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Summary 
 

Background 
Malnutrition in the developing world affects primarily infants and young children, most 

of whom being extremely susceptible. Forms of malnutrition are underweight (light for 

age), stunting (short for age), wasting (light for height), as well as micronutrient 

deficiencies (iron, iodine, zinc, vitamin A). Ethiopia has one of the highest 

malnutrition rates in the world, with every second preschool child being stunted, 

and/or anemic. Malnutrition can be caused by various factors – sole or combined – 

such as dietary inadequacy, infections, or socio-cultural influences, such as low 

income, poor hygiene or lack of health care. It is well recognized that in the first two 

years of life a child is most susceptible to any form of malnutrition. The critical phase 

is the transition from breast milk to complementary foods, the latter being needed to 

cover the gradually increasing energy and nutritional demands of an infant. A lack of 

good quality food (in macro- and micronutrients) can lead to growth faltering and 

reduced nutritional status manifesting negatively in mental and psychomotoric 

development. In developing countries, children in resource poor areas often depend 

on monotonous diets, mainly based on staple foods such as cereals or tubers, with a 

low energy and nutrient density. However, the most appropriate complementary 

foods are in a nutritionally dense form, well digestible, and should be prepared with 

high hygienic standards. In this respect, animal source foods such as meat, milk, 

eggs and offals are deemed desirable as they offer high quality proteins, energy, are 

nutrient dense and an excellent source of micronutrients, such as iron and zinc. 

Nevertheless, despite common livestock holding in Ethiopia, animal products are 

rarely consumed by the poor, as a rule, because of availability, tradition, economic or 

other reasons. There are two different pathways by which livestock keeping can 

influence consumption patterns: direct consumption or market sales leading to cash 

income.  

 
Aim 
The principal aim of this thesis was to investigate in a longitudinal study design the 

impact of livestock keeping on animal food consumption and its association with the 

nutritional status of children 6 to 18 months in a resource-poor area in Central 
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Ethiopia. Furthermore, the daily diet of the study children was assessed and 

analyzed in respect to their growth, iron and vitamin A status over a 12 months 

period.  

 

Design 
A total of 297 healthy 6-month-old children was recruited for the study in and around 

the Debre Zeit area, in the Highlands of Ethiopia. These children were stratified into 

two study groups: by their households either practicing small animal production 

(SAP, i.e. chicken, sheep, goats) or not (121 vs. 176). During the bi-monthly visits for 

one year (total of 7 visits), information was collected for the respective prior last two 

months about dietary intake, morbidity incidence and livestock holding of the 

household. Weight and length was also recorded to evaluate the nutritional status, 

i.e. the prevalence of stunting, wasting and underweight. Representative samples of 

the Ethiopian staple food injera were collected and analyzed for iron, phytic acid and 

zinc. At the end of the study a venous blood sample was drawn from the study child 

and analyzed for hemoglobin, ferritin and retinol to assess the incidence of anemia, 

iron deficiency, iron deficiency anemia and vitamin A deficiency. 

 

Results 
The average income in SAP households through animal sales and their byproducts 

reflected only about 1% of their total income. Furthermore, more eggs from their own 

production were consumed than sold (two thirds vs. one third). The yearly egg 

consumption stood with 126 ± 7 as opposed to 103 ± 5 pieces significantly in favour 

of families with SAP rather than those without.  

 

The most frequently consumed food from the study children was injera, the 

traditionally fermented Ethiopian staple made of the grain tef. Nearly 100% of the 

children from both study groups consumed injera at 18 month. Other foods 

commonly consumed at that age were bread (90%), biscuits (77%), and 

gruel/porridge (45%). The commonly consumed animal source foods were cow’s milk 

and eggs. Study children from the group without SAP were more likely to get cow’s 

milk (P<0.01), with more than every second child (56%) at 6 months and still every 

third child at 18 months (32%) compared to the study children with SAP, at 6 months 

every third (30%) and at 18 months only 11% being fed cow’s milk. The prevalence 
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of eggs consumed increased over the year, with the trend that more study children 

from the SAP groups received eggs as complementary food than no SAP children (at 

18 months 53% in SAP and 36% in no SAP group, respectively). Food diversity 

scores were highest in both groups at around 14 months, SAP children having a 

significantly lower score than their counterparts (6.4 ± 2.6 vs. 7.1 ± 3.0).  

 

The mean occurrence of stunting (HAZ below -2SD, Anthro standards) of all study 

children increased from 7% to 47% over the study year. In general, children from 

households with SAP were more likely to be stunted than children from households 

without. Wasting (WHZ) occurred in 5% to 14% of study children aged 6 to 18 

months, with no significant difference between the two study groups. The prevalence 

of underweight (WAZ) in study children increased from 13% at 6 months to 23% at 

18 months; significant differences were found at 8, 10 and 14 months; children from 

the SAP group suffered more from underweight. 

 

Anemia was prevalent in 68% (Hb cut off of 110 g/L) or 31% (Hb cut off of 100 g/L) of 

both study groups (at 18 months, n=237); ID (Ferritin <12 µg/L) was found in 60%; 

49% (Hb cut off of 110 g/L) or 30% (Hb cut off of 100 g/L) suffered from IDA; around 

47% were vitamin A deficient (plasma retinol <0.7 µmol/L). None of the measured 

blood parameters differed between the SAP and no SAP children (P>0.05). 

 

Conclusions 
The potential positive impact of small animal production on the investigated 

parameters could not be confirmed in the study. The means of identifying and 

quantifying the consequences of animal keeping on the nutritional status of children 

were found to be very complex. The SAP households consumed directly ASF from its 

small animal production, but to such a modest extent and in such an irregular manner 

that the benefits are negligible. Chicken production also tended to result in a higher 

consumption of eggs in study children, but the differences in consumption 

frequencies to study children from households without SAP were not always 

statistically significant. The results showed that growth faltering, ID, IDA, and VAD 

were all highly prevalent forms of malnutrition in this region. Particularly stunting, as a 

long-term form of growth faltering, was observed in both groups at the beginning of 

the study and showed during the following 12 months a rapidly increasing incidence, 
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children from SAP households being more often affected. An explanation thereof 

could be found in different measured factors; these interacted in numerous and often 

unquantifiable ways. Principal negative aspects were the predominantly rural setting, 

this leading to a series of additional disadvantages such as the reduced availability of 

health services, water sources, utilities, and close access to markets, the latter 

probably having led to a lower diet diversity. In perspective, the observed sharp 

growth faltering within the first two years of life confirm the importance of preventive 

intervention being undertaken at this stage.  
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Zusammenfassung 
 

Hintergrund 
Mangelernährung in Entwicklungsländern betrifft vor allem Kleinkinder und Kinder im 

Vorschulalter, deren beide dafür sehr anfällig sind. Formen von Mangelernährung 

sind sowohl Untergewicht (WAZ, Gewicht für Alter), Kleinwüchsigkeit (HAZ, Grösse 

für Alter) und Auszehrung (WHZ, Gewicht für Grösse) als auch Defizite in 

Mikronährstoffen (Eisen, Iod, Zink, Vitamin A). Äthiopien zeigt eine der grössten 

Prävalenzen von Mangelernährung in der Welt: jedes zweite Kind  im Vorschulalter 

ist kleinwüchsig und/oder leidet an Blutarmut. Mangelernährung kann viele 

verschiedene Ursachen haben – entweder einzeln oder kombiniert – wie 

unangemessene Ernährung, Infektionen, oder soziokulturelle Einflüsse wie tiefes 

Einkommen, schlechte Hygiene oder das Fehlen von Gesundheitsvorsorge. Es ist 

allgemein anerkannt, dass ein Kind während der ersten zwei Lebensjahre am 

anfälligsten auf Mangelernährung ist. Diese kritischste Phase ist geprägt von der 

Umstellung von Muttermilch auf Beikost, wobei die Beikost die  wachsenden Energie- 

und Ernährungsbedürfnisse des Kleinkindes decken muss. Das Fehlen von qualitativ 

guter Beikost (in Mikro- und Makronährstoffen) kann sowohl zu Wachstumsstörungen 

als auch zu einem reduzierten Ernährungsstatus führen, wobei letzteres sich negativ 

auf die mentale und psychomotorische Entwicklung auswirkt. Oft hängen Kinder in 

Entwicklungsländern von einseitiger Kost ab, die vor allem aus Cerealien und 

Knollengewächsen besteht, welche meistens eine kleine Energie- und 

Nährstoffdichte enthalten. Eine angemessene und qualitativ gute Beikost hingegen 

zeichnet sich aus durch eine hygienische Zubereitung, eine hohe Energiedichte und 

leichte Bekömmlichkeit. Diese Anforderungen erfüllen zum Beispiel Produkte 

tierischer Herkunft wie Fleisch, Milch, Eier und Innereien, da diese qualitativ 

hochstehende Proteine und eine hohe Energiedichte aufweisen. Zudem sind sie eine 

sehr gute Quelle von Mikronährstoffen, besonders von Zink und Eisen. Obwohl in 

Äthiopien Tierhaltung weit verbreitet ist, stehen tierische Produkte aufgrund 

mangelnder  Verfügbarkeit, tradierter Sitten und ökonomischer Sachzwänge kaum 

auf dem täglichen Speiseplan von Familien mehrheitlich ressourcearmer Gegenden. 

Tierhaltung kann jedenfalls das Ernährungsverhalten auf zwei verschiedene Arten 
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beeinflussen: entweder durch direkte Konsumation oder durch Marktverkauf, der 

wiederum Einkommen ermöglicht. 

 

Zielsetzung 
Die vorliegende Doktorarbeit untersuchte den Einfluss von Tierhaltung auf die 

Ernährungsgewohnheiten bezüglich Produkte tierischer Herkunft. In Verbindung 

damit wurde in dieser Langzeitstudie der Ernährungszustand von 6 bis 18 Monate 

alten Kindern in einer Gegend mit wenig Ressourcen in Zentral-Äthiopien erforscht. 

Zudem wurden über den Zeitraum von 12 Monaten die allgemeinen 

Ernährungsgewohnheiten der Studienkinder analysiert und in Zusammenhang mit 

ihrem Wachstum, Eisen- und Vitamin A-Status erforscht.  

 

Design 
297 gesunde Kinder im Alter von 6 Monaten und deren Familie nahmen an der 

Studie in der Gegend von Debre Zeit, im Hochland Äthiopiens, teil. Die Kinder 

wurden in zwei Gruppen aufgeteilt: in Haushalte mit Tierhaltung (SAP = Small Animal 

Production, d.h. Hühner, Schafe, Ziegen) oder solche ohne Tierhaltung (121 vs. 

176). Alle zwei Monate wurde während eines Jahres den Familien ein Besuch 

abgestattet (Total 7 Besuche), wobei folgende Informationen gesammelt wurden: 

Ernährungsgewohnheiten der Studienkinder, Krankheitsvorfälle und Tierhaltung des 

Haushaltes. Grösse und Gewicht der Kinder wurden auch erfasst, um das 

Vorkommen von Wachstumsstörungen festzuhalten. Typische Essensproben vom 

Nationalgericht Injera wurden gesammelt und auf deren Eisen-, Phytinsäure- und 

Zinkgehalt analysiert. Am Ende der Studie wurde dem Kind eine venöse Blutprobe 

entnommen und untersucht auf deren Gehalt von Hämoglobin, Retinol und Ferritin, 

um eine allfällige Blutarmut, bzw. einen allfälligen Eisen- oder Vitamin A-Mangel 

festzustellen.  

 

Resultate 
Das Durchschnittseinkommen der SAP Haushalte aus dem Verkauf von Tieren und 

deren Produkte betrug nur etwa 1% des Gesamteinkommens. Der familiäre 

Eierkonsum aus Eigenproduktion war grösser als der Verkauf (zwei Drittel zu einem 

Drittel). Der jährliche Eierkonsum war in SAP Haushalten mit 126 ± 7 Stück 

signifikant höher als in tierlosen Haushalten mit 103 ± 5.  
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Injera, ein fermentiertes Fladenbrot aus dem Getreide Tef, das traditionelle Gericht 

aus Äthiopien, wurde von den Studienkindern am häufigsten konsumiert. Mit 18 

Monaten assen fast 100% der Kinder von beiden Untersuchungsgruppen Injera 

täglich. Andere übliche Beikost mit 18 Monaten war Brot (90%), Kekse (77%) und 

Brei (45%). Üblicherweise konsumierte Produkte tierischer Herkunft waren Kuhmilch 

und Eier. Studienkinder von Familien ohne Tierhaltung erhielten eher Kuhmilch als 

solche von Familien mit (P<0.01), wobei mindestens jedes zweite Kind (56%) mit 6 

Monaten und immer noch jedes dritte Kind (32%) mit 18 Monaten Kuhmilch 

konsumierte, während 30% von Kindern mit 6 Monaten und nur 11% mit 18 Monaten 

von Familien mit Tierhaltung Kuhmilch tranken. Der Eierkonsum über das Studienjahr 

zeigte eine zunehmende Prävalenz (mit 18 Monaten 53% der Kinder von Familien 

mit Tierhaltung, bzw. 36% von denen ohne Tierhaltung), wobei die erstere Gruppe 

eher Eier als Bekost erhielt als die Gegengruppe. Die Lebensmittelvielfalt war im 

Alter von 14 Monaten in beiden Gruppen am höchsten; Kinder von Familien mit 

Tierhaltung konsumierten eine signifikant tiefere Anzahl verschiedener Lebensmittel 

(6.4 ± 2.6 bzw. 7.1 ± 3.0). 

 

Das durchschnittliche Vorkommen von Kleinwuchs (HAZ unter -2 

Standardabweichungen, Anthro Standard) von allen Studienkindern nahm von 7% 

auf 47% während des ganzen Studienjahres zu. Im Allgemeinen war die 

Wahrscheinlichkeit der Kinder von Familien mit Tierhaltung grösser, kleinwüchsig zu 

sein als von der Gegengruppe. Auszehrung (WHZ) war präsent in 5% bis 14% der 

Kinder von 6 bis 18 Monaten, es wurden jedoch keine Unterschiede zwischen den 

Studiengruppen gefunden. Die Prävalenz von Untergewicht (WAZ) nahm von 13% 

mit 6 Monaten auf 23% mit 18 Monaten zu; signifikante Unterschiede zwischen den 

Gruppen fanden sich bei 8, 10 und 14 Monaten, wobei Kinder von Haushalten mit 

Tierhaltung eher davon betroffen waren.  

