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Abstract 
M icronuttien! deficiencies constitute important nutritional and public health problems affecting 

billions of people globally and the prominent one is iron deficiency. To mitigate iron deficiency 

number of tcchniques used and fortification is the best intervcntional strategy that can be used to 

improve the iron status of population. Recently, there was a concem for extrinsic/geophagy iron for 

being sale part of Ethiopian Teffcereal, reported for being bioavailable and alleviated iron deficiency 

in-vivo study. In addition, it is presumed that on-top of adequate dietary iron intake the extrinsic iron 

consumption sum effect will surpass the recommended iron intake. However, its toxicological and 

potential negative interaction on other micronutrient status effect not yet been di scovered. Our study 

aimed chronic intake of adequate dietaty iron combined with excess dose of extrinsic source iron effect 

on iron, zinc and copper status using in vivo model (weaning male Wistar rats). We fed diet formulated 

with adequate dose of iron sulfate (35 ppm)/Control group was compared with five expetimental 

groups which consumed dietary different dose (adequate/excess) or bioavailability (low/high) index 

iron without or with excess dose of extrinsic soi l source iron formulated di et intake and investigated 

body weight, liver weight, iron, zinc and copper status for all groups. Excess extrinsic source iron (350 

ppm) with adequate dose of electrolyte iron (70 ppm) and excess dose of electrolyte iron (350 ppm) 

formulated diet fed groups showed statistically insignificant growth rate, liver weight, serum iron and 

copper level compared to control group(P<0.05). Similarly, only excess extrinsic source iron (350 

ppm) fOlmulated diet consumed group measured parameters were consistent to control group except, 

serum iron level inconsistency. However, extrinsic iron source (350 ppm) with adequate dose of iron 

su lfate (35 ppm) formul ated diet fed group showed that significantly lower growth rate, higher serum 

iron and lower serum copper level (P<0.05) and presumed to be iron overloaded. While, adequate dose 

of electrolyte iron formulated diet consumed group showed lower serum iron and higher serum copper 

status(P<0.05) and presumed to be iron deficient. All study groups serum zinc findings were not 

statistically significantly different (p<0.05). Since, we investigated mainly serum level we could not 

reach concrete conclusion for zinc status and presumed findings. Based on our study, in order to reach 

clear confonnation measurements for biomarker, antioxidant agent and organ level study further study 

in future wi 11 fi II our gaps. 

Therefore, adequate dose of hi gh bioavailable fortificant like iron sulfate combined with excessive 

dose of extrinsic/soil iron consumption could led to iron-overload and other micronutrient status 

variation so, while fortifi cation and supplementation programs implementation special attention 

needed for program and policy developers to consider extrinsic/soil source iron in order to avoid public 

health issues. 

xi i 



Chapter One 

Introduction 



1. Introduction 

Globa ll y, micronutrients deficiency exists in high preva lence. The most exposed groups arc 

pregnant women and their children under five years reported to be at highest risk. Among th ese 

defic iencies iron , iodine, folate , vitam in A and z inc deficienci es whi ch affect many physiologica l 

statuses of society (Baily, West & Black, 20 15). Of all mi cronutrient deficiencies, iron defici ency 

affects more than two billion people worldwide, especia ll y from the population women and 

children are the victims (WHO, 20 15). The prevalence of anemia is particularly high in developing 

countries, where 293 million of children and 468 million of pregnant women are anemic. Hence, 

anemia co ntributes to 20% of all maternal death. Similarly, an estimated 17.3% of world 's 

population is at ri sk of inadequate zinc intake; the larger figure primarily goes to Sub-Saharan 

Afhca and South Asia accounts the next figure (Wessells & Brown, 2012). 

Three main strategies that can be implemented to overcome mi cronutrient malnutrition are 

suppl ementati on, dictary diversification and foodfortification (FAO/LLSJ, 1997). Supplementation 

through period ic administration of pharmacologica l preparations in the form of inj ections, 

capsules, and tablets are effective, whereby substantial and almost immediate benefits can be 

brought to the most at-risk groups (Schumann, Elsenhans & Maurer, 1998; Quintaes, Ci lia & 

Barbera, 20 15). Policy and program response include food-based strategies, which include dietary 

diversifi cati on and fortification appears the most sustainable approaches to increase the iron and 

other micronutri ents status of a population (Monsen, 1998; Quintaes, Cilia & Barbera, 20 15). 

Dietary modifi cations for reducing iron deficiency anemia involve increased intake of iron rich 

food such as flesh foods or consumption of ascorbic acid rich fruits and vegetables that enhance 

non-haeme iron absorption. Among the other dietary methods at globall level which has been 

widely app lied as an interventional approach was fOltification (Quintaes, Cilia & Barbera, 2015), 

due to wider and more sustained impact. However dietary diversity is generally regarded as lesser 

than fortifi cation since it takes longer time to implement (WHOIFAO, 2006). 

Fortifi cation is the process of addition of one or more essential nutrients to food for the purpose of 

preventing or correcting a demonstrated deficiency of one or more nutrients in the population or 

specific population groups (Schumann, Elsenhans & Maurer, 1998; Quintaes, Cilia & Barbera, 

2015). There are three types of fortifications (mass, target and market-driven) recommended by 

WHOIFAO, (2006). The public health impact of food fortification depends on a number of 
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parameters, predom i nant l y the level of fortifi cation , the bioava i I abi I ity of the forti fi cants and the 

amount offortified food consumed (WHOIF AO, 2006). Hence, th e choi ce offortificant compound 

is often a compromised between reasonable cost, bioava ilability from di et, and the acceptance of 

any sensory changes (WHO/FAO, 2006; Quintaes, Cilia & Barbera, 2015). When selecting the 

most appropriate chemical form of a given micronutrient, th e main consideration and concerns are; 

sensory problems (unacceptable sensory changes like color, fla vor, odour or texture), interaction 

(interaction with food vehicl e and with other nutri ents and particle s ize of vehicl e and fortifi cant 

need to be considered), cost (must not affect the affordability of food) and bioavailability (must be 

well absorbed from food vehicle)(WHO/FAO,2006; Quintaes, Cilia & Barbera, 201 5). 

Unti l recent time, dietary interventions including fortifi cation by many studies focus on intrinsic 

iron source, yet iron contamination from extrinsic source like cooking utensil s (Adish el al. , 1999), 

mi Iler screw wares (lcard-Vemiere et al. , 201 3), and extrinsic/soil contamination was the common 

one in Ethiopia as discussed by Abebe et al.,(2007) and Baye el al.,(2014). Most of the extrinsic 

ironl contamination in Ethiopia is from soil and is attributed to traditional threshing of grai ns under 

the hooves of cattl e (Ambaw, 201 3; Abebe el al. , 2007). 

in Ethiopia context, soil iron contamination is not the same for all grains and was found to be 

higher in Teffbecause of the small size whi ch means hi gher sllraface area to be con tacted with so il 

(Baye et al. , 2014) . Also, as disscllssed by Baye et al. , (2014) and Uneta, West & Fufa (2005) a 

significant proportion of the iron in the Teff diets of Ethiopia is extrinisic to food, usually referred 

as contamination iron. Teff is used to be the dominant cereal crop consumed by most society in 

lUal as well as urban part of Ethiopia . Teffis used to make injera, a traditional fermented Ethiopian 

pancake. In-addition, Teffrepresents 22.6% of cereals grown in Ethiopia(CSAE, 20 12). 

There were controversies despite, geophagy/extmisic soi l contamination iron source being sole 

part Teff conceming the bioavailability and bioaccessability of geophagy I extrnisic soil 

contamination iron source as disscussed by Seima et al.,(20 13) and Teklu, (20 17b). [n view of 

that, dietary extrnisic/soil contamination source iron effect was studied by Teklu, (20 17a) and Guja 

& Baye, (2018) conformed bioavai lability and bioaccessability of geophagy/extrnisic soil 

contamination iron source in hemoglobin regenaration in vivo study used to have a positive and 

potential abili ty of allevating iron defi ciency. 
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It was reported that extrins ic soil contamination iron source bioavai lable and hemoglob in 

regeneration potential on rat assay; yet, soi l contamination source iron existence still not given 

attention in Eth iopia but ex trin sic soil contamination iron intake on top of dietary/f0l1ification 

could result iron overload/other health problems has been indicated Teklu, (20 17a) and Guja & 

Baye, (2018). In addition, some studies indicated that fOl1ification programs have to consider 

soc ial and health aspects, including provision against iron over load and excess iron stores may 

promote cancer and increase the cardiovascular ri sk (Schumann, Elsenhans & Maurer, 1998). 

Similarly, dietary based excess dose of iron consumption could result iron overload in both human 

based survey by Tao & Pelletier, (2009) and EPHIlENFCS, (2013), animal based experimental 

study by Armda et aZ., (2013). 

Apparently, the negative effect as a result of iron overload/oxidative stress dne to excess iron 

consumption would affect zinc and copper (Failweather-Tait & Southon, 1989; Roughead, 

Johnson & Hunt, 1999; Akhtar et al., 2010; Ha et aZ., 2016; Heidari et aZ., 2016). The researchers 

have explained the interaction that existed between supportive to the current report of Ethi opian 

National food consumption survey showing that in Amhara region there was a high prevalence of 

excessive intakes of iron in the adult population with approximately 64% of women 19-45 years 

and 89% of urban males that might be at ri sk of excessive intakes of iron (EPHIIENFCS, 2013), 

while Zinc for women (50%) were found to have an inadequate intake. In urban areas the 

prevalence of inadequate zinc intakes was slightly higher (65%) as per EPHlIENFCS, (201 3). The 

report made us to presume that soil contamination on top of interventional methods cou ld be the 

reason . Iron overload state in return affects zinc and copper status used to be current assumed area 

of our study based on the above (EPHIIENFCS, 2013) report input. 

Therefore, our research tried to see the potential effect of dietary excess dose of extrinsic soil 

contamination source iron intake on top of adequate dietary iron havi ng either low or hi gh­

bioavailabilty index for fortificants based fOllliulated diet chronic consumption effect on iron, zinc 

and copper status using in-vivo assay seen by measuring selUm and metabolism status. 

1.1 Statement of problem 

In January, 2008 Ethiopia had proposed draft to be implemented as national nutritional strategy to 

be applied until 2015. The national micronutrient guidelines were part of national nutritional 
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strategy; wh ich focus on supplementation and fortification program for iron, vitami n A, zinc and 

other mi cronutrients and for fOltification program imp lementation selecting appropriate local 

stapl e foods by both public and private sectors. The strategies were developed by Ministry of 

Health (FMOHINNS,2008). A lthough, food fortification with micronuh·ients has not yet been 

developed du e to low-levels of food process ing industri es thus, mini stry of hea lth underlin ed to 

give attention on the rev ised strategy by 20 13 to ex pand thi s sector and encouraging the population 

to utilize industriall y-processed micronutrient fortifi ed foods (FDREINNP, 2013). In-add ition, in 

rural area as ao optional method loca l fortifica tion either within the conununity (such as 

community grain mills where avail able), or io the household providing training on basic food 

preparation, including the use of simple fort ificat ion products (for example using sprinkles in their 

cooking) s ide by s ide with awareness creation, attitudes changes and practices for improved 

nutrition and other strategies as per FDREINNP, (20 13). 

Micronutrieots are vital for society to be healthy; among the major prevalent micronutrient 

defi ciencies iron and zinc defi ciencies exert larger economic and social burden. In Ethiopi a, 

context as per EPHI/ENMS, (20 16) hi ghest prevalence of iron deficiency anemia was observed in 

preschool children 6-59 months of age (34.4%), foll owed by school age children 5 to 14 year of 

age (25.6%) and non-pregnant women age 15 to 49 years (17.7%) and nearly similar report was 

repOlted by EPHIIENFCS, (20 13). Based on WHO classification, in Ethiopia anemia was 

moderate publi c health problem in chi ldren 6 to 59 months and 5 to 14 years of age, wbereas a 

mild problem in non-pregnant women. 

Likewise, EPHIIENFCS, (2013) report for anemia and z inc deficiency of targeted group that 

showed in Amhara region a high prevalence of excess ive intakes of iron in the adu lt population . 

Statistically approximately 64% of women 19-45 yea rs and 89% of urban males that mi ght be at 

ri sk of excess ive intakes of iron (EPHlIENFCS, 20 13). While fo r Z inc for women , 50% were found 

to have an inadequate intake of zinc (EPHIIENFCS, 20 13). In urban areas the prevalence of zinc 

inadequate intakes was sli ghtly higher (65%) as per EP HIIENFCS, (2013) report. Therefore, it was 

clear that both reports EPHIlENMS, (2016) and EPHIlENFCS, (20 13) shows that the prevalence 

of zinc deficiency whi le higher excess ive iron in take, whi ch seems to be correlat ion and need to 

be clearl y defined . 

Simulation of fortification scenarios indicate that the impact of fortification of edibl e oil and whcat 

flour vari es by the micronutri ents (iron, z inc and vitamin A) added for population group of interest 
4 



(FMOHINNS, 2008) . Yet, for excess ive iron finding could be likely as a result of exposure for 

excessive dietary iron intake and mostly fortification was done based on recommended dail y 

aliowancelWHO set standard. Therefore, the source of excessive iron intake of Ethiopian National 

Food Consumption Survey report and zinc deficiency prevalence need to be discovered. 

Teff is belived to be an excellent source of iron for most of population in our country (Satumi, 

Ferreti & Bacchetti, 2010; Umeta, West & Fufa, 2005). Most of the iron content for cereals 

produced in Ethiopia is due to be exposure to iron contamination. The iron source came from soil 

contamination specifica ll y it is attributed to traditional threshing of grains under the hooves of 

cattle(Ambaw, 20 13; Abebe et al., 2007). This contamination was found to be higher in Teff 

compared others grains because of higher suraface contact with soil(Baye et al., 2014), and these 

significant proportion of the iron in the Teff diets of Ethi opia is extrini sic to food , usually referred 

to as contamination iron. 

Extrnisic soil contamination iron source being sole part Teff. However, there was controversies 

concerning the bioavail ability and bioaccessability of extrnisic soil contamination iron source as 

di sscussed by Seim et aI., (2013) and Teklu, (2017b). The in vivo studies conducted by Teklu, 

(20 17a) and Guja & Baye, (201 8) conformed that bioavailability and bioaccessability of extrnisic 

soil contamination iron source since, it has effect hemoglobin regenaration and potenti al ability of 

all evating iron defi ciency in similar way to that of non-heme source iron (ferrous sul fate) fOltifi ed 

dietary source. 

The possible reason for the above reported by EPHlIENFCS, (20 13) for excess iron and zinc 

inadequacy scenarios need to be discovered and the assumption goes to extrinsic contamination 

source of iron intake on top of dietary iron consumption. However, iron, zinc and cooper reported 

for negative interaction as a resu lt of iran overload/oxidative stress due to excess iron consumption 

would affect zinc and copper by Failweather-Tait & Southon, (1989), Roughead, Johnson & Hunt, 

( 1999), Akhtar el aI., (20 I 0), Ha el al., (2016) and Heidari el al., (20 16). Similarly, due to the 

reason iron, zinc and copper had common transportation pool , similar chemical nature and negative 

interaction each other human based reports Angelova e/ al. , (2014), review Sandstrom, (2001) and 

rat assay based dietary chronic iron consumption experimental studies Fairweather-Tait & 

Southon, (1989), Roughead, Johnson & Hunt, (1999), Akhtar el al., (2010), Ha el al., (2016) and 

Heidari el al., (2016). Therefore, our research wi ll tIy to see the potential effect of excess dose of 

extrinsic so il contamination source iron on top of adequate dose of dietalY iron having low or high-
S 



bioavai labili ty index usi ng in-vivo assay on iron , zinc and copper status by measuring serum and 

metabolism status. 

].2 Significance of the study 

Micronutrient defi ciencies are global problems. Among the most prevalent mi cronutri ent 

deficiency iron accounts the major wing followed by z in c. Many interventionalmethods have been 

used to reduce those micronutrient defi ciencies; supplementati on and fOltification of local staple 

food w ith micronutrients is the major techniques. However, during fortification program 

applicati on certain consideration needed; that was the ex istence of micronutrient interaction since 

one mi cronutri ent wi ll have an effect on another micronutrient status. Based on our case, it is quite 

obvious that iron has competition effect on zinc and copper status of human being from different 

studies conducted so far, however the interacti on studies were not conducted based on dose 

dependent and bioava il abi li ty level due to ethi ca l issues. Yet, there are number of in vivo based 

studi es whi ch can give nearly closed to human based conclusion. In addition , previously conducted 

studies showed that extrinsic/soi l source iron was not bioavai lable and bioaccessable. However, 

iron taken from non-inherent sources like soil , based on researches conducted by Demeke Teklu 

and Habetamu Guja whether soil contaminated Teff grains has an effect on rat hemoglobin 

gcneration showed positi ve result and we took thi s as one input to our study for being extri nsic/soil 

contamination source of excess dose iron on top of adequate dose of dietary source Iron 

consumption effect on iron, zinc and copper status need to be investigated. 

In our country fortification and suppl ementation are the intervention under plan by government 

and non-governmental organization to overcome micronutrients deficiencies. Staple foods can be 

fortified by different kinds offortificants; the fortificant cost, fortificant bioavailability, fortificant 

easiness to be accessible by near, fortificant nature to food matrix to matchup whether the 

f0l1ifi cant has an effect in the shelf-life/off-flavour offood are the criteria used during selection of 

the right fortificant. After selecting the right fort ifi cant, directly applying the interventional 

methods is the way, but sometimes the society can get non-inherent sources' of iron like soil in 

addition to the interventional programs (fortification and supplementation), thi s non-inherent 

source sum effect has to be identified. This research activi ty was to check whether non-inherent 

source (soi l in addition) to interventional methods, by combining different possible scenarios like 

effect of excess dose of soil contamination on top of adequate dose of highly bioavailable iron 
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fortifi ed food , effect of excess dose of soil contamination on top of adequate dose of less 

bioava ilable iron fortified food , effect of sli ghtly higher dose of soil contami nation to food and 

effect of hi gher dose of less-bioavai lab le fortifi cant in compari son with adequate dose of hi gh 

bioavailable iron fortifi ed and adequate dose of less bioavailable iron fOltified on serum 

mi cronutri ents(Jron, Zin c and Copper) status, we ight(growth) and organ level mi cronutri ents 

accumul ation by employing ;/1 vivolrat model ex perimentation. 

The research output will contribute much tlu'ough the fo llowing points. 

~ It wi ll help to set margin for researchers'/policy makers to consider for human being level 

diffe rent poss ible combination by dose level and bioavail ability type interaction that will 

exist by taki ng our study finding as an input. 

~ Since the govemment is taking an effort to fortify iron to differe nt local foods as an 

approach for strategy to control micronutrient deficiency this research will give an insight 

on what kind and how much percent of fortificant to be added or even not. 

~ It w ill be a major input for researchers and policy makers to study for its feasibili ty at 

human being level/ini tiate further research di rection at human being level. 

~ Helps to promote the fortifi cation or supplementation program developers and policy 

makers to consider the society intended to be part of their interventional program while 

selecting staple foods/grains and non-inherent iron contamination level in compromised 

way to set their reconunended dietary all owance ultimately to save the population from 

health problems which are related to iron overload. 

~ It will benefit the local consumer to be intervened to attain dietary recommendations for 

iron at the same time can reduce the risk of side effect and toxicity associated with taking 

high-dose of iron on top of supplement or fortification intake and non-inherent 

contamination as iron utilizeabi li ty. 

~ It will help policy makers to have an advanced choice whether single or mUltiple use 

micronutrient fortification as possible way to avoid micronutrient interaction. 
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1.3 Objective 

1.3.1 General Objective 

To investigate the effect of adequate and excessive intake of low and highly bioavailable iron 

and extrinsic source iron consumption at di etary level on copper and zinc status 

1.3.2 Specific Objective 

~ To investigate whether hi gh dose of diet iron will affect the zinc status 

~ To investigate whether high dose of di et iron will affect the copper status 

~ To investigate how the bioavailability of different dietalY source iron effect on zinc and 

copper status when taken in adequate and excessive amounts 

~ To investigate how the bioavai labil ity of different dietary source iron effect on zinc and 

copper status when taken in combination with extrinsic source iron at excess amounts 

~ To investigate iron, zinc and copper interaction 
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Chapter Two 

Literature Review 



2 Literature Review 

2.1.1 Iron History 

A connection between dietary iron supply and disorders of blood was proposed in 16th century, 

but its physiological basis was not recognized until horse hemoglobin was shown to contain 

0.335% iron by Zinoffsky in 1886, this finding was confirmed in other species also (Suttle, 20 10). 

In 1893 Stockman left controversial work showing hemoglob in concentration in anemic women 

could be rapidly increased by supplementation w ith ferrous salts (Stockman, 1893). During the 

17th century, iron was used to treat chlorosis or green di sease (historical names for hypochromic 

anemia), a condition often resulting from iron deficiency (Guggenheim, 1995). However, it was 

not until 1932 that the importance of iron was finally settled by the convincing proof that inorganic 

iron could be used for hemoglobin synthesis (Suttle, 20 I 0). 

2.1.2 Iron Properties 

Iron exists in one of two oxidation states: the felTous fOlm (Fe'+) or the felTic form (FeH
), this 

chemical property of iron enabled its catalytic role in a multitude of redox reactions necessary to 

SUppOlt basic metabolic functions for life. In fact, iron' s central role in oxygen and energy 

metabolism underscores the biologic signifi cance of this element and helps to explain why it is 

one of the best-studi ed metal ions in nutrition and health (Wessl ing-Resnick, 20 14). 

2.1.3 Iron Physiological Function 

Iron plays an important role in the proper stmcture of the hemoglobin molecule; hemoglobin is 

the functional unit of the red blood cells and it is a complex protein stmcture inside the red blood 

cells that help in delivering oxygen fi-om the lungs to other parts of the body. Iron is a very 

important component of the hemoglobin molecule; elythropoietin, a molecule secreted by the 

kidneys, promotes the formation of red blood cells in the bone malTOW (Abbaspour, HUlTeli & 

Kelishadi , 2014). Iron sufficiency has a role to play with improved cognitive development 

(Ieaming ability), body' s immune system and work capacity. Iron adequacy during pregnancy is 

associated with improved outcomes for both mother and infant through preventing morbidity and 

mortality (Abbaspour, Hurrell & Kel ishad i, 2014). Iron is essential for all tissues, present in the 
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brain from very earl y life participating in the neura l myelination processes, also invo lved in 

promoting growth (Iannotti et al., 2006). 

Every single ti ssue in th e body needs iron . Iron is required to ensure the body has a fu nctioning 

metabo lism and n0l111al buman physiology at th e most basic, functional level (Waldvogel­

Abramowski et al. , 2014) . It is a key component in hundreds of proteins and enzymes that provide 

the foundation for hundreds of required processes of particular significance. iron is a critical pal1 

of hemoglobin, myoglobin, and cytochromes required to supply oxygen throughout the body, 

regulate ce ll growth and ensure a healthy cellular environment, and allow for energy metabolism 

to take place (Waldvogel-Abramowski e/ al., 20 14). 

