmiwn, mercury and arsenic as a consequence of the increasing industrialization and 

motorization of urban communities and the rapidly rising consumption of fossil fuels is also a 

matter of public health concern (Bordajandi , et aI., 2010). Population is generally being exposed to 

metal toxicity. "soil- plant- human" and/or " plant-animal- human " and/or " soil- water- animal " 

could be the potential food chain pathways of metal accwnulation in human populations. 
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Figure 3. Poss ib le food chain pathways through wh ich humans may be exposed to trace meta ls 

( Is lam, et a i, 20 15). 

The different composition o f a ir po llutants, the dose and time of exposure and the fact that humans 

are usually exposed to po llutant mixtures than to single substances, can lead to diverse impacts on 

human health (Katol e, el al. , 20 13). I-Iuman health effects can range fro m nausea and diffi culty in 

breathing or skin irritation , to cancer. T hey a lso include birth defects, serious deve lopmental de lays 

in chi ld ren, and redu ced act ivity of the immune syste m, lead ing to a number ofdi seases. Moreover, 

th ere ex ist seve ra l suscept ib ility fac tors such as age, nutriti ona l statu s and predi sposi ng conditions 

(Goyer & Clarkson, 1996). Hea lth e ffects can be d ist ingui shed to acute, chroni c not inc luding 

cancer and cancerous. Epidemiologica l and anima l model data ind icate that primaril y affected 

systems a re the cardiovasc ul ar and the resp iratory system. However, the fu nction of severa l other 

organs can be a lso influenced (Onyeka & David, 20 15). 

l) 
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2.4 Sources, Pathways and Health Hazards of Some Selected Essential and Tox ic 

Trace Heavy Metals 

2.4.1 Zinc (Zn) 
Zn is an essenti al trace element for animals and human di et, be in g in vo lved in protein synthesis and 

as a consti tuent of many metalloenzymes (A kan, el al. , 20 10. WHO. 1973). It is extraordinaril y 

useful in biologica l systems and in vo lved in many biochemical processes that support life and 

required for a host of phys iologica l fun ctions including normal immune function, sexual function, 

neurosensory function such as cognition and vision. Numerous proteins, enzymes and transcription 

factors depend on zinc for thei r function. Zinc is an essential component of hundreds of proteins 

and meta ll oenzymes including alka line phosphatase, lactate dehyrogenase, carbonic anh ydrase, 

carboxypeptides, and DNA and RNA polymerases fo und in most body tissues. It plays specific and 

important catalyti c, co-cata lytic and structural roles in enzyme molecules and in many other 

prote ins and biomembranes (N ri agu, 2007). 

Too littl e Zn can cause problems; however, too much Zn is harmful to human health. The 

permiss ible lim it of Zn is 150ppm set by Austral ia-New Zealand Food Authority (ANZ FA, 200 1) 

(Akan, el al., 20 10). Zinc de fici ency is a significant hea lth problem among the elderly. 

Conditioning facto rs inc lude phys iologica l stress, disease, or exogenous substances such as alcohol, 

drugs, tox ins and food constituents such as fibers and phytate (Sandstead, el al .. 1982). 

Zinc is used in a va riety of industria l processes. It enters aquatic environments through mi ning, 

industrial , and domesti c efnu cnts (Widianarko, el al. , 200 I). Animal studies suggest that the 

availability of Zn for intestinal absorption is less from pl ant sources than from animal foods (WHO, 

1973). All cerea ls and most vegetables contain phytate whi ch can bind Zn, particul arl y in the 

presence of calcium, and reduce the bio logical availability of Zn. The complex ing action of phytate 

appears to be an important eti ological factor in the genesis of Zn de i1ciency in regions where the 

ma in stap le foods are un de nnilled, unleavened cereals (WHO, 1973). Other plant constituents that 

may bind Zn and reduce its avai labil ity include certain hemicelluloses and amino ac id carbohyd rate 

complexes (Goyer & Clarkson, 1996). On the other hand , it is poss ible that Zn may complex lV ith 

certain amino ac ids or peptides in the intestinal milieu to form chelates that are more readily 

. , 
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absorbed. The varI OUS factors that influence the ava ilability of thi s nutrient deserve further 

investigation , as a lso the mechanism or its absorpt ion by man (WHO, 1973). 

Pathological cond it ions in man that appea r to be the conseq uence of inadequate Zn nutrition 

includes growth failure and sexual infantili sm in teenage individuals. idiopathic impaired taste 

(hypogeusia) , impaired smel l (hyposmia) and im paired wo und hea ling. Zn -responsive growth 

fa ilure and sexual infantili sm in both sexes. Other features that appear to condition the detic iency 

include blood loss due to hookworm and schi stosomiasis, geophagia , and perspiratory losses due to 

high ambient temperature (Mi litaru & Sscppo. 2012). 

Zinc excess 

Brain c::..:.c::.'-'--____ . '. ' .. .. .. ", 

• lelhargy 
• focal neuronal deficits 

Respiratory tract 

• respiratory disorder aft er 
inhalation of zinc smoke 

• Metallume feve r 

Gastrointestinal tract .. ' 
• nausea/vomiting 
• epigastric pain 
• diarrhea 

Prostate .:..=='-'----_ ... 
• elevated risk 01 prostate 
cancer 

SystemiC symptoms 

.. ' 

...... 
,.-.. , 

• Copper deficiency and sequelae 
• Altered lympllOcyte function 

....... 
. ' 

Zinc deficiency 

Brain 

........... 
• Decreased nelVe conduction 
• Neuropsychiatric disorders 
• Neurosensory disorders 
• MenIal lelhargy 

" '" . " ... ..:T.:;hJ.:ym=u"s ___ _ 

• Thymic alhrophy 

Skin ...... ='-------
". 

• Skin lesions 
.' ". • Decreased wound healing 

..... • Acrodermatitis 

. ..... Reproductive system 

• Infertility 
• Retarded genital development 
• Hypogonadism 

Systemic symptoms 

• Growth re tardation 
• Irnmune dysfunction and infection 

Figure 4. Pathological cond itions following Zn toxicity/deficiency (Plum el al. , 20 I 0). 

2.4.2 Copper (CII) 

e u is an essential micronutrient required by all life forms in vo lved in a vari ety of biologica l 

, processes like embryonic deve lop~l1ent, mitochondrial respiration , sypthes is and regulation of 
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hemoglob in levels as well as hepatocyte and neurona l function s (Krupanidhi, Sreekumar, & 

Sanjeevi, 2008) , bone formation. skeletal mineralization, and maintaining the integrity of 

connective tissues (Abdulja leel , 20 16). Being a transition metal. Cu gets bio logica ll y converted 

between different redox states namely oxidized Cu (II) and reduccd Cu (I) (Krupanidhi. el 01 .. 

2008). Copper, ubiquitous in the diets of humans, is an important cofactor for angiogenesis. Copper 

stimu lates prol iferation and migration of human endothelial cel ls. Patients with Wilson' s disease, a 

rare autosomal recess ive disord er, have a metabolic defect of copper transport that results in life­

threaten ing accumulation of copper in mu ltiple organs, notably liver and the brain (Santore, el 01., 

20 10). 

Cu is widely di stributed 111 nature. Food, beverages, and drinking water are potential sources of 

excess ex posure. It is one of the major contam inants released from metal-finishing, electroplating 

and electrical industries (Krupan id hi. el 01. , 2008). Copper ions are mainly found in wastewaters of 

indust ri es such as metal cleaning, plat ing baths, refineries, paper and pu lp, ferti li zers, tanneries, and 

wood preservat ives. High concentration of copper causes enzyme inhibition leading to Wilson's 

diseases. It was est imated that the annua l industria l di scharges of copper into fresh water 

environments was 1.4 x 10 ' 0 g/year, and the amount of copper in industrial wastes and sewage 

sludge that have been dumped into the ocean was 1.7 x 10 '0 g/year worldwide (Farouq & Yousef. 

20 15). The increase in copper concentrations in the environment resu lts from industrial and 

domestic waste di scharge, disposal of mining wash ings, refineries, and the use of copper as a base 

material fo r ant ifouling pa int (U lusoy, GGrkan, & Akcay, 20 11 ). Rich amounts of copper found in 

the so il are taken up by plants using very elaborate transpo rtat ion machinery. Plants, thus serve as a 

direct source of elemental copper for higher organisms. Addit ionall y, human breast milk has the 

highest concentration of Cu (0.25 to 6.0 mg/I). A few plants uniquely accumulate copper. They are: 

A ealanlhusbijiJrll1ijiJlius, AlhyriulI1 yokoscense, Azalia jiliculoides, Bacopo lI1onnieri. Brassica 

juncea L., CallisneriaA lI1ericana, Eichhornia crassipes, fiaumaniuslrllll1roberlii, Helial1lhlls 

annllllS, Larrea Iridenlale, Lemnaminor, Pislia slralioles and Thlaspi caerlliescens (Krupanidhi , el 

al., 2008). Cu exposu res in industry are to particulates in miners or to metal fumes in smelting 

operations, welding, and related activ ities (Baka lli , el al., 1995). 

Daily intake of copper in adu lts varies betwecn 0.9 and 2.2 mg. Intake in ch ildren has been 
v ) :., 

estimated to be 0.6 to 0.8 mg/day (0.07 to 0.1 mg/kg body weight per day). The EPA's maximum 
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contami nant leve l for Cu in drin king water is 1.3 mg/L where as the provisional WHO guide li ne fo r 

Cu in dri nk ing water is 2 mg/L (Liao. ef al. , 2007). 

Gastroin testinal absorpti on or copper is no rmally reg ulated by homeostatic mechanisms. It is 

transported in serum boun d in iti a ll y to albumi n and late r mo re fi rml y to ce rulop lasm in and 

transcuprei n (WHO, 2007). The normal se ru m level ofCu is 120 to 145Jlg/L. The bil e is the normal 

excretory pathway and plays a primary ro le in Cu homeostas is (Goyer & Clarkson, 1996). Most Cu 

is sto red in li ve r and bone marrow, where it may be bo und to meta ll othi onein. e u as e u ( II ) 

entering into hepatocytes is initia ll y red uced and complexed by glutathione prior to binding with 

meta ll othionein . Alternat ively, copper enter ing the ce ll may be exported by a copper AlPase 

translocase. Cu is not an effect ive inducer of mcta ll othionein relat ive to Zn or Cd. Nevertheless, e u 

bound to metallothionein is thought to be a norma l storage form of Cu, part icularl y in infancy and 

childhood (Bakalli , ef al., 1995). Iso lated hepatic ce ll s are protected from Cu toxicity by prio r 

induction of metal lot hi one in with Zn. Cu-meta ll othionein accumulates in Iysosomes, fac ili tating the 

biliary excreti on of Cu (Goyer & Clarkson, 1996). The newbo rn is dependen t on stored Cu, which 

may not be adequate in premature intilllts. The amount of Cu in mil k is not enough to maintain 

adequate Cu leve ls in the liver, lungs, and spleen of the newborn. Tissue leve ls grad uall y dec li ne up 

to about 10 years of age, remaining re latively constan t thereafter (Goyer & Clarkson, 1996). Brai n 

leve ls, on the other hand, tend to a lmost double from in fancy to adu lthood. The rat io of newborn to 

adult li ver copper levels shows considerable species difference : hu man, ( 15:4); rat,(6:4), and rabb it, 

( I :6). Si nce urinary Cu levels may be increased by soft water, concentrations of approx imate ly 60 

gi L under these conditions are not uncommon (Liao, ef al., 2007). 

2.4.3 Chromium (Cr) 

Cr is an essent ial element helpi ng the body to use sugar, protein and fat. Excess ive amounts of Cr 

may cause adve rse hea lth effects (E I-Salam, ef al., 201 3). Cr III is a micro-nutri ent and requi red in 

a very small amount fo r normal growth and deve lopment of animal and human but Cr VI is 

carcinogenic acco rd ing to many research and has no benefi cial role in the human body. Parti cularl y 

Cr (III ) plays an im pol1ant ro le in the body function (metaboli c functions, cofactor of insulin etc.) in 

trace amount but it turns to be tox ic when it exceeds the tolerance limit (Mottali b, ef al. , 20 16) . 

The interest in chromium as a nutriti onal enhancement to glucose metaboli sm can be traced back to 
) 0 

the 1950s, when it was suggested that brewer's yeast contained a glucose to lerance fac tor (GTF) 
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that prevented d iabetes in experimenta l an imals. This factor was eventuall y suggested to be a 

bio logica ll y active form of triva lent chro mium that could substan ti all y lower plasma glucose levels 

in d iabeti c mice (Ce fa lu . & Hu, 2004). Triva lent chromium is essent ia l for propcr in suli n funct ion 

and is required fo r normal prote in , fat and carbohydrate mctabolism, and is acknowledged as 

dietary supp lement (Irer i. 20 14). Cr III is also requ ired in a very sma ll amoun t for normal growth 

and deve lopment of animal and human (Iwegbue, el 01,. 2008). 