 

Von Blutarmut waren 68% (Hb Grenzwert von 110 g/L) oder 31% (Hb Grenzwert von 

100 g/L) der Studienkinder betroffen (mit 18 Monaten, n=237); Eisenmangel (Ferritin 

<12 µg/L) betraf  60%, Eisenmangelanämie 49% (Hb Grenzwert von 110 g/L) oder  

30% (Hb Grenzwert von 100 g/L); ungefähr 47% der Studienkinder wiesen einen 
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Vitamin A-Mangel auf. Alle untersuchten Blutwerte unterschieden sich nicht 

signifikant zwischen beiden Studiengruppen.  

 

Schlussfolgerungen 
Der mögliche positive Einfluss von Tierhaltung auf die untersuchten Parameter 

konnte in der Studie nicht bestätigt werden. Die Identifizierung und Quantifizierung 

der Konsequenzen von Tierhaltung und deren Auswirkungen auf den 

Ernährungsstatus der Studienkinder stellten sich als sehr komplex heraus. Haushalte 

mit Tierhaltung konsumierten zwar direkt Lebensmittel tierischer Herkunft von ihrer 

Eigenproduktion, aber in einem solch bescheidenen Ausmass und so unregelmässig, 

dass der Nutzen vernachlässigbar ist. Die Hühnerproduktion führte zwar zu einem 

tendenziell höheren Konsum von deren Eiern, doch die Unterschiede in der 

Konsumfrequenz durch die Studienkinder waren unter den Gruppen statistisch 

gesehen nicht immer signifikant. Die Studienresultate zeigen, dass 

Wachstumsstörungen, Blutarmut, Eisen- und Vitamin A-Mangel weitverbreitete 

Formen von Mangelernährung in der Studiengegend waren. Besonders Kleinwuchs, 

eine Langzeitauswirkung von Mangelernährung, wurde in beiden 

Untersuchungsgruppen von Beginn der Studie beobachtet und deren Verbreitung 

nahm über die zwölf Monate Studiendauer stetig zu, vor allem in Familien mit 

Tierhaltung. Gründe, wieso gerade Kinder von Familien mit Tierhaltung stark von 

Wachstumsstörungen betroffen waren, sind vielfältig und wahrscheinlich stark 

miteinander verstrickt. Die Hauptgründe jedoch waren vor allem, dass diese 

Haushalte eher in ländlichen Gebieten angesiedelt waren, was zu einer zusätzlichen 

Benachteiligung dadurch führte, dass Gesundheitsdienste, Wasserquellen, 

öffentliche Versorgung und Marktzugang eingeschränkt waren, letzteres 

höchstwahrscheinlich dazu führend, dass die Ernährungsvielfalt limitiert war. Mit 

einem Blick in die Zukunft: Die beobachteten stark ausgeprägten 

Wachstumsstörungen innerhalb der ersten zwei Lebensjahre bestätigen die 

Notwendigkeit, dass Präventionsmassnahmen während dieser Zeit ergriffen werden. 
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1. Introduction 
Malnutrition in the developing world affects primarily infants and young children, most 

of whom being extremely susceptible. Forms of malnutrition are underweight (too 

light for age), stunting (too short for age), wasting (too light for height), as well as 

micronutrient deficiencies (iron, iodine, zinc, vitamin A). All these can be caused by 

various factors – sole or combined - such as dietary inadequacy, infections, and 

socio-cultural influences, such as low income, poor hygiene and lack of health care. It 

is estimated that globally 35% of child deaths <5 years are nutrition-related (Black et 

al., 2008). 

 

Physical growth is usually monitored as one of the indicators of children’s well-being, 

with stunting as a sign of cumulative long-term malnutrition. Despite increases in 

population, the prevalence of stunting in developing countries has decreased from 

47% in 1980 to 32% in 2005, but its prevalence has increased in Eastern Africa, 

where its highest level is found, with 50% of preschool children being affected (Black 

et al., 2008). 

 

Together with breast milk, the World Health Organization (WHO) recommends the 

introduction of complementary foods at 6 months (WHO, 2004). Prior to this, the 

micronutrient and energy needs of exclusively breastfed children are normally met. It 

is estimated that 10% of the deaths of under five-year-olds could be prevented at a 

global level if children were exclusively breastfed for the first six months (Black et al., 

2008). The transition from breast milk to complementary foods is a critical phase, as 

complementary foods need to cover the gradually increasing energy and nutritional 

demands of the infant. A lack of good quality food, in combination with increased risk 

of diarrheal diseases from contaminated foods, can lead to growth faltering. In 

addition, an adequate micronutrient intake and status is essential for normal growth 

and development; and a diet low in micronutrients such as iron, zinc, iodine and 

vitamin A is a public health concern as the prevalence of deficiencies in these 

micronutrients is extremely high in developing countries. Major health consequences 

of micronutrient deficiencies during early life are negatively manifested in mental and 

psychomotoric development (iron deficiency anemia) (Lozoff et al., 2000) and 

increased morbidity (particularly blindness), mortality and poorer growth (vitamin A 
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deficiency) (WHO/FAO, 2004). Also leading to the impediment of linear growth (as 

well as morbidity) is a suboptimal zinc status (WHO/UNICEF, 1998). It has been well 

recognized that in the first two years of life a child is most susceptible to any form of 

malnutrition. This time period, the so called "window of opportunity", is the most 

precious and effective time to combat malnutrition. Interventions undertaken at this 

time show the best results (Shrimpton et al., 2001). 

 

In developing countries, children in resource poor areas often depend on 

monotonous diets, mainly based on staple foods such as cereals or tubers, with a 

low energy and nutrient density. These staples often contain high amounts of dietary 

fiber and related components such as phytic acid, which is known to have a strong 

inhibitory effect on iron and zinc bioavailability, whereas ascorbic acid enhances iron 

absorption when present in sufficiently high quantities (Davidsson et al., 1994; Egli et 

al., 2004). However, complementary foods are mostly prepared at home and based 

on cereals and legumes; these contain high levels of phytic and little amounts of 

ascorbic acid. The most appropriate complementary foods should be prepared with 

high hygienic standards, in a nutritionally dense form and well digestible. In this 

respect, animal source foods such as meat, milk, eggs and offals are deemed quality 

foods as they offer high quality proteins, energy, are nutrient dense, and are an 

excellent source of micronutrients such as iron and zinc. Whereas meat is rich in iron 

and zinc, liver is particularly rich in vitamin A in the form of retinol. Further sources of 

retinol are egg yolk and non-skimmed milk. However, little information is currently 

available on the importance of ASF in early infancy. Nevertheless, some studies 

have demonstrated a positive effect of the consumption of meat or milk on iron, zinc 

and vitamin A intake and status (Engelmann et al., 1998a; Engelmann et al., 1998b; 

Jalla et al., 2002; Tanumihardjo, 2002; Krebs et al., 2006a; Krebs et al., 2006b). 

 

Although livestock keeping is very common in Ethiopia, due to the poor economic 

situation, animal products are rarely consumed by the poor, in particular during early 

life because of availability, tradition or other reasons. Households keeping livestock 

would be expected to have more animal products for consumption than those 

without. However, there are two different pathways by which livestock (and crop) 

production can influence consumptive patterns: direct consumption or market sale 
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leading to cash income (enabling the purchase of foods) (Haddad, 2000; Shiferaw, 

2008).  

1.1. Rationale of the study 

Recent data from the Demographic and Health Survey (DHS) revealed that Ethiopia 

has one of the highest child malnutrition rates in the world, with more than 47% 

preschool children being stunted, and 54% anemic (DHS, 2005). The present thesis 

investigates the role of livestock keeping on the diet and nutritional status of small 

children living in a resource-poor area of Ethiopia. The one year longitudinal design 

of the study, starting at six months (WHO recommended moment for the introduction 

of complementary foods) focuses on the time period during which the child is 

expected to be adapted to the family’s diet. The nutritional well-being, evaluated 

through growth and biochemical indicators, has been explored and analyzed in 

relation to socio-cultural parameters and health indicators (Data concerning socio-

economic factors influencing the same cohort of children have been reported 

elsewhere (Shiferaw, 2008)). The results will lead to a better understanding of the 

importance of ASF in early life and the link between livestock keeping and nutritional 

well-being at this very critical period of growth. The link between livestock keeping 

and infant nutrition has not been investigated to date and information concerning this 

effect could lead to new strategies to combat childhood malnutrition and growth 

failure.  
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2. Literature Review 

2.1. Breastfeeding 

Breastfeeding is best for infants, as human milk offers optimal nutritional and 

immunological benefits for their growth. In addition, an emotional benefit is derived, 

as the bonding between mother and child is fostered. Another advantage of 

breastfeeding is the prolonged amenorrhea of the mother, which should protect from 

another pregnancy and hence ensure a longer breastfeeding period (Short et al., 

1991). The WHO recommends initiating breastfeeding within the first hour of life so 

that the infant receives the earliest breast milk, the so-called colostrum. The timely 

initiation also stimulates breast milk production, activated through suckling. 

Colostrum is highly nutritious and provides a lot of antibodies to naturally protect the 

child from diseases (Ogra & Ogra, 1978). It has been shown that delayed 

breastfeeding introduction increased the risk of neonatal mortality; Edmond et al. 

concluded from a study conducted in Ghana that neonatal mortality could be reduced 

by more than 16% if all infants were breastfed from day one, and by more than 22% 

if initiation took place within the first hour of life (Edmond et al., 2006). In Southern 

Nepal, data on 22’838 breast-fed newborns surviving the first 48 hours were 

analyzed: partially breast-fed infants were at higher mortality risk [relative risk (RR) = 

1.77; 95% CI = 1.32-2.39] than those exclusively breastfed. Furthermore, there was a 

trend (P=0.03) toward higher mortality with increasing delay in initiation of 

breastfeeding (Mullany et al., 2008). More than two-thirds of Ethiopian children are 

breastfed within an hour and 86% within one day of birth (DHS, 2005). An Ethiopian 

study about knowledge and beliefs of mothers revealed that more than 90% 

considered human milk to be best for their children and that it could nourish a baby of 

up to six months. Unfortunately most would stop breastfeeding, if either they or the 

child became sick (Woldegebriel, 2002).   
 

The recommended duration of the WHO for exclusive breastfeeding, defined as 

mother’s milk being the only source of infant food and liquid, is six months (Kramer & 

Kakuma, 2004). However, before 2001 the WHO recommendation was four to six 

months of age; this change has been much debated (Fewtrell et al., 2007). In their 
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review, Lanigan et al. concluded a lack of clear evidence to either support or reject 

the new recommendation (Lanigan et al., 2001). Another review suggests that most 

mothers do not provide sufficient breast milk to feed a healthy six-month-old 

adequately (Reilly & Wells, 2005). However, in all studies assessed by a WHO 

working group, no observable deficits in weight and length gain were noted as a 

result of six months of exclusive breastfeeding (Kramer & Kakuma, 2004). In a study 

by Kramer et al., infants were separated into two groups, given either three months 

or six months of exclusive breastfeeding. Exclusive breastfeeding for six months was 

associated with a lower risk of gastrointestinal infection during the first half year of 

life; furthermore there were no adverse growth effects in the first year of life (Kramer 

et al., 2003).  
 

In the framework of establishing new WHO Growth Standards, the WHO could 

illustrate that normal term, healthy, and exclusively breastfed children grow in the 

same manner irrespective of ethnic, social or geographic background (WHO, 2006). 

In any case, after six months, complementary foods should be introduced along with 

continued breastfeeding for up to two years. This ensures the coverage of the 

increasing demand for energy and micronutrients which breast milk only can no 

longer meet.  
 

Worldwide, the duration of breastfeeding has lengthened in the past 25 years, but 

fewer than 35% of infants are still exclusively breastfed at four months of age (Heird, 

2007). There is abundant evidence that despite the high rates of breastfeeding 

accompanied by complementary feeding, exclusive breastfeeding remains the 

exception. Breastfeeding practices vary greatly across populations and among 

individuals. Differences are often also recognizable between rural and urban settings. 

A study in Tanzania concluded that a consequent application of breastfeeding by 

urban mothers could partly be due to sustained promotion of breastfeeding in 

hospital settings, and other campaigns which may not have reached rural areas. It 

has been shown that urban mothers initiated breastfeeding earlier and breastfed 

exclusively for a longer period (Shirima et al., 2001). Another study in Malawi showed 

that living in rural areas, and giving birth outside a health facility, were risk factors 

leading to the discontinuation of breastfeeding before six months (Kamudoni et al., 

2007). This contrasts with data from the Demographic and Health Survey, 2005 of 
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Ethiopia, where mothers in rural areas tended to exclusively breastfeed their children 

longer (mean of 2.1 months) compared to their counterparts in urban areas (mean of 

1.8 months). Nationwide in Ethiopia, two-thirds of children less than two months of 

age are exclusively breastfed, while at six months of age this number declines to only 

18.7% (DHS, 2005). An Ethiopian study in Tigray and Gonder revealed that a major 

factor for offering complementary food before six months was the erroneous 

perception of a lack of breast milk (Getahun et al., 2004). 

2.1.1. Micronutrients in breast milk 

The vitamin composition of mother’s milk is highly dependent upon the maternal diet 

and accordingly the mother’s nutritional status. Hence, the infant's supply through 

breast milk can be sub-optimal in deficient populations (Butte, 2002). In women with 

vitamin A deficiency, the content of vitamin A is found reduced in their milk (Rice et 

al., 2000), and different studies have shown that supplementation of vitamin A or B6 

for mothers can increase their concentration in human milk (Styslinger & Kirksey, 

1985; Stoltzfus et al., 1993; Rice et al., 1999). In an Indian trial, mothers of a test 

group were orally supplemented with a single dose of retinol soon after delivery; and 

they were advised to exclusively breastfeed for six months. It could be shown that, 

after supplementation, the mean breast milk retinol content in the test group 

remained significantly higher than in the control group for four months; and that the 

infants’ mean serum retinol was significantly higher for five months in the test group. 