2.1.3.1 Oxygen T ransport and Stm'age 

The body contains two heme-containing proteins involved in the transport and storage of oxygen, 

both of which are found in the blood- hemoglobin and myoglob in, most iron in the body (about 

70%) is present in the hemoglobin molecul es of the red blood cell s (Gupta, 20 14). Approx imately 

300 million molecules of hemoglobin can be found on the surface of every single red blood cell 

(Gupta, 20 14). 

Iron gives hemoglobin the abili ty to carry oxygen from the lungs to the rest of the body and some 

carbon diox ide back to the lungs to expel, due to nature of hemoglobin 's unique ability to acquire 

oxygen rapidly during the Sh01t time it spends in contact with the lungs then is able to release this 

oxygen as needed as it circulates through the body's tissues (Gupta, 2014). Once the oxygen is 

delivered tbe iron (as Palt ofbaemoglobin) binds th e carbon dioxide whicb is then transported back 

to the lung from where it gets exhaled (Gupta, 20 14) 

2.1.3.2 Cognitive Development 

The mechani sms by which iron facilitates cognitive development and neurologic functioning as 

studies reveal. However, it is likely linked to th e iron requirement of enzymes found in th e body's 

neural tissue, their effect on the central nervous system, changes tbat occur in nerve myelination 

(an electrically insulating material found around nelves), and the sensitivity of neurotransmitter 

synthesis to iron status (Mamun & Ghani , 20 17). It has also been observed that anemic children 

interact to a much lesser extent with the environment around them, which may, in and of itself, 
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affect a child's cogn itive development; the influence of iron deficiency in criti ca l periods offetal 

development and chi Idhood development has been reviewed on several occasions leading to very 

simi lar conclusions (Grantham-McGregor & Ani C, 200 I ; Iannotti ef 01., 2006; Mamun & Ghani, 

2017). 

Research on the effects of iron nutriture on cogoition of adolescents and adults has been limited. 

In college students, serum ferritin concentrations were related directly to characteristics of the 

electroencephalogram (EEG) and cognitive perfOlmance (Sandstead, 2000). A study of non anemic 

Fe-deficient high school girls fou nd improved verbal learning and memory after iron repletion 

(Bruner et 01. , 1996; Sandstead, 2000). A cross-sectional sttldy in the elderly found that iron status 

was associated with characteristics of the EEG (Sandstead, 2000). Thus, iron used to among the 

main cognitive developer micronutrients. 

2.1.3.3 Detoxification Neurotransmitters and Hormone Synthesis 

Tron is a key component in numerous processes responsible for the detoxification of our bodies, 

including alcohol metabolism, dmg detoxification, and carci nogen excretion in the liver 

(Grantbam-McGregur & Ani C, 200 I) . The fact that iron forms the core ofthe proteill class called 

cytoclu·omes. Cytochrome P450 enzymes are: to jill1ction within phase I Liver Detoxification. To 

detoxify xenobioti c sources oftoxicity, chemica ls, alcohols and carcinogens, converting them into 

water and oxygen (Grantham-McGregor & An i C, 2001). Iron is also required for the synthesis of 

cytochromes. Therefore, without cytochromes, which require iron, essential hormones and 

neurotransmitters could not be produced and key detoxification process would not occur 

(Grantham-McGregor & Ani C, 200 I). 

2.1.3.4 Energy Metabolism 

The use of energy by our cells also involves cytochromes, cytochromes contain heme at tbeir core 

and playa key role in cellular energy production (Grantham-McGregor & Ani C, 200 1). 

Cytochromes are part of tbe electron transport chain within the cell's mitochondria, these 

cytochromes calTY electrons for the synthesis of ATP, the primalY energy storage component in 

cells. Without ATP, and therefore without iron (iron is needed to allow cytochromes to carry 

electrons to make A TP), energy caDllot be stored in our cells and eventually used in tbe hundreds 

of processes required by the body (Grantham-McGregor & Ani C, 200 I; Wardlaw, 2004). 
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2.1.3.5 Jmmune Functioning 

Several immune functions require iron ; iron must be present to allow for cell s to spec ial ize for 

specifi c fu nct ions throughout the body and fo r T lymphocytes to rapidly divide, a step essential 

for the body to mount an immune response. Iron is also needed to create what are ca ll ed reacti ve 

oxygen species used for killing pathogens in systemic controll ed manner (Vatansever el al., 20 13). 

The connection between iron deficiency and susceptibili ty to infection bas been the most di scussed 

topic, especiall y with respect to malaria; in shOlt, this is because pathogens feed off of iron in the 

body and the body response during an infection is to decrease serum iron levels (iron in the blood) 

while increas in g levels of ferTitin (the iron storage protein) in order to sequester iron from the 

pathogens (Vatansever el al. , 20 13). 

2.1.3.6 Antioxida nt Activity 

Heme is an important part of enzymes that help to break down toxic oxygen species in the body, 

giving it antiox idant properties. However, iron can also cata lyze destructive reactions including 

the formation of free radicals. Iron is unique in that it can switch back and forth between +2 and 

+3. This is both good and bad (Paes et 01., 2011; Hcck et al., 20 10) whil e this works to catalyze 

th e movement of electrons (all owing for all the good energy creation and detoxification reactions), 

it also makes iron very toxic if it roams free outside of the confines of the cellular system and can 

cause the fonnation of free radicals (Paes et 01., 20 II ; Heck et 01., 20 I 0). 

2.1.3.7 DNA Synth esis 

Iron is an essential redox element that functions as a cofactor in many metaboli c pathways. Critical 

enzymes in DNA metabolism, including multiple DNA repair enzymes (helicases, nucl eases, 

glycosylases, demethylases) and ribonucleotide reductase, use iron as an indispensable cofactor to 

function (Paes et al., 2011 ; Heck el al., 20 10). Recent striking results have revealed that the 

catalytic subunit of DNA polymerases also contains conserved cysteine-ri ch motifs that bind iron­

sulfur (Fe/S) clusters th at are essential for the formation of stable and active complexes. In line 

with thi s, mitochondrial and cytoplasmic defects in Fe/S cluster biogenesis and insertion into the 

nucl ear iron-requiring enzymes involved in DNA synthes is and repair lead to DNA damage and 

genome instability (Paes et 01., 20 II ; Heck el 01., 20 I 0) . In-addition, Iron-dependent enzymes are 

12 



required fo r DNA synthesis making it essenti al for everything in whi ch DNA is in volved from 

growth, reproduction, and healing to proper immune functi on (Paes et ai., 20 II ; Heck et ai. , 201 0). 

2.2 Dietary Sources and Body Regulation ofIron 

Iron is present in foods in two f0I1115, as heme iron , which is derived from fl esh foods (meats, 

poultry, and fi sh), and as non-heme iron, whi ch is the inorganic fonn present in plant foods such 

as cerea ls, pu lses, legumes, grains, nuts, and vegetabl es. In meat, 30-70% of iron is haem iron, of 

which 15- 35% is absorbed (Hun'ell & Egli, 2010); however, non-haem iron, in plant-based diets 

the absorption is much lower (2-20%) which is strongly influenced by the presence of other food 

components (Abbas pour, Hun'ell & Kelishadi , 2014). The absorption of non-haem iron is 

increased by meat and ascorbic aci d intake, but inhibited by phytates, polyphenols, and calcium 

(Z immellllann & Hurrell, 2007; Hun'ell & Egli , 2010) . The quanti ty of non-heme iron in the di et 

is many folds greater than that of heme-iron in most plant/cereal based meals; thus, despite its 

lower bioavailabili ty, nonheme iron generally contributes more to iron nutrition than heme iron 

(Abbaspour, Hurrell & Kelishadi , 20 14) . 

Iron balance is primari ly controll ed at the level of intestinal absorption because there is no 

regulated excretion of iron through the liver or kidn eys (Andrews, 2008). Adequate amounts of 

iron during growth typicall y resul ts in a 70 kg man accumulating about 4 g of body iron. About 

2.5 g of body iron is within hemoglobin and about I g is stored as ferritin or haemosiderin, mainly 

in the liver. Nutriti onal iron defi ciency arises when phys iological requirements cannot be met by 

iron absorption from diet. Loss of blood depletes the iron store since 1 mL blood trans lated into a 

0.5 mg loss of iron (Zimmermann & Hunell , 2007). 

2.2.1 Human Iron Requirement 

During gestation, the fetus stores about 250 mg of iron; these stores are drawn on during 

breastfeeding because breast milk suppli es only about 0.15 mg of absorbed iron per day, whereas 

requirements for absorbed iron are about 0.55 mg per day. Low bil1h weight infants do not store 

an adequate amount of iron during fetal life and are at high ri sk of developing iron defi ciency while 

being breastfed (Zimmermann & Hurrell , 2007) . During earl y infancy iron requirements are met 

by the littl e iron contained in the human milk . The need for iron ri ses markedly 4 -6 months after 

birth and amounts to about 0.7-0.9 mg/day during the remaining pal1 of the first year. Between 
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and 6 yea rs of age, the body iron content is again doubl ed. Iron requirements are also very hi gh in 

adolescents, pmticularly during the period of rapid growth (FAO/WHO, 2004). 

Average adult stores nearly 4 grams of iron in his or her body, an exqui site balance between dietary 

uptake and loss maintains this balance (Abbaspour et aZ. , 2014). About 1 mg of iron is lost each 

day th.rough sloughi ng of cells from skin and mucosal surfaces, including the lining of the 

gastrointestinal tract. Menstmation increases the average daily iron loss to about 2 mg per day in 

premenopausal fema le adults and a dietary intake of iron is needed to replace the basal iron loss 

(Zimmermann & Hurrell , 2007; Abbaspour el al. , 2014). 

2.2.2 Cause and Consequence of Iron Deficiency 

Iron deficiency results from depletion of iron stores and occurs when iron absorption cannot keep 

pace over an extended period with the metabolic demands for iron to sustain growth and to 

repl eni sh iron loss (Abbas pour et aZ., 2014). The primary causes of iron defi ciency include low 

intake ofbioavailab le iron whi eh is considered to be responsible for around 50% of anemia (Allen 

e/ al., 2006a), infl ammatory and infectious di seases, especially malaria, blood loss from parasitic 

infections, and other nutrient deficiencies (vitamin A, riboflavin , fo lic acid and vitamin B12) are 

important causes (Brabin, Hakimi, & Pelletier, 2001). Increased iron requirements as a result of 

rapid growth, pregnancy, menstmation and impaired absorption of iron (Zil11l11ermann & Hun·ell, 

2007; Abbaspour et aZ. , 2014) are also documented causes. The frequency of iron defici ency ri ses 

in female adolescents because menstrual iron losses are superimposed with needs for rapid growth 

(Harvey et al. , 2005). Other risk factors for iron deficiency in young women are high parity, use 

of an intrauterine device cause increased menstmal blood loss, and vegetarian diets which would 

be the reasons for iron deficiency anemia (Abbaspour et al. , 2014). 

Consequences of iron deficiency result in functional changes that may occur with or w ithout 

anemia. Anemia is described as a condition of low hemoglobin level in blood cells (Abbaspour et 

al., 2014). Anemia is actually a sign of a disease process rather than a disease itself. It is usually 

classified as either clu-onic or acute. This also helps predict how severe the symptoms of anemia 

may be. [n chronic anemia, symptoms typicall y begin slowly and progress gradually; whereas in 

acute anemia symptoms can be abrupt and more distressing. Nutriti onal anemia includes anemia 

due to deficiency in iron plus deficiencies in fo late, vitamins A and B 12, and certain trace elements 
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involved with red blood cel l production even though about hal f of the global burden of anemia is 

due to iron deficiency (Ouedraogo et ai., 2019; Abbaspour el ai. , 2014). Since iron plays an 

important rol e in the proper structure of the hemoglobin molecule, if iron intake is limited or 

in adequate due to poor dietary intake, anemia may occur as a result and thi s is cal led iron 

deficiency anemia. Iron deficiency anemia can also occur when th ere are stomach ulcers or other 

sources of slow, chroni c bleeding (like colon cancer, uterine cancer, intestin al polyps, and 

hemon·ho ids) (Abbaspour et ai., 2014). 

Mild iron deficiency may be compensated by more efficient oxygen deli very from hemoglobin to 

tissues, redistribution in blood flow to protect brain and heart, and enhanced cardiac output 

(Wessling-Resni ck, 2014). Work performance can become signifi cantly impaired by reduced 

oxidative energy production as iron deficiency anemia evolves, however, under severe Iron 

deficiency conditions, acidosis can occur (Wess ling-Resni ck, 2014). Another characteri stic of 

anemia is lack of body temperature regu lation under cold conditions that is associated with 

decreased thyroid hormone synthes is resu lti ng from reduced activity of thyro id peroxidase, whi ch 

is a heme-dependent enzyme (Zimmermann el ai., 2006). Restless legs syndrome arises from 

impaired dopaminergic function and is also li nked to iron deficiency (Salas, Gamaldo & Allen, 

20 10). ITOn deficiency is thought to impair immune function secondary to the important role of 

iron in generating free radical response to infection (e.g., myeloperoxidase activity), and low iron 

status is associated with changes in lymphocyte and neutrophil function (Bhaskaram, 200 I). 

Resp iratory infection s are observed to be more frequent and to last longer in iron-deficient chil dren 

(De-Si lva el ai., 2003). During early childhood, low brain levels of iron can also create 

developmental issues that may not be reversed on iron repletion (WHO, 1992). Iron deficiency 

increases the incidence of preternl delivery and low birth weight, and patients w ith very severe 

cases are at increased ri sk of maternal and child mortality (Allen et ai., 2008). 

2.2.3 Evaluation of Iron Status 

Iron deficiency and eventually anemia develop in stages and can be assessed by measuring various 

biochemical indices (Abbaspour el aI. , 2014). The assessment of iron status can be made by using 

specific laboratory measurements; thi s technology is constantly evolving, and no single method or 

combination of methods is suitable for all purposes (Cook, 1999). The optimal laboratory approach 

depends on the anticipated severity of the iron lack, the age and sex of the target population, the 
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potential for associated di sease, the feasib ility of venous sampling, and the avai lable economic and 

laboratory resources. Sensitivity and specifi city of methods are necessary to characterize changes 

in iron status (Mei et al., 2005). The preferred methods in approx imate order of increasing severity 

of the iron lack; 

I. Hemoglobin 

IT. Serum ferritin 

Ill. Transfen·in Saturation 

IV. Zinc-Erythrocyte Protoporphyrin 

V. Hepcidin 

VI. Serum transferrin receptor (Cook, 1999) 

A vari ety of measurements have been used to identify mi lder form of iron deficiency, including 

serum fen·itin , transferrin saturation, zinc-erythrocyte protoporphyrin, hepcidin , and more recentl y 

the concentration of the soluble fragment of transferrin receptor in serum. Laboratory evidence of 

milder iron deficiency without anemia wi ll be refelTed to as iron deficiency (ID). More advanced 

deficiency is accompanied by a reduction in the packed cell vo lume or hemoglobin concentration, 

and thus refelTed to as iron deficiency anemia (Cook, 1999). 

1. Hemoglobin (Hb): is most comffionlyused because it is inexpensive, easy to perform, and rapid. 

However, its levels are affected by factors other tban iron deficiency because Hb is a function of 

red blood cells (REC) production and turnover. Hb levels therefore lack specificity for 

categori zing iron status. Moreover, mild iron deficiency may not affect Hb levels and these could 

be drawback of Hb measurement (Mei e/ al., 2005). 

Although the method lacks sensitivity, Hb is a useful screen fo r iron deficiency in women and 

children in western societies because iron deficiency is the predominant cause of anemia in these 

populations and it is less useful in developing countries where anemia is multifactori al (Lynch, 

2012). Other micronutri ent deficiencies besides iron, such as vitamin B12, fol ate and vitamin A, 

can also cause anemi a (Ouedraogo et al. , 2019). Because of these limitations' bemoglobin 

measurement cannot be used in isolation to indicate iron status (Cook, 1999). 

However, low hemoglobin concentration is a measure of anemia, which is the end stage of iron 

defici ency (Abbaspour et aI., 20 14). The Hb detelTl1ination is in wider use at present because of 
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the ava ilab ili ty of a hand-held battery-operated instrum ent called Hemocue, whi ch gives 

immediate and hi gh ly-accurate result (Cook, 1999). 

II . Serum Ferritin: Mild iron deficicncy is better explained by serum felTitin level (Cook, 1999). 

Importance of the serum ferritin is that a low va lue in an anemi c individual identifi es IDA without 

a doubt; when the concentration is low « 12 IlglL for <5 years of age and < 15 IlgfL for >5 years 

of age) iron stores are depleted. Simi larly, when the concentration of serum ferrit in is 2: 15 IlgIL 

indicates the presence of adequate iron stores which is useful for exc luding IDA as the cause of 

anemia (Cook, 1999; Abbaspour et al. , 2014) . Serum ferritin level IllgfL approximately as 

equivalent to 8mg storage of iron in adul ts (Lynch, 201 2), and as an acute-phase reactant, serum 

ferriti n is elevated by acute and clu-onic infections, inflammatory diseases, malignancies and liver 

di sorders. Thus, the uti lity of the serum felTi tin is enhanced if these disorders are excluded by 

clinical examination or other laboratory tests such as the erythrocyte sedimentation rate (ESR) or 

C-reactive protein (Cook , 1999). 

Inflanunatory disorders also increase circulating hepcidin concentrations, a peptide honnone that 

blocks iron rel ease from enterocytes and reticuloendothelial system, resulting in iron defi ciency 

(Zimmermann & Hurrel, 2007), because iron balance is primari ly controlled at the level of 

intestinal absorption (Andrews, 2008). 

A widely used marker of inflammation is the C-reactive protein (CRP), but the extent of increase 

of CRP concentration that invalidates the use of serum ferrit in to diagnose iron deficiency and 

CRP values higher than 10- 30 mgIL have been used. The problem with CRP is that during the 

acute-phase response, the increase of CRP concentrati on is typically of shorter duration than the 

increase of serum ferri tin (Zimmennann & HWTel, 2007), but still it is preferred over ESR to 

detelmine systemic inflammation (Costen bader, Chibnik & Schur, 2007). 

m. Transferrin Saturation : calcu lated serum Feftotal Fe-binding capacity, partly compensates 

for the limitations of individual measurements, but does not overcome the fundamental problem 

that plasma iron transp0l1 is affected by a wide range of disorders (Cook, 1999). Mean corpuscular 

volwne: a hematological method that has been ex tensively used to detect Fe-deprived erythrocytes, 

ind icates the average size of circul at ing erythrocytes (Cook, 1999) . Selum transferrin receptor 

(TfR): transferrin receptor is mostly deri ved from develop ing RBCs and therefore reflects the 
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in tensity of erythropoiesis and the demand for iron (Abbaspour et al. , 2014). Enhanced synthesis 

of the transferrin receptors represents the cel lular response to a declining iron supply, indicating 

sever iron insuffi ciency provided that th ere are no other causes of abnormal erytluopoiesis 

(Abbaspour et al., 2014). Unlike other methods, it is not affected by ch roni c inflammation or 

infections which are oftcn confused with iron deficiency (Cook, 1999; WHO/CDC, 2004). 

Fina ll y, the ratio ofTfR to fen'ilin (TfRlferritin) is designed to eva luate changes in both stored iron 

and functional iron and thought to be more useful than either Till. or fenitin a lone (Cook, Flowers, 

& Skikne, 2003). TfRlferritin has been used to estimate body iron stores in both chi ldren and adults 

(Cook et aI. , 2005). However, the hi gh cost and the lack of standardization of the TfR assay so far 

have limited the applicability of the method (Yang el al., 2008). 

TV. Zinc-Erythrocyte Protoporphyrin: Heme biosynthesis takes place mainly in erythroid 

precursor cell s in the bone marrow (Labbe & Dewanji, 2004). Iron is chelated by protoporphyrin 

as the final reaction in the heme path-way (Labbe & Dewanji , 2004). This reaction is catalyzed by 

ferrochelatase on the mitochondrial inner membrane (Labbe & Dewanji , 2004). Iron and zinc 

compete for the metal binding site of ferrochelatase and when the Fe2+substrate is insufficient, it 

is substituted by Zn2+, resulting in increased zinc-erytlu'ocyte protoporphyrin formation. Excess 

ZPP/H formation reflects iron-zinc substrate competition for ferroch elatase in iron-deficient 

erythropoiesis (Labbe & Dewanji, 2004). Zinc-erythrocyte protoporphyrin is high ly responsive to 

iron status even in borderl ine deficiency. Conversely, the decrease in zinc-erythrocyte 

protoporphyrin following iron supple-mentation in pre-anemic states illustrates the abili ty of zinc­

erythrocyte protoporphyrin to respond to marginal changes in iron status (Labbe & Dewanji , 

2004). A major advantage of zinc-erythrocyte protoporphyrin measurement is the simplicity w ith 

which it can he performed, as it requires only a portable instrument, the direct reading of 

fluorescence without need for any reagents, and requires minimal professional training (Labbe & 

Dewanji, 2004). 

The z inc-erythrocyte protoporphyrin ratio is hi ghl y specific for iron-defi cient erythropoi esis. 

However, it does not distingnish between absolute iron deficiency and iron-deficient 

erythropoiesis caused by anemia of chronic disease. Thus, a positive test result of zinc-erythrocyte 

protoporphyrin should be followed by a serum ferritin determination to distingnish iron deficiency 

18 



from iron-deficient erythropoiesis associated with inflammation, or the toxic effect of lead 

exposure (Labbe & Dewanji, 2004) . Nevertheless, a zinc-erythrocyte protoporphyrin reading 

within the reference range is strong evidence of adequate systemic iron supply. 

v. Hepcidin: Hepcidin functions by inhibiting the entry to the plasma of iron acquired by intestinal 

absOlption, the recycling of iron derived from catabolism of senescent red blood cells (RBC) in 

macrophages, and by mobilization of iron stored in the liver. The block of iron flow is achieved 

by the binding of hepcidin to the iron t:ransp0l1er ferroportin , followed by its intemalization and 

degradation (Kautz el aI., 2014). 

Hepcidin production is increased by iron excess and by inflammation, and suppressed by both iron 

deficiency and increased erythropoiesis. Hepcidin production is fl exible and changes within hours 

of introducing stimulatory or inhibitOlY messages such as iron administration or inflammatory 

stimulation. Because several opposing messages may present simultaneously, hepcidin output will 

depend on the relative strength of each. For example, in severe iron deficiency, hepcidin 

production tends to remain low, even in the presence of inflammation. Similarly, in conditions of 

ineffective or expanded erythropoiesis, such as in non-transfusion-dependent thalassemias, signals 

released by bone marrow erythroid precursors tend to override those from replete iron stores 

(Kautz el al., 20 14). 

One such erythroid signal, erythroferrone, has been recently identified. erythroferrone is 

synthesized and secreted by erythroblasts in the marrow and extramedu ll ary sites. The production 

of erythroferrone is induced by erythropoi etin and is also proportional to the total number of 

responsive erythroblasts (Kautz el aI., 2014). Erythroferrone acts on hepatocytes to suppress the 

production of hepcidin by inhibiting hepatic signaling. By suppressing hepcidin, elythrofen·one 

facilitates iron delivelY during stress erythropoiesis, but also contributes to iron overload in 

anemias with ineffective erythropoiesis. The measurement ofhepcidin , unlike other tests used for 

evaluating iron status, is a direct reflection of the mechani sm controlling iron homeostasis. This 

unique feature ofhepcidin represents a major advantage in trying to elucidate the nature of disease 

and its optimal management also, it can be used as a guide for iron therapy (Kautz et al., 2014). 
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VI. Serum Transferrin Receptor: is used to measure the level of soluble transfen'in receptors, 

thereby aiding in the evaluation of iron defi ciency and in the diagnosis of iron deficiency anemi a. 