Chromium, one of the most common elements in the earth's crust and seawater, ex ists several 

ox idation states, pri nc ipally as meta lli c (Cro), diva lent, Triva lent ('), four-valent, five- va lent and 

hexavalent (+6) chromium (Cefa lu, & i-Iu , 2004). It can be so lid , liqu id , and in the fo rm of gas 

(Jaishankar, el 01., 2014). The stable fo rms of Cr are the tri valent Cr (III ) and the hexava lent Cr (V I) 

(i reri , 20 14). The latter is large ly synthesized by the ox idation of the more com mon and naturally 

occurring and is highl y toxic, which usuall y occurs assoc iated with oxygen as chromate (CrO/O) or 

dichromate (Cr20/) (Ce falu , & Hu, 2004). Chromium is present in rocks, soi l, animals and plants. 

Chromi um compounds are ve ry much persistent in water sediments (Ja ishankar. el ai., 20 14). The 

wide use of Cr compounds by modern industri es has resulted in the discharge of large quanti ties 

into the environment via emi ss ion, waste water or so lid waste disposa l. It is used on a large scale in 

many differen t industries, includ ing meta llurgy, e lectroplating, product ion of paints and pigments, 

tanning, wood preservat ion, chemica l production. and pulp and paper production (Ireri, 20 14). 

Occupational sources of chromium include protecti ve metal coat ings, metal all oys, magnet ic tapes, 

pa int pigments, ru bber, cement, paper, wood preservati ves, leather tanning and meta l plating 

(J aishankar, el 01., 201 4). Incineration of all sort s (municipal, sludge, hazardous waste) releases 

chromium, and it is necessary to understand the species that are released and what interchanges 

occur in the heated plume and subseq uentl y in the atmosphere (Gochfeld & Witmer, 199 1). 

The general pop ulation is exposed to Cr by eating food, drin king water and inhaling air that 

conta ins the chemical (Ireri , 20 14). Consum pt ion of re fin ed foods, including simple suga rs, 

exacerbates the problem of insuffi cient dietary chrom ium because these foods are not onl y low in 

dietary chromium but also increase its loss from the body. Chromium losses are also increased 

during pregnancy and as a result of strenuous exercise, infection, phys ica l trauma, and other form s 

of stress. Reduced chromium leve ls are reported in the elderl y and in pat ients with diabetes (Cefa lu 

& Hu, ~004). " ) 
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The body has several systems of reducing Cr (VI ) to Cr (III ). Once absorbed in to the bloodstream, 

Cr (V I) is rapidl y taken up by eryth rocytes after absorpti on and reduced to Cr ( III ) inside the red 

blood ce ll s. In contrast, Cr (I II ) does not readi ly cross red blood ce ll membranes, but binds di rect ly 

to tra nsferrin, an iron-transporting prote in in the plasma. Th is Cr (VI) detox ilicat ion leads to 

increased level s of Cr (III ). The esti mated safe and adequate daily dietary intake ofCr is 50 to 200 

,lg for ad ult and adolescents (h·eri , 20 14). 

Chro mium (V I) compounds, such as ca lcium chromate, zinc chromates, stront ium chromate and 

lead chromates, are hi ghl y tox ic and carcinoge ni c in nature. The uptake of hexavalent chromium 

compounds through the airways and digesti ve tract is faster than that of tri va lent ch romium 

compounds. When broken ski n comes in contact with any type of chromium compounds, a deeply 

penetrating hole will be fo rmed, consequentl y that can result in the fo rmat ion of ul cers, whi ch will 

persist fo r months and heal ve ry slowly. Ulcers on the nasa l septum are very common in case of 

chromate worker (Jaishankar, el a I. , 201 4). 

There is no clinica ll y defined state of chrom ium deficiency, but diabetes has been shown to deve lop 

because of low chromium levels in experimental animals and in humans susta ined by pro longed 

total parentera l nutrition (TPN). These resul ts suggest that there may be a more general relat ionship 

between chromium levels and glucose and/or li pid metabolism. It has also been suggested that low 

chromium concentrations and the associated impairments in insulin , glucose, and li pid metabo li sm 

may also result in increased card iovascular ri sk (Cefal u & Hu, 2004). 

The problems that are assoc iated with Cr invo lve skin rashes, stomach ulcer, ki dney, li ve r damages, 

lu ng cancer and ultimate death . Long term exposure can cause kidney and li ver damage and damage 

to ci rculatory nerve tissue. At an elevated concentration it is toxic fo r both plant and animals. 

Hexavalent Cr causes marked irritation of the respiratory tract. Studies on ex perimental animal s 

have reported hexavalent Cr to cause various fo rms of genetic damage in short-term mutageni ci ty 

tests, including damage to DNA , and misincorporation of nucleotides in DNA transcripti on (Ireri , 

2014). 

2.4.4 Manganese (Mn) 

Manganese is a trace mineral that is present in ti ny amounts in the body and is one of the most 

importan t nutrients in 'Hllnan health (A I-Fa'"lusie & Moh s~n. 20 17). Mn exists in I I ox idatiC'Jl 
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states, from _3 to +7. Cycl ing between Mn2+ and Mn)+ may be potentia ll y deleterious to bio logical 

systems because it can invol ve the generati o n of free racli ca ls (Liao, el al., 2007). 

The trace e lement manga nese is essentia l lor no rm al deve lopment and body functiOli across th e life 

span of a ll mammals (Crossgrove, & Zheng, 2004). It is a cofactor fo r a number of enzy mat ic 

react ions, part icul arly those invp lved in phosphorylation, cho lestero l. and fatty ac ids synthesis 

(L iao, el al., 2007). Manganese binds to and/o r regul ates many enzymes throughout th e body. For 

exam ple, Mn is a required co-factor fo r a rg in ase, which is responsible for urea producti o n in th e 

liver, superox ide di smutase (SO D), whi ch is c ritica l to prevent aga inst ce llu lar oxidati ve st ress, and 

py ru vate carboxy lase, an essential enzyme in g luco neogenes is. In brain , about 80% of Mn is 

assoc iated wi th th e astrocyte-spec ifi c enzyme g lutamine synthetase, where Mn plays a regul atory 

ro le, a lthough it is not a req uired co-factor. Interru pt ion of Mn homeostasis has a lso been associated 

w ith a vari ety of d isease states in humans (Crossgrove, & Zheng, 2004). Mn helps the body to form 

connecti ve ti ssue, bones, blood-clottin g factors, and sex ho rm ones. It a lso plays a ro le in fat and 

ca rbo hyd rate metabo lisn:;, ca lc ium absorpt ion, and blood sugar regu lat ion, normal bra in and nerve 

fu nction. In add it ion , Mn is a key component of enzyme systems, including oxygen-hand li ng 

enzymes. It is a component of the anti ox idant SO D, whi ch helps fi ght ti'ee radi cal s (AI- Fartusie & 

Mo hssan, 20 17). 

Manga nese is present in a ll li ving organ isms. The principal source of inta ke is food. Vegetables, the 

ge rmin al portions o f gra ins, fruits, nuts, tea, and some spices are ri ch in manga nese (Liao, el al., 

2007). The low intakes are from di ets hi gh in meat, milk, sugar, and re fin ed cereal s, which are 

characteri sti call y low in manganese. T he hi gh Mn diets are hi gh in whole cerea ls, nuts, legum e 

seeds, and green lea fy vegetables, all o f which are high-manga nese foods. Tea is exceptio na ll y ri ch 

in Mn, one cup o f tea contri butin g as much as 1. 3 mg of manganese. In the developing countries, 

where unrefined cerea ls are the stapl e foods, dietary intakes of Mn a re in vari abl y hi gh (WH O, 

1973 . Manganese is available in a w ide variety o f fo rms, including Mn sa lts (sulfate and g luconate) 

and Mn chelates (aspartate, pi co linate, fum arate, malate, succ inate, ci trate, and amino ac id chelate). 

Manganese supplements can be taken as tablets or capsul es, usuall y a lon g with oth er v itamins and 

minerals in the fo rm ofa multi vitami n (A I- Fartusie & Mohssan, 20 17). 

Homeostatic mechani sms in vo lv ing the li ver and bi li ary exc retion , gastroi ntestina l mechan isms for 
, , , 

excreting excess manganese, an d perh aps th e ad renal cortex. plus the tendency fo r extremely large 
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doses of manganese sa lts to cause gastroin testina l irritat ion, account for the lack of systemic 

tox icity fo ll owing oral admin istration or derma l app lication (Crossgrove. & Zheng. 2004). 

There are few reports of Mn deficiency in genera l human popu lations with se lf-selected di ets, 

which contain 2- 4mg Mn da il y. In rats, 10ng-teLm dietary Mn defic ienc y « I ppm vs control at 66 

ppm) correlates with an increased serum level of ca lcium and phosphorous and a decreased bone 

ca lcium, suggesting an interference of bone metabolism (Crossgrove, & Zheng. 2004). And it is 

ass umed that fun ctions of manganese. the clinical and biochemical s igns of manganese deticiency 

wo uld be expected to be sim ila r in man (W HO, 1973). T~le low levels of manganese in the body can 

causes hypercholesterolemia, impaired glucose tolerance, dermat itis, changes in hair co lor, skeletal 

abnormalities, infertility, deafness, and impaired synthesis of vitamin K-dependcnt clotting factors 

(Crossgrove& Zheng, 2004). Low blood Mn in humans has been noted in bone modeling and 

remodeling diseases, including osteoporos is. Perth 's disease, and also in ad ults and children with 

epi lepsy. It is suspected that the presence of neurologica l symptoms in epi lepti cs may correlate with 

low brain Mn, which may result from a low blood Mn. It can also cause nervous di sorders (atax ia of 

the newborn) (W HO, 1973). On the other hand abnormal concentrations of Mn in the brain. 

especiall y in the basa l ganglia, are associated with neuro logical diso rders similar to Parkinson 's 

disease (A I-FaI1usie & Mohssan, 20 17). Chronic Mn poisoning occurs in miners following 

prolonged working with Mn ores. In thi s case Mn enters the body mainl y as oxide dust via the lungs 

and also via the gastro intestinal tract from the contaminated environment. ' The lu ngs apparently 

serve as a depot from which the Mn is continuously absorbed (WHO, 1973). Victims of chronic 

manganese poisoning tend to recover slowly, even when removed from the excessive exposure. 

Metal sequestering agents have not produced remarkabl e recovery; L-dopa, which is used in the 

treatmen t of Parkinson's disease, has been more consistently effective in the treatment of chronic 

manganese poi son ing than in Parkinson's disease (Cotzias el al., 1971). 

2.4.5 Nickel (Ni) 

Small amounts of nickel are needed by the human body to produce red blood ce ll s, however, in 

excessive amounts, can become mildly tox ic. Short-term overexposure to nickel is not known to 

cause any health problems, but long-term exposure can cause decreased body weight, heart and 

liver damage, and skin irri tation (ME. el al. , 20 14) 

) 
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Nickel is normally present in human tissues and , under cond itions of high exposure; these levels 

may increase sign ificantl y. In the genera l population , contribut ions to the body burden from 

inhalation of nicke l in the ai r and from drinking water are genera ll y less important than dietary 

intake and ingest ion is cons idered to be the most important route of exposure (Cempel & Nike l. 

2006). 

Food is a major source of exposure for most people. The Environmental Protection Agency (EPA) 

estimates that an average adult consumes 100 to 300 Ilg of nickel per day. Drinking water contains 

very small amounts of nickel (Liao, et 01. , 2007) 

The range between required and t(Y'( ic levels of nickel is extremely wide. Human intoxication with 

nickel due to dietary contam ination has not been reported, as far as is known. High level s of nickel 

fed to calves have been shown to resu lt in a reduct ion in nitrogen retention and impaired growth 

(M E., et 01. , 20 14). 

Although a number of ce llular effects of nickel have been documented , a deficiency state in humans 

has not been described (Cempel & Nikel, 2006). Short-term overexposure to nickel is not known to 

cause any hea lth prob lems, but long-term exposure can cause decreased body weight, heart and 

li ver damage, and skin irritat ion (ME., et 01. , 20 14). Nickel is a resp iratory tract carc inogen in 

workers in the ni ckel refinin g industry. Other se ri ous consequences of long-term exposure to ni ckel 

are not apparent, but severe acute and sometimes fata l toxicity may fo ll ow exposure to ni ckel 

carbonyl (Liao, et 01., 2007). 