Regarding morbidity, the incidence and duration of various diseases was found to be 

decreased in the test group (Basu et al., 2003). Daneel-Otterbech et al. investigated 

the influence of increased ascorbic acid (AA) intake of African mothers on breast milk 

AA output. The intake of one serving of orange juice (≈ 100 mg AA/serving) per week 

had no significant effect, whereas three or five servings per week for six weeks 

increased breast milk AA from 16 to 32 mg/kg and from 21 to 46 mg/kg, respectively 

(P < 0.001) (Daneel-Otterbech et al., 2005).  
 

Minerals and trace elements in breast milk are less impacted than vitamins by the 

mother’s health and diet (Kramer & Kakuma, 2004). One of the limiting trace 

elements in exclusive breastfed infants after six months is iron; the prenatal iron 

stores become exhausted, as human milk is not a good source of iron. If the iron 

requirement is not covered with complementary foods, iron deficiency and anemia 
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can develop (Siimes et al., 1984). Particularly in developing countries, where 

maternal iron status may be suboptimal at birth leading to low levels of iron stores in 

the infant, exclusive breastfeeding may compromise hematological status by six 

months of age (Kramer & Kakuma, 2004; Monterrosa et al., 2008).  
 

Zinc, which is mandatory for the period of rapid growth of children, naturally shows a 

gradual reduction in concentration in breast milk with progressing lactation. However, 

a study of malnourished mothers in Ethiopia showed that despite the very low dietary 

intake of zinc, they could maintain milk zinc concentration levels comparable to those 

of women in developed countries (Krebs et al., 2006a). This is in agreement with 

other trials with lactating mothers which showed that the zinc content of their milk 

was not affected through zinc supplementation or dietary zinc intake (Moserveillon & 

Reynolds, 1990; Ortega et al., 1997). Additionally, it has been shown that zinc intake 

of healthy and exclusively breastfed U.S. children is likely to be adequate for at least 

the first five months (Krebs et al., 1994). 
 

It has been well documented that exclusive breastfeeding reduces the risk of 

morbidity and mortality, especially in developing countries where unhygienic 

conditions lead to microbiological contamination of foods and fluids (Feachem & 

Koblinsky, 1984; Akre, 1989; Motarjemi et al., 1993). Hence, the advantages of 

exclusive breastfeeding during the first six months, which include decreased risks of 

morbidity and mortality through gastrointestinal infections, are judged to outweigh the 

risk of reduced iron and zinc status. 

2.1.2. Continued Breastfeeding 

The WHO recommends continued breastfeeding for at least two years. Breast milk 

can ameliorate a low quality diet of complementary foods by being a key source of 

essential fatty acids and by contributing certain micronutrients and vitamins 

(WHO/UNICEF, 1998). It was reported that breast milk was an irreplaceable source 

of fat and vitamin A which complementary foods could not provide sufficiently 

(Onyango et al., 2002). Nevertheless, the length of continued breastfeeding has been 

debated in several studies in which both positive and negative effects have been 

shown. A review of data from nineteen Demographic and Health Surveys (DHS) 

observed large differences in nutritional status associated with continued 
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breastfeeding throughout the developing world (Caulfield et al., 1996). Positive 

effects have for example been shown by a western Kenyan prospective cohort study 

with 264 children aged 9 to 18 months. The children were classified into three groups 

based on breastfeeding duration, and were observed for six months. Analysis 

showed that the group with the longest duration of breastfeeding gained 3.4 cm 

(P=0.0001) and 370 g (P=0.005) more than the group with the shortest duration, and 

0.6 cm (P=0.0015) and 230 g (P=0.038) more than in children in the intermediate 

group (Onyango et al., 1999). Other studies in different settings found similar results, 

comparing the duration of breastfeeding with anthropometric indicators (Taren & 

Chen, 1993; Marquis et al., 1997b). All studies were carried out in communities 

reporting low dietary intakes, and concluded that breast milk offers a great value of 

additional energy and other dense nutrients.   
 

The negative association between continued breastfeeding and growth has been 

reported several times in the literature (Victora et al., 1984; Brakohiapa et al., 1988; 

Nube & AsensoOkyere, 1996; Marquis et al., 1997a). A study in Southern Brazil 

reported that the prevalence of malnutrition was lowest in those children breastfed 

from three to six months, but with continued breastfeeding after this age nutritional 

status deteriorated (Victora et al., 1984). It was explained that faltering growth in 

Senegalese children breastfed longer than six months with reverse causality: 

mothers perceiving their child as “weak and little” delayed weaning, whereas “tall and 

strong” children were more likely to be weaned earlier (Simondon et al., 2001a; 

Simondon et al., 2001b). Similarly, Marquis et al. concluded after analyzing data from 

134 Peruvian toddlers that those children with low dietary intake and high incidence 

of diarrheal morbidity were consequently breastfed more often (Marquis et al., 

1997a). In a study in Ghana, results indicated that continued breastfeeding can 

reduce total food intake and thus predispose to malnutrition; 15 malnourished breast-

fed infants out of 202 were followed as a subsample during their weaning time. 

Before weaning, protein and energy intake was about half those of healthy children. 

Ten of the malnourished children were completely weaned (no breast milk), and their 

intakes rose to the level of the normal children (Brakohiapa et al., 1988). The 

conclusions of most studies showing an apparent increase in malnutrition among 

children with continued breastfeeding are however mainly explained either with 

inadequate complementary food diets, which breast milk can not compensate, with 
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confounding effects of poverty, or with other socio-economic factors. Evaluating data 

from the most recent DHS’s of 36 sub-Saharan countries, it was demonstrated that 

the median length of continued breastfeeding was 21.1 months, slightly lower than 

the WHO recommendations of 24 months (WHO, 2004). Ethiopian children are on 

average breastfed for 25.5 months (DHS, 2005).  

2.2. Complementary Feeding  

After the first six months of life, breast milk alone is not sufficient in quantity and 

quality to sustain the healthy growth and development of the child. Furthermore, the 

infant’s gastrointestinal system is considered to be mature enough to introduce 

selected complementary foods into the diet along with breast milk as recommended 

by the WHO (Butte, 2002). These semi-solid or solid foods offer additional sources of 

energy, protein and micronutrients. The transition to complementary foods should be 

slow and continuous to avoid diarrhea (Fuchs et al., 1996). A too early or too late 

introduction of such foods can result in infections or growth faltering (Kalanda et al., 

2006), the latter being discussed in more detail in chapter 2.6.3.. Special attention 

should be given not only to the quantity but also the quality of complementary foods; 

nutritional requirements of the infant are different from those of older children or 

adults. Gradually, the infant’s breast milk intake is replaced by a diet more and more 

similar to that of the family. An American study reported that this transition to lower 

breast milk intake happens even after mothers are advised to maintain the same 

breastfeeding pattern, and feed complementary foods after breastfeeding (Stuff et al., 

1986). At one year of age the child is more or less able to consume a diversified 

adult’s diet (Pipes & Trahms, 1993). Figure 1 shows the ideal contribution of different 

food sources to young children’s energy intake in relation to age (WHO/UNICEF, 

1998).  
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Figure 1: Ideal contribution of different food sources to young children's energy intake in 
relation to age (WHO, 1998). 

2.2.1. Energy requirements and frequency of feeding 

An infant has a limited gastric capacity and therefore during weaning time requires 

food dense in energy or small food portions being fed at a higher frequency. 

Especially in developing countries, where diets often have a low energy density, the 

energy requirements can only be satisfied with multiple feedings. Taking a child with 

an average breast milk intake, and assuming a gastric capacity of 30 g/kg body 

weight/d and a minimum energy density of complementary foods of 0.8 kcal/g, meals 

should be provided 2-3 times per day at 6-8 months of age and 3-4 times per day at 

9-24 months with additional snacks (easy prepared finger food that can be eaten by 

children alone) 1-2 times per day (Dewey & Brown, 2003). With a gastric capacity of 

30 g/kg body weight, an assumed functional gastric capacity is calculated as 249 

g/meal at 6-8 months of age, 285 g/meal at 9-11 months and 345 g/meal at 12-23 

months (WHO, 2004). If energy density is lower than 0.8 kcal/g, a child consumes a 

lower amount of food than the assumed gastric capacity, or if the child is no longer 

breastfed, then more frequent meals would be required. 
 

Children in the developing world often consume less than the recommended energy 

and nutrient requirements (Kimmons et al., 2005). The energy requirements were 
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suggested to be calculated from total energy expenditure and energy deposition. For 

this purpose the method of doubly labeled water was used to calculate the total 

energy expenditure (a sum of measurements of the basal metabolism, 

thermogenesis, synthetic cost of growth, and physical activity level) and the energy 

deposition was added (Butte et al., 2000). The WHO guidelines for complementary 

feeding of breastfed children recommends age-specific energy requirements (+ 2 SD) 

by subtracting average breast milk intake from total energy requirements (WHO, 

2004). For developing countries, average breast milk intake of healthy children is 

estimated to be 413, 379 and 346 kcal/d at 6-8, 9-11 and 12-23 months, respectively 

(WHO/UNICEF, 1998).  
 
Table 1: Age-specific energy requirements recommended by the WHO guidelines for 
complementary feeding of breastfed children with an average breast milk intake (WHO, 2004).  

Age group 

[months] 

Total energy  

requirements 

Milk energy  

intake (average) 

Energy required from 

complementary foods 
 

 
 

kcal/day 

6-8 

9-11 

12-23 

615 

686 

894 

413 

379 

346 

202 

307 

548 

 

Estimations of the appropriate energy density of complementary foods must always 

be made under consideration of the feeding frequencies, the child’s age and its 

intake of breast milk. Although children are to some extent able to modulate their 

intakes appropriate to the varying energy densities of their diets, several studies 

could show that offering higher density diets promoted a greater energy intake 

(Rahman et al., 1994; Darling et al., 1995; Mensah et al., 1995). Islam and co-

workers studied the effect of varied energy density of complementary foods on total 

energy consumption by healthy breastfed children and found that more of the low 

energy than high energy density diet was consumed (752 ± 252 and 439 ± 111 g/d, 

respectively; p<0.001). Despite a greater decrease of breast milk intake with the high 

energy density diet, the total energy intake was greater in the latter (774 ± 175 and 

441 ± 85 kcal/d, respectively; p<0.001) (Islam et al., 2006). Similar results have been 

presented by Brown and co-workers. Additionally they could show that the higher the 

frequency of offering foods with the same energy density, the higher the total daily 

energy intake of the children (Brown et al., 1995). In contrast to the results of Islam et 
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al. regarding the decreased breast milk intake from energy dense foods, Galpin et al. 

concluded from their study with 41 mother-child pairs that there was no difference in 

breast milk intake whether the child was given energy dense food or local infant 

porridge (Galpin et al., 2007). 

2.2.2. Macronutrients 

Lipids, proteins and some carbohydrates, namely simple sugars and starch, each 

represent a source of energy. In the stage of very rapid growth, those macronutrients 

are in large proportion needed for tissue deposition. In addition, they form further vital 

components of body functions and are indispensable to a healthy diet.  
 

Lipids are essential for satisfying the increasing demand of energy in a child’s diet 

since the requirements during the first months of life are, calculated per kilogram of 

bodyweight, about three times those of adults (Akre, 1989). In early infancy the lipids 

in human milk (45 to 55%) contribute about 30 to 45% of the total dietary energy 

(Dewey & Brown, 2003). For children in developing countries consuming an average 

amount of breast milk with a fat concentration of 38 g/L, fat from complementary 

foods should cover 0-34% of energy at 6-8 months, 5-38% at 9-11 months and 17-

42% of energy at 12-23 months (WHO, 2004). As the energy requirements are more 

and more covered by complementary foods which usually have a lower fat content 

than breast milk, the total fat intake declines during this period. In the Gambia, 

percentage energy from lipids decreased from over 50% during exclusive 

breastfeeding to 15% during the weaning period (Prentice & Paul, 2000). Beyond the 

energy density important for the small gastric capacity of infants, lipids are crucial for 

the absorption of fat soluble vitamins, contribute to the essential fatty acids 

requirements, improve the palatability and texture, and enhance the flavor and aroma 

of foods, which in turn most probably induces a higher food intake. A WHO review 

(1998) concluded that in developing countries with low fat intakes from mixed diets 

(breast milk included), a total energy intake of 30% (up to 45%) in form of fat would 

be reasonable assuming the mother’s milk has a fat content in the normal range 

(38 g/L). In this case, 21% of energy as fat should be covered from complementary 

foods. Regardless of the mother’s milk fat content, 25% of energy from 

complementary foods would meet the requirements of all target groups of children 

(WHO/UNICEF, 1998).  
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The protein requirements of infants are, like those of the lipids, about three times 

higher than in adults (per kg of bodyweight). About 20 to 45% of protein should be 

covered by complementary foods (WHO/UNICEF, 1998). The requirements for 

essential amino acids are proportionately higher than in older children and adults, 

and these requirements are only able to be satisfied by high quality proteins (Akre, 

1989).  
 

Dietary fiber in complementary foods decreases the energy density and limits the 

consumption of high quality proteins by providing bulk material (Agostoni et al., 

1995). Mostly found in whole cereals, vegetables, legumes, and fruits, 

complementary foods in developing countries often contain much dietary fiber but 

little fat. In addition to the low nutrient density, the high fiber content contributes to a 

high level of antinutritive factors such as phytic acid, tannins, lectins, and enzyme 

inhibitors. However, Davidsson and co-workers observed in their study with formula-

fed infants in Scotland, no negative effect on energy and nutrient absorption with 

increased dietary fiber intake (Davidsson et al., 1996). Agostoni et al. suggested to 

increase the daily fiber intake gradually to 5 g/d during the second half year of life 

(Agostoni et al., 1995).  