Transferrin is an iron binding glycoprotein found in the plasma. Its main function is to control the 

level offree iron (Cook, 1999; WHO/CDC, 2004). 

SelUm transferrin receptor levels, combined with measurements of selUm fen'ilin concentrations, 

provide the most effective assessment of a population 's iron status. Unlike serum transfelTin 

receptor levels rise during infl ammation, decrease the utility of the indicator in areas where 

infectious di sease is common. Therefore, in areas where inflammation is prevalent, assessing a 

population 's iron status based on serum transferrin receptor levels is most appropriate (Cook, 

1999; WHO/CDC, 2004). 

2.3 Prevalence of Iron Deficiency and Groups at Risk 

Iron deficiency affects more than two billion people worldwide, especially from the population 

women and children are tbe victims (WHO, 2015) the prevalence of anemia is particularly higb in 

developing countries, where 293 million of children, 468 million of pregnant women are anemic 

and anemia contributes to 20% of all maternal death . According to Ethiopian Demographic and 

Health Survey (EDHS) (2016), the prevalence of ancmia in women was 24% and 57% in children 

under five years 44%; when we look in depth 18% mi ldly anemic, 5% moderately anemic and 1% 

severely anemic among women, similarly 25% mildly anemic, 29% moderately anemic and 3% 

severely anemic among children below age of five. 

EDHS data has limitation since it uses only hemoglobin level to determine iron status and no other 

iron specific tests are done and such surveys have rarely measured iron deficiency or any of the 

other factors tbat contribute to the development of anemia and therefore the contributing factors 

frequently remain tmknown (McLean et al., 2008). But country representative good quality study 

done by Vmeta et al. (2008), that used a combination of methods employi ng iron specific test, 

serum ferritin, along wi th hemoglobin levels has identified in women of reproductive age in 

Ethi opia the preva lence of mild to moderate fonn of anemia was (30.4%), iron deficiency (49.7%) 

and iron defi ciency anemia (1 7%). 

Groups at highest risk of suffering from iron defici ency are found in those parts of a population 

that have inadequate access to foods ri ch in absorbable iron duri ng stages of high iron demand 
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(Umeta et al. 2008). These groups con'espond to children, adol escents, and women of reproducti ve 

age, in pm1icular during pregnancy. In the case of infants and adolescents, the increased iron 

demand is the resul t of rapid growth. For women of reproducti ve age, the principle reason is the 

excessive blood loss during menstruation. During pregnancy, there is a significant increase in iron 

requirement due to th e rapid growth of the placenta and the fetus and the expansion ofthe globular 

mass (FAOIWHO, 2004; Abbaspour et aI. , 2014). 

2.3.1. Factors Leads Risk Group to Iron Deficiency Anemia 

The population groups most vulnerable to developing iron defi ciency are infants, children, and 

women of reproductive age. Limited food availability, inadequate or lack of access to health care, 

poor environmental sanitation and personal hygiene are soc ioeconomi c factors contributing to iron 

defi ciency. Tron deficiency is more preval ent in population groups that have high iron requiremen ts 

because of rapid growth or blood loss (Munasinghe & Broek, 2006) . 

Elevated iron needs are also associated with rapid growth, low iron stores at birth caused by the 

intergenerational li nk to iron defi ciency in pregnancy, hookworm, and ma larial infestation. 

Hookworm infestation leads to gastroin testinal blood loss that contributes TIu1her towards such 

infestation. This increases w ith age so that older children and adults usuall y are affected more in 

areas where hookwon11 is endemi c. The control of intestinal parasites is an integral part of the 

intervention in such areas. Processes that impair iron absorption and utilization consist of 

malabsorption syndromes, chronic and/or repeated diarrhea, and rare genetic conditions) (Cade, 

Moreton & O,Hara, 2005;Munasinghe & Broek , 2006; Gangopadhyay, Karosh & Keith ; 2011) . 

2.4. Anemia Reversing Intervention Strategies 

Globally there are three main interventional strategies that can be implemented to overcome 

micronutrient maLnutrition specifically for Iron deficiency, supplementation, dietalY 

diversification, and food fortification with iron are the interventions, from the alternatives Food­

based strategies, which include dietary diversifi cation and fortification appears in the most 

sustainabl e approaches to increase the iron and other micronutrients status of a 

population(WHOIFAO, 2006; Quintates, Cilia & Barbera, 201 5). 
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2.4.1. Anemia Reversing by Supplementation 

Using supplementation as an intervention to fill the gap created through regular/prescribed by 

physician of phannacological prepa rati ons in the fo rm of injections, capsules, and tablets are 

effective, whereby substantia l and almost immediate benefits can be brought to the most at risk 

groups; it only improves the micronutrient stanIS of those who receive the appropriately 

administered med ical preparations, leaving behind others, hard to reach or practica ll y unreachable 

at ri sk groups (WHO/F AO, 2006; Quintates, Cilia & Barbera, 20 15). 

2.4.2 Anemia Revel'sing by Dietary Diversification(modification) 

Dietary modifications for reducing IDA involve increased intake of iron rich food such as fl esh 

foods or consumption of ascorbic acid rich fmits and vegetables that enhance non-haeme iron 

absorption (WHO/F AO, 2006; Quintates, Cilia & Barbera, 2015). Other options include low intake 

of tea and coffee which inhibit non-haeme iron absorption. Among iron bioavailability suppressors 

phytate is the main one and teclmiques such as soaking, germination, and fermentation promote 

enzymatic hydrolysis ofphytic acid in whole grain cereals and legumes by enhancing the activ ity 

of endogenous or exogenous phytase enzyme (Hurrell &Egli , 20 10). Even use of non-enzymati c 

methods such as thermal processing, soaking, and milling for reducing phytic acid content in plant­

based staples also have been successfull y used to degrade the phytate level which inhibit iron 

absorption taken with the food during dietary diversification as an intervention (HulTell &Egli , 

2010) . 

2.4.3 Anemia Reversing by Fortification 

Fortification is the addition of one or more essential nutrients to food for the purpose of preventing 

or cOlTecting a demonstrated deficiency of one or more nutrients in the population or specific 

population groups(WHOIF AO, 2006; Quintates, Cilia & Barbera, 201 5); Also, it is used to be the 

best interventional method for larger population group reaching or nati onal level micronutri ents 

deficiency intervention strategy, the purpose of this strategy is to increase the intake of specific 

nutrient(s) that have been identified as inadequate in the food. Rapidly changing lifestyle and 

increasing reliance on refined foods justifi es the addition of nutrients to the expanding range of 

foods in order to ensure nutritional adequacy of a diet (ACC/SCN, 2000). 
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Food fortification can be mandatolY, th at is, legislated by law and/or regulated, or it ca n be 

voluntalY, that is, left to the di scretion of the food manufacturer (Nestel & Davidsson , 2002). The 

first step in a fortifica ti on program is the se lection of a food that can function as a vehicl e for the 

mi cronutri ent. Tbis food vehicle must be an integra l component of the diet of the general 

population (Lynch, 2005). The main point to be view during fort ification of local staple food is 

used to be the most cost effective, long term approach in reduc ing the prevalence of iron deficiency 

anemia (Hun'ell , 1997). 

2.4.3.1 Cases to be Considered During Fot-tineation Strategies 

M inerals are more resistant to manufacturing processes than vitam ins but, mineral s undergo certain 

changes when they are exposed to heat, air and light. Minerals such as copper, iron, and zinc are 

also affected by moisture, and may react with other food components such as proteins and 

carbohydrates (WHO/FAO, 2006; Quin tates, Cilia & Barbera, 2015). 

Nu merous fortificants are avail able for iron fOltification , the main chall enge when selecting is 

form of iron compound that is adequately absorbed, stable, and does not alter the appearance or 

taste of the food, even though fot1ifi cant bioavai labili ty is clU cial, other different aspects must be 

considered when a source of iron or any mineral has to be selected for f0l1ification. These include 

particle size, so lubility, flavor, color, stability, hygroscopicity, and oxidation (WHO/FAO, 2006; 

Quintates, Cili a & Barbera, 2015). 

For purpose offortification mostly non-haeme/inorganic sources has been used, the most common 

forti ficants widely used in fortification include iron-EDTA, ferrous sulfate, elemental iron 

(reduced iron), fen-ic orthophosphate, fe lTous fumarate, sodium fen-ic pyrophosphate, and other 

compounds, each f0l1ifi cant listed above has various advantages and disadvantages (HulTeH, 

I 997;WHO/FAO, 2008). 

2_5 Methods of Assessing Iron Bioavailability and Bioaccessibility 

The quantity of a nutrient that is absorbed fro m a food can be measured at different levels, whi ch 

can be described by different temls, (Fair-weather-Tait, Co llings, & Hurst, 2010) have proposed 

the fo ll owing definitions . Bioaccessibi lity corresponds to the proportion of iron that can be 

released fro m food matrix into the lumen of the gastrointestina l tract. Thi s fraction of nutrient 

potentially avai lable for absorption mostly relies on food composition. Bioaccessibili ty is 
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measured by in vitro methods, either by solubi li ty or dialysability. On the other 

hand,bioavailability of iron corresponds to the proportion of the ingested iron that can be used for 

normal body functions and thus is measured by in vivo methods. Unlike bioaccessibility, 

bioavailability measurement is not only depending on food composition but also consider the iron 

status of the host. 

Estim ating iron absorption is mainly studied by in vitro methods since it is relatively simple, rapid 

and inexpensive and carried out through simulat ing the di gestion in gastric and duodenum, 

followed by dialysis. The proportion of the element diffused through a semi permeab le membrane 

during the process, is the dialysability of element after an equilibration period, being used as an 

estimate the relative bioavailability of nutrients (Bueno el al. , 20 I 3). Studies aimed at the 

optimization of iron in nutritional fOimulations should include in vitro methods followed by an 

assessment of iron absorption in vivo in order to better in vestigate their metabolic behavior (Bueno 

el ai., 201 3). There are different in vivo and in vitro methods of determining iron bioavail ability. 

2.5.1. In vitro Methods of Estimating Mineral Bioavailability 

The in vitro procedures have been very useful for identifying and characterizing factors that affect 

non-heme iron absorption, but direct comparisons between absorption predicted from the in vi tro 

tests and measurements in human volunteers have on ly been made in a limited number of published 

studi es (Lynch, 2005). Generally, it is advantageous if human bioavailability testing could be 

based on preliminary in vi tro screening methods to efficiently identify the promising food 

substance of interest (Beiseigel el ai., 2007). There are different methods of detelmining the in 

vitro bioavailability of minerals including iron: iron solubility, dialysability, Coca-2 (Frontela, 

Gracia, & Ros, 20 11) and other in vitro methods include phytic acid/mineral molar ratio, and 

absorption prediction algoritlun (Baye et at. , 2014). 

I. Tron Solubility: This method is employed through exposing foods to a stimulated gastric acid 

envi ronment and with subsequent measurements of the soluble iron released by the digestion i.e. , 

measuring mineral solubili ty (Frontela, Gracia, & Ros, 20 II). 

n. Tn Vitro Iron Dialysability: Thi s method is used to detelm ine the percentages of dialyzable 

iron after simulated gastrointestinal digestion of foods ; the fraction represents the proportion of 

iron that can be released from the food matrix into the lumen ofthe gastrointestinal tract and thus 
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potentially avai lab le for absorption i. e. bioaccessible fracti on (Frontela, Gracia, & Ros, 20 I I ; Baye 

et ai., 20 14). Hence, dia lyzability methods are limited to model ing luminal interactions among the 

factors as such interactions affect mineral availability (Hotz et al., 2005). 

In iron contaminated foods, no difference in iron dialysability was observed irrespective of th e 

processing status; teff flour & its fermented product (injera) as shown in the study by Baye et al. 

(20 14), the authors pointed out that mineral absorption inhibitors other than phytate might 

contributed fo r that. Earlier findings from human iron absorption studies also showed that 

dephytin isation in the presence of polyphenols did little to improve iron absorption (Hall berg & 

Hulthen, 2000). 

Improvement in the methodology of dialyzability has been obtained when the human colon 

carcinoma (Caco-2) cell line has been incorporated (Frontela, Gracia, & Ros, 20 II ). 

lll. Caco-2 Cen Model: The human intestinal Caco-2 cell line originally isolated by J . Fogh in 

Sloan Kettering Institute, New York, from a human colon adenocarcinoma (Fogh et aI., 1977), thi s 

human colon adenocarcinoma, undergoes in cultW'e a process of spontaneous differentiation th at 

leads to the formation of a monolayer of cell s, expressing several morphological and fu ncti onal 

characteristics of a mature enterocyte (Sam buy et al., 2005). 

To better represent the steri c conditions ex isting in the intestine in vivo, Caco-2 Cells are cultured 

on permeab le filter supports that allow free access of ions and nutrients to the two sides of the cell 

monolayer (Sam buy et al., 2005). Caco-2 cell line has been extensively used over the last twenty 

years as a model of intestinal barri er (Sam buy et al., 2005); it is still tbe best availabl e cell culture 

model of absorptive small intestinal enterocytes. 

However, attempts to establish differentiated enterocytic cell lines in culture have not been full y 

success ful though express ing several brush border enzymes; some of them are expressed at the 

level hi gher or lower than human enterocytes do (Sambuy e/ al., 2005). For in stance; ox idative 

metabolic enzymes are lower than in the human enterocytes, limiting the use of this line as an in 

vitro model of intestinal oxidative metabo lism. On the contrary, the ferric reductase activity 

associated with brush border that reduces Fe3+ fo r uptake by the Fe2+ transporter was found to be 

high in differentiated Caco-2 cells (Ekmekcioglu et aI. , 1998). The divalent metal transporter 

(DMT I) is located on the bl1lsh border membrane that transports Fe2+; DMT I expression and 
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activity is regu lated mainly by iron but since it has a broad substrate activity, it can also transport 

other physiologica ll y relevant divalent cations such as Zn+2, Mn+2, Cu+2 and the tox ic meta ls 

Cd+2, and Pb+2. Studies by Andrerle el at. (2003) and Fleet et al. (2003) were confirmed 

upregu lation of DMTI during Caco-2 differcnti ation . Similarly, Caco-2 Cells have an elevated 

activity of P-glycoproteins (a trans-membrane protein responsible for apical efflux of several 

substances), higher than the human intestine in vivo, that should be taken in account when these 

cells are used as a model of intestinal bioava ilability (Sambuy e l at., 2005). This great vari ab ility 

of Caco-2 cell s model arises fi·om cell- and culture related factors and these factors again show 

huge variation in differentiation of Caco-2 Cell s (Sam buy et at., 2005). 

According to the study by Beiseigel el at. (2007), indirect comparisons with human data indicated 

that the Caco-2 model can predict the influence of ascorbic acid and polyphenolic compounds on 

relat ive iron bioavailabi li ty. However, thi s model has not been directly validated by 

s imultaneously testing identi cal meal s in both humans and the in vitro system. Authors have shown 

that though providing simil ar magnitude of total iron from maize varieties to both human and 

Caco-2 cell model, iron absorption difference was not significant in human and was only 

marginally significant in Caco-2 cell. The authors then suggested that, the variation mi ght be 

because in humans the effi ciency of iron absorption correlates inversely with body iron status but 

relative bioavail ab ili ty measurements (as in Caco-2 cell) appear to be independent of the host's 

iron status (Beiseigel el at., 2007). 

The Caco-2 system is limited to measuring the entrance of iron from a food digestate into the 

mucosal cell , whereas iron bioavailability for humans also involves serosal transfer from the 

mucosal cell and subsequent transport and utilization (Beiseigel et at., 2007). Additional testing of 

in vitro conditions is necessary, because cell passage and differentiation, incubation medium, time, 

pH, method of cel l protection from digestive enzymes, and use of radio-iron variables compared 

with Caco-2 cell ferritin response variables may all influence in vitro results (Beiseigel el at. , 

2007). Generall y, the method lacks standardized protocol and therefore, reproducibility of results 

can·ied out in different settings may vary due to variation in culture, maintenance of the Caco-2 

cell line and for specific nutrient/toxicant test to be carried out has no protocol (Sam buy et at., 

2005). 
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TV. Absorption Prediction Algorithms: The amoun t of iron absorbed from a meal is determined 

by iron status, the content of heme and non-heme iron, and the bioavailabi lity of the two kinds of 

iron, whi ch in turn is determined by the balance between dietary factors enhancing and inhibi ting 

the absorption of iron, especiall y for non-heme iron. lt is known that the variation in dietary iron 

absorption from mea ls is due to more to differences in the bioavailability of the iron, which can 

lead to a > I O-fold variation in iron absorption, than to a variat ion in iron content (Bovell -Benjamin 

ef al., 2000; Hallberg & Hulthen, 2000). Algori thm is used to predict the bioavai labili ty of iron in 

a meal and it is a product of all factors present in the meal that inhibit or enhance iron absorpti on 

(Hall berg & Hulthen, 2000). 

The algorithm models include all the factors in calcul ations assuming their effect was independent 

and additive rather than interactive, which is an important issue in addressing iron biaavai labi li ty. 

The accu racy of the esti mations is of concern due to lack of quantitative measurements of 

bioavai lab ili ty modifi ers, inability to consider interactive effects, and the use of non-iron status 

measurements (Reddy, 2005). Therefore, algorithm method is more qualitatively than 

quantitatively useful as it classifies meals or diets as being of hi gh, medium, or low bioavailability 

and requires fu lther development to accmately pred ict the influence of polyp he no Is on human iron 

absorption (Lynch, 2005; Beiseigel et al., 2007). 

Study done by Baye et al. (20 14), have shown that in foods rich in iron but a high proportion of 

iron was associated with soil contamination, the knowledge of the exact amount of contaminant 

iron and its bioava il abili ty may be a prerequisite for proper interpretation of algorithm to predicted 

absorptions unless the predictions only apply to intrinsic iron . 

V. Phytic Acid/Mineral Molar Ratios: Prev ious attempts to assess or estimate relative mineral 

bioavail ability in Ethi opian staples were based on phytate/mineral molar ratios CUmeta ef aI., 2005; 

Abebe et aI. , 2007). The level of Phytate/ mineral molar ratios have different values to indicate 

adequacy for different minerals, the desirable level suggested for mineral absorption i.e., 

phytate :iron < I, phytate:zinc < 18, phytate:calcium < 0.17 (Ma et aI. , 2007; Gibson et aI. , 20 I 0). 

As phytic acid is strongly inhibitory at low concen trat ions, complete enzymatic degradation is 

recommended (>90%). If thi s is not possible, the phytic acid to iron molar ratio should be 

decreased to below I and preferably below 0.4 (Hurrell , 2004). 
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Phytateliron molar ratio > I is an in dication of poor iron bioava ilability (Tamanna el aI. , 20 13); 

however, according to Lestienne el al. , (2005), molar ratio of phytate to iron is not a sufficient 

indicator of iron availability if the level of anti-nutritional factors other than phytate is high. 

Besides phytates, polyphenols an d to some extent ca lcium and fibers have negative effects on 

mineral absorption (Hurrell & Egli , 20 10). 

Moreover, in cereals with large amount of contaminant iron, the validity of using phytate/ iron 

molar ratio to estimate relat ive bioavai lab ili ty of the mineral is in question; knowing the exact 

amount of contaminant iron and its bioavai lability may thus be a prerequisite for the use ofphytic 

acid/Fe molar ratios to cOlTectly predict bioavai lability in foods containing contaminant iron (Baye 

el al., 20 14). 

2.5.2. In Vivo Methods of Estimating Iron Bioavailability 

T. Human Study: human trials are th e gold standard for evaluating non-heme iron bioavailab ility 

(Aragon, Ortiz & Pachon, 20 12). However, determining the bioavailability of a mineral in hnman 

is compli cated by the fact that once a food is consumed, it mixes in the gastrointestinal tract with 

other foods that are consumed at about the same time or may be because the minerals are present 

in a mixture of sources available in the diet or meal. The use of extrinsic radio-iron tagging and 

stable isotopes in humans has partly offers a solution to this problem. Since human iron absorption 

studies are mainly done in healthy adults using isotopic techniques based on erythrocyte 

incorporation of either stable or radioactive isotopes (Fidler, 2003), this method adversely expose 

subj ects to radiation and the use of radioi sotopes may require monitoring the fate of radioisotopes 

or stable isotopes of iron in blood (Wienk, Marx, & Beynen, 1999). Moreover, human studies are 

cumbersome, complicated, costl y, and time-consuming to perform (Ismai l, 1999; Aragon, Ortiz & 

Pachon, 20 12). These limitations have restricted the use of mineral absorption studies in human 

fo r the purpose of identifying specific biochemical components of the diet that explain the 

inhibitOlY or enhancing nature of certain foods (Ismail, 1999). 

II. Animals Study: in animals, the hemoglobin-repletion bioassay was most often used (Wienk, 

Marx, & Beynen, 1999). Unlike humans, they are good for efficacy study because their 

environmental conditions can be controlled properly; however, animal studies have limitations 

because of different mineral requirements, metabolism, digestive capacity, sensitivity to dietary 
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factors (promoters and inhibitors of iron absorption) when compared to humans (Aragon , Orti z & 

Pachon, 2012), and thus their use is limited because the accuracy of extrapolation to man (Wienk, 

Marx , & Beynen, 1999). But for evaluating bioavailability or relative biological values of iron 

from different sources with respect to ferrous sulfate control, hemoglobin-repletion bioassay has 

been used widely in recent studies (Swain, Newman & Hunt, 2003 ; Rohner et aI., 2007; Weber el 

aI. , 2010; Martino e/ at. , 201 1; Aragon, Orti z & Pachon, 2012; Lucia e/ at. , 201 3). Moreover, the 

compari son of in vitro, animal and clinical determinations of iron bioavai lability study done by 

Forbes et at. (1989) have showed thaI the rat model hemoglobin depletion-repletion method serves 

as the most reliable predictor of iron bioavailability in the human although in vitro methods are 

promising screening techniques . The biological avail abi lity of iron from other diets have been 

measured by the rat bioassay (Weber e/ aI., 2010; Martino et aI., 20 11 ; Lucia et at., 2013) and only 

single study previously carried out by Urga e/ al. (1998) in Ethiopian diet prepared from teff to 

show the effect of commonly processed fonns of teff (lnjera and Kitta) using rat hemoglobin 

repletion assay method for iron bioavailability. 

2.6. Intrinsic and Extrinsic to Food 1I'0n Sources 

Iron sources can be broadly classified as intrinsic and extrinsic to food (Harvey el aI., 2000), and 

they are briefly reviewed below. 