2.4.6 Cobalt (Co) 

Cobalt is an essent ial trace element for the human body, where it is a key constituent of coba lam in 

(t he sc ient ific name of vitamin B,2) (AI-Fartusie& Mohssan, 2017). Cobalt is used to treat anemia 

for pregnant women because it stimulates the production of red blood ce ll s (Abdu lj a lee l, 2016). It 

also has a substantial role in the form ation of amino acids and neurotransmitters (A I- Fartusie & 

Mohssan, 20 17). Coba lt is unique among the trace elements in that it is phys iologicall y active in 

man only when supplied in one particular form -cya nocobalamin or vitam in B12 . The problem of 

cobalt in human nutrition is therefore primarily a question of the di etary sources and supplies of 

vitamin B 12 and of the absorption of this vitamin, rather than of coba lt itself (ME,et 01. , 20 14). 
o 
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Cobalt occurs naturall y in so il , rock, air, water, plants, and animals (Abduljalee l, 2016). Co is one 

of the three magnet ic minera ls (in addition to Fe and nickel) that is often used in magnet all oys. It 

has considerab le industria l applications. It is used in paints and dyes, where it has been used since 

the middle ages in the production of a blue colored glass (smalt). The radioact ive counterpa rt Co-60 

is a powerfu l gamma ray source that used in medica l applicat ions, such as radiotherapy trace and 

cancer fighter. It is a lso used for sterili zat ion of medical supp li es and medica l waste (A I-Fartusie & 

Mohssan , 20 17). 

It has been found that the cobalt deficiency is associated with di sturbances in vitam in BI2 synthes is. 

It might cause anemi a and hypothyro idism, as we ll as increase the ri sk of developmenta l 

abnorma li ties and failure in in fants. The excess leve l of thi s meta l in the human body might cause 

hypoth yroidism and overproduction of erythrocytes, fi brosis in lungs and asthma (A I-Fartusie & 

Mohssan. 20 17). 

2.4.7 Cadmium (Cd) 

Cadmium is a non-essent ial tox ic, very reactive heavy metal that has no biological role, found as an 

env ironmental contaminant, both through natura l occurrence and from industria l and agricultura l 

sources (Abdolgader, el al, . 201 3). It is one of the most toxic elements in the world , and can 

accumulate in the body with a half-life 10 to 30 yrs and it can di srupt a number of biologica l 

processes in human organs such as in the kidney and the lungs (A I-Rma lli , el al,. 201 2, Sobhan, 

201 7). Cadmium may accumulate in the human body and eventua lly may induce kidney 

dysfunction , skeleta l damage, reproduction deficiencies, prostate cancer, mutations, and foeta l 

(embroyo nic) death (Abdolgader, el al., 2013). Decreased rate of glomerular tiltration, s ignificant 

protei nuria, and increased frequency of kidney stone format ion are the chron ic effects of ora l 

exposure to thi s meta l. Low-level postnatal Cd exposure may cause neurotox ic effects in ch ildren 

(Sobhan, 20 17). It is most commonly found as inorganic compounds in the 2+ ox idat ion state and is 

mai nl y present as (CdCI2°) and (CdCn complexes in seawater (Bosch, el al. , 20 16). In the 

atmosphere, Cd occurs attached to part ic les; especia ll y those in the submicron category 

(approximately 0.5- lf.l.ln ) also identified a second, smaller max imum partic le size of approximately 

0.1 flm . The main Cd spec ies upon emi ss ion are oxides, chlorides, sulfides and the elemental fo rm . 

Oxides (CdO) are emitted by most of the anthropogenic sources (Goyer & Clarkson , 1996). 
o OJ 
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Elementa l Cd is re leased durin g hi gh-temperatu re processes such as organi c foss il fu e l combustion 

and waste inc ine ratio n. Cd-Sulfides (CdS) are promin ent in th e emi ssions from no n- ferrous meta l 

prod uctio n and coa l combusti on. Refuse inc in erati on is a so urce o f Cd- chl oride (CdC I2) (W HO. 

2007). 

Sources o f Cd that w ill be re leased into the atmosphere a re natura l and anthropogenic means. 

Vo lcanoes. windborne pa rticl es and biogeni c emi ss ions are considered the main natura l sources o f 

Cd in th e atm osphere. The anthropogenic so urces o f Cd in c lude non-ferrous meta l producti on . 

stati o nary foss il fuel combustion. waste inc inerati on, iron and stee l production and cement 

producti o n (WHO, 2007). For persons in th e genera l populat ion, the major source o f Cd is fo od 

(Goyer & Clarkson, 1996). Re fined foods, wate r foods, wate r pipes, coffee, tea, coa l burning and 

c igarettes are a ll th e most impol1ant so urce o f Cd (A njulo & Mersso. 20 15). Plants read ily ta ke up 

Cd from so il contaminated by fa ll out from the a ir, Cd-conta ini ng wate r used for irrigati on and Cd­

conta ining fertili zers. Another source o f concern about potenti a l sources of Cd tox icity is th e use o f 

commerc ia l s ludge to fert il ize agri cult ura l fi e lds. Commercia l s ludge may conta in up to 1500 mg of 

Cd per kil ogram of dry mate ri a l (Anj ulo & Mersso, 201 5). 

In th e ge nera l populatio n, exposure fro m inhalati on is low, but ho use dust is potenti a ll y an 

impo rta nt and pers istent source of Cd exposure in areas w ith contaminated so il s, especia ll y where 

driveways have been covered w ith res idues from non-ferrous metal producti on (e.g. z inc ashes or 

s inte ls as oven s ludge) (A njulo & Mersso, 20 15). C igarette smoking represents an add itional 

source o f Cd, which may exceed that from food (WHO, 2007). Wo rkplace exposure to Cd is 

pa rticul arl y hazardous in the presence o f Cd fumes or airborne Cd like electroly1ic re fining o f Pb 

and Zn and other industr ies th at employ thermal processes e.g. Fe production, fossi I fu e l 

combusti on, cement manufacture, manufacture of paint pigments, Cd-nickel batteries, and 

electroplanting all of which re lease a irborne Cd, the metal be ing a constituent of the natural raw 

mate ri a l (Goyer & Clarkson, 1996). For non-smokers, food constitutes the principal environmenta l 

source of Cd. A bsorption is enhanced by di eta ry de fi c ienci es o f calcium (Ca) and Fe and by diets 

low in protein . Low die tary Ca stimulates synthesis of Ca-binding protein , which enhances Cd 

absorpt ion (Goyer & Clarkson, 1996). Pulmonary absorpti on of inha led Cd ran ges from 10% to 

50% (WHO, 2007) where as gastro intestina l absorpti o n accounts 5-8% (Goye r & Clarkson , 1996). 

Cd in th e ti ssues is mail~ ly bo un d to meta ll othi one in (Goyer' & Clarkson, 1996). The synthesis of 
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thi s protein probably represents the body's defense mechanism aga inst the toxic Cd ion. Liver and 

kid ney ti ssues are the two main sites of Cd storage. The newborn infal1l is virt uall y free of Cd cut, 

over a lifetime, these organs accumulate considerable amoun ts of Cd (about 40- 80% or the body 

burden). Blood Cd leve ls in ad ults without excess ive exposure is usuall y less than I f.lg/dL. 

Newborns have a low body content of Cd, usua ll y less than Img tota l body burden . The placenta 

synthesizes metallothione in and may serve as a barrier to maternal. Cd, but the fetus may be 

exposed with increased maternal exposure (WHO, 2007). 

Human breast milk and cow' s milk are low in Cd, with less than I ~l g/kg of milk. About 50 to 75 

percent of the body burden of Cd is in the li ver and kidneys; its haltlife in the body is not known 

exactly, but it may be as long as 30 years. With continued retent ion, there is progressive 

accumulat ion in the soft tissues, particul arly in the kidneys, through ages 50 to 60, when the Cd 

burden in so ft ti ssues begins to decline slowly (W HO, 2007). An average man accumu lates as about 

30 mg Cd in hi s body by the age of 50 years (A njulo & Mersso, 201 5). 

Cadmium eliminat ion from blood is effective with an open two-compartment mode l, as hav ing a 

fast-decay half-time of 15-120 days and a slow-decay ha lf-time of7.4- 16 yea rs. Cd is el iminated in 

urine and faeces: dai ly faecal and urinary excretion is estimated to constitute 0.007% and 0.009% of 

the body burden, respecti ve ly (Goyer & Clarkson, 1996). 

o 
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Figure 5 Illustration of the accumulation of Cd with age (Goyer & Clarkson, 1996) 

Important hea lth endpoints include kidney and bone (by affect ing Ca and phosphorus (P) 

metabolism) damage and cancer. Pain ful bone d isorders, including osteomalacia, osteoporosis and 

spontaneous bone fracture, have been observed in humans chronically exposed to Cd (WHO, 2007). 

The kidney is the critical organ with regard to long-term occupational and environmental exposure 

to Cd, and all health-based recom mendat ions re late to the earl y di sturbance of renal function . There 

are also ev idences that Cd exposure can result to induce hypertension, cause blood pressure 

elevat ion and increased ca rdiovascu lar di seases (Goyer & Clarkson, 1996). 

Cd tox icity may result in both acute and chronic pulmonary dys functions. Acute toxicity can result 

in acute chemical pneumoniti s, and pul monary oedema. If the chemical dose is high it might be 

resulted in letha l situat ions (Goyer & Clarkson, 1996). Chronic toxicity may cause chron ic 

obstruct ive pulmonary di sease and emphysema and chronic rena l tubular di sease (Anjulo & 
I. 0 
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Mersso, 20 15). Cadm iu m accum ulated in the kid ney and liver over long ti me and interacts with 

num bers of minerals ma inly Zn, Fe, Cu and selenium (Se) due to chemical similariti es and 
" competi tion for bindi ng stage (A kan. el al .. 20'10). Others symptoms can also be incl uded like" loss 

(' 

of appet ite, poor growth, retarded testi cu lar deve lopment, pa rakeratos is, etc (Daniel. 2015) . 

2.4.8 Arsenic (AS) 

As is an environmenta l toxicant (Zahrana & Hendyb, 20 15) metal that occu rs at ultratrace levels, 

for wh ich its spec ific biochemica l function has not totall y been we ll defi ned. However 

c ircu mstantial ev idence suggests that dietary depri vati on in some animal models results in a 

suboptimal biological function that is preven ted or reversed by an intake of phys iologica l amounts 

of the element. It has been suggested that thi s metal could play an essential role in humans because 

decreases in se rum arsen ic concentrat ion have been corre lated with injuries of the central nervous 

system. vasc ular di sease and cancer (Delgado-Andrade. el al. , 2003) . 

There are two types of As; organic As consist ing of As comb ined with oxygen, and hyrogen and 
l 

inorgan ic oxygen,chl oride and sul fur. The most toxic fo rms of As are the inorganic arsenic (III ) and 

(V) compounds; the inorganic ;\s triox ide is we ll known as a rat po ison, which was also sometimes 

used for hom icide. Methylated forms of As have a low acute tox icity; arsenobeta ine which is the 

principal As form in fi sh and crustaceans is considered no ntoxic (W HO, 1973). Arseni c has a 

complex chemi stry and can be present in several organic (t ri va lent and pentava lent arsenic) and 

inorgani c (e lemental, tri va lent and pentava lent arsenic) forms which va ry in their degree of toxicity. 

Inorganic As is seen as the most tox ic form as it is stable and so lu ble and therefo re absorbed by the 

digestive tract, abdominal cav ity and muscles in the human body. Whil st organic arsenic does not 

accumulate in the human body due to rapid excretion. Inorga nic As is often found in hi gh levels in 

drin king water whereas organic arsenic is primaril y fo und in fi sh and meat. Seafood can contain 

several times the amount of As than other foods and is therefore the main source of di etary intake in 

hu mans Early sym pto ms of As exposure in humans incl ude abdom inal pa in, vom iting, diarrhoea, 

muscle weakness and skin fl ushing whereas chro nic As tox icity has led to skin defects and cancer 

(Bosch, el al., 20 16). 

Arsenic is wide ly distributed in natu re due to environmen tal sources such as vo lcanic activity and 

weathering minerals (W HO, .1973) and an th ropogenic pollution " (hi ch is large ly due to smelting 
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act iv it ies, glass manu fac turi ng, manu facture and use of arsenic pestic ides, herbic ides, fun gic ides 

and wood preservatives, vete rin ary or hu man med ic inal dru gs (Bosch. el 01. , 20 16). Because it 
.J 

oc2urs nat ura ll y in th e enviro nment it is poss ible to be exposed to it through a ir. wate r and soi l 

contact (ME, el 01. , 20 14). and can occur as a large number o f organic or inorganic chemica l for ms 

in food (species). As re lative ly present in C rustacea and oth er she llfi sh but th e co ncentrat io n may 

increase by ind ustria l po llution and by co nta m ina ti o n from using As as insec ticides and as 

addi ti ves to anima l feeds . Because o f its ava il ab ility in foods and beve rages. and In 

environme nt even na tu ra ll y, max im um li m its of As in foods and li qu ids have been lega lly 

im posed in many coun tr ies (WH O, 1973). Especia ll y in the marine environmen t As is often found 

in hi gh concentrations of organic fo rms, up to 50 mg/kg of As on a wet we ight basis in some 

seafood includ ing seaweed, fi sh, shellfi sh and crustaceans. In fresh wate r and in the terrestria l 

environments a rsen ic is norma ll y fo und in much lower levels (typi ca ll y 0-20 uglkg) in c rop plants 

and in li vestock. Hi gher leve ls may be fo und in rice, mush rooms and sometimes in poultry which is 

fed fi sh mea l conta ining arseni c (WHO, 1973). 