2.2.3. Micronutrients 

The WHO states that micronutrient requirements after six months of exclusive 

breastfeeding are particularly critical for iron, zinc, vitamin A, and vitamin B6 (Butte, 

2002; WHO, 2004). Complementary foods should be chosen carefully to ensure the 

adequate intake of micronutrients, as the quality of the introduced foods defines their 

amount and bioavailability. Assuming an average intake of breast milk, 

complementary foods should provide about 5 to 30% of the vitamin A, 50 to 80% of 

the thiamin, 50 to 65% of the riboflavin, 60% of the calcium, 85% of the zinc and 

almost 100% of the iron requirements of children six to 23 months (WHO/UNICEF, 

1998; WHO/FAO, 2004). Vitamin C and folate are estimated to be covered by breast 

milk; vitamins B6 and B12 depend highly on the mother’s status (WHO/UNICEF, 

1998). Although zinc and iron are essential for a healthy diet and hence normal 

growth, it is widely recognized that their requirements may be difficult to meet from 

complementary foods, especially in developing countries where mostly non-fortified 

plant based foods are consumed.  
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2.2.3.1. Iron 

Iron in foods exists in two forms: heme and non-heme. Heme iron is found in meat 

and fish products as well as in blood containing foods in the form of hemo- and 

myoglobin (see also chapter 2.3.2.1). Heme iron is highly bioavailable, with an 

absorption rate of usually around 25% (Hallberg et al., 1979), and is little influenced 

by other dietary factors (Monsen et al., 1978). Non-heme iron is found in cereals, 

pulses, legumes, fruits and vegetables. Unlike heme iron it is strongly influenced by 

the presence or absence of certain enhancers and inhibitors, and its absorption rate 

varies from less than 1% to almost 40% (Carpenter & Clark, 1995). Absorption 

inhibitors bind iron in the gut lumen in complexes from which it is unavailable for 

absorption, whereas absorption enhancers reduce Fe3+ to Fe2+ and/or form 

complexes which are soluble and available for absorption (Hurrell, 1997). Identified 

inhibitors of non-heme iron absorption naturally present in foods are phytic acid, 

polyphenolic compounds, calcium, and certain proteins, while enhancers are 

ascorbic acid and muscle proteins as so-called meat factor (Hurrell, 1997; Lopez & 

Martos, 2004; Armah et al., 2008). The equilibrium of these dietary components in 

the gut lumen determines, together with the iron status of the individual, the 

bioavailability of iron from a given meal (Hurrell, 1997; Lynch et al., 2007).  

2.2.3.1.1. Dietary factors influencing bioavailability of iron  

Inhibitors 

Phytic acid (PA), myo-inositol-hexa-phosphate, is the main phosphorus storage 

compound in cereal grains and legume seeds, being in great concentration in the 

outer layer of cereals and in the cotyledons of legume seeds. Hence, milling of 

cereals can cause an up to 90% reduction of PA (Hurrell, 2004). However, in 

developing countries, typical diets - including complementary foods - are mostly 

based on whole grain cereals which contain high amounts of PA. The six phosphate 

groups in PA have a high capacity to bind non-heme iron in the gastrointestinal tract 

and to form insoluble complexes. Consequently, PA is the most important factor 

contributing to a low bioavailability of iron in foods (Hurrell, 1997; Lopez & Martos, 

2004). To improve iron absorption, the PA content can be reduced by different 

strategies: Traditional processes such as fermentation, germination, and soaking can 

activate phytases which then degrade PA (Sandberg & Svanberg, 1991). The 
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addition of cereals (wheat, rye) rich in natural phytases (as found in whole grain) to 

complementary foods has been investigated and after activation of the phytases 

proven as an effective method to reduce PA in industrially prepared infant cereals 

(Egli et al., 2003). It was shown that adding whole grain cereals as a source of 

phytase to cereal-legume-based food mixtures could reduce PA in the relatively short 

time of one and a half to three hours when held at the pH optimum for enzyme action 

(Egli et al., 2003). Microbial phytase has also been successfully used to reduce the 

native PA content in complementary foods or soy formula (Davidsson et al., 1994; 

Davidsson et al., 1997). In any case, if complete dephytinization of cereal- and 

legume-based complementary foods is not possible, the PA to iron molar ratio should 

be decreased to below 1:1, and preferably below 0.4:1, to ensure an improved iron 

absorption (ca. 2-fold) in the body (Hurrell, 2004). However, these dephytinized 

products are developed for industrialized countries. In developing countries, where 

infrastructure and hygiene are less good, it would be much more difficult to devise 

such products. Gibson et al. (2003) conducted in Malawi a study including dietary 

intervention strategies focusing on reducing the level of PA. Of these, the strategies 

that were most widely adapted, and probably the most effective, involved soaking 

and, to a lesser extent, fermenting the staple food maize before preparing it. It was 

shown that >50% of hexa- and penta-inositol phosphate (relevant types of PA for iron 

binding) could be removed after soaking unrefined maize flour for one hour (Gibson 

et al., 2003). PA has not only been shown to reduce the bioavailability of iron, but 

also of zinc, calcium, magnesium, and manganese, although its influence on iron and 

zinc absorption is of greatest importance to public health (Hurrell, 2004). 
 

Phenolic compounds, such as phenolic acids, flavonoids and their polymerization 

products are also known to inhibit iron absorption and are found in fruits, vegetables, 

spices, pulses, and cereals. Very high amounts are present in beverages such as 

black tea, coffee, herb teas, cocoa, and wine. Any beverages providing 20 to 50 mg 

total polyphenols would reduce iron absorption from a bread meal by 50 to 70%, 

whereas beverages containing 100 to 400 mg total polyphenols would reduce iron 

absorption by 60 to 90% (Hurrell et al., 1999). However, the dose-dependent 

inhibitory effect of all beverages (except for coffee and tea) was shown in single 

bread meals and is less likely to be accurate for more complex meals having a wider 

range of Fe inhibitors and enhancers (Hallberg & Rossander, 1982; Morck et al., 
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1983; Hurrell et al., 1999). In general, the consumption of polyphenolic beverages 

seems to influence the iron status negatively only in population groups with marginal 

iron stores or with a less varied diet (Hurrell et al., 1999; Temme & Van Hoydonck, 

2002). Polyphenols in common beans (Phaseolus vulgaris), an ingredient often found 

in diets in the developing world, were also found to have an inhibitory effect on iron 

absorption (N. Petry, personal communication).  
 

Calcium is a dietary factor which is reported to inhibit both heme- and non-heme iron 

absorption (Hallberg et al., 1991; Hallberg et al., 1992). The exact mechanism by 

which calcium influences iron absorption has not been elucidated. It has been 

proposed that heme- and non-heme-iron enter a common pool, and that calcium 

inhibits the serosal transfer of iron into the blood rather than the initial uptake of iron 

into the enterocytes (Hallberg et al., 1992). This is in contrast with a study by 

Roughead et al., in which the results implied that the two different iron forms did not 

enter a common absorptive pool (after 8 hours) since calcium reduced heme and 

total iron without significantly affecting non-heme iron absorption (Roughead et al., 

2005). Prather & Miller conducted rat studies and suggested from the results that 

complex luminal interactions might be involved with changes in pH and calcium 

content, as well as iron solubility and binding to low-molecular-weight complexes in 

the food in the intestinal lumen (Prather & Miller, 1992). However, the effect of 

inhibition is dependent on the amount of calcium intake rather than the calcium:iron 

molar ratio. Furthermore, the size and complexity of the meal also play a role, with 

the inhibition effect being more pronounced in simple meals and less significant in 

complex meals. The dose dependent effect was shown to be effective in a small 

bread meal with 40 to 300 mg calcium added as calcium chloride (50-60%). About 

the same absorption inhibition rate was achieved with either 165 mg added as an 

inorganic calcium compound or as 150 ml milk (Hallberg et al., 1991). Conversely, 

the addition of 150 or 250 ml milk to a more complex meal did not inhibit iron 

absorption significantly (Galan et al., 1991; Hallberg et al., 1992). This shows that the 

iron absorption from a complex meal is dependent on the summary effects of all 

enhancers and inhibitors present.  
 

Proteins other than muscle proteins (plant, milk, eggs) might influence iron 

absorption during digestion. Proteins are then degraded into peptides which can bind 
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iron in the intestinal lumen and thereby influence its absorption. Studies have shown 

that by feeding different commercial protein sources in a liquid formula meal soy 

protein, egg albumin and casein inhibited iron absorption. This effect was probably 

due to the proteins forming insoluble complexes with iron (Hurrell et al., 1989). 

Enhancers 

Ascorbic acid (AA) is the most efficient enhancer of non-heme iron absorption. Its 

enhancing effect has been suggested to be due to its ability to reduce ferric iron 

(Fe3+) to ferrous iron (Fe2+) in the acid milieu of the stomach, or to the possibility of 

chelating into soluble complexes with Fe3+. AA can also overcome the negative effect 

of PA, polyphenols, and calcium if available in high enough quantities. AA is found in 

its natural form in fruits and vegetables and has a dose dependent effect (Cook & 

Monsen, 1977). A study conducted with Jamaican school children consuming an 

iron-fortified, chocolate-flavored milk drink containing relatively high amounts of 

inhibitors targeted to show that iron absorption was only adequate if the quantity of 

AA added was sufficient. The investigators added three different doses of AA (0, 25, 

50 mg per 25-g serving) to the chocolate drinks, which contained 156 mg calcium, 

158 mg polyphenols (gallic acid equivalents), and 58 mg phytic acid per 25-g serving. 

Iron absorption could be significantly increased with increasing AA addition: 

Geometric mean absorption was 1.6% (range: 0.9-4.2%), 5.4% (2.7-10.8%), and 

7.7% (4.7-16.5%) for 0, 25, and 50g of AA, respectively (Davidsson et al., 1998). 

Another study in Peru introduced iron-fortified school breakfast drinks with different 

amounts of AA to children. It could be shown that iron absorption (geometric mean) 

increased significantly from 5.1% to 8.2% after the molar ratio of AA to fortification 

iron was increased from 0.6:1 to 1.6:1 (P<0.01) (Davidsson et al., 2001). Results of 

the absorption studies by Cook & Monsen suggested that AA has to be consumed 

together with the iron to promote its absorption; the increase in iron absorption in the 

presence of AA was not observed when AA was administered several hours before 

the iron-containing meal (Cook & Monsen, 1977). However, the instability of AA 

during food processing and storage limits its use as a potent enhancer in processed 

foods. AA is sensitive to heat, light, and oxygen; cooking typically destroys AA by 

accelerating its oxidation (Teucher et al., 2004). Moreover, in the developing world, 

where mostly home prepared and non-processed foods are consumed, it is a 

common phenomenon that AA rich foods such as fruits and vegetables are rarely 
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given to small children, and AA intake is well below the requirement. A study by 

Daneel-Otterbech showed that the diets in the Ivory Coast were mainly low in AA and 

iron (which in addition in their diets has a low bioavailability) and high in phytic acid. 

The only source of AA was breast milk, and this could be improved by an increased 

intake of foods rich in AA. Yet it remains uncertain whether the increase of AA in 

breast milk would be favorable to the bioavailability of iron since the iron intake 

through the diet remained at very low levels (Daneel-Otterbech, 2003).  
 

Meat factor (see also chapter 2.3.2.1). Muscle tissue has an enhancing effect on 

non-heme iron absorption. Layrisse et al. first reported that the absorption of non-

heme iron from different vegetables was increased by 1.5 times when they were 

served together with meat or fish (Layrisse et al., 1968). Other studies confirmed 

these findings and demonstrated a 2-3-fold higher non-heme iron absorption from 

meals containing beef, pork, chicken, or fish (Cook & Monsen, 1977; Bjorn-

Rasmussen & Hallberg, 1979). The enhancing effect of meat is thought to be related 

to the muscle proteins, but the exact mechanism of the meat effect remains unclear 

and has been debated in many publications (Zhang et al., 1990; Hurrell et al., 2006). 

Hurrell and co-workers investigated the effect on non-heme iron absorption with 

isolated (heme-free) muscle protein fractions of chicken and beef. The even more 

enhancing effect of the isolated fractions in chicken was suggested to be due to 

either the removal of an inhibitory substance related to heme or a concentrated 

enhancer of iron absorption. Furthermore, glycosaminoglycans, the carbohydrate 

component in the connective tissue between the muscle fibers, were seen as 

potential non-protein components that could bind iron (Hurrell et al., 2006). Armah et 

al. recently isolated and characterized the component of muscle tissue known as 

“meat factor”. In a human absorption study they showed that the substance L-α-

Glycerophosphocholine (here 46 mg) increased nonheme iron absorption from a 

vegetarian lasagna test meal significantly from 3.5 ± 2.9% to 4.9 ± 5.1% (P=0.023) 

(Armah et al., 2008). However, this finding was not confirmed in a maize meal 

(Troesch et al., 2009). 

2.2.3.2. Zinc 

Zinc is the other trace element whose consumption through complementary foods is 

essential. Zinc is found in a wide variety of foods, with the highest amounts in animal 
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source products. High amounts are also found in nuts, seeds, legumes, and whole-

grain cereals. Most children of the developing world receive as first foods gruels 

based on whole-grain cereals, which are a relatively good source of zinc. But despite 

an adequate net intake of zinc, a compromised zinc status is common. The total 

amount of zinc absorbed is determined by the type of food and its zinc content, as 

well as its bioavailability. Particularly in plant source foods, the absorption of the high 

zinc content is compromised by the presence of high amounts of inhibitors, 

particularly phytates. Zinc deficiency and its consequences will be discussed in detail 

in chapter 2.5.2..  

2.2.3.2.1. Dietetic factors influencing bioavailability of zinc  

It has been well documented that in single meal studies different dietary components 

have a substantial impact on zinc absorption, as they also have on iron absorption 

(see also chapter 2.2.3.1.1.). Phytate and dietary calcium inhibit zinc absorption, 

while protein enhances it (Lonnerdal, 2000). The molar ratio of phytate to zinc is used 

to predict zinc bioavailability (International Zinc Nutrition Consultative Group (IZiNC), 

2004). Based on these molar ratios, it is possible to estimate whether the diet is 

adequate to satisfy the theoretical requirements of a population. Derived from these 

calculations the WHO suggests that meals can be roughly categorized as low (molar 

ratio >15), moderate (5-15) or high (<5) in zinc bioavailability (WHO/FAO, 2004). 

Diets based on cereal and legume staples mostly have a phytate:zinc molar ratio 

>15, which is estimated to reflect a zinc bioavailability of 15%. Strategies for 

increasing zinc absorption involve intake of higher amounts of absorption enhancer 

(protein) and/or the reduction of inhibitors, such as phytates, which in turn can be 

reduced through germination, fermentation, and soaking (Gibson et al., 1998b). Egli 

et al. demonstrated that with complete dephytinization of complementary foods zinc 

absorption increased significantly. Complementary foods with native phytic acid (4 ± 

0.2 mg/g) had an apparent fractional zinc absorption of 22.8 ± 8.8% compared to the 

dephytinized complementary food (<0.03 mg/g of phytic acid) which showed an 

apparent fractional absorption rate of 34.6 ± 8.0% (Egli et al., 2004). It has been 

shown that with increasing amounts of zinc in meals, the percent of zinc absorption 

decreases, although the absolute amount of zinc absorbed increases (Sandstrom & 

Cederblad, 1980).  
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2.2.3.3. Vitamin A 

Once complementary foods are introduced into the children’s diet, the most important 

source of vitamin A would be animal products such as organ meats, milk and milk 

products (butter, cheese, and yoghurt), eggs, and fish liver oils, which contain retinol. 