2.6.1. Intrinsic to Food Iron Sources (Dietary Iron Sources) 

Dietary iron presents in food in two fOllTIS as heme and non-heme iron. Haem iron comes from 

animal foods (meat, poultry, seafood and fi sh) and is absorbed relatively well, its absorption being 

largely independent of other constituents in the di et (Carpenter & Mahoney, 1992; Hallberg & 

Hnlthen, 2000; Harvey et al. , 2000). Animal products contain both heme and non-heme iron (i.e 

egg, milk and dailY), heme iron is that derived from hemoglobin and myoglobin. Plant materials 

contain only non-heme iron, the absorption of non-haem iron from the common pool , whether 

originally intrinsic or extrinsic to food , is subject to the same interactions with other constituents 

of the di et, as well as to endogenous factors of the host such as the nature of gastric secretions, 

transit time, rate of erythropoiesis and the size of existing iron stores (Harvey et al. , 2000). Heme 

iron is considered to be nutritionally impOltant as it is higher in bioavailability (> 15%) than non­

heme iron (Kalpalathika et aZ., 199 1). However, heat treatment/cooking decreases the amount of 
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heme-iron concentration in food, while non -heme iron increased (Clark e/ al., 1997; 

Kongkachuichai et al., 2002) . 

2.6.2. Extrinsic to Food Iron Sources (Non-Food Sources of Iron) 

A significant proportion of the iron in th e di ets of developing countri es is extr ins ic to food and 

usuall y referred to as contaminant iron (Harvey e/ al. , 2000) . Sources of iron extrinsic to food 

include: contamination of foods from soi l, dust and water; metal fragments from milling; that 

leached from iron or steel pots during processing, storage or cooking; and from the practice of 

geophagia. These contaminant forms of iron are largely ferric hydroxide and ferric oxide, but they 

are likely to vary widely in terms of solubility and affinity for reaction with other compounds 

(Harvey e/ al. , 2000). Thus, iron extrins ic to food can be consumed either through unintentional 

entrapment during food processing or deliberately via a practice of geophagy. 

All iron consumed in the diet is either haem or non-haem and is absorbed from two distinct pools 

in the lumen of the gastrointestinal tract, largely in the small intestine. The amount of iron absorbed 

from a meal is detennined by the content of heme and nonheme iron among other factors (Hallberg 

& Hulthen, 2000; Harvey et al., 2000). 

It is postulated that geophagy is practiced due to micronutrient deficiencies, cultural influences, 

and gastrointestinal upsets. Despite their potential to supply micronutrients, soils interfere with 

bioavailability of micro nutrients leading to an increased risk of anemia and can also act as a 

pathway for ingestion of geohelminths and heavy metals, putting woman and fetus at risk (Kawai 

e/ al., 2009; Njiru, Elchalal & Paltiel , 2011). 

2.6.3 Extrinsic Iron Source Study Pattern in Ethiopia 

An earli er study on the Ethiopian foods cooked in iron , aluminum and clay pots, have shown that 

there was more cmde iron in all foods cooked in iron pots - around twice as much iron in meat and 

vegetables, and 1.5 times as much iron in legumes- than in food cooked in the other two types of 

pots (Adish et aI., 1999). Moreover, soil contamination of cereals in Ethiopia occurs mainly during 

traditional threshing under the hooves of cattle for grains like teff (Baye e/ al., 2014). This 

traditional threshing method was found to increase iron contents up to 20 times hi gher in teffthan 

other cereals wh ich were attributed to soil contam ination (Abebe e/ al. , 2007). 
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Terf is generally accepted that the grain is hi ghly nutritious although there is some debate about 

the precise nutritional value of it (Vinning & McMahon, 2006). Regarding the iron content, some 

authors have estimated to be high and others refl ect thi s high level is attributed to the dust and dilt 

that cling to the grain (Vinning & McMahon, 2006). As per the study done by Umeta et ai. (2005) , 

to evaluate mineral contents of 36 foods consumed in rural Ethiopia has shown Teff enjera as the 

best source ofbioavai lable iron of all foods analyzed based on its high iron content and favorable 

phytate to iron molar ratio . Moreover, th e prevalence oflDA has been reported to be lower in some 

regions of Ethiopia, which has been attributed to Tefffonning a staple part of the diet (Bokhari et 

ai., 2012) . Whereas, other studies revealed that iron content of Teff vary between geographical 

regions possibly as a resu lt of soil contamination (Saturni et ai., 20 10; Bokhari et ai., 2012). With 

respect to soil contamination, teffis extremely exposed and complete removal of the extrinsic iron 

from Teffis not possible (Baye et ai. , 2014). 

Extrn isic soil contamination iron source being sale part Teff however, there was controversies 

concerning the bioavailability and bioaccessability of geophagy/extrni sic soil contamination iron 

source as di sscussed by Seim et aI. , (20 13) and Teklu, (20 17b). [n view of that il1 vivo studies 

conducted by Teklu, (2017a) and Guja & Baye, (2018) conformed bioavailability and 

bioaccessability of geophagy/extrnisic soil contamination iron source in hemoglobin regenaration 

used to have a positive and potential ability of allevating iron deficiency in similar way to that of 

non-heme source iron (ferrous sulfate)fortifi ed dietary source for showedup bioavailable and 

bioaccessible characterstics. 

Extrnsic soil source iron on top of dietary sourcc of iron( entrinsic) like fortified diets and iron 

supplement intake, it will create iron over load/toxicity in our society. 

2.6.4 Iron Toxicity 

Since no mechanism exists for excreting iron, toxicity depends on the amount of iron already in 

the body and there are ample evidence implicating reactive oxygen species in a number of human 

degenerative diseases such as atherosclerosis and haemochromatosis (Dabbagh et ai., 1994). 

Iron over-load in experimental rats has increased in plasma total and high-density lipoprotein 

cholesterol levels and this effect were conelated with depletion of plasma ascorbic acid; generally, 

iron overload causes lipid metabolism disturbance and oxidative stTess which substantially 
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depe leli on or endogenous antiox idants and lipid perox idalion damage (Oabbagh el al. , 1994). 

Similarl y, ani ma l based experimental study conducted by Ha el al., (2016) hi gh dose of iron fed 

rat' s growth rClardcd, cardi ac hypertroph y, anemia, low scrum and tissue copper levcls and 

ci rcu lating ccruloplasmin activity. Thercfore, the assumcd iron overload effcct at human bcing 

Icvcl could bc comparati vc. Hence, it needs critical view. 

2.7 Zinc 

Zinc is found in group lib of periodi c table, and it is among the main micronutrients for hu man 

health. Zinc is the second most abundant transition meta l in the human body after iron. Studies 

shows that average adult human body contains 1.4- 2.3 g zinc, and nearly 90% is found in muscle 

and bone (Prasad et al., 2009) . Other organs containing estimable concentrations of zinc include 

prostate, li ver, the gastrointestinal tract, kidney, skin, lung, brain, heart, and pancreas. On the 

cellular level, 30-40% of zinc is localized in the nuclcus, 50% in the cytosol and the remaining 

part is associated with membranes (Plum, 2010). 

2.7.1 Function of Zinc in Physiology 

Zinc is a common element in human and natural enviromnents and plays an important part in 

many biological processes (Vasak & Hasler , 2000) which is defined as a micronutrient, is essential 

for tbe nonnal growth and reproduction , also, it plays a key role during physiological of an immune 

functi on; in-addition , it is vital for the functionality of more than 300 enzymes, for the stabil ization 

of DNA, and for gene expression. 

Zinc is essential and directly involved in catalysis and co-catalysis by th e enzymes, which control 

many cell processes including DNA synthesis, normal growth, brain development, behavioral 

response, reproduction, fetal development, membrane stability, bone formation , and wou nd 

healing (Barceloux , I 999;Mocchegiani el al. , 2000). 

Zinc ions are hydrophili c and do not cross cell membranes by passive diffusion. Transport has 

been described having both saturabl e and non-saturable components, depending on the Zn 

concentrations present. Zi nc ions exist in the expression of genetic infOlmation, in storage, 

synthesi s and action of peptide hormones and structure maintenance of chromatin and bio 

membranes (Tapiero &Tew , 2003). 
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The biological essentiality ofZn implies the ex istence of homeostatic mechanisms that regulate its 

absorption , di stribution , cell ular uptake, and excretion. Zinc regulates both enzymatic activity and 

the stability ofthe proteins as an activator or as an inhibitor ion (Moccbegiani et a/., 2000). 

In addition to being criti ca l enzymatic cofactors involved in regu lation the DNA transcription, 

other impOltant functions of zinc in humans in broader aspect include; cell proliferati on, 

differentiation and apoptosis, immune response onset and regulation , protein synthesis, DNA 

metaboli sm and repair, energy metabolism, vitami n A metabolism, Tnsuli n storage/release, 

spermatogenesis and steroidogenesis neUl·ogenes is, synaptogenesis and neuronal growth, 

sequestration of free radicals and protection against lipid peroxidation, cellul ar division, signal 

messenger and neuro-transmission and stab ilization of macromolecules. 

2.7.2. Human Zinc Requirement 

Minimum requirement of zinc depends on growth, sex, age, health, and well-being vary with the 

type of diet consumed, climatic conditions and the ex istence of stress imposed by trauma, parasitic 

infestations, infections and zinc bioavai lability (Barceloux , 1999;Mocchegiani et a/., 2000). 

Generall y, the recommended daily dietary Zinc requirement is estimated at 15 mg/day and then 

tolerable upper intake level of Zn recommended is 25 mglday (IZiNCG, 2007). 

2.7.3. Sources of Food Rich in Zinc and Factors Affecting Zinc Bioavailability 

Lean red meat, whole-grain cereals, pulses, and legumes provide th e highest concentrations of zi nc 

25-50 mglkg raw weight, processed cereals with low extraction rates, polished rice, and lean meat 

or meat with higb fat content have a moderate zinc content 10-25 mg/kg, fis h, roots and tubers, 

green leafy vegetables, and flUits are only modest sources of zinc < 10 mglkg (FAOIWHO, 2001). 

Overall, absorption of zinc depends on the overa ll composition of the diet. There could be 

enhancers such as lower-molecular-weight (EDTA and Organic Acids/Citrate) substances has 

enhancing effect whil e phytates, micronutrients like iron , calcium and copper has suppression 

effect due to their competitive nature inside intestine. The risk for competitive interactions seems 

mainly to be related to hi gh doses in the fonTI of suppl ements or in aqueous solutions (Sandstrom, 

200 1, Hun·ell, 2004; Hurrell & Egli , 2010). However, at levels present in food and at reali stic 

fort ification levels, zinc absorption appears not to be affected, for example, by iron and copper 

(Sandstrom, 200 I). People who abstain from eating red meats, vegetarians, vegans, and people 
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living in developi ng coun try who rely mainl y on plant-based foods are at hi gher ri sk of developing 

z inc defi ciency due to inadequate zinc intake (FAO/WHO, 200 I). 

2.7.4. Systemic Zi nc Regulation and Dietary Uptake 

Zinc is lost from the body through the kidneys, skin, and intestine. The endogenous intestinal 

losses can vary from 7 ~mol/day (0.5 mg/day) to more than 45 ~mol/day (3 mg/day), depending 

on zinc intake (Jolmson el al., 1993). Urinary and skin losses are of the order of7-10 flmo llday 

(0.5- 0.7 mg/day) each and depend less on normal variations in zinc intake also, starvation and 

muscle catabo lism increase zinc losses in urine and strenuous exercise and elevated ambient 

temperatures cou ld lead to losses by perspiration (Johnson ef al. , 1993). 

The body has no zi nc stores in the conventional sense. In conditions of bone resorption and ti ssue 

catabolism, zinc is released and may be re-ut ilised to some extent. Human experimental studies 

with low-zin c di ets 2.6- 3.6 mg/day (40-55 ~lInol/day) have shown that circulating zinc levels and 

activities of zinc-contai ning enzymes can be maintained within normal range over several months 

(Johnson ef al., 1993; FAOIWHO, 2001) which hi gh lights the efficiency of the zinc homeostasis 

mechani sm. When the dietary Zn content decreases, feca l losses decrease, enabling the effici ency 

of absorptiun tu increase to almost 100%, there is also decreased urinary Zn excretion and 

increased cellular retention (Johnson el.al., 1993). 

2.7.5. Zinc Deficiency 

Both nutritional and inherited zinc deficiency generate similar symptoms and clinical zi nc 

deficiency causes a range from mild effects up to symptoms of severe nature (Prasad, 2015). In­

fact, many people particularly in the developing countri es consume less than the recommended 

nutri ent intakes (RNls) for dietary zinc (WHOIFAO, 2004). Ep idemiological study has reported 

that z inc defici ency affects about 1.2 bi llion people around the world and has been ranked 11th 

among global risk factors for mortality and 12th for burden of disease (Lopez el al., 2006). Zinc 

deficiency mostly occurs in developing countri es. Simi larly, according to (EPHVENMS, 20 16) in 

Ethi opia the highest prevalence of zinc defici ency was observed in school children 5 to 14 years 

of age (35.76%), followed by preschool age children 6 to 59 months of age (35%) and non­

pregnant women age 15-49 years (33.8%). According to the IZiNC group recommendation wi th 

thi s high level of zinc defici ency the whole population can be considered as at-risk zinc defici ency 

(IZiNCG, 2007). 
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Zn deficiency can mostly occur as a result of inherited or inadequate intake (taking minim al 

amounts foods rich in zinc), reduced absorption (taking phytate and GI problem), increased losses, 

or increased demand. The commonest worldwide cause is inadequate intake as a result of a diet 

low in Zn or rich in phytate (Livingstone, 20 15). The population groups most at ri sk of developing 

Zn defic iency are those with the greatest phys iologic requirements (Livingstone, 2015). 

2.7.6. Measu ring H uma n Zinc Status 

Plasma zinc concentration was the most freq uently used investigation marker of zinc status 

specifically for zinc deficiency at clin ical level. Plasma concentration it is difficult to analyze for 

zinc and prediction zinc status, there is no set marker fo r it (Wieringa el al., 20 15). Urinary zinc 

excretion, erythrocyte Z inC concentration, mononuclear cell Z II1C concentration, 

polymorphonuclear cell zinc concentration, platelet zinc concentration and hair zinc concentration 

are other types of zinc status measurement (Wietinga el aI., 2015). 

Plasma zinc status has been the widely used method and the cl inical measurement for zinc status. 

However, plasma zinc concentrations are affected by many other factors, including inflammation, 

fasting or eating, pregnancy, oral contraceptive use and diurnal rhythm needs to be considered 

(Wieringa e/ al., 20 15). Another consideration, if deficiency is diagnosed, the possibility of other 

micronutrient deficiencies should be considered because they tend to coexist and have synergistic 

effects. For example, deficiencies of vitamin B 12, folate, or ascorbate can all contribute to ponr 

wound healing and should all be considered (Wieringa el ai., 2015). 

2.8. Copper 

2.8. 1. F un ction of Copper in H uman Physiology 

Copper is a trace metal which acts as an inherent to biological processes, copper group invo lvement 

in several key enzymes and is thus essential for the stmcture and function of the bone maITOW and 

nervous system and essential trace element for humans and animals, in the human copper ex ists in 

two fonns , the first and second oxidation form, and the mostly occurred in human being is second 

oxidation state type (Jaiser & Winston, 20 I 0) .The ab il ity of copper to easily attach and accept 

electrons ex plains its importance in ox idative reduction processes and in disposing and removing 

free radi cals from the organ ism (Angelova, Asenova, & Nedkova, 20 II). 
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Copper is a fun ctional component of several essential enzymes, known as copper enzymes for 

some physiological functions, dependent on the presence these enzymes in the organi sm (laiser & 

Winston , 2010; Angelova, Asenova, & Nedkova, 20 11), are described be low; Cytochrome ox idase 

plays as catalyzing the reduction cytochrome c ox idase is main rol e pl ayer mitochondrial enzyme 

which catalyzes by reduction oxygen to water and uses thi s energy during energy prodution for 

A TP, Lysyl oxidase, the enzyme main role is integrity and elasticity of connective tissues whi ch 

are essenti al in heart, blood vessels and bone formation, Cerul oplasmin (feroxidase T) and 

(feroxidase II) are enzymes which have the ability to oxidize iron (FeZ"') to iron (Fe3+), which are 

connected to tbe protein transfeITin for transportation to the red blood cell s and blood fOlTl1ation in 

addition fac ilitates the catalyzation ox idative processes of the disposal of free radica ls , many 

enzymatic reactions needed for proper functioning of brain and nervous system need copper as 

their central part, enzymes may take part in processes li ke conversion breakdown and inh ibition 

chemicals needed proper function of bra in and CNS, Tyrosinase is required during melan in 

f0I111ation whi ch is needed pigmentation of hair, skin and eyes, Superox ide di smutase (SOD) 

functions as an antioxidant, which catalyses the conversion of superoxide radicals (fi'ee radica ls) 

in hydrogen peroxide, that can subsequently be reduced to water by other antiox idant enzymes, 

gene expression celiain copper containing enzymes are involved in synthesis of proteins in the 

organism by enh ancing or inhibiting the transcription of specifi c genes and copper is also very 

important micronutrient srudied for essentiality in fighting copper related anemia i.e copper­

deficiency anemia. 

2.8.2 Human Copper Requirement 

The 10th edition of Recommended Dietary Allowances (RDA) did not include an RDA for copper; 

rather a sa fe and adequate daily intake was suggested (Livingstone, 201 5). Some nutritionists 

think, committees that establi sh RDAs should return to the traditions of the first nine ed itions and 

make recommendations that meet functi onal needs, because lack of a recommended dietary 

allowance for copper may be hazardous to health, (Osredkar e/ al., 20 II ) provides the 

recommended dail y di etary intake (RDI) of copper for children and adults and Tolerab le upper 

intake levels for copper. 
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2.8.3 Systemic Copper Regulation and Dietary Uptake 

Copper is absorbed in the du odenum and upper sections of the small intestin e then the copper IS 

bound to eithcr sel11m albumin or hi stidine and transported through the bloodstream for delivery 

to tissues or storage in the liver, copper is imported in to the hepatocytes via plasma membrane 

loca lized high-affinity human copper transporter (hCtr I) (laiser & Winston, 20 10; Angelova, 

Asenova, & Nedkova, 2011 ), hCtr I wi ll guide where the copper has to be provided to ti ssues, li ver 

and organs, the remaining copper after being utilized will be transported by blood protein 

celllioplasmin, almost majority of copper found in serum are attached with ceruloplasmin wi ll be 

delivered to the liver for storage. The excess copper wi ll be rel eased by bil e with stool from 

certain literatures discussion (Jaiser & Winston, 2010; Angelova, Asenova, & Nedkova, 20 11 ). 

Copper is a trace element which can be found in almost every cell of th e human organism, the 

highest concentrations of copper are discovered in the brain and the liver; the central nervous 

system and the heart have high concentrations of copper as well , about 50% of copper content is 

stored in bones and muscles (in skeletal muscle it is about 25%), 15% in skin, 15% in bone marrow, 

8 to 15% in the liver and 8% in the brain hence, copper mostly at systemic level will be conserved 

(Angelova, Asenova, & Nedkova, 2011) . 

2.8.4 Copper Deficiency 

Severe dietary deficiency in humans is rare; however, copper deficiency can occur by two means 

acquired and inherent the acquired is the common type it occurs when the intake and output is 

unbalanced (Uauy, Olivares, & Gonzalez, 1998). At embryo development level copper deficiency 

may result in impaired development of the cardiovascular system, bone malformation, and ongoing 

neurologic and immunologic abnormaliti es into infancy and beyond (Uauy, Olivares, & Gonzalez, 

1998). Tn adu lthood, prolonged marginal copper deficiency has been associated with an increased 

risk of developing osteoporosis in later life and adverse changes in cholesterol metabolism (KJevay 

et al. , 1984). 

Based on studies infants fed cow milk have probability of being victim to copper defici ency than 

breast fed due to small quantity availability of copper in cow milk, comparatively, infant fed breast 

in addition to higher content copper availability in mother mi lk, casein content of human milk will 

aid as factor for copper absorption (Lonnerdal et al. , 1985). Some literatures have elaborated in 

devel oping countries infants mostly fed cow milk enri ched with refined sugar and fructose and 
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refined sugar has lowering ability copper absorption, which may result copper deficiency (Uauy, 

Oli vares, & Gon zalez, 1998). 

Increased gastroin testina l copper losses usual ly explain the occun-ence of copper deficiency in 

malabsorption syndromes. Copper deficiency should be suspected in infants with prolonged or 

recurrent diarrhea l episodcs, abnormal bile loss, intest ina l resections, or loss of intest inal contents 

(Castill o-Duran ef al., 1988), high oral intakes of zinc and iron decrease copper absorption, it wi ll 

lead to copper deficiency (Ha ef ai, 2016). Among the other causes of copper deficiency, 

patho logical states that cause an inadequate copper supply are becoming more recognized and best 

example Menkes disease. Menkes disease is genetic related and the best-known disorder of copper 

defic iency, this cause unrecogni zed for copper demand and excess state, which result dietary 

copper not to be absorbed at small intestine and transported via blood brain and central nervous 

system (Jaiser & Winston , 20 10; Angelova, Asenova, &Nedkova, 20 II ). 

2.8.5. Measuring Human Copper Status 

The occurrence of mild copper deficiency or excess copper exposure is not easily recognized 

(Gaetke ef al., 2014). Due to lack of sensitive and specific indicators, blood, urine and hair analysis 

are used to detect copper tox icity. From the blood sample selUm copper concentration and 

celUloplasmin are the most frequently analyzed copper status measurements used as an indicator, 

but total ceruloplasmin protein shows copper starus but can show us the higher depletion and 

excess copper starus level of individual (Harvey et ai, 2009). However, review states that there is 

no updated excelling biomarker method than above stated copper starus detenn ining methods 

despite, the widely held view that there is a lack of sensitive and specific biomarkers of copper 

starus, several putative indexes, including plasma copper, ceruloplasmin, urine, hair analysis, 

eryth rocyte superox ide di smutase, urinary deoxypyridinoline, erythrocyte, platelet glutathi one 

peroxidase, plasma glutathione peroxidase, platelet cytochrome-c oxidase, leukocyte cytochrome­

c ox idase, total glutathione, diamine ox idase, and urinary pyridinoline and Cu/Zn superoxide 

dismutase (CU/Zn SOD), routinely are test methods in human copper starus srudies and due to lack 

of data in her review only serum copper concentration and ceruloplasmin protein used as biomarker 

(Harvey et al. , 2009). 
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2.9. I"on, Zinc and Copper Biological Interaction 

Iron and zinc nutr itional defi ciencies constitute two of the most important nutriti ona l and public 

hea lth problems affecting developing countries (Olivares e/ al. , 20 12). Supp lementation and 

fortification strategies can help to fi ght both deficiencies but, both micronutri ents due to a 

competi tive binding to DMTI and Zip 14 transporter makes them impossible to app ly 

interventional stra tegies at the intended dose (Olivares et al., 2012). 

Understanding the mechanisms of the interactions between Fe, Zn and Cu are useful for 

supplementation or fOltification programs using both (Iron and Zinc) minerals (Troost et ai. , 2003). 