Severa l studies have shown that inorganic arsenic can cause lung, b ladder, liver, and kidney, 

prostate and ski n cancer. Emerg ing sc ience a lso shows that inorgani c a rsenic may harm pregnant 

women and thei r fetu ses. As has been shown to cross the placenta to the fet us and has been fo und in 

breast milk . Chroni c exposure to arseni c has been shown to affect child deve lopment, lowering thei r 

IQ sco res. The most tox ic for ms o f As a re th e inorgan ic As (I II ) and (V) compounds; the inorganic 

a rsenic tr ioxide is we ll known as a rat poison , which was al so somet imes used for ho micide. 

Meth ylated forms of arsenic have a low acute tox icity; a rsenobeta ine wh ich is the princ ipa l arsenic 

fo rm in fi sh and cru stacea ns is considered no ntox ic (WHO, 1973). There is ve ry littl e info rm ati o n 

ava il ab le on the effects of orga ni c As compoun ds in humans (ME, el 01. , 201 4). Chronic As tox ic ity 

is mostly ma nifested in weight loss, capri c io us appeti te, conj un cti vitis, mucosal and e ryt hematic 

lesio n including mo uth ulce ration , anemia, li ver and kidney da mage, hyper pigmentat ion, skin 

damage and b lack foot d isease. Ac ute tox ic e ffec ts include abdomina l c ramping, hyperesthesia in 

ex tremiti es, abdominal pate ll ar re Oexes and abdominal e lectrocardi ogram (Kato le, el 01. , 201 3). 

o 
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2.4.9 Lead (Pb) 

Lead is one of the o ldest kn own an d most wide ly studi ed occupational and envi ronmenta l tox ins 

(Gidlow, 2004). As tar as 'Ps known , lead has no benelic ia l or desirab le nutritional e ffects. Low 

dietary intakes of calcium , iro n, and prote in may in c rease its absorption in experimenta l anima ls 

(WHO, 1973). Lead is a tox ic heavy metal w ith widespread industrial use. Chronic exposure at 

re lative ly low leve ls can result to damage to kidneys and liver and to the immune, rep rod ucti ve, 

cardi ovascul ar. nervous and gastrointestina l systems (O koye &Ugwu, 2010). 

Lead is released into the atmosphere from natural emi ss ions such as wi nd resuspension and from 

sea sa lt, vo lcanoes, forest fires and biogenic sou rces. The other anthro poge ni c emission sources of 

lead on a global scale include the combusti on of foss il fuels fro m, for example, traffic, non-ferrous 

metal producti on and iron and stee l production. Some contributions are a lso made by cement 

production and waste di sposa l (W HO, 2007). The oth er sou rces of lead exposure include mainl y 

industrial processes, food and smo king, drinkin g water and domest ic sources (Jai shankar, el al. , 

20 14). 

The general popu lation could be s igni ficant ly exposed owing to poo rl y glazed ceramic ware, the 

use of lead so lder in the food canning industry, hi gh levels of lead in drink ing water, th e use of lead 

compounds in paint and cosmetics and by deposition on crops and dust from industr ia l and motor 

vehicl e sources (G idlow, 2004) . Children can be exposed to lead by drinking contam inated water, 

eat ing lead-based paint chi ps, chewing on objects pa inted w ith lead-based pa int or swa ll owing 

house dust or so il conta ining lead (Chowdhury, el 01., 2011) . Acute exposure to lead is al so more 

likel y to occur in workplace, particu la rl y in manufacturi ng processes that inc lude the use of lead 

such as battery manufacture and in petro l fillin g stati ons. A lso printing ink , paint, and fertili ze r 

contain lead (Jnr, 20 I I). Lead is one of th e e lements that is found in varying amounts in denta l 

enamel. In a recent study on the etiology o f dental caries it was th e only e lement in food that 

appeared to have a strong direct corre lati on with the preva lence of caries (WHO, 1973). 

<) ; 
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Figure 6 Sources oflead exposure (Jm, 2011). 

The toxicity of Pb is dependent on its chemical fonn where the organolead compounds are more 

toxic than the inorganic Pb fonn. Lead is mostly found in its dissolved fonn in the ocean, of which 

a large proportion (50-70%) is organic compounds. The bioavailability ofPb in the environment as 

organIc compounds can be significantly increased by the presence of dissolved organic matter 

(DOM). The more methyl or ethyl carbon groups linked to the Pb molecule, the higher its toxic 

effect (Sobhan Ardakani , 2017). Lead is rapidly absorbed into the bloodstream of human body 

through inhalation, ingestion, or by skin contact. Through the bloodstream, lead is distributed 

among three main compartments: Blood, soft tissue that includes kidney, bone marrow, liver, brain, 

and mineralized tissue that includes bones and teeth (AI-Fartusie & Mohssan, 2017). 

Lead affects almost every organ system in the human body (Chowdhury, el af., 2011). The central 

nervous system is particularly vulnerable in infants and children under age six. The effects are the 

same whether it is breathed or swallowed. Large amounts of lead exposure may lead to blood 

anemia, severe stomachache, muscle weakness, and brain damage. Lower levels of exposure, may 

affect a child's mental and physical growth leading to learning disabilities and seizures 

(Chowdhury, el aI. , 2011 , Benouadah, el af,. 2015). To a great extent, it can cause damage to the 
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brai n, kidneys, nervo us system , reproducti ve system, and can cause hi gh blood pressure. In general 

the nervous system is the most sensiti ve to lead poisoning (AI-Fal1usie & Mohssan. 20 17). 

2.4. 10 Mercury (Hg) 

Mercury is a toxic heavy meta l and a persisten t env ironmental pollutant (Badi s, el al. , 20 14). It is a 

potent toxicant meta l that is li quid at ambient temperature and pressure and can be present in 

several different inorganic and organ ic chemica l forms and compounds in the environment. It is 

deemed by the US EPA to be a top three pri ority pollutant of concern (Bosch, el al. , 20 16, 

Goodrich, 20 II). Inorganic Hg exposure is mainly to the elemen\,A1 (Hgo) or mercuric (l-I g2+) forms (' 

while exposure to organic I-I g is primari ly via the meth ylated (MeHg+) form (Goodrich, 20 I I). 

Meta lli c mercury (Hgo) is used in thermometers, dental amalgams, and some balteries. In its pure 

form, meta lli c mercury is a liquid (Martin & Gri swold, 2009). 

Industria l wastes and sewage wate r from the chloroalkal i industry (Anju lo & Mersso. 20 15), 

evaporation from the sea surface, and geothermal activity (W HO, 2007), degassing of the ea rth 's 

crust are a major source of mercury pollution (Liao, el al., 2007). Other source is human activity 

and occupational in vo lvement li ke plastic production (vin yl ch lori de), metal production, cement 

production, combustion of coal and other fue ls, waste di sposa l and cremation (WHO, 2007), chlor­

alkali industry, where it is used as a cathode in the electrolys is of brine; in making a variety of 

sc ientifi c instruments and electrical contro l devices; in denti stry, as amalgam tooth fi lli ng; and in 

the extracti on of go ld (Liao, el al., 2007 ). 

Mercury is known to be toxic to man y biological systems. It can cause neurolog ical di sorders, 

irritability, memory loss, insomnia, and gastro- intestinal di sorders. Mercury may penetrate in the 

food materia ls from food process ing or environmental contamination (I slam, el aI. , 20 15). The 

adverse hea lth effects of ch ronic, low dose exposure to methylmercury are less well characterized, 

though ev idence suggests severa l outcomes (e.g., neurologica l, card iovascular) may be affected by 

low dose exposure in both prenatal ly exposed chi ldren and adu lts. Methy lmercury impai rs cognitive 

development (learn ing, memory, attention) among children exposed in utero. (Goodrich, 20 II ). 

2.5 Practice and Utilization of Poultry in Ethiopia 

Animal production in general and chickens in part icu lar play important soc ioeconomic roles in 

develop ing cO'lIltries. Provision of animal proto n, generat ion of extra cash incomes and 
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reli gious/cu ltural considerations are amongst the major reasons for keeping village ch ickens by 

com mu nities (Moges, el al" 20 I 0). The proportional contribution of pou lt ry to the tota l animal 

protein production oCthe wO;'ld by the year 2020 is be li eved to in~ rease to 40%, the major increase 

being in the developing world (Asresie & Mi tiku , 2015). Near ly all rural and peri-urban families in 

deve loping countries keep a small flock of free range chickens that accounts fo r more than 60% of 

the tota l nat ional ch icken popu lation in most Afri can countr ies (Moges, el al .. 20 10) part icularly in 

Et hi opia the majoriti es (99%) of these chicken s are ma in ta ined in a tradit ional way (Leta & 

Endalew, 20 10). Previous studies revea l that the total poultry popu lation in Ethiopia is estim ated to 

be more than 51.35 mil li on which represents a sign ifi cant component of the rural household 

li ve lihood (Sebho, 20 16 ), as a source of cash income and nutrition. In add ition, the local chicken 

sector constitutes a sign ificant contri bution to human li ve lihood and contributes significant ly to 

food security of poor households (Leta & Endalew, 20 I 0). Rei ig ions and cultura l considerations are 

also amongst the reasons for keeping chickens by resource poor farmers in Africa and in Et hiop ia in 

particu lar (Asresie & Mit iku, 20 15). 

2.6 Heavy Meta ls Pollution in Ethiopia 

Env ironmenta l pol lution assoc iated wi th heavy metals has been of global concern over many 

decades. Meta ls for which there are no nutritional requirements may react wi th biological systems 

to cause adverse effects. Excess ive doses of nutritional ly essent ial meta ls can also cause adverse 

effect (Ra hlenbeck, el aI. , 1999, Goyer & Clarkson, 1996). Heavy metals like Pb, Cd, Hg, As,Cr 

Fe, Cu and Zn get deposited in the vi tal organs through the food cha in . Their hi gh concentrat ion 

may have deleteri ous effect caus ing disorders on vital organs li ke kidney, li ver, lung and may cause 

fo r cancer (WHO, 2007). Environmental ri sk factors account for a quarter of the total burden of 

disease and 2.97 mi II ion human deaths every year in Africa (Yabe, el al.. , 20 I 0). 

Due to the focus onl y on deve lopment program on economic growth and industrializat ion, lim ited 

resources for environmenta l management and weak pollu tion legis lation in most develop ing 

countries li ke Ethiopia has worsened heavy meta l pollution. As a result, industria l expans ion and 

increased extract ion of natural resources have resulted in widespread heavy metal pollution (Katole. 

el al .. 20 13). There are some data regarding the status of essential and non-essential meta ls in 

Ethiop ia. Regarding essent ial meta ls high concentrat ions Cr from water sample of modjo (Reh rah ie. 
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2018), and in milk at Borena Zone ((Belete, el al,. 2014) were reported. Other essentia l metals like 

Mn , Cu and Zn from water samples in Tigrai region were found being below the ir respect ive 

permiss ible limits (Mebrahtu, & Zerabruk, 20 II) , but high'~ r accumulations of Mn in leaves of the 

tea plant (Camel lia sinensis L.) and so il of WushlVush farm s, (Yemane, el al. . 2008) were reported. 

On the other hand levels of different values of tox ic heavy metals are reponed at different cases. 