The best plant sources of provitamin A carotenoids are yellow or orange fruits and 

vegetables and dark green leafy vegetables. Cereals and legumes are low in 

carotenoids, and hence population groups living on diets based on cereals and 

legumes often suffer from VAD. Animal source foods containing pre-formed active 

retinol can be used efficiently in the body, with 70-90% being absorbed. Plant source 

foods contain vitamin A in the form of carotenoids, predominantly β-carotene, which 

can be converted into retinol in the body; only 20-50% of carotenoids are being 

absorbed by the body and the enzyme cleavage into retinol by the body is only 50% 

efficient. Several factors such as dietary fat content, intestinal parasite infection and 

diarrhea influence the absorption (McLaren & Frigg, 2001; Stephensen, 2001). The 

conversion factor from the carotenoids into retinol depends on their form and is for β-

carotene in mixed food 12:1, and for other carotenoids in mixed food 24:1. However, 

the exact conversion also depends on multiple factors, such as release from plant 

cells during digestion (International Vitamin A Consultative Group, 2004). 

2.3. Animal source foods 

2.3.1. Livestock production and animal source foods 

The economic status of the household is, apart from the availability of ASF, the most 

important determinant of ASF consumption (Gittelsohn & Vastine, 2003; Speedy, 

2003); higher incomes are associated with higher consumption of meat, milk and 

eggs (Shiferaw, 2008). Further factors influencing ASF - or in general food 

consumption patterns are of a geographical, environmental, seasonal, social, 

cultural, religious and/or economical nature. The increasing demand for animal 

products and hence livestock production worldwide is driven by the growing 

population and urbanization. The latter is coupled with improvements of 

infrastructure, such as cold chains, which permit the trade and storage of perishable 

foods (FAO, 2002). Although there is globally a rapid increase in production of 

livestock products, poorer African countries do not benefit from this trend. It has even 
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been shown that in some of these countries, the already low consumption of ASF is 

declining as population increases (Speedy, 2003). A comparison of country profiles 

2005/2006 from the FAO statistical database shows that the consumption pattern 

worldwide is extremely unbalanced, with developed countries such as Switzerland 

having a more than ten times higher per capita daily calorie intake from meat than 

Ethiopia (467 vs. 39 per capita daily calorie intake) (FAO, 2007). Table 2 shows the 

per capita daily calorie intake of meat, milk, eggs and animal fats for Switzerland, 

Ethiopia, and worldwide. These data show the average calorie intake for food 

available for consumption and do not reflect the inequality in wealth and thus access 

to food. Especially in a developing country such as Ethiopia, the economic 

differences within the population are enormous. The relation between a raised gross 

domestic product (GDP) and increased ASF consumption is well known, but can also 

occur vice versa: Improved nutrition has a potential impact on GDP through 

improvement of productivity and indirectly through prolonged life expectancy 

(Speedy, 2003).  
 
Table 2: Per capita daily calorie intake (kcal) from meat, milk, eggs and animal fats by country 
(Source: FAO, 2007) 

Country Meat Milk Eggs Animal fat 

Switzerland 467 411 39 215 

Ethiopia 39 35 2 13 

World 214 121 33 59 

 

Keeping livestock is often and perhaps too hastily associated with increased 

availability of ASF, increased direct consumption of ASF, and hence improved 

nutrition and well-being of the household; however most studies have shown only 

modest impacts (Leroy & Frongillo, 2007). In Karnataka, India, in a study aimed at 

integrating rural households into the market economy with new dairy cooperatives, 

the results did as expected show slightly increased household income and 

expenditure. However, households in villages with cooperatives consumed less milk 

than households in villages without cooperatives. Comparing households within 

villages with cooperatives, the nutrient consumption by households with cows rose, 

whereas that of nonproducing households fell (Alderman, 1987). In another study in 

Bangalore, India pre-school children in households who joined the national Dairy 

Development Project were compared to children in other households. Data were 
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assessed for four groups of 90 children from either large milk producing households 

(LP), marginal producers (MP), small producers (SP), or non-producers (NP). Protein 

intake from children in MP and LP households ranged from 18 to 23g, whereas 

children of SP and NP families tended to have a lower intake of 15 to 20g. Also the 

dietary energy intake was higher in the MP and LP groups, but none of the four 

groups met the recommended energy requirements (Begum, 1994).  

 

 

 
Figure 2: Hypothesized causal linkages between livestock keeping and human nutrition and 
health outcomes. ASF = animal-source food; HH = household (adapted from Randolph et al., 
2007). 
 

The different pathways by which livestock keeping is influencing the socio-economic 

and nutritional status of the household has been summarized and well documented 

in a review about “the role of livestock in human nutrition and health” (Randolph et 

al., 2007). Besides the supply of high-quality food for direct consumption, animal 



Literature Review 

 31

products can be sold to generate cash income, which in turn can be used to 

purchase more quality foods and allow better healthcare. Direct consumption of meat 

in poor communities is said to be very low; slaughtering only occurs at special 

occasions such as ceremonial feasts, or when the animal gets sick or old. Next to the 

profit from animal products, owning livestock may be valuable for occasional sales to 

cover unexpected expenses, such as medical treatments. Animal power can be used 

for providing traction for transportation and crop production. Livestock waste can be 

sold and is often used as soil fertilizer, fuel or building material. In rural areas, where 

access to savings banks is lacking, animals often represent the capital of the owner, 

i.e. a “living savings account”. In times of need, the animals can be converted to 

cash. Yet livestock keeping might compromise human health and nutrition: land 

allocated to livestock reduces the availability of crop production areas; animals and 

their products can be a source of zoonotic diseases (e.g. brucellosis, trichinellosis, 

salmonella, Escherichia coli etc (Steinfeld, 2003)) which affect the health of 

household members; labor for maintaining livestock reduces the time and quality of 

child care (Randolph et al., 2007). Figure 2 shows in detail the various causal links 

involving livestock keeping with human health and nutrition (Randolph et al., 2007).  

2.3.2. Animal source food as quality food 

The biggest differences between ASF and plant source foods are the density of the 

micronutrients and their bioavailability, and the source of high-quality and readily 

digestible proteins. Diets without ASF can be particularly low in vitamin A and B12, 

riboflavin, calcium, iron, and zinc (Murphy & Allen, 2003). In contrast to ASF, plant 

source foods often contain much dietary fiber, phytic acid and polyphenols which 

inhibit the absorption of micronutrients (WHO/UNICEF, 1998). Children consuming 

diets based on plant source foods depend on eating greater amounts than ASF to 

achieve the same level of nutrient intake. The higher fat content in ASF contributes 

not only to a higher energy density, but also guarantees a good absorption of fat 

soluble vitamins. As an example on how to meet the daily requirements in iron and 

zinc, a child would need to eat either 60 g of meat or 1.7-2.0 kg of maize and beans, 

the latter amount being impossible to handle for the small capacity of a child’s 

stomach (Neumann et al., 2002). Already small amounts of ASF eaten daily can 

contribute to a healthy and adequate diet. However, ASF consumption can be very 

low even in Ethiopia with a high livestock production. A nutritional study in a Northern 
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district reported that nearly 30% of children under five years of age never consumed 

ASF, whereas almost another one third never ate vegetables (Hailu & Tessema, 

1997). A project conducted in the Highlands of Ethiopia demonstrated a considerable 

improvement in the nutritional status and family welfare of the project participants 

through increased productivity of local goats. There was a higher appearance of milk 

and meat products in local diets, and the addition of other foods, such as eggs and 

fresh vegetables (Ayele & Peacock, 2003).  

2.3.2.1. Micronutrients in animal source foods 

The iron in meat and fish consists of 10 to 70% heme iron (Carpenter & Clark, 1995). 

The estimated content of heme iron in cooked meats is for instance 60% for beef, 

40% for pork, 30% for chicken, and 25% for fish (Kongkachuichai et al., 2002; 

Lombardi-Boccia et al., 2002; Purchas et al., 2003). Heme iron is highly bioavailable 

(15-35%) and little affected by dietary absorption inhibitors (Monsen et al., 1978). 

Red meat is the best source of easily absorbed iron. Poultry and fish are also high in 

iron, whereas eggs, milk and diary products are not. There is a so-called meat-factor 

(see also chapter 2.2.3.1.1.) which favors the absorption of non-heme iron in the 

presence of meat from which the proteins of the muscle tissue or maybe L-α-

Glycerophosphocholine are being held responsible, although the exact nature is 

unclear (Hurrell et al., 2006; Armah et al., 2008). In a study of Engelmann et al. 

infants were given a vegetable meal of 80 g including 25 g of meat. It could be shown 

that the non-heme iron absorption increased from 9.9% to 15% with the addition of 

meat (Engelmann et al., 1998a). In a study with anemic pigs there was a two to three 

times higher absorption rate of non-heme iron in the presence of meat (South et al., 

2000). However, the effect of meat on iron absorption from a more complex diet has 

been shown to be less than on iron absorption from a single meal. Reddy et al. 

concluded from their absorption study over several days with an omnivorous diet that 

the effect of meat on iron absorption was more due to the increased intake of heme 

iron than the enhancing effect on non-heme iron absorption (Reddy et al., 2006). 

Such diets however are not consumed in developing countries. In developing 

countries most diets are plant based and rich in phytic acid, a strong inhibitor of non-

heme iron. Vitamin C would be an efficient absorption enhancer and is found in fruits 

and vegetables, also rarely consumed in the developing world. Therefore, adding 
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already small amounts of meat or fish to the diet would not only increase the amount 

of heme iron, but also enhance non-heme iron absorption.  
 

Milk and dairy products provide a limited source of zinc (comparable to the amount of 

most plant source foods), whereas meat and fish products offer considerable amount 

of zinc being highly bioavailable. Krebs et al. assessed breastfed U.S. children 

(n=88) who consumed either meat or iron-fortified cereals as their first 

complementary foods. It was concluded that the meat group had a significantly 

higher daily zinc intake than the cereal group with 1.9 ± 0.2 mg compared to 0.6 ± 

0.1 mg (Krebs et al., 2006a). The amount of protein in a meal is positively correlated 

with zinc absorption (Sandstrom et al., 1980). Furthermore, the type of protein will 

also affect the bioavailability of zinc, with animal proteins being better enhancers than 

plant proteins. It is suggested that the effect is based on the amino acids keeping the 

zinc in solution (Lonnerdal, 2000). 
 

Vitamin B12 is naturally found in meat (especially liver and shellfish), milk and eggs. 

Animals, in turn, must obtain the vitamin from bacterias producing it. As animal 

products are the only source of this vitamin, population groups who do not consume 

ASF are at risk of developing a corresponding deficiency. It is estimated that the 

worldwide prevalence is very high because of the low consumption of ASF, 

especially by children. Furthermore, low vitamin B12 status has not only been 

associated with the marginal intake of ASF, but also with poverty (Villamor et al., 

2008). No data has been found concerning general prevalence of vitamin B12 

deficiency in Ethiopia. However, a study in Southern Ethiopia reported that 23% of 

pregnant women (n=99) had low plasma vitamin B12 (<150pmol/L). Although the 

intake of ASF was reduced, consumption of fermented enset (false banana) may 

have increased vitamin B12 levels in diet and plasma. (Several vitamin B12-

producing microorganism had been isolated during the fermentation of enset (Gibson 

et al., 2008)). It has been shown that the presence of vitamin B12 in the maternal 

plasma of lactating women and its intake from complementary foods are strongly and 

positively associated with its concentration in the infant’s plasma (Jones et al., 2007). 

Observational studies provide evidence that vitamin B12 deficiency is linked to 

poorer cognitive performance and delayed motor and language development (Black, 

2003).  
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Vitamin A is found in the form of retinol in high amounts in liver, and in considerable 

amounts in milk and egg yolk. In contrast, muscle tissue is a poor source of retinol. 

Pre-formed retinol is better absorbed and used more efficiently from ASF than the 

provitamin A carotenoids from plant source foods (see also chapter 2.2.3.3.). 

2.4. Ethiopian staple food  

2.4.1. Tef grains (Eragrostis tef) 

Tef (Eragrostis tef) is one of the most important crops in Ethiopia; its use as a staple 

crop is known almost exclusively to Ethiopia and Eritrea. Tef is adapted to a wide 

range of climatic and agricultural conditions. It can be grown from sea level up to 

2800 m of altitude, under different temperatures, soil conditions, and rainfall. Tef 

grains are very small: 1000 grains weigh 0.3 – 0.4 g. Their color varies from white to 

dark brown, with the lighter the color being the more expensive (Ketema, 1997). For 

example, white tef grows only in the Highlands and will thrive only under these ideal 

environmental conditions, and then only through a great deal of effort. Particularly in 

poor households tef is often mixed with wheat because of its lower price (Piccinin, 

2002).  

 
Table 3: Composition of different tef grains and wheat grains (Piccinin, 2002; Abebe et al., 
2007; Souci et al., 2008). 

 Tef red Tef white Tef red/white Wheat 

Carbohydrates, complex  [%] - - 80 73 

Fat [%] - - 3 2 

Proteins [%] - - 11% 11% 

        Lysine (g/16g N) - - 3.68 2.08 

Micronutrients     

        Iron (mg/100g) >150 >150 37.7 3.3 

        Zinc (mg/100g) 4.02 2.86 3.86 2.7 

        Calcium (mg/100g) 155 124 147 38 

        Ascorbic acid (mg/100g) - - 0 0 

Phytic acid (mg/100g) 675 842 528 878 
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The nutritional composition of tef is similar to that of wheat, although it generally 

contains higher amounts of the essential amino acids. The content of lysine, the most 

limiting amino acid in cereals, is superior in tef (Ketema, 1997). Furthermore, the 

grains are so small that they have a greater proportion of bran and germ and, equally 

due to their size, are always milled into whole-grain flour (The National Academy of 

Sciences, 1996). It has been shown that in the seeds the distribution of protein, 

percentage of ash and mineral elements is higher in the bran than in the germ 

(Ketema, 1997). Tef flour contains on average 80% complex carbohydrates, 3% fat, 

and 11% protein, but no gluten - at least none of the type found in wheat (Piccinin, 

2002). The composition of selected details of tef and wheat grains are shown in 

Table 3. 