Copper is required fo r normal erythropoiesis. Copper defi ciency causes an iron defici ency-like 

anemia (Merza et al. , 20 15; Prasad e/ al. , 20 15). The three micronutri ents have different interaction 

with one another. Excess zinc nutritional supplementation is known to stimulate the synthesis of 

metallothionein in intestinal enterocytes. Copper binds with greater affinity than zinc to 

metallothionein and the copper will be excreted via intestinal tract and copper defi ciency occurs 

whi le, ZillC level will be elevated (Prasad et al., 20 15). When excess Zinc is taken copper will be 

excreted . Copper is a vital cofactor for various redox enzymes such as ceruloplasmin and 

cytochrome ox idase, and decreased activity of these enzymes have been postulated to be a potential 

cause of anemia. Mitochondria isolated from copper-deficient cells failed to synthesize heme from 

ferric iron and protoporphyrin, that is li tera ll y the causes for anemia (Gregg et al. , 2002). 

Moreover, copper homeostasis is closely linked w ith iron metabolism, since iron and copper have 

similar physiochemical and toxicological properti es (Gaetke et al., 2014; Knez e/ al. , 201 5). Study 

conducted on interaction between anemia and blood levels of iron, zinc and copper in children 

showed a bit contradictory results, that is for both IDA group and IDA group the analyzed serum 

copper level is higher than both zinc and iron . In addition, serum zinc level is hi gher next to copper 

at both groups (IDA & ID groups). Serum zinc is a bit higher in ID groups than IDA groups and 

iron is the least level found at both (lDA & ID Group). However, serum iron level at ID group was 

hi gher than that oflDA group. When serum iron level is low serum zinc will be hi gher comparative 

to iron but, as far as both serum level lower copper will take the advantage of being hi gher at serum 

level (Turgut el al., 2007). 

Iron-copper interactions in biological systems may be attributed to their positive charges, similar 

atomic radii , and common metabolic fates. Dietary iron and copper are both absorbed in the 
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proximal small intestine also, iron and copper must be reduced before uptake into enterocytes and 

further, both meta ls are oxidized after exp0l1 into the interstitia l fluid s. Enzymatic iron oxidation 

may occur whil e copper oxidation is li kely spontaneous (Knez ef al., 20 IS). Moreover, both metal s 

are involved in redox reaction in which they function as enzyme cofactors, and both can be toxic 

when in excess. Some literatures show that a reciprocal relationship between iron and copper has 

been establi shed, for example, copper accumulates in the liver during iron deficiency, and iron 

accumulates during copper deficiency (Ha ef al. , 20 16; Klevay, 200 I). Copper levels also increase 

in the intestinal mucosa and blood during iron deprivation. Despite these intriguing observations, 

the mo lecular bases of physiologica lly. Relevant iron-copper interactions are yet to be elucidated 

in detai I. 
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Chapter Three 

Material and Method 



3. MATERIALS AND METHODS 

3.1. Study Site, Soil Sample Collection and Preparation 

Thc study was conducted in Ethiopian public hea lth institutc rodent laboratory and Blcss Agrifood 

Laboratory and partly Addis Ababa Univcrsity center for food scicnce and nutrition. Our stlldy 

was initi ated with the assumption of excess ive dose ex trinsic iron/soi l contamination intake on top 

of with or without adequate dose of dietary iron having different bioavailability index effect on 

iron, zi nc and copper status. Hence, soil was used for tluee group of study as fortificant; excess 

dose of extrinsic iron/soil contamination only consumed, excess dose of extrinsic iron/soil 

contamination with adequate dose of electro lyte iron consumed and excess dose of extrinsic 

iron/soil contamination with adequate dose of iron sulfate consumed were the experimental groups. 

Wc selected vCltisol with the reason, recent in vitro study conducted on different soil type to 

dctermine iron bioaccess ibi li ty using iron fraction ation suggested that only cambiso l and vertisol 

soi l types had a re latively small portion (0.001 % and 0.004% of the total iron) of potentially 

bioaccessib le iron (Smith et aI. , 2000). The cation exchange capacity ofverti sol was signi fi cantly 

higher than cambisol, but both are categorized as a soil having hi gh cation exchange capacity 

(Hazelton and Murphy, 2007). The highest cation exchange capacity ofvertisol was also repOited 

by previous study ranging Ii'om 20 to 45 meq/ l00g (Kebedc and Yomoah, 2009). Simi larly, 

contam in ation of vertisol to whi te tcff flour enhances the cxchangeab le fraction from 10.6% to 

11.7% and contamination of cambisol to white teff flour enhances the exchangeable fraction 

from I 0.6% to 12.6% (Meseret, 2015). On top of the above-mentioned reasons, for this study we 

used the most prominent type of soil which was found in Teff growing regions of northern 

highlands of Ethiopia, that was vertisol. 

Vertisol sample was collected from Ginchi Agricultural Research Sub-center. Ginchi Agricultural 

Research sub-center is located at 75km from Addis Ababa on the way to Ambo at 9° 02' North 

latitude and 38° 12' East longitude with an altitude of 2200 meters above sea level and has an 

average annual rainfall of 1095 mm, average relative humidity of 58.2%, average maximum and 

minimum air tempcrature of24.6 °c and 8.4 ° c respectively (Kebedc e/ aI., 20 16). 
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During so il sample collection dirference in topography, underlyin g geologica l material, 

management hi story and yield history ofthe land were observed and composite sampling technique 

was applied according Carter & Gregorich, (2008). 

Soi l samples (different vertisol) were coll ected at depth (15 to 60 cm and 30 to 60 cm combination) 

using helical auger and ten representative spots were taken from each subsection of cultivated land. 

The samples were mixed well and a composite sample was taken. The samples were packed in 

pol yethylene bag and transpOtted to Add is Ababa Un iversity Food Science and Nutrition 

Laboratory then after arriva l the so il samples were prepared for analysis. 

Experimental analys is was conducted at the Center for Food Science and Nutrition research 

laboratory (experimental diet formulation) , Bless Agrifood Laboratory for sample preparation and 

compositional analysis (mineral analysis fo r fOttificants, formu lated experimental diets and selUm 

level minerals) and partly in the Ethiopian Pub lic Hea lth Institute (EPHI) for animal study. 

The soil samples were air dried on plastic trays and gently crush cd using mortar and pestle and 

passed through a 0.42mm sieve and pow-ed in flask and closed with aluminum foi l tI,en autoclaved 

at 121 °C for 180 min utes at 16psi as per (Environmental and Health Safety, 2018) in-order to 

sterilize the soil from any microbial contamination then th e prepared soil sample was put under 

polyetelene bag unti l it was mixed with AIN-93G diet. (See Annex I) 

Triplicate samples were taken and analyzed for iron content using AOAC official method 999.10 

(Atomic Absorption Spectrometery After Microwave Digestion / see section 3.6), the results were 

in mean ± standard deviation that was in mg/IOO grams before fonnulating experimental diet. 

3.2. Experimental Design 

The experimental design was ill vivo based completely randomized controlled design , thirty-six 

wining male Wi star Rats were acclimatized and then divided in to six groups. Each group of rats 

were randomly di stributed based on baseline measurements (age, weight, CRP and hemoglobin 

status). The six groups (one with control group and five experimental groups) were fed ATN-93G 

with intended iron source at intended doselbioavai labi li ty level fortifi ed (formulated experimenta l 

di et) for chronic exposw-e of two independent variables (dose and bioavail abi li ty) effect on zinc 

and copper status within thirty-five days. Finally, the six groups of animals were sacri ficed for 
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end-line measuremen ts (growth , li ver weight, selUm iron, selUm zinc and serum copper status) 

across the groups. We tried to see different sources of iron fOlmu lated diet consumption effect on 

iron , zinc and copper status as well as in vestigated the interaction leve l that ex ist and different iron 

source (bioavailabi li ty and dose) independent variab les interaction effect on metabolism status. 

Generall y, the ex peri mental study was carried out in four phases as shown in Figure 3.2. 

Phase I : Iron content analys is for fOlti/kant, soil sample and formulated experimental diet. 

Phase 11: Experimental di et formulation based on our assumed area of study. 

Phase ITT: Baseline measurement (eRP, hemoglobin, age and weight) for all experimenta l rats. 

Phase IV: End-line measurement (growth, liver-weight, serum iron, serum z in c and selUm copper) 

based on the end-line measurement evaluating the chronic intake of different source iron effects 

on copper and z inc status as well as their interaction. 
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Figure 3.2: Experimental design for chronic exposure of different source iron at variable 
dose effect on micronutrient status 
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3.3 Iron SO Ul'ces/Fortilicants and Formulated Experimental Diet Iron Analysis 

Iron content was determined by atomic abso rption spectrophotometer (AAS) using AOAC offi cial 

method 999.10 by using Atomic Absorpti on Spectrophotometry after Microwave Digestion. 

3.3.1 Chemical and Reagent 

Nitric Acid(65%w/w), Nitric Acid 0. 1 M,. Nitri c acid 3M, Hydrogen perox ide 30%(W/W) , 

Deion ized Water, Zi nc standard solution, iron standard solution, copper standard solution and 

wo rking standard solution. (Merck KGaA, St.Loui s, Missouri, USA) 

3.3.2. Apparatus 

Atomic Absorption Spectrophotometer, Hollow Cathode/Electrode di scbarge lamp, Microwavc 

oven, Teflon digestive vessels, volumetric fl asks, funnel s(glass/plastic), Plastic bottles and Drying 

oven. 

3.3.3. Procedure: For elemental iron , zinc and copper Analysis 

Cleallillg: Procedure for glass and plastic ware 

Pre-treatment: If product is fresh 

Dryillg: dry the sample in dlying oven 105°c at this stage 

% of water = Wf - (Wd 7 Wf) * 100 Where, H20% ~ water content of the test portion, 

Wf~ weight of the test pOltion(g) and Wd~ weight after drying(g) final result was based on fresh 

weight, weight test portion before and after drying to obtain water content 

Homogellization: Homogenize products using non -contamin ati ng equipment 

Digestioll: Weigbed 2g dry materi al into di gestion vessel. Adding 5 ml HNOJ and 2 ml 30% H20 2. 

Wait until it was digest based on set program. Transferred a solution into 25 ml volumetri c fl ask 

and di luted to mark with deionized water. 

Dilutioll: If test solution need to be further diluted (due to high metal concentration) dilute with 

3MHN03. 

3.3.4. Atomic Absorption Spectrophotometer 

(Flame technique used for Fe, Zn and eu concentration determination). 



A simplifi ed version of the method of standard add iti on was to use a matri x -matched curve, whi ch 

was appli cable to products with the same matrix . The test and standard solutions were mixed and 

used to make a standard curve. This was parall el transfen ed to ori gin and was used as th e standard 

curve for th c tests th at fo llowed and that have been diluted in th e same proportion. Measurements 

were made in the linear range, when the method of addi tion was used. The concentration of zinc, 

copper and iron were usually at level suitable for determinati on by FAAS . When calibration curve 

was to be used, standard and test solution had th e same acid concentration. 

3.3.5. Calculation and Evaluation of Results 

Concentration of meta l in the test samples werc cal culated according to the formula: 

C = (a - b) * df *2 5 -e m 

Whcre, C = concentration in the test sample(mglkg); a= concentrat ion in the test solution(mg/L) ; 

df=dilution factor; b=mean concentrati on in the blank solutions(mg/L); m=wavelength of the test 

portion(g). If(a-b) is lower than the detection limit, DL, then (a-b) is replaced by DL technique 

were used for calcul ation of the limit of detection in the test sampl e. The test solution was diluted, 

the dilution factor(df) was taken into consideration. If the test portion was dried and the result 

should be bascd on fresh weight, correct according to the tollowing: 

CFW = C * 100 - H20 % -e 100 

Where, CFW = concentrati on in the test portion was corrected to fi·esh weight(mg/kg); H20 %= 

The water content of the test portion (%). 

When running replicates, the average of the results was given with three significant figures . 

Detection Iimit- The DL for each metal was calculated as; 

DL = 3 * Standard Deviation of the m ean of the blank determined(n =~ 20) 

3.4. Fo,·tificants Supply, Diet Supply and Fortificant Iron Analysis 

The fortifi cants were suppli ed fro m Hexagon Nutriti on. Physical appearance black color, 

moderately fine for electrolyte iron, while iron sulfate was white in color and very fine powder. 

Both of the fOltificants were food grade level with particle size for electrolyte iron(48fun) and iron 

sulfate(5-10fun) . We used the above fOlt ifi cants which were supplied from Hexagon Nutrition 

since they were li sted as a potential fortifi cants by World Health Organization. WHO recommends 
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some iron compounds for cereal/powdery food fortification were ferro LI S sulfate, ferrous fumarate, 

ferri c pyrophosphate, and electrolytic iron powder (WHO/FAO, 2006; Quintaes, Cilia & Barbera, 

201 5). 

The experimental diet was suppli ed from American Institute of Nutrition (A IN) named AlN-93G 

wh ich was intended to be used during the earl y growth phase and during reproduction of rodent 

experimental study as per (Reeves et a/., 1993), that was wiUlOut iron incorporated. Though, 

American Institute of Nutrition (AlN)/Dyets Inc mostly provide the experimental diet containing 

all nutrients. In our case, we ordered them to suppl y diet empty/without dietary iron but every 

components were based on standard of Dyets Inc, since we were to fOltify/fonnul ate based on our 

dose and bioavai lability level of fOltificant combined with extrinisic/soil source iron as per 

experimenta l study design. 

3.4.1. Experimental Diet Dose Setting, Assumption fo,' Assigned Experimental G ,'oups and 
Preliminary Level for Experimental Diet Formulation 

Our study was dietary based chroni c intake of different sources of iron effects, that was 

independent variables (bioavai lability and dose-level) combination. That was the effect of excess 

dose of soi l contamination/geophagy iron (350 mg/kg or 350 ppm) alone fOlmulated di et 

consumed(Excess-S group), excess dose of soil contamination/geophagy iron (350 mg/kg or 350 

ppm) combined with adequate dose of less bioavailable electrolyte iron dose (70 mglkg or 70 

ppm) formulated diet consumed(Excess-S+Adequate-EI group) and excess dose of soil 

contamination/geophagy iron(350 mg/kg or 350 ppm) combined with adequate dose of hi ghly 

bioavailable iron sulfate at dose (35 mglkg or 35 ppm) formulated diet consumed(Excess· 

S+Adequate-FeS04 group) then those experimental groups which consumed excess dose of soil 

contamination/extrinsic source to be compared with control group. 

Similarly, the remaining experimental groups were, excess dose of electro lyte iron less 

bioavailable fortificant at dose (350 mg/kg or 350 ppm) fOlmulated diet consumed (Excess-EI 

group) and adequate dose of electrolyte ironlless bioavail able forliticant (70 mglkg or 70 ppm) 

fomlUlated diet consumed (Adequate-EI group), then compared agai nst with adequate dose of iron 

sulfate (at dose 35 mg/kg or 35 ppm) formulated diet consumed (Adequate-FeS04/control group) . 
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Consequently, the excess dose (350 ppm) was set based on tolerable upper limi t intake for human 

and adjusted the va lue prop011ionaily to th e recommendation for rats (oxidative stress inducing 

dose) studied by Arruda ef al., (2013). In-addition , the adequate dose (35 ppm) set as per Reeves 

ef al., (1993) and WHO/FAO, (2008), recommendation for different fortificants to be added to the 

foods. However, since e1cctrolyte iron for being less bioavai lable type, the adequate dose was 

adjusted to 70 mg/kg or 70 ppm whi ch was double that of iron sulfate as per recommendation by 

WHO/F AO, (2006) and Quintaes,Ci lla, & Barbera, (2015) . Therefore, since we analyzed the 

fortificants( electrolyte iron, iron sulfate and soil) iron content/fortificant we added adequate dose 

and bioavailability as per our assumed experimental design or based on the above set dose level to 

AlN-93G experimental diet whil e formulati ng. 

3.4.1.1. Experimental Diets FomlUlation/Fortification and Pelletizing 

Before fonnulation went on the fortificants (electrolyte iron, iron sulfate and soil) iron content was 

analyzed (as per the method discussed on 3.3 section), then we added the fortificants/so il to the 

AIN-93G diet based on the intended dose level which was planned for our study design for groups 

(See Table 3.4. 1. I). 

To ensure proper mixing of these mineral s/fOltificants(e1ectrolyte iron , iron sulfate and soi l) with 

the AlN-93G diet, the fortificants total mass to be incorporated were first blended with AlN-93G 

diet at 1:4 (w/w) that was fortificant to diet with a portion as stated . Following, thi s blend was 

added at 1:4 (w/w) ratio first blend/fortified as a fortificant to AIN-93G diet as the second blend. 

Thirdly we added the second blend/fortified as a fortificant to the remaining diet which need to be 

fOltified/fonnulated thus, until 4.14kg of diet which was intended for each batches of diet for 

experimental groups properly mixed as per technique used for wheat fl our fOltification by Akhtar 

ef al., (2010) and Johnson ef al. , (2004). Hand operated turbine mixer (3000 rpm/min) was used to 

mix the fortificants with AlN-93G diet for about 15 minutes at each ratio level formulation steps 

(Akhtar ef al., 2010; Johnson ef al., 2004), (See Annex II). Also, we scraped the sides and bottom 

of the mixing container with straight-edge spatu la to make sure there was no unmixed material left 

in the mixing container fortification principles combination for small scale powdery food based 

on Akhtar ef al., (20 I 0) and Johnson ef al., (2004) . Finally, the hand operated turbine mixer mixed 

batches of each experimental diets for six experimental groups were homogenized for 7 minutes 
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to have uni form leve l of iron concentration (Akhtar e/ al., 20 I 0; Johnson e/ al. , 2004). (See Ann ex 

1II) 

As a quality inspection for each batches of ex perimental di et to check whether the fortified batches 

of experimental di ets for having proper dose of iron we took five samples (minimum number of 

samples req uired) as it was recommended by Johnson ef al., (2004), Suilburska, Bogdanski & 

Szulinska, (2013), Dary & Hainsworth , (2008) and WHOIFAO, (2008) then the iron content was 

ana lyzed by AOAC official method 999. 10 (Atomic Absorption Spectroscopy After Microwave 

Digestion). The results were in mean ± standard deviation that was in mg/J OOgrams. Ultimately, 

we used AAS read ing for five samples from each batch of fonnulated diet the iron concentration 

analyzed samples were further ca lculated for uniform distribution of iron for six experi mental diets 

by ca lculating th e coefficient of variation (CV) to check the homogeneity of fonnul ated 

experimental di et (Johnson ef al. , 2004; Su ilburska, Bogdanski & Szulinska, 2013 ; Dary & 

Hainsworth , 2008; WHOIFAO, 2008). The six formul ated ex perimental di ets were found to be 

cons isten t based on Dary & Hainsworth, (2008), WHOIF AO, (2008) and Sui lburska, Bogdanski 

& Szulinska, (2013) wi th coefficient of variation below 10%. 

The formulated batches of di ets were agglomerated by adding 1000 to 1050 mL of deionized water 

for 4. 14kg offOlmulated powdery di et, and made in to paste with the right consistency in stainless 

steel bowl , then after clumps were forced to pass in to cylindrical shape conical edged plastic tes t 

tube which was cut at con ical edge with knife as an extruder (with diameter 9mm; length 6cm) in 

order to have uniform cylindrical shape pell etized di et. Finall y, the cylindrical shaped batches of 

pellets for each experimental group were placed in an oven at 50°C for 24 hours. After 24 hours 

of ruy ing, the batches of pell ets were allowed to cool by storing in the refrigerator (4°C) with zip 

locked polyethylene plastic bag until feeding program initializes. (See Annex IX) 
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Table 3.4.1.1. Summarized Nurritiona l Compos ition for Formulated Diets Based on Experimental Groups. 

Experimental Adequate- Excess-EI Exccss- Excess- Adequate- Excess-S+ 

Groups El + AIN- + AIN- S+Adequate- S + FeSo, + Adequate-

93G 93G FeSo,+ AIN- ArN- ATN-93G FeSo, + 

93G 93G AIN-93G 

Macronutrients(g/kg) of diet for eacb experimental diet formulated for six groups 

Total CHO 629.48 629.48 629.48 629.48 629.48 629.48 

Total Fat 70 70 70 70 70 70 

Total Protein 200 200 200 200 200 200 

Fiber 50 50 50 50 50 50 

Minerals 35 35 35 35 35 35 

Micronutrients(mg/kg) of diet for each experimental diet fomlUlated for six groups 

lronFortificant 70 350 70 ---- 35 35 

(electro lyte ironl 

iron sulfate) 

Extrinsic soi l ----- ---- 350 350 ---- 350 

source Iron 

Zi nc 30 30 30 30 30 30 

Copper 6 6 6 6 6 6 

• Adequate-EI: Adequate electrolyte iron added, Excess-EI: Excess electro lyte iron added, 

Excess-S+Adequate-EI: Excess dose of Soil w ith Adequate dose Electro lyte iron added, Excess­

S: Excess dose of Soi l on ly added, Adequate-FeSO,: Adequate dose of iron sulphate added and 

Excess-S+Adequate-FeS04: Excess dose of So il wi th adequate dose of iron su lphate added. All 

other nutrients were as per source Dyets Inc (Reeves et aI. , 1993) for all composite except nutrient 

Iron. 
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3.5. Animal Supply, Base-line Status, End-line Status and Maintenance 

The ex perimen tal study animal suppl y, baseline, end-line and maintenance were held according to 

the standard methods. 

3.5.1 . Study Animal Collection and Screening/Baseline Measunnent 

Thirty-six male Wistar Rats (Rattus l1overgicus, albino vari ety, rodent class) of wean ing stage 

(approximately three weeks to four weeks old or 24.5± 1.64 to 26.5± 1.51 days) with body weight 

ranging from 70. I 8±6.76 to 73±5.29 gram was obtained from Ethi opian Publi c Hea lth Institute 

Addis Ababa, Animal Department. The acclimati zation peri od was under laboratory co ndition for 

five days by keeping them on standard rat ration, deionized water ad libitum in order to get them 

acclimatized with new environment of individual cage (Miyada, Nakajima & Ebihara, 201 1). 

After acclimatized the animal were housed in an individual cage at light and temperature­

contro lled room for 12 hours light and 12 hours darkness and 24±30c after undertaking a test for 

hemoglobin measurement > 6.4g/dL that was for non-anemic status screening of the base-l ine 

status measurement as per Astuti et al. , (2017) to differentiate anemic and non-anemic status. We 

undertook a test for C-rcactive protein for exclus ion of infected animals from the experiment 

(Weber e/ al., 2010) and for both base-line measurement blood from rat was collected at the end 

of acclimatization period (See Annex VII). 

For blood sample collection using tai l vein, a rat was placed in restrainer and needle was injected 

in most visible tail vein and then removed, blood was dripped on glass slide and immediately taken 

up by microcuvate ofHemeCue(Ilb 30 I, Lot No: 1408389, Angelholm, Sweeden). The hemoglobin 

measurements were recorded in duplicate after placing the wipe microcuvate containing blood 

sample in HemoCue machine as per (Sari et al.,200 I). [f there were a wide variation between two 

reading of duplicate blood samples, the third measurement were carried out to avoid extreme 

values arising from operational elTors and hemodilution with extracellular fluids (Rohner et al. 

2007). 