Hi gher concentrations of Pb in Et hiopian wines (Wo ldemariam, & Chandravanshi , 20 II ) and milk 

samples from Holetta and Bi shoftu (Rehrahie, 2018) but lower concentrations in leaves of the tea 

plant (Camellia sinens is L.) and soil of Wushwush farms, Ethiopia (Yemane, el al. " 2008) were 

reported. Sim ilarl y cadmium was not detected in Ethiopia wines in a study by Woldemariam, & 

Chandravanshi. 20 II. On other report cadmium concentrations in milk studied at eastern shoa were 

found being within permiss ib le limits (Rehrahie, 2018 similarl y the levels of As in milk samples in 

western and eastern Shoa was found being with in permi ss ible limits (Rehrahie, 2008) 

o , , 
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3. Materials and Methods 

3.1 Study Area 

Chapter Three 

• 
Ethi op ia has se lected some areas of the co untry to be industry zo nes. Of those industry zones oFthe 

country Akaki , Bishofitu and Modjo a re among the oldest industry areas in the country. On each 

industry zone varieties of facto ries, li ke plast ic. steel. leath er etc are planted thereby producing trace 

and heavy meta ls effluents to th e surrou ndin g environment. Examp le Bishotit u comprising 14 

kebeles. being situated 47kms at a ltitude of I 800-2 100m sou th of Addis Ababa accommodates a 

total of 108 functioning industri es ( i.e. 26 meta l and metal works. 10 chemical producing. 10 

plast ic, 3 furn itu re,S text il e and 54 agro- processing). In the same way Modjo being located 

w ithin Oromia reg ion with a d istance of 73km south of Addis Ababa at altitude of 1600.-1800m 

comprises a total of 40 industries ( i.e. 12 tannery. 18 agro-process ing. 3 chemical producing and 7 

text il e) with its 2 kebe le admin istrat ion systems. Akak i; one of the ten sub c it ies of Addis Ababa 

compris ing 243 wood and metal works. 39 texti le. 65 chemica ls produc ing, 115 agro processing 

industri es. 

3.2 Sample Collection and Preparation 

3.2.1 Sample Collection 

Purposive ly 5 hens of local breed from each of the three se lected industry areas wh ich were 

laying/have laid eggs and grown in a trad iti onal way by loca l residents were purchased from loca l 

markets. Se ll ers were oral ly asked rega rd ing the ir residence to check that th e ir res idence is not far 

from areas of interest. Besides se ll ers were asked if hens started lay ing eggs/ have la id at least once 

in li fe . Purchased hens were s laughtered at home and samples from chi cken thi gh and chest was 

used for prox imate analysi s and samples from liver, thigh and chest was used for heavy metal s 

analys is purpose. Ceram ic kn i fe instead of metal kn i fe was app li ed to avoid meta ls contam inati o n 

of the samples w ith heavy meta ls. A II samp les were stored at polyethylene bag un der refri gerati on 

until it goes to laboratory areas fo r preparat ion and treatment (Shaheen , el ai., 20 16). Then samples 

were transported fro m storage to laboratory areas using Ice box. 

o r 
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3.2.2 Inclusion and exclusion criterion 

3.2.2.1 Inclusion Criteria 

Hens which we re grown by loca l residents in a trad iti onal way who have started/had laid eggs were 

taken as an inclus ion criteria 

3.2.2.2Exclusion Crite."ia 

Hens cul tivated in farm base, hens so ld by se llers by bringing from far areas, hens that have not 

started laying eggs were exc lusion criteri on 

( 

) o 
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Chickens were purchased j]-ol11 local markets of 

Akaki, Bishofitu and Modjo indusny areas 

Chicken were slaughtered at home and parts of chest, thigh and 

liver were collected using polyethylene bag and transported to 

Addis Ababa university, Center for Food Science and Nutrition 

, a 
Proximate 
analysis (Moisture 
determination) 

Proximate Analysis 
(Fat, Protein and Ash) 

Wet Digestion 
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Trace metals analysis by rcp­
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Figure 7 Flow chart of sample collection and preparation 
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3.3 Samp le Treatment and Preparation 

The collected samples of li ver, thig h and chest und erwent throu gh the following preparat ion 

processes until the sam ple reached for analysis. The samples were cut into sma ll pieces using 

plastic knife. Samp les were dried w ith an oven of around 10SCo for 48 hI'S (Zahrana. & Hcndyb, 

20 15). After dry ing the samp les were ground into a fine powder using a ceramic pestle and mortar, 

s ieved and then stored in po lyethylene bags in the da rk until used fo r prox imate analysis acco rd ing 

to AOAC 2000 official methods and acid digestion fo r heavy metals analys is. 

3.4 Proximate Analysis 

Fresh sample was used for moisture determination where as dried and finely grounded sam ples 

were used for protein, fat and ash ana lys is. Proximate composit ions of chest and thigh chi cken parts 

were determin ed accordingly to AOAC 2000 officia l methods. 

3.4. 1 Moisture Content 

Moisture content was determined according to AOAC (2000) using the officia l method. A crucib le 

was dried in an oven at 105°C for I hour and placed in desiccators to cool. The weight of crucible 

was recorded as W I. Sg sample was weighed in dry crucib le and recorded . The crucib le with a 

samp le were dried at 105°C for 48 hour and after cooling to room tempe rature in desiccators it was 

aga in we ighed and recorded as W3. Moisture content was measured by we igh ing differences before 

and after oven drying. 

3.4.2 Crude Protein Content 

Crude prote in prox imate ana lys is was done by Kje ldah l method (AOAC, 20000 and the fo ll owing 

procedures were carried o ut. 

I . Digest ion: About 0.5 gm of fresh samp le were added to a Tecato r tube and 6 ml of acid mixture 

(5 parts of concentrated ortho-phosphoric ac id and 100 parts of concentrated sulfuric acid) will be 

added and mixed aga in on to thi s mi xture 3.5 m l of 30% hyd rogen peroxide were added step by 

step. As soon as the v io let react ion ceased, shaked and placed back to the rack. Three grams of 

catalyst mixtu re (grou nd 0.5 gm of selen ium metal with 100 gm potass ium sulfate) were added in to 

each tube and allowed standing and for about 10 min utes before digestion. When the tem perature of 

the d igeste r reached 370°C, the tubes in to the d igester were lowered. The d igestion was continued 

unti l appearance of clear so lution is achieved (for about 4 hou rs). Then tubes in the rack were 
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cooled in a fume hood: 25 ml of de-ion ized water were added, and shaken to avoid precipitat ion of 

sulfate in the solut ion . .J 

2. Disti ll ation and titration: the digested and d iluted sample so lu tion were d isti ll ed usi ng boric 

ac id and the d isti llate we re titrated using 0.1 N hydrochloric acid until reddish color appeared , 

The crude protein was determined as follow : 

Nitrogen = [(YHCI ( I) * N HCI)/Wo) * 14* 100 

% Protei n = 6.25 * % N itrogen 
" 

Eq l 

Eq2 

Where: Y is vol ume of HCI in Litter consumed to the end point of titrat ion, N is normali ty of 

HCI (0. 1 N is usua ll y used) , Wo is sample we ight on dry matter basis and 14 is molecular we ight of 

nitrogen. The % of nitrogen is converted to % of prote in by using the to ll owi ng conversion facto r 

based on the assumpt ion that prote ins contain 16% nitrogen. (% Prote in = 6.25 * % Nitrogen) 

3.4.3 Crude Fat Content 

The crude fat was extracted according to AOAC (2000) Offic ial method 4.5.0 I). 

Abo ut 2 gm of dried meat sample were ex tracted with 50m l dieth yl ether at least for 4 hours in a 

soxh let extractor (SZC-D Fat Determinator, Ch ina) . The so lvent was then be evaporated and the 

ex tracted fat were dried in an oven and coo led in a desiccators. The crude fat is dete rmined as 

fo ll ows 

Crude Fat % Wt= [(W2- WI )/W) * I 00 

Where: WI = Wei ght of extraction flask (gm) 

W2 = Weight of extraction fl ask plus dr ied crude fa t (gm) 

W = Weight of sample (gm) 

3.4.4 Ash Content 

The ash conten ts were determined by the foll owing ways: 

Eq3 

Washed porcela in dishes with distill ed and de ion ized water were placed in a muffle furn ace for 30 

minutes at 55 0°C. The di shes wi ll cool in des iccators (with granular sili ca ge l) lo r abo ut 30 minutes 

at room temperature and wi ll be we ighed and recorded as M I. About 2.5 gm of sample were 

we ighed in a dish and recorded as M2 . The dishes were then placed on a hot plate under a fum e 

hood and the temperature was slowly increased until smoking ceases and samples become 

thoroughly charred. The dishes with the samples wi ll be placed inside a muffle furnace at 550°C for 

5 hours and then cooled in desiccators for I hour. When the color of the sample in a dish becomes 
< 0 
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clean and white let the d ish conta ining the sample coo l to room temperature, weigh it and record as 

M3. 

Tota l Ash %=[( M3-M 1)/(M2-M 1)]* 100 Eq4 

3.5 Essential and Toxic Metals Analysis 

3.5.1 Wet Digestion Technique 

Wet digestion is preferred with the fo ll owing procedures. A mixture of HNO), HCI04 and hydrogen 

perox ide (I-h02) reagents were used. A 2.00gm dry samp le were placed in a tecta tor tube and pre­

digested in 10mi 68% concentrated I-INO) at 135°C unt il the liquor became c lear. Next, 10mi of 

I-I NO), I ml I-I CI04 and 2 ml 1-1 20 2 were added and temperature was maintained at 135°C for I hr 

until the liquor became again clear. The digest was s lowly evaporated to near dryness (avoid 

prolonged baking), coo led and disso lved in 1M I-I NO). The d igests were subseq uently filtered 

throu gh Whatman Ii Iter paper (Daniel , 2015). Now sample is read y for heavy metal s ana lysis. 

Standard solutions: eight series of standard meta l solution was by appropriate di lut ion of the metal 

stock so lution with deioni zed water containing 0.5ml 3% nitric acid in 50m l graduated tube. 

Ca libration curve for each meta l using the prepared standard solution was prepared. Concentrati on 

determinatio n was ana lyzed using ICP-OES Spectro Ac ross FHS 12, Germany, 20 I 0, machine. 

Sample b lank was run with the samp le solution. 

Meta ls concentrations was calcu lated as follows 

Metal s concentrat ions (mg/ kg) = (a - b)xvjw 

Where a= concentration (mg!kg) of sample so lution 

b= concentration (mg/kg) of blank so lution 

V= vo lumes used for extraction (25ml of 1M N I-I NO)) 

W= weight of dry samp le used (2 mg) 

<, , ' " 
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3.5.2 Methods of Validation 

Lower lim it of detect ion (LOD). internal control method/approach to verify the accuracy of the 

studied data and calibrat ion curves were tested to check the validity orthe data 

3.5.2.1 Lower Limit of Detection (LOD) 

LOD is the lower I inear range of cal ibrat ion and recalcul ated alier every reg\'~ss i on. 

Table I. LOD of the studied heavy metals by the ICP-OES 

Meta As Cd Co Cr Cu Hg Mn Ni Pb Zn 
I 
LOD 0.00 1 0.0005 0.0008 0.001 0.001 0.001 0.0001 0.000 0.000 0.000 

I I 7 4 
, , 

7 7 7 7 ~ ~ 

3.5.2 .2 Internal Control Method 

An internal control method of the company where ana lysis was carri ed out (Horticoop, Ethiopia) 

was app li ed to check the acc uracy of the data and is kept as fo ll ows 

Table 2. Internal Control Measurements 

Elementas Control conccnt rat ion Control Measured concentration Recovery 
(Mg/kg)/interna l contro l data of of the study sample (Mglkg) % 
heavy metals 

As 2.00 2.059 102.95 
Cd 2.00 1.939 96.95 

Co 2.00 1.922 96. 1 
Cr 2.00 1.9 13 95.65 
Cli 4.00 3.929 98.225 
Hg 2.00 1.939 96.95 
Mn 4.00 4.2 11 11 2.775 
Ni 2.00 1.997 99.85 
Pb 2.00 1.985 99.25 
Zn 4.00 4. 158 103.95 

) 
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3.5.2.3 Accuracy 

3.3.3.1 Ca libration Curves 

Ca librat ion curve of the studied meta ls we re made after grouping them into three standard gro ups. 

Concentrat ions of eight series each of the d iffere nt metal s we re made by pouring from 1000ppm 

stock so lut ions. 

Sta nda rd A Standard B Sta ndard C 

C li 0.7m l 2. 8 ppm Pb 0.35 ml l .4ppm Hg 0.8 ml 3.2 ppm 

Zn 0.7 ml 2.8ppm N i 0.35 ml 1.4 ppm As 0.8 ml 3.2 ppm 

Mn I m l 4 ppm Co 0.35 ml 1.4 ppm 

Cr 0.35 ml 1.4 ppm 

Cd 0.35 ml 1.4 ppm 

, 
T'lble 3 . Concentrations of Standanl Group A meta ls 

Standard STD I STD 2 STD 3 STD4 STD 5 STD 6 STD 7 STD 8 

se ries 

Vol ume(MI) I 2 
, 

10 20 30 40 50 J 

Cu(Ppm) 0.2 0.4 0.8 1.2 1.6 2.0 2.4 2.8 

Zn(Ppm) 0.2 0.4 0.8 1.2 1.6 2.0 2.4 2.8 

Mn(Ppm) 0.08 0. 16 0 .24 0.8 1.6 2.4 3.2 4.0 

Pb (Ppm) 0.028 0.056 0.084 0.28 0.56 0.84 1.1 2 1.4 

N i (Ppm) 0.028 0.056 0.084 0.28 0 .56 0.84 1.1 2 1.4 

Co(Ppm) 0.028 0.056 0.084 0.28 0.56 0.84 1.1 2 1.4 

Cr (Ppm) 0.028 0.056 0.084 0.28 0.56 0.84 1.1 2 1.4 

Cd(Ppm) 0.028 0.056 0.084 0.28 0.56 0.84 1.1 2 1.4 

Hg( Ppm) 0.064 0. 128 0.192 0.64 1.28 1.92 2.56 3.2 

AS( Ppm) 0.064 0. 128 0. 192 0.64 1.28 1.92 2.56 3.2 

NB. All Stada red stock so lution were 1000ppm in 3% nitri c ac id whi ch are im ported fro m inorgan ic 

Ventures. By d iluti ons wi th 0 .5M Nit ric ac id we prepare the ca librati on scheme As fo ll ows. 