2.4.2. Preparation of the staple food Injera from tef 

Most tef is made into injera, a flat, sour fermented bread which looks like a spongy 

pancake, the size of a serving tray. For the injera preparation, tef flour (mostly white, 

red or a mixture of the two) is mixed with water to form dough, kneaded by hand, to 

which then leaven is added to trigger the fermentation. The leaven (called ersho) is 

mostly obtained from a leftover of the previous injera batch. The mixture is allowed to 

ferment for one to five days, most people leave it for three. The liquid dough is then 

poured onto a round clay heated plate and then covered for baking two to four 

minutes. The bread is then removed from the fire and allowed to cool down. Stored in 

traditional Ethiopian baskets, injera can be kept up to four days (Selinus, 1971). 

Injera is usually served with different stew-like sauces called “wot”, which are mostly 

made with spices, lentils, beans, split peas, or sometimes even with meat or fish. The 

most common wot is called “shiro wot” and is prepared with roasted pea flour, water, 

sunflower oil, onion, salt and spices (EHNRI, 1998).  

2.4.3. Bioavailability of micronutrients in Injera 

It is estimated that in some parts of Ethiopia the daily iron intake through diet is far 

above the daily requirement (Abdulkadir & Bolodia, 1979). This high intake of iron is 

credited to the consumption of the staple food injera. Several analytical studies have 

shown a high content of iron in tef remaining so in injera (EHNRI, 1997; EHNRI, 

1998; Umeta et al., 2005; Abebe et al., 2007). In addition, some of the studies 
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documented that dark tef flour contained more iron than white (EHNRI, 1997; Abebe 

et al., 2007). However, it is believed that the high iron content is due to soil 

contamination rather than intrinsic iron and that this varies greatly among samples 

and regions. The traditional threshing of the tef grains on the ground and under the 

hooves of cattle might contribute to a large part to the iron. Besrat et al. cleaned grain 

samples from visible dirt and further acid-washed them to render the seeds free of 

contaminants. The iron content of white and red tef grains dropped to almost the 

same values as found in wheat (from 9.5 and 14.0 mg to 5.7 and 5.8 mg, 

respectively) (Besrat et al., 1980). Hallberg & Bjorn-Rasmussen confirmed that after 

careful repeated acid-washings of the grains the iron content of tef reduced strongly, 

namely from 39.7 mg/100g to 3.5 mg/100g (Hallberg & Bjorn-Rasmussen, 1981). 

Similar results were found from Cercamondi who sorted tef grains by hand under the 

stereomicroscope from visible contamination. The cleaned white and red grains 

showed a high reduction of iron from 88.6 mg/100g to 3.8 mg/100g and from 

63.8 mg/100g to 4.7 mg/100g dry matter, respectively (Cercamondi, 2008).  
 

As observed in other developing countries, foods are very often contaminated with 

extrinsic iron (Beaton, 1974). The sources are various, such as soil, dust, or water 

contamination, iron leaching into food during storage and cooking, and the 

contamination during food processing (Harvey et al., 2000). However, the question 

about the bioavailability of iron from other sources than food and hence its 

contribution to the iron metabolism is still being evaluated. The limited available 

evidence suggests a wide variation in exchangeability (Harvey et al., 2000). Galan et 

al. reported that meals prepared locally under realistic conditions in West Africa were 

heavily contaminated with iron. Yet, depending on the contamination of the meals 39 

– 73% of the non-heme iron did not exchange with the added inorganic radio-iron 

tracer, meaning that this iron did not enter the common non-heme-iron pool from 

which it is thought to be absorbed (Galan et al., 1990). Another study concluded that 

iron from red soil added to a meal was nonexchangeable and that the calculated 

amount of exchangeable iron in a meal was found to be constant irrespective of the 

amount of red soil iron added (Hallberg & Bjorn-Rasmussen, 1981). In the same 

study the exchangeability of tef contaminated with iron was assumed to be around 

11%, but this may not be representative of all samples as the exchangeability can be 
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expected to vary depending on the nature of the soil on the surface of the grains 

(Hallberg & Bjorn-Rasmussen, 1981).  
 

The phytate content of tef is reported by Umeta et al. to be high (around 950 to 

1460 mg per 100 g dry matter), but decreases markedly during the fermentation 

process of injera preparation (to an average of 525 mg per 100 g dry matter). Umeta 

et al. also reported one third of phytate in fermented injera than unfermented (Umeta 

et al., 2005). With the reduction of phytate the phytate:iron and phytate:zinc molar 

ratios are lower, and hence the absorption of both intrinsic iron and zinc (as well as 

any exchangeable contaminant iron) is probably improved, although still not 

favorable.  

2.4.4. Other common foods consumed in Ethiopia 

Diets in Ethiopia vary greatly across the country, but are commonly predominantly 

plant-based and low in animal products as in most developing countries (Gibson, 

1994). Tef is the main staple in North, West and Central Ethiopia, while maize and 

sorghum are important in the lowlands (Umeta et al., 2005). In rural Sidama, 

Southern Ethiopia, the region is known for its starchy fermented foods prepared from 

enset (Enset ventroicosum), also known as “false Banana” (Abebe et al., 2007). The 

Ethiopian culture is based on many ceremonies, one of them the coffee ceremony. 

This social event is often practiced three times daily and encompasses roasting and 

grinding coffee beans; water is then poured to the ground coffee, boiled and strained 

through a fine sieve several times. Coffee is consumed with plenty of sugar (or 

sometimes with salt in the countryside) but no milk. It has been shown that even 

young children are given coffee as beverages (Adish et al., 1999b; Cercamondi, 

2007). Cercamondi evaluated in his study that one third of study children consumed 

coffee with or shortly after the meal, a practice which impairs iron nutrition, since 

coffee contains polyphenols known to inhibit iron absorption (Cercamondi, 2007). 

Adish et al. also concluded from their study that coffee consumption of children was 

often practiced and was reflected in a deterioration of their iron status (Adish et al., 

1999b). 
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2.5. Micronutrient status in children 

2.5.1. Iron status 

2.5.1.1. Anemia, ID and IDA in children 

Iron deficiency (ID) is worldwide the most common nutritional deficit. The WHO 

estimates that about 30% of the world’s population are anemic, half of which due to 

ID. About 15% more are assumed to suffer from ID without anemia. Particularly 

children and women at childbearing age have an increased need of iron and are 

therefore at high risk to develop anemia, ID and IDA. The worldwide prevalence of 

anemia is estimated to be 47% in pre-school children, while more of them coming 

from the developing world (McLean, 2008). In Ethiopia 54% of preschool children are 

suffering from anemia, mostly assumed to be due to nutritional factors (DHS, 2005). 

In settings with low socio-economic status anemia is exacerbated by lower diet 

quality and infectious diseases. A study in northern Ethiopia reported 42% of 2080 

children aged six to 60 months to be suffering from anemia. In a subsample of 230 

anemic children, 43% were found to have low serum ferritin levels (below 12 µg/L), 

indicating that anemia was largely due to ID. Adish et al. explained the results with a 

high consumption of iron absorption inhibitors such as fenugreek and coffee, and low 

consumption of ASF and vitamin C rich foods (Adish et al., 1999b). 
 

Iron in the body is necessary for the synthesis of hemoglobin and myoglobin, 

transport proteins which supply oxygen to tissues and organs. Furthermore, it is 

needed for the formation of heme and other iron containing enzymes for electron 

transfer and oxidation-reduction reactions (Hurrell, 1997). Iron absorption takes place 

at the duodenum and the upper jejunum of the gastrointestinal system. The stomach 

does not absorb iron directly, but contributes to this process by means of secretion of 

hydrochloric acid and enzymes whose presence helps not only with the extraction of 

the iron from the food matrix, but also renders it soluble (Boccio et al., 2003). The 

iron status in the body is regulated by absorption, and not by excretion. Iron 

absorption is increased during ID and decreased when erythropoiesis is suppressed. 

However, ID and not anemia per se is said to boost iron absorption. It has been 

shown that ID in infants has the same effect on iron absorption as it has in adults 

(Hicks et al., 2006). Excess iron is stored as ferritin or hemosiderin in liver, spleen 
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and bone marrow. These iron stores are first used to replace iron losses through 

inadequate iron absorption. Depleted iron stores are the first stage of ID, with 

hemoglobin concentrations still at or slightly above the established cutoff levels. The 

second stage, known as iron-deficient erythropoiesis, is the reduced iron transport in 

the development of red blood cells. Also at this stage, the hemoglobin level remains 

above the established cut-offs. IDA, the third and most severe form of iron deficiency 

is caused by a negative long-term iron balance; this condition is characterized by a 

decrease in the concentration of hemoglobin in the blood (Hurrell, 1997; Nestel & 

Davidsson, 2002; Umbreit, 2005).  
 

Individuals with ID may experience no noticeable symptoms (Grantham-McGregor & 

Ani, 2001), but young children <2 years might suffer from a significant delay in the 

development of the central nervous system because of alterations in morphology, 

neurochemistry, and bioenergetics (Beard, 2007). At this stage, there may be an 

opportunity to reverse the adverse effects, but the success of repletion depends on 

the stage of development at the time of ID (Beard, 2007). Conversely, ID with anemia 

- caused by the additional reduction of oxygen available to organs and tissues when 

hemoglobin levels are low - is responsible for many of the symptoms experienced by 

anemic people. These range in children from adverse cognitive performance and 

behavior, delayed psychomotor development (as mentioned above), and impaired 

physical growth. In adults IDA leads to reduced physical capacity, productivity, and, 

during pregnancy, an increased risk for maternal death at child birth, neonatal and 

overall infant mortality. Furthermore, iron-deficient populations have a reduced 

immune status, and morbidity from infectious diseases is increased (Oppenheimer, 

2001). 
 

There are other nutritional as well as infectious causes of anemia. Nutritional 

anemias are caused by the lack of vitamins A, B6 and B12, riboflavin, and folic acid, 

although the most common nutritional anemia is still caused by ID (van den Broek & 

Letsky, 2000). Parasites, such as hookworms and schistosomes have been long 

recognized as major contributors to anemia by causing blood loss; deworming 

treatments have been shown to lead to improved hemoglobin levels (Umbreit, 2005). 

Malaria contributes to reduced hemoglobin concentrations through rupturing red 

blood cells and suppressing the production of new ones. Chronic diseases including 
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HIV/AIDS, or genetic disorders such as thalassemias are also possible causes of 

anemia (Nestel & Davidsson, 2002).  
 

There are three main strategies for correcting iron deficiency, that can be used alone 

or in combination: dietary modification or diversification, iron supplementation or iron 

fortification of foods (Zimmermann & Hurrell, 2007). The preferred treatment for iron 

deficiency in individuals, besides identification of the source of iron loss, is oral iron. 

Oral iron supplementation can also be targeted to high risk groups such as pregnant 

women. In most cases ferrous iron salts are preferred because of their low cost and 

solubility and bioavailability at the pH of the duodenum and jejunum (Umbreit, 2005; 

Zimmermann & Hurrell, 2007). However, iron treatments have been associated with 

acute exacerbations of infection, in particular, malaria. In a trial in Pemba, Zanzibar, 

children living in a region with endemic malaria were supplemented with iron 

(12.5 mg) and folic acid (50 µg); compared to the placebo group, the supplemented 

children were significantly more likely to die or be admitted to the hospital for 

treatment. This study showed that iron supplement of children who are not iron 

deficient but suffer from malaria might be harmful (Sazawal et al., 2006). Iron 

fortification is often done with low iron doses and hence is a safer intervention than 

supplementation as the food also decreases iron absorption. It is also a more 

practical, sustainable, and cost-effective long-term strategy which can control ID at 

the national level. Particularly in industrialized countries, iron fortification of foods, 

mainly complementary foods and infant formulas, is believed to have reduced the 

prevalence of ID and anemia in young children (Zimmermann & Hurrell, 2007). In 

Chile, iron fortified milk (Fe; 10 mg/L) was provided by the Complementary National 

Food Program to infants below 18 months; it was shown that the powdered cow’s 

milk favorably affected the iron status of these children (Torrejon et al., 2004). Home 

fortification as another possibility can be done with sprinkles, crushable tablets, or a 

lipid-based food nutrient. The advantages of home fortification are numerous: dietary 

practices almost remain the same, the target child obtains a full dose of 

micronutrients even when mixed with small food quantities, and the method is less 

expensive than centrally processed, fortified complementary foods. A study in Ghana 

showed that home fortification of all three types of micronutrient supplements was 

well accepted and improved the iron status of the study children (Adu-Afarwuah et 

al., 2008). Several other studies demonstrated that home fortification of 
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complementary foods with sprinkles containing iron increased hemoglobin levels of 

infants (Zlotkin et al., 2003; Giovannini et al., 2006). 

2.5.1.2. Requirements 

For the first six months of life an infant born on term has enough iron stores, which 

were acquired during intrauterine life. Infants and children require substantially more 

iron per kg of body weight than adults, since iron is needed not only to replace basal 

losses, but also for expanding red cell mass and growing body tissues (WHO/FAO, 

2004). The iron requirements in relation to energy intake are highest during the 

weaning period. They are based on estimates for iron losses, iron bioavailability from 

the diet, and iron requirements for metabolism and growth (Table 4). Table 5 shows 

the recommended nutrient intake (RNI) for iron depending on its bioavailability. Iron 

bioavailability is usually very low in diets based on plant and cereal products as found 

in the developing world (WHO/FAO, 2004).  
 
Table 4: Iron intake required for growth, median basal losses and total absolute requirements 
for children aged 6 to 36 months (WHO/FAO, 2004). 

Total absolute requirements 

Age 

Required iron 
intakes for growth 

[mg/day] 

Medial basal iron 
losses [mg/day] Median [mg/day] 

95th percentile 
[mg/day] 

6-12 months 0.55 0.17 0.72 0.93 

13-36 months 0.27 0.19 0.46 0.58 
 

 

Table 5: Recommended nutrient intake (RNI) for different dietary iron bioavailability [in mg/day] 
(WHO/FAO, 2004). 