All experimental rats were non-anemic and non-infected hence, the thirty-six rats were randomly 

placed in each six study groups (Adequate-FeS04, Adequate-EI, Excess-EI, Excess-S+Adequate­

EI, Excess-S and Excess-S+Adequate-FeSo,). Base-line weight and age during randomization in 

to six groups were measured . 
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3.5.1.1. Blood Sample Collection for Baseline Measurements 

Too much blood co ll ected at anyone time may cause hypovolemi c shock, physiol ogical stress and 

even death. I f small er volumes were co ll ected too frequentl y, anemia may result, so we gave care 

to amount of blood volume we took (Parasuraman, Raveendran , & Kesavan,201 0; Kumar et al., 

2017). 

Laterallail veill vellipullcture: The veins located on the lateral aspect of the rat's tail was usefu l 

for col lecting small vo lumes « 0.1 mL) of blood. A slightly larger gauge needle (Sec 11 4 gauge) 

can be utilized. Because of the vein's size, larger blood volumes (approxi mately I mL) was 

obtained from weaning rats. For small blood volume coll ection, the tail vei n was punctured with a 

small gauge needle, we coll ected th e free-flowing blood for hemoglobin analysis (Parasuraman, 

Raveendran, & Kesavan,20 10; Kumar e1 al., 2017). 

3.5.1.2. Hemoglobin Analysis Using HemoCue Hb 301 

Principle of the lest: The absorbance of wll ole blood was measured at Hb/HbO, isobesti c point. 

It was read by spectrophotometry at 506 and 880 nm to compensate for tmbidity. 

Specimen: Type of sample: capi ll ary (fi nger stick) or anti-coagulated venous or arterial blood 

(EDTA or heparin in solid fonTI, no fluoride), 

volume of sample: 10 ].ll of whole blood. 

Equipment (I11t1 reagents 
HemoCue Hb 30 1 analyzer, HemoCue Hb 301 microcuvettes, 4 type AA batteries (1.5 V) and/or 

mains adapter, Non-sterile, single use gloves, Ti ssue or gauze, Alcohol swabs, Sterile lancets, 

Venous blood coll ection set (needles, syringe, sample tubes), Control solutions (Em otrol Hb 

301 control LowlNormallHigh), HemoCue cleaner swabs and PipetteParafilm or glass s lide 

Procedure 
~ Microcuvettes expiry date and vial open ing date were checked. 

~ Switch Oil the machine: Press and hold left button and the display was activated. 

~ Optronic unit was checked. 

~ When the display showed 3 fla shing dashes: the analyzer was ready to use. 

~ Cuvette holder was pulled out 

~ The resu lt was displayed 
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» The first 2-3 drops were wiped 

» The microcuvette was filled in one step process. The con-ect amount of blood (10 J.lI) was 

drawn into the microcllvette. The microcuvette were completely fill ed. Fina ll y, the sample 

were put in Hemocue to read the hemoglobin. 

3.5.2. Study Animal Handling and Ethical Considel"ation 

Animal were handled as per the National Research Council of National Academics Guide for the 

care and use of laboratory animal (20 11). During the whole experimental periods, all rats were 

receiving ad libitum deionized water and experimental diets. All rats were handled in a way that 

minimizes stress durin g weight measurement and blood sample collection. Blood sample were 

taken from lateral vein, tai l vein blood sample collection totally avoids the stress resulted from tail 

incision and convenient for frequent blood sample collection from rats. At the end of the 

ex perimental period, all rats were scarified under light diethyl ether anesthesia . The experimental 

procedures were can-ied out after the approval lethical clearance from Ethical clearance review 

board of college of natural science of Addis Ababa University. 

3.5.3. Experimental Diet Feeding 

Rats were fed with at animal department of Ethiopian Public Institute. We have six rats in each 

group which received intended experimental di et. First group of rats received diet containing 

adequate amount of electrolyte iron and deioni zed water, second group of rats received diet 

containing exceSs amount of electrolyte iron and deionized water , third group of rats received diet 

containing adequate amount of electrolyte iron and soil contamination with deionized water, fOUlth 

group of rats received diet containing excess amount of soi l contaminated with deionized water, 

fifth group of rats received diet containing adequate and hi ghly bioavai lable iron sulfate and 

deioni zed water and s ixth group of rats received diet containing adequate and highly bioavailable 

iron sulfate and excess soil contaminated with deionized water and the feeding period was for 

about 35 days (Sec Annex VJlI). 

During their feeding period 36 rats were placed in individual cage, we have also put racks in each 

cages in-order the feces not to be taken again. The cages were cleaned within two days of interval 

in-order to avoid suffocation. 
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3.5.4. Experimental Animal Scarification, Changing Whole Blood to Serum, E nd­

line Iron, Zinc and Copper Analysis 

The final blood sample was taken and animal scarification were conducted at cultural medicine 

Study department of Ethiopian Public Health Institute. For final blood sample intake, we used 

card iac Puncture for the larger amount of blood collection (Parasuraman, Raveendran, & 

Kesavan,20 10; Kumar et at., 20 17). 

Cardiac Puncture: Cardiac puncture was the prefelTed tecbnique fo r tenninal coll ection of large 

blood volumes (Parasuraman, Raveendran, & Kesavan,20 LO; Kumar et aI., 20 17). The animals for 

th is study had general anesthesia administered, diethyl ether was used as anesthesia and the 

animals were placed on its back on a solid surface. The xyphoid process was palpated at th e cauda l 

aspect of the animal's sternum. A notch was present on both sides of thi s process. A I inch 22 or 

hi gher gauge needle attached to a I - 3 mL syringe was inserted into either notch and directed 

toward the heart as determined by palpating for the healtbeal. Once the needle was inselted beneath 

the skin, gentle negative pressure was applied, by pulling backward on the plunger. The animal 

was sacrificed at the completion of the procedure prior to awakening from anesthesia . (See Annex 

IX) 

3.5.4.1. End-line Coll ected Blood Preparation/Changing the Whole Blood to Serum 

The blood samples taken with syringe were transfened to yellow top test tube and the test tubes 

were put inside ice box and transferred to Cl inical Chemistry Laboratory of Ethiopian Public 

Health Institute. The test tubes were put inside centrifuge having speed of 1000rpm for 3minutes, 

the serum and plasma were separated and then the supernatant(selUm) transfened to sample 

holding tube (yellow top tube) using micropipettes. The prepared serum samples were put inside 

icebox and taken to Center for Food Science and Nutrition of Addis Ababa University for 

temporary storage -20°c at deep freezer for a month. Finally analyzed at Bless Agri Food 

Laboratory located Laga-Tafo. (See Annex IX) 

3.5.5. Measured Serum IrOIl, Zinc and Copper for Experimental Animals 

Iron, zinc and copper content of thirty-six selUm samples were analyzed by using the below 

methods (See 3.5.5 .1 and 3.5.5.2) specifically designated way. 
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3.5.5.1. Sample Preparation and Serum Iron Analysis 

The total serum iron from samples were determined by, dilution of sample 1:2 with a 20% (w/v) 

tr ichl oroacetic acid (TCA) solution, and heated. Th is procedure precipitated the plasma protein 

and removed approximately 95% of hemoglobin iron present. We di scarded visibly hemolyzed 

samples, even though we believed that the TCA removes about 95% of hemoglobin iron. 

Equipment and reagellts 
Trichloroacetic acid (TCA), Polyethylene tube, Heater, Centrifuge, Pyrex-test tube and Atomic 

Absorption Spectrometer (AAS) 

Procedure: we analyzed the supernatant for iron using the conditions listed in the "Standard 

Conditi ons". Appropriate iron standards were prepared by diluting the iron stock solution , 

described in the "Standard Conditions" for iron, with 10% (w/v) TCA. A 10% (w/v) TCA solution 

was used fo r the blank. 

Since the samples were diluted 1:2 with TCA, we calibrated the instrument to read 2 x the actual 

concentration of the standards, then concentration was read directly. 

3.5.5.2. Sample Preparation, Serum Zinc and Serum Coppel' Analysis 

Copper and zinc content of thirty-six serum samples were analyzed by using the below methods. 

Sample Preparatioll: The serum copper samples were determined; first the samples were diluted 

with an equal volume of deionized water. Tn -addit ion , the serum z in c samples were determined by 

dilution of the sample 1:5 with deionized water. 

Equipmellt and reagents 
10% (v/v) glycerol, 5% (v/v) glycerol , Deionized water, Atomic Absorption Spectrometer (AAS), 

Copper stock standard solution and Glass test tubes 

Procedure: Samples were diluted with deionized water. The analysis was performed against 

standards prepared in glycero l to approximate the viscosity characteristics of the diluted samples. 

Determined the concentration of copper andlor zinc using the conditions as per "Standard 

Conditions". Copper standard was prepared by diluting the copper stock standard solution, 

described in the "Standard Conditions" for copper, with 10% (v/v) glycero l. A 10% (v/v) glycerol 

solution was used as a blank solution when detennining copper. Zinc standard was prepared by 
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diluting the stock standard solution , described in the "Standard Conditions" for zinc, with 5% (v/v) 

glycerol. A 5% (v/v) glycero l solution was used as a blank solution when determining zinc. Finally, 

thc sampl es were read directly on AAS. 

3.6. Statistical Analysis 

All analysis was conducted in triplicates and the data were analyzed using the software statistical 

package for social Science (SPSS) version 2 1. Descriptive statistics were used and the results were 

presented as mean and standard deviation. The six ex perimental di et feed ing groups were 

compared for hemoglob in, initial-weight, CRP and age at baseline level, wh il e at end-line level 

final -weight, liver weight, growth rate, selUm iron, selUm zinc and selUm copper also, their 

interaction were IUn under regression anal ysis for comparison of independent variables that were 

for dose and bioavai lability power identifi cation within experimental groups. Finall y, statistical 

differences among means were tested by Tucky's post-hoc test at 5% signifi cant level (p<O.05) . 
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Chapter Four 

Results and Discussions 



4_ 
~e and Discussion 

~:6C1; (iron sulfate, electrolyte iron and soil) total iron content was analyzed and based on 

Fa ~ySjS i:>I1 the experimental di et formulation dose was set as per previously chronic level 

art ;&vrt\ adequate or excess dose of iron in vivo studies report. The experimental diets were 
,c:7 

e"P vl!1t~"ased on bioavailability index(low/high) combined with iron overload impacting dose 

fo~ oeq~ dose dietary food. The fo mlUlated diets were given to weaning rats, to study it 's 
and ~ ... .. f . I d 0.0 -<lm Iron, serum ZinC, sermTI copper status 0 expenmenta groups were compare 

effeC;C ~ e I ~ .. .. I dd" b d . h h ___ !p "'tro group lor Iron-zmc-copper mteractJOn. n a .lIon, 0 y we.g t, growt rate, 
iPS '" 

aga .,.;>'Vejg~lere measured and compared with experimental control group/Adequate-FeSO. to 
liver tl; .,., en above measured parameters. 
streng;t: 

t:er~ing for Fortificants Total Iron Content 
4.1 . V e 

v I! fOlotal iron content for fonificants (el ectrolyte iron, iron sulfate and vertisol .ron 
The reS . 

of trlicale samples were analyzed, and the results were in mgt l OOgrams was prescnted 

content:) -r V . ~ed on anal ysis results the mean iron content for iron sul fate, electrolyte iron and 
e~ . 

on Ann . . 
e 1 .9J1l!1 OOg, 8.96mglI OOg and 4532.6mg/ 1 OOg In respecllve order. 

soil wef 

_ ~te ~ples offortificants (so il , electrolyte iron and iron sulfate) were compared each . I1c~ 

The triP 1l0wejus significantly different in total iron content (P<0.05). Our study was consistent 
other aIld S '1 . 

. 1/ 501 Il tal tron content analyzed and reported by Azene, (20 15) and Teklu, (2017a). 

for vertlS~be to4l iron content for fOltificants were not consistent with that of the label for 

However, tt"chl(] by supplier Hexagon Nutri tion P.L.C, India. Hence, we adjusted the fortificant 
' fi antS ~ 

fortI lC 0< ' I I I ' d b d . I d d . . of Ill"uemat.ca ca cu at.on an t e ose was set as per experlmenta stu y es.gn. 
dose by rtJ.JIl 

Illted Experimental Diets Total Iron Content 
4.2. Forrtl ll 

LlI"tedexperimental diet total iron content results were compared with that of control 
The five fOl-rt1 

!l li t), assurancc purpose. The fonnulated diets total iron content was statistical 
group for qU 

significance 
different (P<0.05) as presented in table 4.2. 

fi rtification/formulation and technical process were handled based on Reeves el oi., 
Though, the 0 

wrrolfAO, (2006) and Akhtar el ai. , (2010), the total iron content for formulated 

(1993) , d' tS were validated by determining the total iron content (for five samples/minimum 
. t I le expert men a 
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number of sam ples recommended) as quali ty assurance (Johnson e/ 01. ,2004; Suilburska, 

Bogdanski & Szul inska, 201 3; Dary & Hainsworth, 2008; Arruda e/ 01., 2013 and WHO/FAO, 

2008) reported. 

In-additi on, the experim ental di ets CV va lue was detennined by using total iron content. All 

fonnulated di ets total iron was homogeneous, since CV values were < S% as presented in table 

4.2 . The current resul t for CV va lues and total iron content were as pef Johnson et ai., (2004), 

Suilbufska, Bogdanski & Szulinska, (201 3), Dary & Hainsworth, (2008) Arruda et ai. , (201 3) and 

WHOIFAO, (2008). 

T able 4.2 Base line characteristics of ATN-93G fortifi ed with differ ent fo r tificants and iron 

content of each experimental formula ted diet 

Diet(4. l 4kg) Fortified Diet Iron Contcnt 

(mg/lOOg) 

AIN-93G Adequate Electrolyte Iron (Adequate-EI) 7.S7±0.29*' 

AJN-93G Excess Electrolyte Tron (Excess-ET) 3S.64±0.4S *b 

AJN-93G Soil with Electrolyte Iron (Excess-S+Adequate-EI) 44.1S± 1.39*' 

AIN-93G Only Soil as Imn Source (Excess-S) 37.SS± J .77*d 

AJN-93G Adequate lrou Sul fate (Adequate-FeSo4)1Control Diet 3.6±0.04*' 

AJN-93G Soil with Iron Sulfate (Excess-S+Adequate-FeSo4) 39.36±0.6*' 

Values are mean ± standard devIatIOn and superscrIpt (*) wIth m a row represents statIstI cally 

significant difference (P<O.OS). Di fferent superscript within a row represent % Coeffi cient of 

variati on value (CV) - a=3.88, b= J .27, c=3. J 6, d=4.7 1, e= I.26, f= I.49. 

4.3. Baseline C haracteristics of Experimental Rats 

The baseline characteri stics were measured for experimental rats (n=36) before realization of 

ex perimental study and th e results were presented in Table 4.3 and Ann ex VII. The baseline 
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measured (hemoglobin, we ight, age and eRP) were not significant ly different for all groups 

(P<O.OS). 

Table 4.3 Baseline Rats Profile within the Groups 

Measured Six Experimental Groups 

Baseline 

Parameters 
AJN-93G+ AIN-93G+ AIN-93G+ AIN-93G+ AIN-93G+ AIN-93G+ 

Adequate-EI Excess-EI Excess-S+ Excess-S Adeq uate- Excess-S+ 

Adequate-EI FeSo. Adequate-

FeSo, 

Hemoglobin 14.73±3.7' 14.7S± 3.6' 14.16±3.9' 14.2±2.6' IS.46±2.8' 14.06±2.6' 

(gldL) 

Age in days 24.S± J .59' 25± 1.6J ' 26.2± 1.5' 25±1.26' 24.5± 1.67' 26± 1.26' 

Initial 70.95 ± 6.05' 70. 18 ± 6.76' 71.38 ± 3.87' 71.38 ± 72.55± 73± 5.29' 

Weight(g) 1.54' 7.83' 

eRr Negative Negat ivl: Negative Negative Negative Negative 

" " Values are mean ± standard deViatIon and dIfferent superscnpt a row represent statIstIcally 

significance level (P<O.OS). Where, Adequate-EI- adequate electrolyte iron, Excess-EI- excess 

electrolyte iron, Excess-S+Adequate-EI - Excess dose of Soil plus adequate dose of electrolyte 

iron, Excess-S -only excess dose of soi l, Adequate-FeS04-Adequate dose of iron sul fate, Excess­

S+Adequate-FeS04- Excess dose of so il plus adequate dose of iron sulfate to be feed and assigned 

in to groups based on the above baseline measurement. 

Therefore, it is possible to conclude that the randomization process among groups was efficient 

enough. Rat hemoglobin measurement was adjusted by deducting 1.I g/dL from each rat 

measurement for Add is Ababa alti tude (2300 meter above sea level) (WHO, 20 1 I). 

4.4. End-line Measurements, Growth Rate and Weight Among Experimental 
Groups. 

The end line measured weight within experimental groups were compared using ANOVA for mean 

± standard dev iation value and there was a statistically significant difference (P<O.OS) between 
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groups, end-line we ight summarized under Table 4.4. Multip le linear regression result revealed 

that neither iron dose nor bioavailabi lty vari able individual effect was not signifi cant in end-line 

measured weight elevation (P<0.05). However, there was sign ifi cant effect for sum of independent 

variablcs (bioavailabil ity and dose of iron) sum effect in elevating end-line weight within groups 

(P<0.05) and (R2= 0.08), th at was dietary variables (b ioavailability and dose of iron) cou ld 

influence 8% weight gain variation within the groups. 

The end-line weight for experimental groups (Excess-EI, Excess-S and Excess-S+Adequate-EI) 

compared to the control group no statistically signi ficant difference was observed (P<0.05). 

However, comparative to the end-line weight for control group both experimental groups 

(Adequate-EI and Excess-S+Adequate-FeS04) end-line weight was statisticall y significantl y 

different (P<0.05). 

The end-line weight for Excess-S+Adequate-FeS04 group was consistent compared to previous 

similar chronic study (5 weeks) on weaning rats whi ch consumed dietary high dose of iron with 

adequate dose copper consumed group reported to be iron overloaded by Ha el a/., (2016) and 

fou nd to have end-line weight( 190-200g). Thus, experimenta l group Excess-S+Adeq uate-FeS04 

which consumed excess dose of soil iron combined with adequate dose of iron sulfate could have 

been exposed to iron overload because higher dose of bioavailable fOlm of iron consumption 

reported in declining growth by Soliman, Dc-Sanctis & Kalra, (2014). 

The end-line weight for control group was significantly higher than Adequate-EI group (P<0.05). 

The first presumed reason for control group and Adequate-EI variation could be, iron sulfate had 

more relative hioavail abil ity due to pa.iicle size difference (Hurrell , 1984; Arredondo el a/. , 2006 

and Degerud el a/. , 2015) affects greatly dialyzability and solubili ty at aqueous so lution of 

digestive system (Hurrell el a/., 2002). Secondly, compared to iron sulfate the electroly1e iron form 

precipitate wh ich hinders its absorption in gut due to less bioavailability repo.ied by Swain, 

Newman & Hunt, (2003). Thirdly, ill-vivo study-based electrolyte iron formulated diet consumed 

experimental rats showed significantly hi ghe r feca l iron/un -absorbed iron content repo.ied by 

Hu rre ll e/ a/., (2002) by resulting low hemoglob in regeneration efficiency. 

Similarly, the end-line weight for Adequate-EI group was consistent compared to experimental rat 

group whi ch consum ed dietary low dose of iron with adequate of copper reported by Ha el a/., 
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(2016) to be iron deficient and lower end-line weight (205-2 1 Og). Thus, Adequate-El group might 

to be mildly/Severel y iron deficient and iron defi ciency would induce growth retardati on. 

The end-line weight for excess electrolyte iron consumed experimental group (Excess-El) was 

consistent compared to that of contro l group in our study finding(P<0.05). Here again the possible 

reason could be for bioavailability difference reported by Hurrell el aI. , (2002) and Swain, 

Newman & Hunt, (2003) and also, the above di scussed reasons for Adequate-EI vs control group 

holds true here too . 

The end-l ine weight for experimental groups (Excess-El , Excess-S+Adequate-EI and Excess-S) 

was consistent compared with previous il1 vivo chronic study (5 weeks) on weaning rats which 

consumed dietary adequate dose of iron combined with adequate copper reported by Ha el al. , 

(2016) for end-line body weight (233-240 g). The end-line weight for experimental groups 

(Excess-El, Excess-S+Adequate-EI and Excess-S) agreed compared to another ill vivo study on 

weanin g male rat which consumed di etary adequate dose of iron reported by Fischer el al. , (2002) 

fo r end-line weight 263±4 g. Similarly, the end- line weight for experimental groups (Excess-EI, 

Excess-S+Adequate-EI and Excess-S) were consistent compared to il1 vivo study on weaning male 

rat which consumed moderately high dose of iron fommlated diets without iron 

overloadllipidperox idation inducer reported by Fischer el al. , (2002) for body weight 261 ±4 g. 

We used excess dose of soil contaminated source iron for experimental groups (Excess­

S+Adequate-EI and Excess-S) in addition, they consumed an extra adequate dose of electrolyte 

iron but, the sum of dietary intake did not affect growth which put us in dilemma. Our finding was 

contradictory, since excess dose of dietary iron consumption has been reported to induce growth 

retardation (Ha e/ aI. , 2016) . In addit ion, recent studies by Teklu, (20 17a; Guj a) & Baye, (20 18) 

reported that ex trinsic/soil contamination source of iron being bioavail able by inducing 

hemoglobin regeneration aDd proper growth. Similarly, on top of adequate dietary iron intake 

either adequate dose or excess dose of extrinsic soil contamination iron intake would led to iron 

overload indicated by Teklu, (2017a) and Guja & Baye, (20 18). Hence, by taking the above reasons 

as an input the experimental groups (Excess-S+Adequate-EI and Excess-S) were expected to have 

lower end-line weight/growth retardation as a result of iron overload. 
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However, the end-line weight for ex perimental groups (Excess-EI, Excess-S+Adequate-EI and 

Excess-S) were n0n11allunaffected growth status seen and this unexpected finding might be due to 

three possible reasons. The first reason, soil ingestion may bound to mucosal layer in the intestine 

for longer period reported by Gonza lez el 0./. , (2004). The second reason, electrolyte iron usually 

form precipitate in gut reported by Swain, Newman & Hunt, (2003) also, soil mostly contain other 

extrinsic nutri ents which hinders intrinsi c iron from being absorbed reported by Hooda el 0./. , 

(2004) due to interaction effect. The th ird reason, pal1icle size for both (electTolyte iron/soil) had 

significant effect in absorption rate reported by many authors Hunell , (1984), Anedondo et 0.1. , 

(2006) and Eirik et 0.1., (2015); could justify again for finding Excess-S+Adequate-EI and Excess­

S proper grow1h status /without any adverse effect. 