A ll standard So lu tions were prepared in 50 ml grad uated tube by fi lli ng to the ir final vo lu me. 

So the grap h wi ll be drawn aga inst those intensity concentrations. 
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3.6. Statistical Analysis 

For both heavy meta ls and proximate analysis data was eva luated stati sticall y using the SPSS 

com pute r program. One way analys is' of variance (ANOVA) was carried out on th e data obtained in 

o rder to determ ine any significant diffe rence in th e studi ed metal s in the various meat parts and any 

s ignificant difference of proximate compositions of meat parts across studied industry areas. 

Results were exp ressed as mean ±.standa rd e rror. 

3.7 Limitations of the Study 

~ The sample s ize is small due to fina ncia l constraints needed to pay fo r heavy meta ls using 

IC P-OES . I-Ience it may cause the ri se of quest ion regard ing (he representativeness of the 

samp les for th e des ired study. 

~ Failure to control th e seller' s bias regard ing the location of the growth or hens with respect 

to the distance from industry area 

o 

42 I P age 42 

o 



4. Results and Discussion 

4.1 Proximate Composition 

Chapter Four 

4.1.1 Proximate Composition of Thigh and C hest Sa mple Parts of C hicken from Akaki, 

Bis hofitu and Modjo Industry A reas 

As shown in tabl e 4 be low prox imate composition of samples between p lots of studied in dustry 

a reas (namel y Akaki , B isho fitu and Modjo) was done. The proximate com posit ion of both thigh and 

chest body parts of chicken from each industria l area were evaluated. The mean proximate 

composi tion o f thi gh samples of ch icken from Akak i, Bishofitu and Modjo industry areas can be 

summari zed as; crude protei n 22.3 1±0.2 1, 21.79±0. 16, 2 1.8 1±0.31 ; moisture 70.08±0.44, 

70.62±0. 7 1, 70.80±0.4 7; fat 1.2 1 ±O.OS, 1.26±0.02, 1.26±0.04; ash 1.1 7±0.04, 1. 13±0.04, 

I. IO±O.OS respecti vely. Si milarl y the proximate composi ti on of chest samples of ch icken from 

Akaki , B ishofitu and Modj o industry area was eva luated and found as follows; protein 22 .S I±0.29, 

22.S7±0.2 1, 22.SS±0.30; moisture 7 1.42±0.22, 73.09±0.25, 72.S9±0.38; fat 1.1 1±0.03, 1.20±0.05, 

1.12±0.06; ash 1.1 4±0.OS, 1.04±0.04, 1.16±0.OS respective ly (P~ 0.05) . On ANOYA there was no 

significant mean compos ition difference o f moi sture content, protein , fat and ash among thi gh 

samples from industry areas of Akaki , Bisho fitu and Modjo. Similarly there was no s ignifi cant 

mean composition o f chest samp les from target industry areas except the va lue obta ined that the 

mean moi sture content of chest samp les from Akaki industry area was s ignificantl y different from 

mean moisture content o f chest samples from Bi shofitu and Modjo industry areas «P~ 0.05). 

( o o 
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Table 4 Proximate Com pos ition of Thigh and Chest Sam ples of C hicken From Akaki, 

Bishofitu and Modjo Industry Areas 

Body part Industry w'ea Proximate composition 

Protein Moisture Fat 

Thigh Akaki 22.3 1±0.21 " 70 .08±OA4 a 1.2 1±0.OS " 

Bishofitu 21.79±0. 16' 70.62±0. 71 " 1.26±0.02 ' 

Modjo 2 1.81 ±0.3 1' 70.80±OA 7 ' 1.26±0.04 ' 

Akak i 22.S 1+0.29" 7 IA2±0.22" 1.11 ±0.03" 

Bishofitu 22.57+0.2 1 ' 73.09±0.2S' 1.20+0.05' 

Modio 22 .S5+0.30' 72.S9+0.38" 1.1 2+0.06' 

Wlthm co lumn, mean wilh dl fferent letters are stati sti ca lly s lgnil'icant p<0.05 

Val ues are kept as mean±std error 

Ash 

1. 17±0.04 " 

1.1 3±0.04 ' 

1.1 O±O.OS ' 

1. 14±0.OS" 

1.04+0.04' 

1. 16+0.0S' 

4.1.2 Proximate Composition ofTh i g~l and C hest Samples of C hicken from Industry Areas 

As shown in table 5 below the mean proximate composition of th igh and chest samples from 

ch icken rai sed around indu stry areas we re recorded as; moisture content, 70.50±0.29, 72.37±0.20, 

crude protein, 2 1.97±0. 14, 22A9±0.IS, fat , 1.24±0.02, 1.14±0.03, ash, 1.13±0.02, 1.1 1±0.03 

respectively. 

o o 
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Table 5 Proximate Composition of Thigh and Chest Samples ofCh ickcn from Industry Areas 

Body pat1 i'roximate composition 

Protein Moisture Fat Ash 

Thigh 2 1.97±0. 14 70.50±0.29 1.24±0.02 I. I 3±0.02 

Chest 22.49±0. 15 72.37±0.20 1.14±0.03 1.1 I ±0.03 

Values are kept as mean±std error 

The crude protein content of studied meat samples (chest and thigh) from independent industry 

areas (as shown in table 5 and cumu lati ve industry area (as shown in table 5) were lower when 

compared with a study at Nige ri a in ch icken mu~ le tissue being 27.01 ±0.03 (Daniel 20 15). 

However a study from Korea by (Ska lickd & Korenekovd, 2002), 21.93 in thigh and 24.32 in chest 

chicken samples was almost in line when compared with meat samples va lue found from Modjo 

and Bishofi tu industry but lower from protein of chest samples from Akaki industry area. The 

resu lts of protein composition found from studied sample body parts we re al most in line with 

li teratures; poultry meat (20-25%) (Gerber, 2007, Barroeta, 2007). 

Moisture content of meat samples (chest and thigh) from stud y areas was lower when compared 

with a stud y done at Korea (74.79 from thigh and 73.01 from chest samples) (Ska lickd & 

Korenekovd, 2002) but higher when compared with a stud y at Nigeri a (67.03±0.04 from chicken 

muscle) (Skal ickd & Ko renekovd, 2002). Besides moisturecontent in food determ ines the keep ing 

qualities of food , it also enhance the rate at which absorpt ion takes place within the d igest ive 

system and innuences the rate at which enzyme act ivities takes place on the food(Daniel. 20 15). 

The crude fat content of those studied samples is comparable with studies from Nigeria (1. 1 I ±O.I I 

from chicken meat) (Danie l, 20 15) and Korea ( 1.4 1 from thigh of chicken and 0.72 from chest 

(Skalickd & Korenekovd, 2002). The mean fat content from studied samples was in line with a 

study from Nigeria (Dan iel, 2015) but much more lower when compared with a study fro m Korea 

(Ska lickd & Korenekovd, 2002) 

, 
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4.2 Essential Meta ls Analysis 

4.2.1 Essenti a l Meta ls Concentrations from Livcr, Th igh and C hcst sa mples of Chicken 

Raised around Industry Areas 

The mean concentrations of essentia l metals content from liver. thi gh and chest samples of ch icken 

meat ra ised around industry areas observed values ran ged (mg/kg) Zn24.04±0.6 1- 134.S3±7.27; Cu 

2.90±0.1 3 - 9.24±0.30 ; Mn 1.40±0.07 - 8.64±0.39: Cr 4.44±0.26 - 4. 75±0. 13; Co ND - 0.02±0.0 I; 

Ni 3.23±0.2 1 - 4.28±0.34 

Table 6 Essentia l Meta ls Concentratio ns from three body parts Liver, T high and Chest 
sa mples of C hicken Ra ised Around Industry Areas (mg/Kg) 

Body part Essent ial metal s concentrations (mg/ Kg) 

Zn Cu Mn Cr Co 

Liver I 34.S3±7.27" 9.24±0.30' 8.64±0.39" 4.S3±0.IS' 0.02±0.0I' 

Thigh 68.49±2.38" 2.90±0. 13" 2.49±0.SO" 4.44±0.26" ND" 

Chest 24.04±0.6 1' 4.23±2.48" 1.40+0.07' 4.75+0. 13" ND" 
. -Wlthlll co lumn, mean with different letters are statistically significant p<O.OS 

ND stands for Not Detected 

Values are kept as mean±std error 

Ni 

3.23±0.21" 

4.28±0.34" 

3.S4±0.30" 

4.2.2 Concentration of Essential Metals from Three Body Parts of Chicken Samples of Akaki, 

Bishofitu and Modjo Industry Areas 

The concentrati ons of essenti al heavy metals from liver, thigh and chest samples of chicken meat 

ra ised around industry areas of Akaki , Bishofitu, Modjo ranged(mg/Kg); Zn 24.94±0.63 -

IS5.5 1±4.24, 25.24± 1.4 1 - 107.87±9.30, 2 1.94±0.79 - 140.22± 17.57; Cu 1.62±0.28 - 9.79±0.36, 

1. 84±0.29 - 7.39±0.49, 2.26±0.16 - 10.53±0.34; Mn 1.64±0.18 - 7.87±0.63, 1.29±0.09 - 7.57±0.28, 

1.27±0.03 - 10.49±0.76; Cr 4.26±0. 14 - 4. 75±0. 70, 4.60±0.42 - 5.45±0.25, 3.93±0.23 - 4.73±0.07, 

Co ND - 0.03±0.02, ND, ND; N i 2. 14±0. 11 - 3.07±0.15, 3.07±0.30 - S.45±0.92, 4.27±0.24 -

5.30±0.61 respect ively 

) . ) 
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Table 7 Concentration of Essentia l Metals from body parts of Chicken samples of Akaki, 
Bishofitu and Modjo Industry Areas (mg/Kg) 

Industr Body Essentia l metals concent ration (mglKg) 
ya rea part 

Zn Cu Mn Cr Ca Ni 

Akaki Liver 155.51 ±4.24 ' 9. 79±0.36 ' 7.87±0.63a 4.26±0.14' 0.03±0.02 ' 2. 14±0.1 1" 

Thigh 77.90±3.07 ' 3.75±0.18" 1.69±0.07" 4.75±0.70' NO" 3.07±0. 15 ' 

Chest 24.94±0.63' 1.62±0.28' 1.64±0.1 8' 4.45±0.19' 0.01 ±0.00' 2.27±0. 15" 

Bishofi Liver 107.87±9.30' 7.39±0.49' 7.57±0.28" 4.60±0.42' 0.03±0.02" 
tu 

Thigh 70.85±4.59' 2.68±0. I 5' 4.1 5± 1.42' 4.64±0.26' NO' 

Chest 25.24± 1.41 ' 1.84±0.29' 1.29±0.09' 5.45±0.25' NO' 

Modjo Liver 140.22± 17.57' 10.53+0.34' I 0.49±0. 76' 4.73+0.07' NO' 

Thigh 56.70±2.48' 2.26+0. 16' 1.63+0.1 ' 3.93+0.23 ' NO' 

Chest 2 1.94+0.79' 9.22±7.42' 1.27+0.03' 4.34+0.05" NO' 

-Wtthll1 ca lumn , mean wtlh different lett e rs are statt stt ca ll y Significant p<O.O) 

N D stands for Not Oetected 

Values are kept as mcan±std error 

o 

3.29±0.42" 

5.45±0.92" 

3.07±0.30" 

4.27+0.24' 

4.32±0. II ' 

5.30+0.6 I' 

a 
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Zinc (Zn) content 

As shown in tab le 6 the overa ll concent rations of Zn fro m chicken raised around industry areas 

samples taken from li ver, thigh, chest were observed with va lues of I 34.43±7.23 , 68.49±2.38. and 

24.04±0.6 Imglkg respective ly. On ANaYA the mean concentrations of Zn content from liver 

samp les was sign ificant ly higher than the value from both th igh and chest samples. At the same 

time as indicated in table 7 mean Zn concentration of liver, th igh and chest samples of the three 

selected industry areas namely Akaki, Bishofi tu and Modjo was compared among themselves; the 

hi ghest Zn concentration value was observed from I iver of Akak i industry area ( 155.5 I ±4.24mg/kg) 

and the lowest concentrat ion value was observed from chest of Modjo industry area 

(2 1.94±0.79mg/kg). Moreover the results obtained from studied sample body parts of se lec ted 

ind ust ry areas were much higher when com pared with the reported value of3. 11±0.025Ilg/g in li ver 

and 1. IIlg/g in meat samples respect ive ly. A study done to assess heavy metals on pou ltry in 

tannery waste contami nated area in Bangladesh with an observed val ue of (19.95±0.0 Img/kg) in 

liver and 4±0.00mg/kg in meat samples from Ko han market, Pakistan (EI-Salam, el al., 20 13). The 

mean Zn concentrations fo und in the studied li ver and meat (thigh and chest) samples were much 

higher when compared with a study by ;\ kan, el al., 20 I 0 but lower from mean Zn concentral ions 

of 190.00±29.00mg/kg, 42 .00+ 12.20mg/kg in liver and meat sam ples respectively from a study in 

China (Zhuang,el ai. , 20 14). The stud ied body parts of chicken Zn content va lue obtained li'om 

li ver, th igh and chest we re below the permiss ible li mit for Zn ( ISOppm) set by ANZ FA (EI-Salam, 

el al., 20 13). 