Age 
15% 

Bioavailability 
12% 

Bioavailability 
10% 

Bioavailability 
5% 

Bioavailability 

6-12 months 6.2 7.7 9.3 18.6 

13-36 months 3.9 4.8 5.8 11.6 

 

2.5.1.3. Assessment 

Several parameters are related to the iron metabolism and can be used to assess the 

iron status in the organism. One of the most common methods for screening 

individuals is measuring hemoglobin. A low hemoglobin concentration is related to 

anemia. The red pigments of the erythrocytes, which are linked to the transport of 
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oxygen, are measured most commonly either with the cyanomethemoglobin method 

in the laboratory (Drabkin & Austin, 1935) or with the HemoCue system in the field 

(Vonschenck et al., 1986). Both methods are recommended by the WHO to screen 

for anemia in large study populations, since they are relatively economic, simple and 

rapid (WHO/CDC, 2004). Another quick method for assessing anemia is the 

determination of the hematocrit value, but its lack of precision is a disadvantage 

(Boccio et al., 2003). However, anemia is not only provoked by nutritional iron 

deficiency, but also by other nutrient deficiencies and infectious diseases. Serum 

retinol levels were shown to be linked to hemoglobin levels in several studies 

(Mohanram et al., 1977; Wolde-Gebriel et al., 1993b; Gamble et al., 2004). Vitamin A 

supplementation in children with poor vitamin A status was shown to increase 

hemoglobin level by mobilizing iron from existing stores to support increased 

erythropoiesis. However, overall body iron stores remained unchanged (Zimmermann 

et al., 2006). Riboflavin deficiency may also contribute to anemia through decreased 

mobilization of iron from stores, decreased iron absorption and increased iron loss 

(Powers, 2003).  

 

Other nutrient deficiencies that might cause anemia are folic acid and vitamin B12, 

whereas the contribution of the latter to the worldwide prevalence of anemia has not 

yet been well established. Further causes of anemia are infectious diseases such as 

HIV, malaria, hookworm, schistosomiasis, and inherited disorders such as sickle cell 

disease and thalassemia (Tolentino & Friedman, 2007). For the assessment of 

hemoglobin values it is necessary to take into account variations depending on sex, 

age, ethnicity and altitude of residence. For example, the WHO defines anemia for 

children six to 59 months as an hemoglobin level < 11g/dL. Hemoglobin 

concentrations in blacks are found to be 0.5 to 1.0 g/dL lower than in their white 

counterparts (Dallman et al., 1978; Johnson-Spear & Yip, 1994; Sullivan et al., 2008). 

At altitudes above 1000m hemoglobin concentrations increase due to the lower 

partial pressure of oxygen and reduced oxygen saturation of the blood; hence 

adjustment values have been suggested (Nestel, 2002; Sullivan et al., 2008). 
 

For the assessment of the iron status several well-established tests are useful in 

addition to the hemoglobin or hematocrit level. However, there is no single test to 

assess iron deficiency without anemia (WHO/CDC, 2004). Serum ferritin (SF) is the 
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most specific biochemical parameter that correlates with the total body iron stores. 

SF values <12µg/L in children less than 5 years and <15µg/L in individuals >5 years 

are linked to an evident iron storage deficiency (WHO/CDC, 2004). Yet, SF levels 

above the cut-offs do not necessarily reflect iron sufficiency; the prevalence of recent 

infections, even mild respiratory infections, should be included as information to 

assess ID on the basis of SF. In the presence of infections, SF being an acute phase 

protein increases and, even after symptoms disappear, the level remains elevated for 

several weeks (Hulthen et al., 1998). To exclude blood samples with high SF levels 

due to infections, measuring another inflammatory marker, as example C-reactive 

protein (CRP) is recommended. CRP also increases rapidly in the human body 

during an infection. As a result, the interpretation of SF levels in populations with high 

incidence of infections or inflammations is problematic and limited (WHO/CDC, 

2004).  

 

Depletion of iron stores can also be determined by measuring total iron binding 

capacity (TIBC) or serum iron. Iron depleted stores result in an increased TIBC and 

reduced serum iron level. However, neither of them is a very  reliable indicator due to 

diurnal variation, the influence of infections and a clear overlap between ranges 

found in normal and iron-deficient individuals (WHO/CDC, 2004). Serum transferrin 

saturation can be calculated as the percentage ratio between serum iron and TIBC 

and decreases as the iron supply declines. These three parameters are particularly 

useful to differentiate between iron deficiency of nutritional and of infectious causes 

(Boccio et al., 2003).  
 

Erythrocyte protoporphyrin concentration and serum transferrin receptor (TfR) are 

parameters to detect early functional ID. When iron supply is inadequate for the 

synthesis of hemoglobin, then levels of erythrocyte protoporphyrin, the precursor of 

heme, become elevated. In the early development of ID, an increase in TfR is being 

observed. TfR levels augment progressively as the supply of iron to the tissues 

becomes more deficient (WHO/UNICEF/UNU, 2001). One of the advantages of 

measuring TfR is that inflammations, infections, hepatic diseases, age, gender, or 

pregnancy do not significantly affect the level of TfR. Although not very feasible in 

population-based surveys, the determination of bone marrow iron stain is regarded 

as the reference test to evaluate other iron tests.  
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All mentioned parameters have their advantages and disadvantages. Best, but not 

always feasible would be the combination of some parameters. The WHO 

recommends the definition of ID based on the indicators hemoglobin, TfR, and SF or 

bone-marrow Fe (WHO/CDC, 2004), as this reflects a reliable combination for iron 

status assessment in individuals. 

2.5.2. Zinc status 

2.5.2.1. Zinc deficiency 

Zinc deficiency was first described around 1960 in adolescent male dwarfs 

consuming plant-based diets low in zinc and high in zinc absorption inhibitors. Since 

then zinc deficiency and its negative health consequences have been identified in 

many regions of the world. Yet, it was only in 2002 that this micronutrient deficiency 

was included as one of the major contributors to the global burden of disease, along 

with iron, vitamin A, and iodine deficiency (Gibson, 2006). Cases of severe zinc 

deficiency are rare, while mild to moderate zinc deficiency is common. Yet, the 

worldwide magnitude is not known, since the deficiency is not easily recognizable 

due to lack of specific clinical signs and biochemical indicators (King, 1990). But an 

estimated 48% of the world population is at risk of zinc deficiency (Brown et al., 

2001). The role of zinc in the body is recognized to be much more variable than iron. 

It is known to have key functions in DNA and RNA metabolism, gene expression and 

signal transduction, and it is involved in cell division and growth (Hambidge & Krebs, 

2007).  
 

Zinc deficiency can be attributed to different causes, alone or combined, such as 

inadequate intake, increased requirements, malabsorption, increased losses, and 

impaired utilization (International Zinc Nutrition Consultative Group (IZiNC), 2004). 

Clinical manifestations of zinc deficiency depend on age and include growth 

retardation, neurosensory disorders, anorexia, diarrhea, skin changes, and increased 

susceptibility to infections mediated via defects in the immune system (Black et al., 

2004; WHO/FAO, 2004). Inadequate zinc intake might also reduce appetite and 

hence decrease food consumption (Golden & Golden, 1981). Infections and diarrhea 

can also result in increased zinc losses and hence reduced immunity (Fischer Walker 
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et al., 2006). Among all symptoms of zinc deficiency growth retardation is the most 

obvious.  
 

Benefits from zinc supplementation are widely known. A meta-analysis of 33 

randomized controlled intervention trials showed that zinc supplementation produced 

highly significant positive responses in height and weight increments. Growth 

responses were greater in children with low initial weight-for-age Z-scores and in 

those aged > six months with low initial height-for-age Z-scores (Brown et al., 2002). 

Umeta and co-workers (2000) conducted a randomized, double-blind, placebo-

controlled trial in healthy 100 stunted and 100 non-stunted Ethiopian children six to 

twelve months. They received either a supplement of 10 mg zinc or placebo six days 

per week for six months. The results were that the supplementation groups had a 

significant higher increase in length, whereas the effect was more pronounced in the 

group of stunted children (7 cm [SE 1.1] vs 6.6 cm [SE 0.9]). The same tendencies 

were shown in weight gain. These findings were explained with the lower incidence 

of morbidity from cough, diarrhea, fever and vomiting in the stunted children (Umeta 

et al., 2000). Other studies also reported that zinc supplementation reduced morbidity 

and mortality (Sazawal et al., 2007). A meta-analysis of Patro et al. could show that 

particularly the duration of diarrhea (13 randomized controlled trials, 5643 infants, 

weighted mean difference -0.69 day, 95% CI -0.97 to-0.40) decreased with the use of 

zinc supplementation (Patro et al., 2008). Further benefits from zinc supplementation 

in children are improved motor development (Black et al., 2004). Conversely, if 

dietary zinc intake is adequate, as mostly experienced in developed countries, then 

zinc supplementation does neither affect growth, nor morbidity or motor development 

(Heinig et al., 2006). Besides zinc supplementation, the possibility of food fortification 

and food supplementation with zinc has also been explored in several studies, but so 

far there is no clear evidence that interventions with complementary food 

supplements and multiple-micronutrient-fortified beverages would improve zinc status 

or growth of children (Abrams et al., 2003; Gibson, 2006; Giovannini et al., 2006; 

Arsenault et al., 2008). However, in a recent study by Winichagoon et al. Thai school 

children were fed micronutrient-fortified seasoning powder which resulted in a 

positive impact on serum zinc concentration (Winichagoon et al., 2006).  
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2.5.2.2. Requirements 

The young infant has a relatively high zinc requirement to support the very rapid 

growth of infancy. As shown in Figure 3, zinc intake from exclusively breastfed 

children is covered for the first few months of life (Krebs, 2000). The IZiNCG 

(International Zinc Nutrition Consultative Group (IZiNC), 2004) suggests calculating 

the daily zinc requirements for children by adding the endogenous zinc losses to the 

zinc required for growth: The endogenous zinc losses are calculated as 0.064 

mg/kg/day for infants six to eleven months and 0.034 mg/kg/day for children one year 

of age or older. For example, a child of 9 kg (6-11 months old) is expected to have a 

daily weight gain of 13 g, which requires 0.260 mg/day of zinc (i.e. 13 g/day x 0.020 

mg/g), and replacing the endogenous losses requires 0.576 mg/day of zinc (i.e. 9 kg 

x 0.064 mg/kg); the physiological requirement add up to 0.84 mg/day. Using the 

same calculation, children one to three years have a requirement of 0.53 mg/day 

(IZiNCG, 2004).    
 

 
Figure 3: Longitudinal zinc intakes from human milk by exclusive breastfed children, based on 
72-h test weighing. Values are means +/- SEM. Lower line indicates calculated requirements by 
factorial method for net absorption of zinc by infants (Krebs, 2000) 
 

It was shown that infants were able to adapt to low diet zinc intake by increased 

fractional absorption and decreased endogenous losses, although these body 

mechanisms seem to be limited (Ziegler et al., 1989). The recommended nutrient 

intakes (RNI) for zinc depending on its bioavailability are shown in Table 6. 
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Table 6: Recommended nutrient intake (RNI) for different dietary zinc bioavailability [in mg/day] 
(WHO/FAO, 2004). 

Age High Bioavailability Moderate Bioavailability Low Bioavailability 

0-6 months 1.1 2.8 6.6 

7-12 months 0.8 4.1 8.4 

13-36 months 2.4 4.1 8.3 

 

2.5.2.3. Assessment 

The assessment of zinc status of individuals is problematic, since no generally 

accepted, sensitive and specific biomarker of zinc status exists. The most common 

parameters used are the measurement of dietary zinc intake (dietary intake of 

absorbable zinc) or the analysis of the zinc concentration in serum or plasma. 

Although the latter’s diagnostic value is limited by some influencing factors, such as 

stress, infections, and various pathological conditions. Furthermore, it has been 

reported that circulating zinc concentrations might have an inter-individual variation of 

5 to 20% depending on the time of the day (Hashim et al., 1996; Hess et al., 2007).  

2.5.3. Vitamin A status 

2.5.3.1. Vitamin A Deficiency  

Vitamin A deficiency (VAD) is a major public health problem in most developing 

countries. Also in Ethiopia, which is among the African countries with the highest 

rates of micronutrient deficiencies, VAD contributes to most of the morbidity, mortality 

and blindness in children (Haidar et al., 2008). It is estimated that VAD is responsible 

for 0.6 million deaths of children <5 years globally and it represents therefore by far 

the largest disease burden among the micronutrient deficiencies (Black et al., 2008). 

In populations where vitamin A intake from food is low, infectious diseases can 

precipitate VAD by decreasing intake, decreasing absorption, and increasing 

excretion (Stephensen, 2001). Based on data from the literature three causes of VAD 

in children were identified: maternal VAD resulting in low concentrations of vitamin A 

in breast milk, inadequate dietary vitamin A intake during and after weaning, and 

prevalent illness (Miller et al., 2002).  
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The absorption of ingested retinol takes place in the small intestine. After 

transportation into the liver it is stored primarily as retinyl palmitate. Liver stores are 

an important buffer against variations in the intake of retinol and carotenoinds. When 

intake surpasses requirements, the excess is stored and liver reserves increase. On 

the other hand, when requirements are not met, retinyl palmitate is released into the 

bloodstream as retinol together with retinol-binding protein to maintain serum retinol 

at a normal level. If intake remains low for a longer period, liver stores become 

depleted, serum retinol levels drop, and cellular function is impaired (WHO, 1995c). 

VAD can result in increased risk of severe illness and death from childhood infections 

such as diarrhea and measles as well as poor reproductive health, increased risk of 

anemia and contributes to slowed growth and development. Main consequences 

include also impaired vision, such as night blindness until irreversible blindness 

(WHO/FAO, 2004). 

2.5.3.2. Requirements 

To account for the differences in activity of retinol and carotenoids in the body, 

dietary recommendations are expressed in terms of Retinol Equivalents (RE)/day. 