In summary, based on our study, excess dose of eleco·o lyte iron formulated diet, excess dose of 

soi l source iron formulated diet, adequate dose electrol yte iron combined with excess dose of soil 

source of iron fOn1mlated diet and adequate dose of iron sulfate formulated diet consumption 

would 110t create any difference in end-line weight. However, adequate dose of iron sulfate 

combined with excess soil source iron consumption presumed to induce iron overload whil e 

adequate dose of electrolyte iron presumed to inducing iron defi ciency. 
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Table 4.4. E nd-line Experimental Hats Profile for Groups 

Experimental Groups 

End-line AIN-93G+ AIN-93G+ ALN-93G+ AIN-93G+ AIN-93G+ AIN-93G+ 

Adequate-EI Excess-E I Exccss-S+ Excess-S Adequate- Excess-
Measured 

Adequate-EI FeSO, S+Adequate-

FeS04 

Final- 151.87± 227.55 ± 225.33 ± 224.55 ± 230.2 1 ± 134.71 ± 

Weight (g) 4.53' 13.65' 20.67' 
8.39*' 19.37' 8.61 *, 

Liver 5.97± 1.23*' 8.55±0.72' 8. I 9±0.4S' 8.49± 0.62" 8.89±0.89' 14.18± 0.84*' 

Weight(g) 

Liver/Body 

W eight 
3.93% 3.75% 3.63% 3.77% 3.86% 10.52% 

(Percentage) 

Serum Iron 88.07± 8.99*' 283 .63± 8.33' 284 .35± 8.27' 30 1.43± 5.07*" 290.62± 538.49± 11.28 *' 

(J.lgldL) 7.26a 

Serum Zinc 222. 16± 7.53' 226.38± 7.23' 22 1.23± 9.32' 224.35± 12.76" 222.3 6± 219.7 1± 4.82 ' 

(J.lg/dL 7.29' 

Serum 163.58± 4.39*' IS2.93±4.45' 148.85± 4.96' 152 .41 ± 6.94' IS4.4 1± II S.8 1± 4.7*' 

Copper 3.71 ' 

(J.lg/dL 

Values are mean ± standard deVIatIon and dIfferent superscrIpts "a" row represent statIstIcally 

tested at (P<O.05). Where, Adequate-EI-adequate dose of electrolyte iron , Excess-EI-excess dose 

of electrolyte iron, Excess-S+Adequate-EI-Soi l plus electrolyte iron, SOI- only soil , Adequate­

FeS04-adequate iron sulfate , Excess-S+Adequate-FeS04 - Excess dose of soil plus adequate dose 

iron sulfate were the consumed experimental diet type assigned for each group and we found the 

above end-line measurement. 
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4.4. t. Gl"Owth Rate within tbe Groups 

Growth pattern was ca lculated and summari zed under Figure 4.4. Experimental group (Excess-EI) 

whi ch consumed diet with excess dose of electrolyte iron grew higher with mean percentage 

weight gain and followed by control group. The least mean percentage of weight gain was 

displayed for experimental groups (Adequate-EI aLld Excess-S+Adequate-FeSO.) showed 

decreased growth rate (mean percentage of weight gain) compared to all groups. 

Experimental groups (Adequate-E l and Execss-S+Adequate-FeSO.) end-line weight and growth 

rate were signifi cantly lower than the control group(P<0.05). Supportive to our finding for 

Adequate-EI either low iron source food or low dose of iron dietary consumption reported to cause 

lower growth as result of iron deficiency discussed by Dhur,Galan & Hercberg, (1990). However, 

more recent different experimental studies reported for both (high dose of dietary iron and low 

dose of dietary iron consumption) were effective in decreasing body weight gain or less growth 

rate repOlted by Chen e/ ai., (2000) and Ha e/ ai., (2016). Therefore, our finding for end- line weight 

and growth rate were consistent. 

224% 
• Adcquatc-EI 

• Adequatc-FcS04 

• Exccss-S 

• Excess-S+Adequatc-EI 

• Excess-S; Adequate-FeS04 

Mean Percentage Of Body Innease within Group(Ojl,l) • Excess-EI 

~----

Figure 4.4 Mean Percentage of Body Weight Increase (growth rate). 

Adequate- E I-Adequate dose of electro lyte iron, Adequate-FeS04-Adequate dose of iron sulfate, 

Exeess-S+Adequate-EI-excess dose of soil and adequate dose of electrolyte iron, Excess­

S+Adequate-FeSO.- excess dose of Soil and adequate dose of iron sulfate, Exccss-S-Exeess dose 

of Soil only and Exeess-EI- Excess electro lyte iron formulated experimental diets consumed 

groups. 
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4.5. End-line Measured Liver Weight Characteristics within the Gronps 

The end line measured liver weight within experimental groups were compared using ANOYA for 

mean ± standard deviation value and there was a statistically s ignifi cant difference (p<0.05) 

between groups on measured end-line liver weight among experimental groups and presented in 

Table 4.4. Mu ltiple linear regression result revea led that both iron dose (R2 = 0.193) and 

bioavai lability (R2 = 0.342) variabl es individual effect was sign ificant in end-line li ver weight 

elevation (p<0.05). Based on our experimental study, dose could make 19% variation and 

bioavailab ili ty could make 34% variat ion in liver weight elevation hence, bioavail ability variable 

was more dominating than dose variable in elevating liver weight with in the groups. However, 

there was significantly higher for the sum effect of independent variables (bioavailability and dose 

of iron) in elevating liver weight used to be (R2= 0.535) within groups (p<0.05). Therefore, that 

was dietary variables based on our snldy could influence 53.5% variation in liver weight gain 

variation within the groups. 

The liver weight for control group was consistent compared to experimental groups (Excess-EI , 

Excess-S+Adequate-EI and Excess-S) (P<0.05). However, the li ver weight for experimental 

groups (Adequate-EI and Excess-S+Adequate-FeSO.) were statistically significant difference 

compared to control group (P<0.05). The liver weight of Excess-S+Adequate-FeSO. group was 

the highest, while the liver weight for experimental group AEI group was the least of all groups. 

In addition, we tried to compare liver to body weight, the three groups (Excess·EI, Excess· 

S+Adequate-EI and Excess-S) were consistent to the control group, but experimental group 

(Excess·S+Adequate-FeSO.) showed hi ghly elevated liver to body mass percentage while 

experimental group Adequate-EI the least value and presented under Table 4.4. 

The liver weight for experimental group (Adequate-E1) whi ch consumed adequate dose of 

electrolyte iron compared to control group was statistically significantly different (P<0.05). The 

liver weight for Adequate-EI group was consistent compared to previous in vivo study by Fischer 

et 01., (2002) which consumed low dose of iron (20ppm) w ithout oxidative stress inducing agent 

resulted liver weight 7 ± 0.2 g. In addition, Fischer et 01., (2002) added that low dose of iron 

declined liver iron concentration approximately by 45% since liver weight used to be correlated 

with iron amount stored in it. 
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Simi larl y, there cou ld number of reasons for Adequate-ET group lower liver weight finding ; it has 

been repOlted that electrolyte iron (for having larger particle size and correlated to cause less 

relative bioavailab ility) reported by Dabbagh el al., ( 1994). In addition, previously stud ied 

electrolyte iron formu lated diet consumed rats showed that higher fecal iron content repOlted by 

Hurrell el al. , (2002) and low hemoglob in regeneration effic iency. Supporting to above mentioned 

reasons low or adequate dose of electrolyte iron consumption could create insoluble precipitate in 

gut system and iron deficiency reported by Swain, Newman & Hunt, (2003) justilied the liver 

weight finding for Adequate-EI group. 

The liver weight for Excess-S+Adequate-FeS04 group was significantly higher compared to 

control group (p<0.05). The liver weight for Excess-S+Adequate-FeS04 group was consistent 

compared with similar study on rats provided AIN-93G formulated with iron sulfate at high iron 

doses (1500ppm) with oxidative stress inducing agent consumed li ver weight (13.8±0.7g) reported 

by Fischer et al., (2002) . However, our finding for li ver weight (Excess-S+Adequate-FeS04 group) 

was higher than what they have reported to be higher liver weight with higher liver iron 

concentration by Fischer el al., (2002) and they discussed that liver weight used to be correlated 

with liver iron concentration. S imi larly. iron mainl y stored in liver and during excess iron 

consumption liver weight used to be elevated since non-heme iron level in the liver increases as 

reported by Yeung el al., (2004). 

Supportively to elevated liver weight finding for (Excess-S+Adequate-FeS04 group), previous 

studies by Teklu, (2017a) and Guja &Baye, (2018) explained tbat extrinsic/soil contaminant source 

iron was bioavai lable in hemoglobin regeneration. In addition, (Teklu, 20 17a; Guja &Baye, 2018) 

indicated that extrinsic/soil contamination iron need to be consider during fOltificatio n since, it 

would cause other seri ous health problems (iron overload) as a result of adequate dietary dose set 

to be used as an intervention. Another major point, Excess-S+Adequate-FeS04 group consumed 

adequate dose of dietary iron sulfate and the iron su lfate being bioavail able also, it bad higher 

absorption rate reported by Hurrell el al., (2002). 

Though, th ere could be number of reasons for elevated liver weight finding (Excess-S+Adequate­

FeS04 group), having particle size small for iron sulfate would minimize the two iron sources 

(extrinsic soi l source and iron sulfate) interaction for each other or barrier effect with each other 
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would be minimized if and only if one of them particle size need to be smaller as ex plained by 

different authors, HUIl'ell , (1984), An edondo el 01., (2006) and OegeJUd el al. , (20 15). The above 

ra ised justifications cou ld have faci litated for increased iron absorption and elevated liver weight 

for experimental group Excess-S+Adequate-FeSO •. In addition , hi gh dose of iron consumption 

repol1ed to increase li ver weight discussed by Haap el 01., (2011) and Alkhatib, el 01., (2017) for 

being liver iron storage organ. This cou ld be correlated directl y to iron overl oad since it had major 

effect on liver weight increment. Therefore, Excess-S+Adequate-FeS04 experimental group 

absorbed higher iron and could to be in iron-overload state since iron used to be store in liver and 

it showed-up elevated li ver weight. 

The liver weight for experimental groups (Excess-EI, Excess-S+Adequate-EI and Excess-S) was 

consistent compared to control group (P<0.05). The liver weight for experimental groups (Excess­

EI, Excess-S+Adequate-EI and Excess-S) was consistent compared to previous in vivo study 

control group which consumed adequate dose of iron (45ppm) and reported li ver weight (8A±OA 

g) by Fischer ef 01., (2002). Simi larly, since we used excess dose for our experimental groups 

(Excess-EI, Excess-S+Adequate-EI and Excess-S) hence, we compared with moderately hi gh dose 

of dietaty iron consumed group without oxidative stress inducing agent found to have liver weight 

8.7±0.3g reported by Fischer el al., (2002) was consistent to experimental groups (Excess-EI, 

Excess-S+Adequate-EI and Excess-S) liver weight finding. 

However, liver weight fi nding for experimental groups (Excess-S+Adequate-Ei and Excess-S) 

since they consumed excess dose of iron and our expectation was to get higher liver weight due to 

the reason liver used to be iron storing organ reported by Haap et al., (2011) and Alkhatib, ef 01., 

(20 17). In fact, excess iron consumption would result iron overload and it was con elated with 

higher liver weight reported by Ha el 01., (20 16) and Klevay, (200 I). In addition, previously given 

explanation (Teklu, 20 17a; Guja & Baye, 2018) added that extrinsic/so il contaminant source iron 

for being bioavailable also, they indicated that interventional methods like fortification to consider 

the soi l contamination source iron since it would affect community health status. Therefore, the 

above-mentioned reasons contradicted to our finding of proper liver weight for experimenta l 

groups specifically for Excess-S+Adequate-FeS04 and Excess-S group hence, there might be three 

possible reasons. First, bioaccessibil ity of soi l source iron absorption to be lowered since other 

material like ca lcium, magnesium and manganese found to be the integral pati of extrinsic source 
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iron (soi l contamination) and soil source iron mostly create intrinsic vs extrinsic mineral 

interaction reported by Hooda el aI., (2004). Secondly, electrolyte iron form precipitate which 

hinders its absorption in gut to be less bioavai lable reported by (Swain , Newman & Hunt, 2003). 

Thirdly, particle size for electrolyte/soil larger sized fonificants to be less bioavailable discussed 

by many authors Hurrell , ( 1984), Swain , Newman & Hunt, (2003), Arredondo et al., (2006) and 

Degerud el al., (20 IS). 

Tn spite of the advantages of iron fortification in some foodstuffs , there are few concern s about 

di verse effects of producing oxidative stress as a result of excessive iron intake on top of normal 

status (Pouraram el al.,20 10). Also, high iron consumption reported for production offree rad icals 

that increase ox idative stress which used to he indicator for iron overload repOlted by ArTuda el 

al., (2013). In addition, high iron absorption would be stored at li ver and it was linked with iron 

overload, iron over load could induce lipid metabolism this may result to fatty li ver/ lipid 

perox idation (hepati c fat accumulation) reported by Ahmed, Latham & Oates, (20 12). Even though 

there were different biomarker for iron overload , lipid perox idation used to be among the one 

(Dabbagh el al., 1994). Therefore, based on our study we presumed one group to be iron 

overloaded but, conformation it is vital to conduct biomarker ana lysis. 

In summary, higher liver weight group (Excess-S+Adequate-FeS04) was almost identical with 

stud ies reported iron overloaded and we presum ed our group to be iron overloaded in terms of 

liver weight finding. Tn addition, we presumed that adequate electrolyte iron consumpti on to cause 

iron defi ciency and lower li ver weight as compared to control group. High dose of iron consumed 

groups (Excess-S,Excess-S+Adequate-EI and Excess-EI) did not make any significance effect in 

liver weight status. 

4.6. End-line Measured Serum Iron Characteristics within the Experimental 
Groups 

The end line measured serum iron value for experimental groups were compared usi ng ANOVA 

for mean ± standard deviation value and there was a statistically significant difference (p<0.05) 

between groups on measured end-line serum iron value presented on Table 4.4. Multipl e linear 

regression resu lt revealed that both iron dose (R2 = 0.314) and bioavailabi lty (R2 = 0.404) 

independent individual variabl es effect was sign ifi cant in end-li ne serum iron level elevation 

(p<0.05). Based on our experimental study dose could make 3 1 % variation and bioavailability 
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cou ld make 40% vari ation in serum iron level. Hence, bioavailabi li ty vari able was more 

dominating than dose based on our experimental study. However, there was significantly hi gher 

effect for sum of independent variables (bioavai lability and dose of iron) sum effect in elevating 

serum iron used to be (R2~ 0.717) within groups (1'<0.05) . 

The serum iron level for ex perimenta l groups (Excess-EI and Excess-S+Adequate-EI) compared 

control group was not sign ificantly different (p<0.05). However, the serum iron leve l for 

experimental groups (Adequate-EJ, Excess-S and Excess-S+Adequate-FeSO.) were signi fica ntly 

different compared to control group serum iron level (P<0.05). 

The serum iron level for experimental group (Excess-S+Adequate-FeSO.) was not consistent 

compared to control group (P<0.05). Simi larl y, serum iron level for Excess-S+Adequate-FeSO. 

group was not consistent compared to previous experimental study on rats which conswned dietary 

excess dose of iron(1500ppm) combined with adequate dose of copper(6ppm) found to be iron­

overloaded and serum iron level (3.82±1.24mg/L - 382± 12.4flg/dL) reported by Cockell a et al., 

(2005). Hence, the serum iron level for Excess-S+Adequate-FeSO. was significantl y higher than 

similar study reported to be iron overloaded (Cockella et al. , 2005) . Iron overload reported for 

s ignifi cantly affecting in increasing serum iron ind ices, expression of liver hepcidin gene and total 

tissue iron content compared with non-iron loaded reported by Vu'o'ng Le et al. , (201 1). Likewise, 

iron-overloaded rats displayed elevated non-heme iron levels in serum and liver, indicating a 

conditi on of systemic iron overload reported by Han & Kim, (2015). 

Similarly, the serum iron level for Excess-S+Adequate-FeSO. was not consistent compared to 

another previous iii vivo study on adu lt male Wi star Rats which consumed enriched bread with 

ferrous sulfate with doses (210 ppm) group reported by Heidari et al., (201 6) serum iron level 

(434 .2±48.854flg/dL) and used to be iron overloaded with antioxidant level changed. The serum 

iron level for Excess-S+Adequate-FeSO. group was signifi cantly higher than previous reported 

serum iron level by Cockella et al. , (2005) and Heidari et al., (20 16) which were iron overl oaded 

and there could be two possible reasons for variation ; first reason, it has been reported that 

different level of phytic acid for being sol part of wheat and phytic acid was among the 

micronutrients inhibitor as discussed by di fferent Authors Baye et al., (20 14), Hurrell , (2004) and 

Hurrell & Egli, (20 I 0) ; hence, Heidari et al. , (2016) reported experimental anima ls could have 

69 



been affected by phytic acid for less systemic leve l iron. The second possible reason could be age 

difference, iron is needed at hi gher level based on age and growth status specially at weaning stage 

high dose of iron intake has much more Sevier effect as compared adult stage di scussed by 

Hallberg, (2002) and Frazer et 01. , (2017), so, Excess-S+Adequate-FeS04 group of rats were at 

earl y stage of weaning and possibly could have absorbed excess dose of iron/iron overloaded . 

Therefore, th e serum iron level finding for Excess-S+Adequate-FeS04 group to be iron overloaded 

li ke as presumed in previous sections yet, biomarker analysis demanded . 

The serum iron level for Adequate-El group was not consistent compared to control group 

(P<O.OS). In addition, it was significantly lower than serum iron level finding compared to other 

experimental groups (P<O.OS). The serum iron level for Adequate-E! was not consistent compared 

with in vivo study on adu lt male Wistar Rats which consumed iron enriched bread formulated with 

adequate dose (3Sppm) of ferrous sulfate control group reported by Heidari el 01., (20 16) serum 

iron level (144.2S±23. 18 Ilg/dL) and iron deficient. Similarly, the serum iron level for Adequate­

E! was not consistent compared to severely and moderately iron deficient experimenta l groups of 

rats whi ch consumed low dose of iron (7ppm) resulted selum iron level (3S.S±4.7IltuoIlL 

- 198.32±26.2SllgldL) and (l9.4± 3.4llmollL - 108.37± 18.99IlgldL) in respective order for the 

groups reported by Uritski el 01. , (2004). The serum iron level for Adequate-E! group was 

s ign ificantly lower than previous studi es reported to be iron deficient by Heidari et 01. , (20 16) and 

Uritski el al., (2004). Therefore, based on our study adequate dose of electrolyte iron formu lated 

diet consumed could have been exposed to mild/Sevier iron deficiency but, biomarker analysis 

demanded. 

The serum iron level for experimental groups (Excess-El and Excess-S+Adequate-El) were 

consisten t compared to control group (P<O.OS). The serum iron level for experimental groups 

(Excess-EI and Excess-S+Adequate-EI) was consistent compared to previous in vivo study on 

weaning male rats and control group whi ch consumed WWF di et, experimental group which 

consumed diet formu lated with NaFeEDTA(60ppm) and experimental group which consumed di et 

formulated with NaFeEDTA(60ppm) combined with ZnS04(30ppm) reported by Akhtar et 01., 

(2010) serum iron level in respective order for the groups (2.82±0. 17Ilglg - 282±17IlgldL), 

(2.96±0.20 Ilg/g- 296±20 Ilg/dL) and (3.06±0. 12 Ilg/g- 306±12 IlgldL). Simi larly, the serum iron 

level for experimental groups (Excess-EI and Excess-S+Adequate-EI) were consistent compared 
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to another s imil ar ex perimental in vivo study on weaning male ra ts for control groups whi ch 

consumed di etary adequate dose of iron(35ppm) with adequate dose of copper(6ppm) reported by 

(Cockella el aI. , 2005) for serum iron level to be (2.72± 1.74mg/L - 272±17.4f1g/dL) . 

Though, we have ass igned excess dose for both groups (Excess-EI and Excess-S+Adequate-EI), 

our expectation was to find higher serum iron level. Indeed, equivalent range of serum iron leve l 

finding for Excess-EJ and Excess-S+Adequate-EI compared to another similar experimental 

contro l group (which consumed adequate dose) finding seems vague however, there could be four 

poss ible reasons for our normal range of serum iron level finding . First, the particle size for 

electrolyte iron was higher and hi gher particle size for fortificants would result less absorption as 

di scussed by different authors HUJTell , (1984), Arredondo et ai., (2006) and Degerud ef aI. , (201 5). 

Secondly, Harvey, Dexter & Damton-Hill , (2000) di scussed that the absorption of exchangeable 

contaminant iron could be subjected to the same positi ve interactions with other non-haem iron 

that was intrinsic/extrinsic to food . Thirdl y, electrolyte iron fOlm precipitate after ingested inside 

intestine and its absorption in gut to be less bioavailable reported by Swain,Newman & Hunt, 

(2003), Swain ,Newman & Hunt, (2007), Hurrell el al., (2002), Sihag el al. , (20 16) and Ziegler el 

al., (20 10). Fourthly, different studies reported for both (iron fOltifi cation/suppl ementation) of 

excess iron consumption had a potential of creati on inflammation by favoring photogenic 

anaerobic bacteri a growth while suppress ion nOlmal micro fl ora bacteria as well as delayed 

maturation intestinal cells for both rats and human assay due to hi gher systemic iron as reported 

by Alexeev el al. , (20 18), Dostal el aI., (2012), Tang ef al., (201 7) and Zimmermann ef al., (20 I 0). 

Therefore, by having the above mentioned four reasons in mind and extrapolating it for our finding 

(Excess-EI and Excess-S+Adequate-EI groups) either excess dose of electrolyte formulated di et 

or adequate dose of electrolyte combined with excess dose of extrinsic/soi l source iron would not 

create any change in serum iron level yet, serum iron is not the golden standard to confirm iron 

status. 

The serum iron level for experimental group (Excess-S) was not consistent compared with control 

group (P<0.05), that was the most surprising and different thing found in this section . Supportingly 

to our finding, previously conducted studies on extrinsic/soil contamination source iron was 

bioavailable also, they indicated that excess dose of soil source iron/ex trinsic could cause 
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community health problems (iron overload) and need to considered when implementation of 

interventiona l methods like fortification reported by Guja & Baye, (2018) and Tek lu, (2017a). 

However, the serum iron level fin ding for Excess-S group was not consistent compared with 

presumed to be iron overloaded experimental group (Excess-S+Adequate-FeS04)1 whi ch showed 

maximum serum iron level. Thus, the elevated serum iron level findings fo r Excess-S group could 

possibly have two reasons. Firstly, geophagic soil s after ingested may bound to mucosal layer in 

intestine for longer period which was pretty indicator to be balTier by Gonzalez e/ al., (2004) . 

Secondly, so il mostly contain other micronutrients as an integral part of it, specifically vertisol had 

higher cation exchanging capacity as a result, there might be minera l interaction discussed by 

Gonzalez el al. , (2004), Hazelton and Murphy, (2007). 

In summary, based on our finding excess dose of extrinsic soil source iron combined w ith adequate 

dose of iron sulfate consum ed group (Excess-S+Adequate-FeS04) serum iron level was 

signifi cantly elevated compared to control group and we presumed to cause iron overloaded. 