Copper (ClI) content 

From table 6 the overa ll mean concentrations (mg/kg) of Cu from samples of stud ied areas from 

li ver, thigh, chest was 9.24±0.30. 2.90±0. 13, 4.23±2.48, respective ly. Liver samples contain ing the 

highest concent rations. At the same ti me fro m ind ividual selected industry areas as shown in tab le 9 

the highest mean concentration was from liver of Modjo industry area ( I 0.S3±0.34mg/kg) and the 

lowest concentration was ti'om chest sample of Akaki ind ustry area (1.62±0.28 mg/kg). 

These Cu mean concent rat ions found from the stud ied sample P3lt s of studied areas we re higher 

when compared with a study at Enugu metropoli s, Nigeri a with mean concentrat ions of 

0.24±0.06mg/kg, 0.08±0.024 mglkg fro m meat and liver samples respecti ve ly (Onye ka & Dav id, 

2:) IS) as we ll as the result s from liver Lnd meat samples were much hi gher ,"hen compared wi th e u 
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concentrations obtained by Akan , el 01., 2010. A study done at Kohat market, Pak istan showed 

mean Cu concentration of 20.863±0.03 mg/kg from li ver and 2.S I3±0.00mg/kg from meat samples 

of chicken (E I-Salam, el al., 20 13). The permiss ible limit in chicken meat set by FAO/WI-IO as \Ve il 

as by the Commiss ion of European communit ies is Img/kg (Zhuang.el 01. , 2014). The sources of 

highest concent rat ions of Cu from chicken meat of studied industry areas could be from domestic 

sources and due to the ava ilability of industri es like tannery, metal works. and wQod preservati ves 

used for wood factories of the studied industry areas. 

Manganese (Mn) Content 

From tab le 6 the overa ll mean concentrat ion of Mn from liver. thigh , chest sam ple parts of studied 

areas was 8.64±0.39, 2.49±0.SO, and 1.40±0.07mg/kg respectively. And as shown from table 9 the 

mean concentra tions of Mn fro m Akak i, Bishotitu and Modjo industry areas the highest Mn mean 

concentration was found from liver of Modjo industry area and the lowest was from chest sample of 

same industry area. The mean concentration of Mn found from studied industry areas sample pal1s 

were higher when compared with mean Mn concentrat ions of 0.S2±0.03mg/kg , 0.48±0.22mg/kg 

from li ver and muscle samples respecti vely of Mn a stud y at Uyo metropoli s,Akwa Ibom state, 

Nigeria (Daniel, 201 5). The results obtained from studied sample body parts chicken were much 

higher when compared wi th the WHO standard of O.Smg/kg (Daniel , 20 IS). 

Chromium (Cr) Content 

From tab le 6 the mean concentration of Cr from li ver, thigh , chest samples of studied areas was 

4.S3±0.IS, 4.44±0.26, 4.7S±0. 13mg/kg respecti ve ly. From Cr concentrat ions of the se lected 

industry stud y areas the highest Cr concentration was from chest of Bishotitu (S.45+0.25mg/kg) 

and the lowest was from thigh of Modj o industry area (3.93±0.23mg/kg). The results obtained from 

sample parts of studied areas were much hi gher when compared wi th Cr mean concentration of 

0.02±0.0 Img/kg, 0.24±0.02mg/kg from musc le and li ver sample parts respecti vel y a study held at 

Enugu metropoli s, Nigeri a (Onyeka & David, 20 IS). A study done on tan nery waste contami nated 

area In Bangladeshi showed mean concentrations of 4.56±4.09mg/kg, 1. 79±1.26mg/kg, 

2.78± 1. ISmg/kg from li ve r, thigh and breast samples respective ly (Motta lib, el 01. , 20 16). The 

permissible for Cr in food is generall y 0.5ppm. The hi ghest concentrations found from studied 

chic ken meat parts could result from tannery, chemical, metal, wood prese rvat ives efOuents from 

industries of se lected industry areas. 
) o 
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Cobalt (Co) Content 

As shown in tab le 6 the mean concentrat ions o[Co in liver, thigh. chest samp les of the studied areas 

0.02±O.0 I mg/kg. ND. ND respecti ve ly. Also as shown in table 9 the mean Co concentrat ions from 

the independent industry areas the highest concent rat ions we re from li ve r samples of both Akaki 

and Bishofitu (O.03±0.02mg/kg for both cases) and the lowest concentrations was from from liver 

sample of Modjo and thigh and chest samples of all the three industry areas which were be lo'W 

detecti on limits. The resu lts obta ined in the studied samples were much lower when compared with 

Co mean concentrations of 0.20±0.00mglkg and 0.20±0.00mg/kg from li ver and meat samples 

respect ive ly done at Kohan , Pakistan (E I-Salam, el 01., 20 13). The concentrations of cobal t whose 

permiss ible va lue is not mentioned in WHO in li ver sample were almost in li ne with a study at Iraq 

(Abdulj alee l, 20 14). 

Nickel (Ni) Content 

As shown in tables 6 the mean concentrations of N i in li ver. thigh and chest samples of chicken 

rasised around industry areas was 3.23±0.2 1 mglkg, 4.48±0.34 mg/kg, 3.54±0.30 mg/kg 

respecti ve ly. From the mean N i concentrations from the se lected in dustry areas of Akaki, Bishofitu 

and Modjo liver, thigh and chest sampl es, the highest concentration was from thigh samp le of 

Bishofitu industry area. The studied Ni content va lues were much hi gher when compared with the 

perm issible li mits in food s (WHO 1966) wh ich is O.5mglkg. The results found from body parts of 

the studi ed industry areas were also much higher when compared with a study done with cocoa 

prod ucing area grown loca l hens in Nigeria whose Ni concentrations in muscle and li ver with the 

va lue 1.1 3±0.01 mglkg and 1.13±0.22mg/kg respect ive ly (W illiams, el 01., 2017). Other study from 

Bangladesh were observed as 6.24± 1.61 mg/kg, 3.70±3.46mglkg and 7.4 1 ±6.5 1 mglkg in breast, 

thigh and li ve r being 6.24± 1.6 1111g1kg, 3.70±3.46111 g1kg and 7.41 ±6.51 mglkg respectively 

(Mottal i b, el 01., 20 16). The reason for higher concentrat ion of N i in chicken meat might come from 

domest ic di scharges such as human food leftove rs used as chicken food and wate r. 

4.2.3 Pooled Mean Concentrations of Essential Meta ls 

As indicated in tab le 8 be low the pooled mean that contains mean ofl11eans of li ver, thi gh and chest 

samples of industry areas concentrations of essential heavy metals fro m Akaki. Bishofitu and 

Modjo industry areas; Zn 86. I 2±8.26, 67.99±6. 13, 72.96±9.46; Cu 5.06±0.55, 3.97±0.41 , 
) ~ 
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7.34± 2.48; Co 0.0 1±0.00, 0.01 ±0.00, N O; Mn 3.74± 0.49, 4.34±0.61 , 4.46±0.69; Cr 4.48±0.24, 

4.90±0.19, 4.34±0.09; N i 2.49±0. 10, 3.94±0.38, 4.63±0.23 respectivel y. On ANOVA of the 

essenti al trace heavy metal s there existed sign il'i cant pooled mean difference among selected 

industry areas only on poo led Cr and poo led N i mean concentrat ions. Cr; the pooled mean 

concentration of Cr of Akak i and Bishofitu areas \Vas significantl y different rrom poo led Cr mean 

concentration of Mojo industry area, Ni; th e poo led mean concentration or Ni of Bisholitu and 

Mojo industry areas is significant ly different rrom pooled mean Ni concentrati ons of Akaki ind ustry 

areas. 

Table 8 Pooled Mean of Essential Metals Concentrations from Akaki, Bishofitu and Modjo 
industry Areas (mg/kg) 

Industry area Essentia l trace metal concentration 

Zn Cu Co Mn Cr 

Akak i 86.12± 8.26' 5.06±0.55' 0.0 1±0.00' 3.74±0.49' 4.48±0.24' 

Bishofitu 67.99±6.1 3' 3.97±0.41 ' O.O I±O.OOx 4.34±0.6 1' 4.90±0. 19' 

Mojo 72.96±9.46' 7.34±2.48' N O' 4.46±O.69' 4.34±0.09Y 

Within co lumn, mean with d ifferent letters are stati sticall y s ignificant P<0.05 

N O stands for Not Detected 

Values are kept as mean±std error 

4.3 Toxic Trace Heavy Metals analysis 

Ni 

2.49±0. IOY 

3.94±0.38' 

4.63±0.23' 

4.3.1 Toxic Heavy Metals Concentrations from Liver, Thigh and Chest body parts of C hicken 

Raised Around three se lected Industry Areas, Ethiopia 

The mean concentrations of toxic heavy metals from li ver, thigh and chest samples of studied 

industry areas ranged (mg/kg); As O. I I± O.OO - 0.33±0.12, Pb 0.02+0.0 - 0.1 6±0.07, Cd 0.01 ±0.00-

0.98±0.26, Hg 0.05±0.02 - O.09±0.02 respecti ve ly. as shown in tab le II liver sample parts 

containing relati vely hi gh toxic metal s than thigh and chest sample parts. 

) , 
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Table 9 Toxic Heavy Meta ls Concentrations from Liver, Th igh and Chest sa mples of Chicken 
raised arou nd selected Indust ry Areas, Ethiopia (mg/Kg) 

l30dy part Heavy meta l concentrat ions (Kglmg) 

As i) Pb Cd > I-I g 
Liver 0.33±-0. 12" 0.16±-0.07" 0.98±-0.26' 0.09±-0.02' 

Thigh 0. 12±-0.02" 0.02±-0.0" 0.01 ±-0.00" 0.07±-0.0 I' 

Chest 0. 1 I±-O.OO" 0.02±-.0" 0.0 1±0.00" 0.05±-0.02" 
-W ltilln column, mean with dlflerent letters are statistica lly significant p<O.O:. 

° ND stands fo r Not Detected 

Values are kept as mean ±std error 

4.3.2 Toxic Heavy Metals Concentrations from Liver, Thigh and Chest Samples of C hicken 

from Akaki, Bishofitu and Modjo Industry Areas 

The mean concentration toxic heavy meta ls from samples of chest, th igh and liver of Akaki, 

Bishofitu and Modjo industry areas ranged (mg/kg); As 0.OR±-0.03 - 0.6 1 ±-0.32, 0.05±-0.03 -

0.29+0.13, ND - 0.23±-0.06; Pb ND - 0.08±-0.04, ND - 0.39±-0.21, ND - 0.07±-0.03 ; Cd ND -

1.08±0.36, ND - 1.45±-0.68, ND - 0.42±-0.16; Hg 0.09±-0.02 - 0. 12±-0.02, 0.02±-0.0 1 - 0. 12±0.04, ND 

- 0.09±-0.02 respect ively. 