However, excess dose of extrinsic so il source iron formu lated (Excess-S) diet consumed group 

showed signifi cantly higher serum but, it did not reach neither previously reported iron overl oad 

studies nor our presumed to be iron overloaded serum iron level. Thus, biomarker tests needed to 

confirm iron starus for Excess-S and Excess-S+Adequate-FeS04 consumed groups. Adequate-EI 

consumption induced significantl y by lowering serum iron level and we presumed mi ld/Sevier 

iron deficiency yet, biomarker and other measurements needed. Finally, from our find ing, excess 

dose of ex trinsic soil source iron combined w ith adequate dose of electrolyte iron fonnulated diet 

consumption and excess dose of electrolyte iron fonnulated diet consumption would not make any 

significant effect on serum iron level but, other measurements in future needed for confilmati on 

by taking this srudy research gap as an input. 

4.7. End-line Measured Serum Zinc Characteristics within the Experimental 
Groups 

The end line measured serum zinc level for all groups were compared using ANOVA and there 

was no a statistically significant difference between groups (P<0.05), and our serum zinc level 

find ings were presented on Table 4.4. Similarly, mul tiple li near regression result revealed that 

neither individua l vari able (bioavai labi li ty or dose) nor, sum (bioavailability and dose of iron 

72 



interaction) effect of di etary iron consumption was not signifi cant in affectin g serum zinc status 

within groups (P<0.05) and (R'~O . O 19). 

Our serum zinc status findings for all groups which consumed dietary level iron formulated by 

using two-independent variables (bioava ilability and dose combination) were not signifi cant 

( 1.9%) in varying serum zinc status (P<0.05). Our serum zinc findings for all group were consistent 

with the reports by Storey & Greger, (1987), Roughead, Johnson & Hunt, (1999) and Olivares el 

a/., (2012) chronic dietruy level excess dose of iron consumption had no any signifi cant effect on 

SenllTI z inc status. 

However, previously acute dietary exposure of iron (12 days) study on weaning male rats which 

consumed vegetable based in fant food formulated by add ing extra dose of iron reported by 

Failweather-Tait & Southon, (1989) selum zi nc level (2.06 ~g1ml-206~g/dL) w ith small reduction 

in serum zinc status and raised body iron stores. Simi larly, cereal based diet with extra dose of iron 

consumed group repOlted by Fairweather-Tait & Southon, ( 1989) significantly higher serum zinc 

level was rcported 2.38~g/ml-238~g/dL. 

Similarly, the serum zinc level reported by Fairweather-Tait & Southon, (I989) for rats fed oats 

w ith extra dose iron resulted serum zinc level (2. 1 0~g/ml-2 1 O~g1dL) was inconsistent compared 

to contro l group (whi ch fed on laboratory purified rodent diet) serum zinc level used to 

be( 1. 88~g1ml- 1 88~g1dL). The inconsistency for serum zinc level variation reported by 

Failweather-Tait & Southon, (1989) cou ld possibly have three reasons. First reason, as reported 

by Olivares el al., (20 12) iron and zinc interaction was mainly depend on food matrix. Second 

reason, absorption of both inorganic zinc in rat was influenced by host and physiological factors 

that was mainl y take place at lumen of sma ll intestine reported by Kondaiah el al. , (2019). Third 

reason, the higher protein diet would make interaction by forming complex with zinc whi le, lower 

protein containing diets would not make interaction could be the profound reason as explained by 

Failweather-Tait & Southon, ( 1989) and Olivares el al., (20 12). Therefore, acute dietary adequate 

dose of iron or acute dietary excess dose of iron intake was effective in increasing body iron store 

and decreas ing zinc serum zinc status. 

In contrary to above points, recent chronic exposure of dietary iron study on adult male rats 

(experimental groups) which consumed whole wheat di ets fortified (using NaFeEDTA, Elemental 
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Iron, ZnS04 and ZnO) , diets were fOllllUlated by bioava il abi lity level (low/high) or dose level 

(adequate/moderately hi gh) combination of iron and zinc then the consumption effect on serum 

zinc level as reported by Akhtar el al. , (20 I 0) within the range (I .60±0. I 0 I'g/g- I 60±1 ~lg/dL, to 

I .84±0.08 I'g/g - I 84±8 I'gldL) . Similarly, the serum zinc level ( I ,59±0,07I'g/g- I 59±7I'g/dL) for 

control group fed with WFP food adult male rats reported by Akhtar el aI. , (20 I 0) was statistically 

cons istent compared to serum zinc value of their experimental group (P<0.05). Therefore, chroni c 

ex posure to different dietary dose with different bioavailability index for iron and zinc 

consumption was not effective in changing zinc serum zinc status , 

The serum zinc status for our experimenta l groups were consistent compared w ith serum zi nc 

status reported by Akhtar et aI. , (20 I 0) since, either adequate dose or excess dose of iron chron ic 

intake did not affect zinc status. However, figuratively Akhtar el al., (20 10) reported serum zinc 

level was smaller than our serum zinc finding and the possible reason could be. First reason, age 

difference, the oldcr rats consume more than younger and higher micronutri ent absorption 

associated with an improved appetite (Kim & Atallah , 1993 ; Khan ef al., 2014) also, hi gher dose 

of mi cronutri ents intake wou ld create micronutrient interactions reported by Ha e/ aI. , (20 16). 

Second reason, the experimental diets which has been used by Akhtar e/ aI., (2010) contain 

phytate, phytate used to be integral pa11 of cerea ls and it has been reported for being anti-nutritional 

factor by Windisch & Kirchgessner, (1999). Third reason, laboratory purified diet consumption 

would favor increment in serum ironlzinc leve l reported by Fairweather-Tait & Southon, (1989), 

Therefore, the above-mentioned reasons could have increased serum zinc level for our 

experimental groups compared to previous chronic dietary study and lower serum zinc level 

reported by Akhtar e/ aI. , (2010), 

Another study for chronic exposure of adequate and excess dose of iron consumed male weaning 

rats provided a profound result reported by Storey & Greger, (1987) revealed that only tissue level 

zinc was different and the differences were seen in all experimental groups. Moreover, there were 

limitations to studies on effect of iron on zinc absorption measurement by using circulating 

concentrations, since circulating concentrations did not necessarily indicate the net zinc uptake 

discussed by authors Sandstroem, (2001) and Whittaker, (1998), Which could tell us the research 

gap for our study an our study tried to used serum values to di fferen tiate the interaction level 

existence for iron , zinc and copper. Therefore, it would make it difficult for our findings to clearly 
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conc lude whether there was interacti on level or not for iron and zinc based on measured serum 

levels. 

Nevertheless, our finding on prevIOus sections (4.4 to 4.6) j ustified that Excess-S+Adequate­

FeS04 (iron overloaded), Adequate-EI (iron deficient) and presumed groups. Likewise, there was 

other view which support our presumed group for hi gh iron consumed/ iron overloaded compared 

to di fferent studies by Alexeev el al., (2017) , Dostal el al., (201 2), Tang el al. , (20 17) and 

Zimmenn an n el al. , (2010). It was explained that higher systemic iron cou ld be correlated with 

iron defici ency since both iron (fortifi cation/supplementation) had a potential for creation 

inflammation by favoring photogenic anaerobic bacteria growth while suppression normal micro 

flora bacteria as well as delayed maturation intestinal cell s for both rats and human assay (Alexeev 

el aI., 2017; Dostal el at., 2012; Tang el ai. , 201 7 & Zimmennann el ai. , 20 I 0). Similarl y, infection 

or infi ammation level wou ld be hi gh during Sev ier iron deficiency and iron overload/oxidative 

stress status discussed by Uritsk i el al., (2004) . However, it was reported that zinc had a major role 

in controll ing infection or infiammation status occurrence as a result of iron defic iency and iron 

overload cases (Gammoh & Rink, 201 7). Thus, having in mind the above-mentioned points, it was 

clear that zi nc status would decline during both cases (iron defici ency & iron over load) but, 

difficult to relay on serum status measurement as an indicator. 

Simi larly, previous study by Vallee & Falchuk, (1993) explained that organisms mostly become 

susceptible to oxidative stress as a result of iron overload/lipid-peroxidation and zinc deficient 

status. Likewise, there is impOltant reason which explained that during zinc defici ency the 

physiological system im med iate ly decrease in protein turnover as well as cell growth to preserve 

zinc body pools and causes growth retardation reported by Semrad, ( 1999) whi ch could support 

indirectly for iron overl oad presumed group (Excess-S+Adequate-FeS04) found to be growth 

retarded in previous sections. Likewise, another important point from past studies reported that 

simultaneous burden of iron and zinc deficiency occurrence (Ergu l el al., 20 18) in human (clinical) 

based study, as well as animal-based study reported by Rodriguez-Matas el al. , ( 1998) and 

Sandstead, (2000) for showed-up iron deficiency abili ty in alter ing metabolism of zinc and copper. 

Apalt from the above paragraphs rai sed points, recent rev iew di scussed that iron and zinc 

competition would not occur either excess dose of di etary iron consumption or adequate dose of 

dietary iron consumption (Oli vares el al., 20 12) due to two poss ible reasons. First, it was ex plained 
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by Olivares e/ al., (2012) during excess iron absorption zinc homeostasis capacit y wi ll be 

maintained and zinc level found within the system from running-out. Secondly, during excess 

di etary iTOn intake occasion iron and z inc use specifically assigned transportation mechanism for 

them as discussed by 01 ivares et al. , (2012), and the two reasons seemingly could justify our 

finding for our experimental groups. Though, our study measurement were fixed to serum and 

serum value measurement wou ld not clearly show proper micronutri ent status by Storey & Greger, 

( 1987) and Ha e/ al., (2016) . Thus, in order to resolve the above contradicting different ideas and 

reach confonnation fur ther study by measuring different organ as well as enzymes related to iron, 

zinc and copper as a biomarker analysis needed by taking our find ing as research gap . 

In sUlllmary, our study for dietary dose anay varied «(i'om adequate to excess intake) combined 

with bioavai lab ility array varied (from low to high) had no any statistically significant effect on 

serum zinc status . However, since our study relied on serum level measu rement, our study finding 

could not show clearl y micronutrients status so, further biomarker analysis for liver, kidney, spleen 

with blood micronutrient (1ron, Zinc and Copper) level could be confirmatoly. Thus, our study 

could be an input to initiate future study but, still remains research gap. 

4.8. End-line Measured Coppel- Characteristics within the Experimental Groups 

The end line measured serum copper value for experimental groups were compared using ANOV A 

for mean ± standard deviation value and there was a statistically significant difference between 

groups(P<0.05) presented on Table 4.4. Multiple linear regress ion result revealed that both iron 

dose (R2 = 0.244) and bioavailability (R2 = 0.248) variables as an individual variable effect was 

signi ficant in elevation end-li ne serum copper level (P<0.05). Based on our experimental study 

finding, dose could make 24% variation and bioavailabi lity could make 25% in serum copper level 

variation with in the groups. Thus, bioavai labili ty variable was more dominating than dose. 

However, tbe sum effect of independent variables (bioavai lability and dose of iron) were 

significantl y higher in elevating serum copper used to be (R2= 0.492) within groups (p<0.05) . 

Therefore, our study find ing the sum effect for di etary variables (dose combined with 

bioavai lab il ity) were infl uencing 49% vari ation in serum copper variation within the groups. 

The serum copper leve l for experimental groups (Excess-EI, Excess-S+Adequate-EI and Excess­

S) were not sign ificant ly different compared with contro l group (P<0.05). However, the serum 
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copper leve l fo r experimental groups (Adequate-EI and Excess-S+Adequate-FeSO.) were 

s ignificantly different compared control group (P<O.OS). 

The selUm copper level for experimenta l group (Excess-S+Adequate-FeSO.) was not consistent 

compared with contro l group (P<O.OS). However, the selUm copper level for experimental group 

(Excess-S+Adequate-FeS04) was consistent compared witb previous chronic (42 days) study on 

weaning male rats which consumed dietary excess dose of iron , marginal non-deficient copper 

dose and adequate dose of zinc acetate group reported by Klevay, (200 I) for serum copper level 

to be (1.1 ±0.16Ilglml- 110±16IlgldL) and mildly copper defici ent. 

Similarly, the serum copper level for experim ental group (Excess-S+Adequate-FeSO. ) was not 

consistent figurati vely compared to chronic study (S week) on weaning male rats which consumed 

excess dose of carbonyl iron combined with adequate dose of copper fotmulated AIN-93G diet 

group reported by Ha et 01., (2016) decreased serum copper level (0 .S-0.63Ilgfml - SO-63IlgfdL) 

and iron overloaded. However, excess dose of iron consumption overall effect in declining selum 

copper status reported by Ha et 01., (20 16) was consistent with ours finding for Excess­

S+Adequate-FeS04 group but, the figurati ve serum copper level variation could have two poss ible 

reasons. First reason, excess dose of iron consUJned group/iron overloaded reported by Ha et a/. , 

(2016) used to consume extremely high dose than previously studied oxidative stress! 

hemoclu'omatosis induced dose set by Anuda el 01., (2013) and it was rep0l1ed that extremely 

excess dose intake criticall y affects systemic level micronutri ents (Sandstroem, 2001 ; Whittaker, 

( 1998). Second reason, during experimental formu lation they have used sucrose, sucrose favors 

iron metabolism as di scussed by Reeves, (1997), which was antagonistic to copper absorption and 

justifies the figurati ve level variations. 

In support of serum copper level finding for Excess-S+Adequate-FeS04 group compared to 

different authors by KJevay, (2001) and Ha el aI., (2016) reported that during iron overload state 

copper level would decline. In addition, copper reported to be an imp0l1ant element in antiox idant 

catalytic enzyme which can take pal1 in declining susceptibility to oxidative stress also, copper 

was important element in mobili zation and metabolism of iron as discussed by Cockell a &Belonje, 

(2002) and Cockella et al., (200S). Therefore, increment in serum iron status and decreasing selUm 

copper status correlated with iron overload from different studies and it was consistent with 
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experimenta l finding for Excess-S+Adequate-FeS04 group which was presumed to be iron 

overloaded. 

The selUm copper level for experimenta l group (Adequate-El) was significantly elevated 

compared to control group (P<O.OS). The selUm coppcr level for Adequate-EI group in line with 

earli er discussion by Rodriguez-Matas et aI., (1998) which claimed during iron deficiency copper 

status used to be elevated tremendously whil e, zinc status will remain unchanged . Despite, 

Rodriguez-Matas el aI. , (1998) report was based on measured liver, spleen, sternum and femur. 

However, other stud ies supportive to previous justification, Campos et al., ( 1998) and Garcia et 

al., (2013) study added that high digestive and metaboli c utilization of copper observed in anemic 

rats compared with their control group. Also, Campos et al., (1998) and Garcia et al. , (2013) 

explained that iron deficiency may increase the absorption of other divalent cations such as copper. 

Moreover, Ranganathan et al., (20 1 I) report indicated that an increased in selUm and liver copper 

was correlated with iron deficiency in line with our finding for Adequate-EI group. 

Correspondingly, human based (on infants) studi es revealed that iron deficiency anemia was 

con-elated in increasing selUm copper level reported by Turgut et aI., (2007) Lonnerdal &Hernell , 

(1994) and Angelova et al., (20 14). Therefore, adequate dose of electrolyte iron consumption could 

have induced iron deficiency for our experimental group (Adequate-EJ). Yet, our measurement 

sticks on serum so, taking our finding as knowledge gap further biomarker analysis in future will 

be confi rmatory. 

The serum copper level for experimental groups (Excess-S, Excess-S+Adequate-EI and Excess­

EI) were not signifi cantly diffe rent compared to control group (P<O.OS). Simil arl y, the selUm 

copper level for experim ental groups (Excess-S, Excess-S+Adequate-EI and Excess-El) were 

strongl y consistent compared to previous s imilar chroni c study (42 days) on weaning male rats 

which consumed dietary adequate dose of iron with marginal non-deficient dose of copper and 

adequate dose of zinc acetate group reported by Klevay, (2001) for selUm copper level 

( I .S±0.07Ilg/mH SO± 7Ilg/dL). 

However, the selUm copper level for experimental groups (Excess-S , Excess-S+Adequate-EI and 

Excess-El) were not consistent compared with another similarl y chron ic study (5 weeks) on 

weaning male rats whi ch consumed dietary adequate dose of carbonyl iron combined with 
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adequate dose of copper formu lated A IN-93G reported by Ha ef aI. , (20 16) for serum copper level 

(1.2-1.3).lg/ml - 120- 130).lgldL). However, the overall effect was simi lar but, our experimental 

groups (Excess-S , Excess-S+Adequate-EI and Excess-El) serum copper level was significantl y 

higher than Ha e/ al. , (2016) reported figure and the figurative variation cou ld have two possible 

reasons. First reason, we formulated our experimental diets with excess dose of iron as per 

previously used to induce iron overl oad by Arruda el al. , (20 13), also, we used excess dose for 

extrinsic soil contam in ation scenario groups (Excess-S and Excess-S+Adequate-EI) and excess 

dose of soil contam inati on bioavai lable and bio-accessible as reported by Guja & Baye, (20 J 8) 

and Teklu, (2017a). Second reason, we used vertisol and vertisol had the highest potential of 

bioavailable iron compared other soi l varieties for having highest cation exchange capacity in the 

previous invitro study repOlted by Sm ith el al. , (2000) cou ld justify elevated serum copper level 

for our experimental groups (Excess-S and Excess-S+Adequate-EI). 

S ince our measurements were fixed on serum level only but, si mil ar studi es done previously tri ed 

to check liver, spleen, antioxidant enzymes which solely impart copper, femur, specificall y tissue 

and serum ceruloplasimn activity which used to be marker of copper status reported by 

Ranganathan el al. , (20 J J) and Pyatskowit & Prohaska, (2008). Therefore, serum iron, zinc and 

copper level measurements could be our study gap but, by taking our finding as an input further 

biomarker and other measurements will fill the gap as well as it will lead us to conformation. 

In summary, interestingly results were seen on our di scussion sections (4.4, 4.5 , 4.6, 4.7 and 4.8) 

w ith nearly si mil ar finin g were observed. That was experimental groups (Excess-S , Excess­

S+Adequate-EI and Excess-El) compared to control group showed up similar finding (weight, 

growth rate, liver weight, serum iron, z inc and copper) ; hence, dietary based excess dose of soil 

contaminated iron intake, dietary based excess electrolyte iron and dietary based adequate dose of 

electrolyte iron combined with excess dose of soil contaminated iron consumption would not result 

micronutrients or other physiological status variation. However, our finding and discussions for 

experimental groups (Adequate-EI and Excess-S+Adequate-FeS04) in previous sections 

compared to control group were not similar; hence, dietary based adequate dose of electrolyte iron 

intake would result iron deficiency and other physiological disorders. Similarly, dietary based 

adequate dose of iron sulfate combined with excess dose of soil contamination iron intake would 

result iron overload and other physiological disorders 
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Chapter Five 

Conclusion and Recommendations 



5.Conclusion and Recommendations 

The cunent study demonstrated that excess dose of extrinsic soil contamination on top of adequate 

electrolyte iron fOltified diet and excess dose of electrolyte iron fo rti fied diet consu mption did not 

affect iron, zinc and copper status compared to adequate dose of iron sulfate formulated diet 

consumption. However, excess dose of extrinsic soi l contamination source iron based formu lated 

diet consumption did not affect zinc and copper status but, it had significant affected iron status 

compared to adequate dose of iron sulfate fOlmulated diet consumption. In contrary, our 

experimenta l finding for adequate dose of electrolyte iron formulated diet consumption result 

affected both iron and copper status by result ing iron deficiency. Thus, dietary iron absorption and 

factors affecting bioavailability (particle-size mineral interaction) in the body would be tightly 

regulated for both electrolyte iron and extrinsic source iron, si nce they had higher particle size they 

could have clogged the lumen as result of physicochemical interaction at individual or both level 

consumption for the above stated scenarios could justify our findings. Previous studies showed 

that locally harvested cereals were contaminated with soi l and the total iron content was high, also 

recently in vivo based studies showed that soil contamination iron which was extrinsic to food had 

hemoglobin regeneration as well as bioaccessib le; from this paper finding it is poss ible to conclude 

that excess dose of soi l contaminated iron (extrinsic to food) when combined with routine 

dietary/fortified food (with iron sulfate at adequate dose) consumption will affect the 

micronutrients status as well as lead to oxidative stress and the possible reason could be 

physicochemical (particle-size and mineral interaction) were low. However, extrinsic soil 

contamination combined with dietary/fol1ified intake of electrolyte iron compounds will not affect 

micronutrient status. 

From cun'ent study excess dose of extrinsic so il contamination on top of adequate iron su lfate 

based formulated diet consumption affected both iron status and copper status compared to 

previous studies yet, zi nc status was not affected; but, it not enough to reach confonnation since 

serum analysis is go lden standard. Likewise, as per most studies indicated, serum value did not 

indicate the actual micronutri ent status but, senun level micronutrients finding were indicatives . 

Thus, future studies will fill the gap by measuring oxidative status using biomarkers si nce, both 

zinc and copper P3l1icipate in an antioxidant enzyme. Apart from it there is a need for extensive 
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and exceedin g measurements based on in vivo study in future needed by ta king thi s study gaps as 

an input to conclude in general for micronutrients status and oxidative stress level as a result of 

iron overload based on biomarker indicators. 

Extrinsic soil contamination for containing higher total iron w hich was an integra l part of local 

cereals in our country and for showed up fair bioavailabili ty/utili zabi lity efficiency. Therefore, it 

is recomm ended that to reconsider contaminati on iron effect during iron fort ificatio n and 

suppl ementation program implementation at national level in-o rder the society not to be exposed 

to irol1 overload, zinc and copper related deficiency. 
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ANNEX 

Annex I: Soil Sample Preparation 

Annex II: Experimental Diet Formulation/Fortification 
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Annex ill: Homogenization of FormulatedlFortified Powder Diet 

Annex IV: Pelletizing and Drying Experimental Diet 
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Annex V: Iron Content of Fortilicants Before Experimental Diet Formulation 

Fortificant Type Result in mg/lOOg 

Iron Sulfate 1.9±O.O35*' 

Electrolytc Iron 8.96±O.45*b 

Soil 4532.6±O.23*" 

* All results were exprcssed In mean ± standard devIatIOn and supcrscripts (a, b and c) with in a 

row represent significance levcl at (p<O.05) and (*) - superscript reprcsent mean ± standard 

deviation s ignificantly different each other in iron content. 

Annex VI: Formulated Experimental Diet Intended Iron Content Vs Analyzed and 
Found to be Iron Content (AAS Out Put at Bless Laboratory) 
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44.15 

• Intended Fe(mg/t OOg) 

• Results of Fe(mg/J OOg) 

* Adcquate-EI- Adequate clectrolyte iron, Adequate-FeS04-Adequate Iron sulfate, Excess­

S+Adequate-EI - Excess dose of soi I combined with adequate dose of electrolyte iron , Excess­

S+Adequate FeS04 - Excess dose of soil combined with adequate dose of iron sulfate, Excess-S­

Only excess dose of Soil and Excess-EJ- Excess dose of Electrolyte Iron were the fortificants type 

added to experimenLal diet. Intended Iron- Mean iron content expected to be incorporated in 
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mg/IOOg and Iron Result- After fortification' of experimental diet analyzed for mean iron content 

in mg/lOOg. 

Annex VII: Animal Screening and Baseline Measurement 

Annex VIII: Experimental Animal Feeding and Pre-End-line Protocol (Anesthesia) 
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Annex IX: End-line Measurement and Whole Blood to Serum Changing for 
Analysis. 
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