Table 10 Concen trat ions of Toxic Heavy Metals from Liver, Th igh and Chest Samples of 
C hicken from Aka ki, Bisholltu a nd Modjo Industry Areas (mg/Kg) 

Industry area Body patt Toxic metals concentrat ion (mglKg) 
As Pb Cd 

Akaki Liver 0.6 1±0.32' 0.08±0.04 ' 1.08±0.36 " 
Th igh 0.08±0.03' ND" ND " 
Chest 0.23±0.06 ' 0.07±0.03 " ND " 

Bishofitu Liver 0.29±0. 13 " 0.39±0.2 1 a I .4S±0.68 a 

Thigh 0.07±0.02 " ND" 0.02±0.0 1" 
Chest 0.05±0.03 " ND" ND " 

Modjo Liver 0.09±0.07 D NDo 0.42±0. 16' 
Thigh 0.23±0.06" 0.07±0.03 ' ND" 
Chest ND" 0.06±0.04 a ND " 

. -Within co lumn , mean With different lett ers are stat isti ca ll y significant p<O.OS 

N D stands for Not Detected 

Va lues are kept as mean±std error 
o 

Hg 
0.08±0.03 a 

0.12±0.02 " 
0.09±0.02 " 
0.12±0.04 a 

0.02±0.0 10 

0.03±0.02 " 
0.07±0.0 I a 

0.09±0.02 a 

ND" 
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Concentration of Arsenic (As) 

As shown in tab le 9 the mean concentra tio ns of As from liver. thi gh and chest from selected stud ied 

industry a reas was 0.33±0. 12, 0.1 2±0.02 and 0.1 I ±O.OO mg/kg respectively. The highest As 

concen trati on was observed from li ve r sample of th e stud ied in dustry areas whi ch was 

0.33± 0. 12mg/kg. Whereas the lowest mea n concentrat ion was observed fro m chest samples. Of the 

45 samp le parts stud ied on II samples ( 3 from Akak i chest, 2 fi'om Bishofitu chest, 2 from 

Bishol'itu liver, I from Bishofitut th igh, and 3 from Modj o chest) were fou nd to be be low detect io n 

lim it. A slll dy conducted on chi ckens ra ised with in Enu gu metropo li s, Nigeri a is fo un d to conta in 

mean concentrati ons o f As in liver and meat as 0.26±0.05 and 0.09±0.02 mg/kg respect ive ly. 

~Onyeka & David , 20 15). Accord ing ANZFA, 200 I. the permissib le lim it for As in liver ofchicken 

is 2ppm (Akan, el 01., 20 I 0). This revea ls that the mean concentrat ions o f As both in chi cken meats 

(chest or thigh) an d liver samples from chickens ra ised around th e ind ustry a reas was hi gher than 

the mean concentratio ns of As from respecti ve sample bod y pa rts studi ed at Enu gu metro po lis area 

bu t the concentrat ion of As from a ll ind ustry a rea liver samples was lower than the perm issible 

li mits of As (Onyeka & Dav id, 2015). 

Concentration of Lead (Pb) 

As shown in tab le 9 the mean concentra ti ons of Pb from stu died samples of ind ustry areas of live r, 

th igh and chest samples were 0. 16±0.07 , 0 .02±0.00, and 0.02±0.00mg/kg respective ly. From the 

th ree ind ustry a reas th e hi ghest Pb concentrati on was observed from I iver sam ple of Bishofitu 

industry area (0.39±0.2 1 mg/kg). These va lues we re lower when compared with the WH O standard 

for the permiss ible limit o f Pb for chi cken li ver (0.5mg/g) and chi cken meat o f O. lmg/g ( Iweg bue, 

el al. , 2008) respecti ve ly. A stud y cond ucted on chi ckens raised within Enugu Metropoli s, N igeria 

the mean concentra ti on from muscle and li ver samples was fo und to be 0.08±0.00mg/g and 

0.07± 0.04mg/g respective ly (Mansour, 20 14). Results done in China showed mean Pb 

concentrati o ns of O. 73+0.29mg/kg, 0.52+0.22mg/ kg in poultry I iver and meat samples res pecti ve ly 

(Zhuang.el al ., 201 4). 

Concentration of Cadmium ( Cd ) 
As shown in table 9 the mean concentration o f Cd in li ver. thi gh and chest of the studied industry 

~.;ea samp les were 0.98±0. 126, 0 .3 1 ±O.OO. and 0.01 ±0.00 respectiwly; th e highest mean 
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concen trati on being fro m liver samp les . Among the three studied industry areas the hi ghest Cd 

concentration was from chicken li ver of Bishofitu ( I .4S±0.68) and the lowest concentration was 

fi'o m chest samples of th e three industry"' areas and thi gh samples of both Akaki and Bisholi tu 

indus&y areas which was below detection limit for both cases. The result obta ined from live r 

samples of the studied industry areas was hi gher when compared w ith the permissible limits 

(O.Smg/kg in chicken live r and 0. 1 mg/kg in chicken meat (Zahrana, & Hendyb, 201 S); howeve r the 

concentrations obtai ned from meat samples were below the perm issible limit, and the Cd 

concentrati on on studied meat samples is a lmost in line with Cd mean concentrations at Slovak 

(0.02 mg/kg) (Ska li ckd & Korenekovd , 2002). A s tudy from Kohant market Pakistan showed mean 

concentratio n of Cd on live r and meat samples being 1.213±0.00mg/kg and I. IS±O.OO respect ively 

(E I-Sa lam, el 01. , 2013). The resu lts obtained in thigh and chest from the studied sample parts were 

a lmost in line, but hi gher regardin g Cd concentrations in li ver when compared with a study at Libya 

(Abdolgader, el al. 2013). A study done in china showed mean Cd concentrations of 

9.36±3 .60mg/kg and 0.06±0.02mglkg in chicken liver and mcat samp les respective ly (Zhuang,el 

01.,2014). 

The hi ghest Cd concentrations in li ver samples of chicken might came both from natu ral em iss ions 

s ince the location of the selected industry a reas is on rift va lley region and from metal work 

industries of the selected areas. Though in Ethiopian culture chi cken li ver is not used for 

consumption and mi ght not be a direct health threat fo r hea lth of the community after consumin g 

chicken meat; it is an indica tion that there is Cd pollution of the env ironment. 

Concentration of Mercury (Hg) 

As shown in table 9 the mean concentration of Hg in live r, thigh and chest of stud ied industry areas 

were 0.09±0.02, 0.07±0.0 I and 0.OS±0.02mglkg respectively. The highest mean concentration is 

from li ver sampl e and the lowest was from chest. As indicated in table 10 the hi ghest Hg 

concentration was from liver sample of Bishifitu (0. 12±0.04mg/kg) where as the lowest was from 

chest sample of Modjo industry area . A study done o n loca lly reared chicken of cocoa producing 

area in Cross River State, Niger ia, showed Hg concentrat ion in meat and li ver as 0.03±0.02 

0.03±0.0 Img/kg respecti vely (Williams, el al. , 20 17).The establi shed permiss ible limits set for Hg 

in consumable meats products is 0.50ppm (Onye ka & David , 20 IS). 

, , 
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4.3.2 Pooled Mean Concentrations of Toxic Heavy Meta ls 

As shown below in tab le the pooled mean concentrat ions of toxic heavy meta ls from li ver, thi gh 

and chest samples of chaicken rai sed around industry areas of Akak i. Bishofitu and Modjo (mg/kg) 

As 0 .32±0.13 , 0.14±0.05, O. I I ±0.03 ; Pb 0.03±0.0 I, 0.13±0.07, O.04±0.02: Cd O.37±0.1 4. 

OA9±0.24. O.14±0.06. Hg 00 I±O.02. O.06±O.02, 0.05±0.0 1 respecti ve ly. Table I I Poo led Mean 

Concentration s Of Toxic Heavy Metal s (mg/ Kg) 

Table II. Pooled Mean of Toxic Metals Concentra t ions from Akaki, Bishofitu and Modjo 

industry Areas (mg/kg 

Industry area Heavy meta l of concentrations (mg/ kg) 
As Pb 

'" Cd 
Akak i O.32±0. 13' 0.03±O.0 IX O.37±O.14' 
Bishofitu 0. 14±0.05x 0.13±0.07x OA9±0.24' 
Mojo O. II ±O.Os3' O.04±0.02' 0. 14±0.06' 
Wlthll1 co lumn , mean w ith different letters are statistically s ignifi cant p<0.05 

Values are kept as mean ±std error 

Ho 
0. 11 ±0.02x 
0.06±O.02Y 
O.05±O.0 I)' 

As shown in table II poo led mean concentrations tox ic trace heavy metals from Akaki, Bishofitu , 

Mojo; As; 0.32±O. 13, O.14±0.05 , O.II ±O.03 , 0.90±0. 14, Pb; O.03±0.0 I, O.13±O.07 , O.04±0.02, Cd; 

0.37±0. 14, OA9±O.24, 0. 14±0.06, Hg; 0.1 I ±0.02, O.06±0.02 , O.05±O.O Imglkg respectivel y. On 

ANOVA of the toxic trace heavy metal s there ex isted s ign ifi cant poo led mean difference amo ng 

se lected industry a reas on ly on pooled Hg mean concentrations. Hg; the pooled mean concentration 

of Hg from Akaki industry area was s ignificant ly d ifferent from Hg pooled mean concentration of 

both Bishofitu and Modjo industry areas but there \Vas no significant Hg poo led mean d ifference 

between Bishofitu and Mojo industry areas. 

) 
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Chapter Five 

Conclusions and Recommendations 

5. I Conclusion 

Th is study was conducted with the broad inten ti on to point out prox imate compos ition and level s of 

essential/toxic meta ls in ch icken meat raised aro und industry areas of Ethiopia. 

Prox imate composition of the studied meat of chicken revealed that they are ri ch in protein 

contents; chest meat containing relative ly hi gh protein composit ion than of thigh meat. However 

there were no sign ificant difference observed on the va lue of protein content of chest and thigh 

samples among chickens from the studied industry areas (Akak i, Bi shofitu and Modjo) . Moreover 

meat samples fro m all industry areas were al so found contain ing low proportion of fat content 

though thigh samples from its respective chest sample conta inin g relative ly high amount of fat. 

Regarding essentia l trace meta ls assessment the study showed chickens from all studied industry 

areas hav ing rich amo unt of essential trace meta ls like Zn. Moreover and higher amounts of Cu, 

Mn, Ni, and Cr ind icat ing that there is hi gh amou nt of those metals effiuents Irom the surrounding 

industries to the environment which may consequent ly cause heal th hazards to the community after 

long term exposures. All chest, thigh and liver sample parts of the three studied industry area 

ch ickens were fou nd to contain much hi gher mean Cu, Mn, Cr and Ni concentrat ions when 

compared with the maximum perm issib le limits set by national and international standard s. Thereby 

may impose health ri sks that can be associated with the excess ive effects of those heavy meta ls. 

Respiratory problems, increased risk of lung cancer, neu rological de fi cits, developmenta l delicits in 

ch ildren and increased blood pressure are hea lth ri sks due to Ni exposures. Neurologica l d isorders 

similar to Parkinson's di sease may result due to excess ive Mn exposure. Similarly inhibit ion 

lead ing to Wi lson's di seases after long time Cu exposu re and , skin rashes, stomach ul cer, kidney, 

li ve r damages, lung cancer and ultimate death due to prolonged higher Cr exposures. The result also 

indicated that chickens of liver samples li'om Akaki and Bishofitu industry areas were found with 

much hi gher Cd concentrat ions (I .08±O.36mglkg, and 1.45±O.68 mglkg respectively) reflecti ng the 

environment is polluted with Cd. Higher level Cd exposures mi ght cause hea lth impacts such as 

hypertension, e levated blood pressure, renal dys function , ac ute and chronic pulmonary dys functions 

h 
0 . 

to t e community. 
o o 
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5.2 Recommendations 

The current study with its own different lim itat ions has tried to in vestigate proximate composit;.?n 

and the levels of essentia l/toxic metal s in chicken meat ra ised around industry areas in Ethiop ia. 

Hence the fo ll owing issues shou ld also be considered in the futu re based on the outcomes of the 

current study. 

Chicken from the three studied industry areas were fo und to contai n high va lue of protei n, low 

proportion of fat and ri ch amount of essential minerals li ke Zn. However there was a hi ghe r 

concentration of both essential (Cu, Mn, Cr, Ni) and tox ic meta l like Cd that may cause hea lth 

hazards to the community. Therefore it is good to consider those hea lth conseq uences. 

Tak ing the effect of indust ri al po ll ution to the environment into accoun t includ ing chicken meat in 

regular meals cou ld be considered by the commun ity. Bes ides poultry food can be also one means 

to combat poverty in Et hiopia 

Some toxic hcavy meta ls were found to reside especia ll y in liver be ing beyond their permiss ib le 

limits; hence it is adv isable to conduct series of studies. 

It cou ld be encouraged others to conduct similar researches including chickens raised in rura l & as 

well as chickens raised in farm base to compare especia ll y essentia l and tox ic metal s content 

differences 

It could be advised others to conduct sim ilar researches with large sample size to draw good 

representati ves of the des ired study since onl y few samples are uti li zed for thi s study due to 

financial constraints especiall y because of the expensive cost required to pay for ICP-OES to 

analyze heavy metals 

o o 
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APPENDIX 
A. Calibration Curve of studied Heavy Metals 
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