Since there are no adequate data available to derive mean requirements, a 

recommended nutrient intake cannot be calculated. However, the estimated 

requirements are designed to prevent the manifestation of clinical signs of VAD, to 

permit normal growth, and to build adequate liver stores for the large majority of a 

population. Table 7 summarizes the estimated mean requirements for vitamin A and 

the recommended safe intakes (WHO/FAO, 2004). 
 

Table 7: Estimated mean requirements and safe level of intake for vitamin A (WHO/FAO, 2004) 

Age Mean requirement (RE/day)  Recommended safe intake (RE/day) 

0-6 months 180 375 

7-12 months 190 400 

13-36 months 200 400 

 

A study in Nepal concluded that regardless of the dietary vitamin A intake, children 

who were regularly supplemented with high doses of vitamin A were better protected 

against malnutrition, diarrhea, and acute respiratory infection at higher rate than 

children who were only once or never supplemented (Grubesic, 2004).  
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2.5.3.3. Assessment 

The assessment of clinical VAD symptoms such as Bitot’s spot, corneal xerosis, 

keratomalacia and corneal scars, is a rapid and economic method for evaluating the 

vitamin A status of a population. However, for the evaluation of smaller sample sizes 

biochemical indicators are necessary to detect non-clinically observable deficiencies, 

such as depletion of vitamin A stores (WHO, 1996). Sub-clinical indicators consist of 

the functional indicator of night blindness; furthermore the biochemical indicators, 

which are the most specific and useful indicators to determine risk assessment, 

include serum retinol (SR), relative dose response test and total liver reserves by 

isotope dilution. SR is the most useful biochemical indicator, although its level is 

decreased during acute and chronic infections and protein malnutrition (WHO, 1996). 

SR can be measured by high pressure liquid chromatography (HPLC), or by 

fluorescence or UV spectrophotometry. HPLC is the method of choice because of its 

high specificity and sensitivity, but it is also the most expensive and difficult to 

maintain under the conditions prevailing in many laboratories in developing countries 

(WHO, 1996).  
 

Another way to identify areas likely to have a high prevalence of vitamin A deficiency 

is the method of the semi-quantitative food frequency questionnaire. The Helen 

Keller International developed a procedure in which subjects are asked about feeding 

patterns based solely on a list containing vitamin-A rich foods (with a content of at 

least 100 RE per 100 g). This simple, inexpensive and user-friendly technique has 

been shown to strongly correlate with VAD (Sloan et al., 1997). However, Persson 

and co-workers criticized that this method underestimates the vitamin A intake of 

children receiving breast milk, since this is not included in the food frequency 

questionnaire (Persson, 1998).  

2.6. Child malnutrition 

Malnutrition remains the most serious health problem in the world, with children being 

most affected. Nearly one third of children in the developing world is either 

underweight (light for age) or stunted (short for age), and more than 30% of the 

developing world’s population suffer from micronutrient deficiencies (World Bank, 

2006). It has been recognized by the nutrition community that micronutrient 
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malnutrition is a very widespread but often invisible problem, and probably the 

principal nutritional problem in the world today (Allen, 2003). Malnutrition is a result of 

a combination of inadequate total energy and micronutrients, and to a lesser extent, 

protein intake. Unsuitable feeding and care practices, inappropriate household food 

allocation, poor access to health services, and poor sanitation leading to infection 

and parasites have a negative impact on nutritional status (Neumann et al., 2002). 

There is clear evidence that major health damage caused by malnutrition finds its 

beginning in the womb and during the first two years of life, mostly being irreversible 

(World Bank, 2006). The most readily measured outcome of malnutrition in children is 

poor growth. Hence, the term malnutrition is habitually used as growth failure as 

expressed in stunting (short for age), wasting (thin for height) and underweight (light 

for age). Table 8 summarizes data from Ethiopia with prevalence of malnutrition in 

growth, anemia and VAD. 
 

Table 8: Data of prevalence/incidence of child malnutrition in Ethiopia. 

 Year Prevalence/ 
Incidence 

Source 

Under-five mortality (per 1000 live births) 2001-2005 123 (DHS, 2005) 

 1996-2000 141 (DHS, 2000) 

Stunting under five1 2001-2005 52% (DHS, 2005) 

 1996-2000 52% (DHS, 2000) 

Wasting under five1 2001-2005 18% (DHS, 2005) 

 1996-2000 11% (DHS, 2000) 

Underweight under five1 2001-2005 48% (DHS, 2005) 

 1996-2000 47% (DHS, 2000) 

Anemia under five (Hb<110g/L) 2001-2005 53.5% (DHS, 2005) 

Vitamin A deficiency (serum retinol of <0.70mmol/L) 

Pre-school children, nationwide 2006 46% (Synder & MacDonald, 

2006) 

Pre-school and school-aged children, Sire district 2002 51% (Asrat et al., 2002) 

School-aged children, Northern Ethiopia 2001 51% (Kassaye et al., 2001) 

Pre-school and school-aged children, Eastern 

Ethiopia 

1993 58% (Wolde-Gebriel et al., 

1993a) 

Pre-school children, nationwide 1991 44% (Wolde-Gebriel et al., 

1991) 
1NCHS references (Hamill et al., 1977) 
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Two of the eight Millennium Development Goals (MDG), which were set up at the 

Millennium Assembly of the United Nations in the year 2000, for the target date of 

2015 are to eradicate extreme poverty and hunger, and to reduce by two thirds the 

mortality rate among children under five. While most countries are on track to achieve 

the MDG, nutrition status is actually deteriorating in some countries, most of which in 

Africa (de Onis et al., 2000; MDG, 2007). In Sub-Saharan Africa malnutrition is on the 

rise. Particularly in Eastern Africa the underweight prevalence is forecast to be 25% 

higher in 2015 than it was in 1990. One of the reasons discussed is the high 

prevalence of HIV/AIDS which is strongly linked to undernutrition and mutually 

reinforcing (World Bank, 2006). Given current trends, the world will not meet the 

MDG to reduce mortality rate among children until mid 21st century, not 2015 (MDG, 

2007). 

2.6.1. Influencing factors for malnutrition 

A diet low in energy and nutrient density is the most obvious reason for malnutrition. 

Per example, protein-energy malnutrition (PEM) results from either inadequate 

energy or protein intake, or from infections that cause loss of appetite (at which time 

the body’s nutrient requirements and losses are increasing) and is manifested either 

in marasmus or kwashiorkor. Marasmus is usually a result of a severe reduction in 

energy intake and is characterized by severe wasting (of body tissues), whereas 

kwashiorkor, mainly encountered in children, is a result of an extreme cutback in 

protein intake and is manifested in oedema. Short-term and long-term effects of PEM 

are of both a physical and mental nature, including growth retardation, higher 

susceptibility for infections, and increased mortality rates. Nutritionally, PEM is 

associated with a markedly reduced intake of essential and of long-chain 

polyunsaturated fatty acids, as well as micronutrients (Decsi & Koletzko, 2000). 

Again, micronutrient deficiencies may be produced by decreased food intake, 

impaired nutrient absorption, increased nutrient losses, enhanced metabolic 

requirements, elevated catabolic losses, or impaired transport to target tissues 

(World Bank, 2006). There are numerous factors leading to these causes. A research 

report by Smith et al., describing the experience of 63 developing countries over a 

25-year period, explains the importance of the direct and indirect determinants of 

child malnutrition. Direct influences are said to be national food availability, women’s 

education, women’s status relative to men’s, and hygiene; the indirect determinants 
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are national income and democracy. The latter influence the former by providing 

means to invest in their development (Smith & Haddad, 2000).  

2.6.1.1. Time of introduction and quality of complementary foods 

Time of introduction of complementary foods: Complementary foods (CF) are often 

introduced either too early or too late into the diets of children. This error is observed 

in many developing as well as developed countries (see also chapter 2.1.2.). The 

timing of introduction of complementary foods is influenced by various factors, such 

as infant maturation and health, parental beliefs and perceptions, and nutritional 

considerations. A study in rural Malawi showed that only 4% of children were 

exclusively breastfed until 6 months, and 65% already received CF in the first month. 

Furthermore, early introduction of porridge was associated with worse anthropometric 

status because food contamination lead to diarrhea, and breast milk was displaced 

by the large amounts of less nutritious porridge (Kerr et al., 2007). Vietnamese 

children who were exclusively breastfed until six months gained more weight than 

partially breastfed or weaned children (Hop et al., 2000). Several more studies found 

similar results (Davies-Adetugbo & Adetugbo, 1997; Onyango et al., 1998; 

Grillenberger et al., 2003). Other studies found interestingly no differences in growth 

when comparing exclusively breastfed children with children who received CF prior to 

six months (Umeta et al., 2003).  
 

Diet quality and diversity: Cereal based gruels are often one of the first semi-solid 

foods introduced into the infant’s diet. Mostly, these foods are low in energy, nutrient 

density and diversity (Davidsson, 2003). The importance of the diet quality and 

diversity regarding the nutrition was demonstrated in several studies and reviews 

(Ruel, 2003; Arimond & Ruel, 2004). Diet diversity was even proposed as a 

candidate predictor of nutritional status (Onyango, 2003). It has also been shown to 

correlate highly with micronutrient density adequacy (Moursi et al., 2008). Dewey and 

co-workers compared breast milk intake and complementary diets of U.S. (n=46) and 

Peruvian children (n=52). Growth faltering in the Peruvian children after six months of 

age was explained not through insufficient breast milk intake, which was very similar 

in both groups, but rather through the higher morbidity rates, lower nutrient density 

and quality of CF (Dewey et al., 1992). In Kenyan children (12 to 36 months) the 

anthropometric status was strongly and consistently related to the number of different 
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foods consumed (Onyango et al., 1998). Quantity and type of food was also strongly 

correlated with stunting (short for age) in Ethiopian children; the consumption of 

cow's milk was linked to less stunting (P=0.05) (Umeta et al., 2003). 

2.6.1.2. Hygiene and morbidity 

Hygiene: In developing countries unsafe water is often used for meal preparation. 

Most pathogens are destroyed during cooking, but food contamination recurs 

nevertheless during storage; foods which are not consumed directly after preparation 

and stored for a long time at ambient temperature might be insufficiently reheated 

before consumption. Ehiri et al. investigated critical control points of CF preparation 

in Nigeria and found that added ingredients such as dried ground fish and soybean 

powder could pose a risk of contamination (Ehiri et al., 2001). Further risks were poor 

domestic and personal hygiene in the study community.  
 

Morbidity: Another reason for lower child growth and development are recurrent 

infections, particularly diarrheal diseases. Frequent episodes of diarrhea are widely 

recognized to contribute to malnutrition, particularly to growth faltering (Motarjemi et 

al., 1993). Diarrhea results mainly from ingestion of contaminated foods during the 

weaning period as shown in a study in the South West of Ethiopia (Tenssay & 

Mengistu, 1997). There is abundant evidence that the highest incidence of diarrheal 

diseases is found in the second half of infancy, i.e. during the weaning period. Black 

et al. found that the prevalence was highest during the second half of the first year 

and then declined with increasing age thereafter (Black et al., 1982). This can be 

explained with the improved immunity from repeated exposure to the pathogens. 

Prolonged breastfeeding was related to lower occurrences of morbidity. Molbak et al. 

stated that children under three years of age in West Africa had a significantly higher 

incidence of diarrhea and were 3.5 times more likely to die if they were no longer 

breastfed at the age of 12 to 35 months (Molbak et al., 1994). 

2.6.1.3. Socioeconomic characteristics 

Income and wealth: There is abundant evidence that low income and wealth status 

are linked to malnutrition (Ahmed et al., 1991; Fawzi et al., 1998; Garenne & 

Hohmann-Garenne, 2003; Umeta et al., 2003; Bomela, 2007; Ngnie-Teta et al., 

2007). Improved income at the household level allows higher expenditures for food, 
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clean water, hygiene and health care. Furthermore, it allows families to have a more 

diversified diet. Higher incomes at community level enable the investment in yet more 

health care, sanitation systems and access to information. Not withstanding, income 

growth alone is insufficient to improve nutrition; a combination of income growth and 

nutritional interventions was suggested to ameliorate the problem (Alderman et al., 

2006).  
 

Education: Family income is usually a covariate of educational level. The mother’s 

level of education was shown to correlate with the nutritional status of the children. 

Several studies evidenced that lower maternal education resulted in infant feeding 

malpractices, such as the early introduction of cow’s milk and premature weaning 

(Fawzi et al., 1998; Ummarino et al., 2003; Ngnie-Teta et al., 2007). A pilot study in 

Malawi showed positive results after nutritional education of mothers. They were 

encouraged to increase total energy intakes, energy densities or intakes of iron and 

zinc of complementary foods. The intervention practices were well accepted and 

adopted and were associated with improved adequacy of energy and nutrient intakes 

from CF compared to a control group (Hotz & Gibson, 2005).  
 

Gender of decision maker: Male-headed households can have a markedly higher 

prevalence of chronic malnutrition among children (Bomela, 2007). An explanation 

could be that the allocation of foods in female-headed households is more favorable 

to children.  
 

Setting: The prevalence of malnutrition is reported to be consistently higher in rural 

areas (Menon et al., 2000; Ngnie-Teta et al., 2007). This suggests that urban 

populations are better off. However, these comparisons mask the large discrepancies 

that exist among the urban populations. A comparison of the DHS data of eleven 

countries revealed that the intra-urban differences in child malnutrition were greater 

than the intra-rural differences, although the prevalence of malnutrition among the 

urban and rural poor were similar. Children living in urban areas were considered to 

be up to ten times more at risk of being stunted if they were from poor households 

(Menon et al., 2000).  
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Family size: A larger family size is widely recognized to contribute to a higher rate of 

malnutrition (Yusuf, 2000). The effect of family size was also seen in differences in 

biochemical indices of children. Those from smaller families showed significantly 

higher levels of hemoglobin and serum vitamin A compared with children from larger 

families (Ahmed et al., 1992). In Ethiopia an increase in birth rate, i.e. family size and 

hence child malnutrition was even shown when labor-saving technologies (e.g. 

improved access to water) were introduced: the energy saved with the new 

technologies resulted into higher birth rates (Gibson & Mace, 2006). Children born 

within two years of their older siblings were more likely to be stunted than children 

born later (Umeta et al., 2003). 

2.6.2. The consequences of malnutrition  

The consequences of malnutrition are far-reaching. Severe vitamin and mineral 

deficiencies in the womb and in the first years of life increase the susceptibility for all 

diseases; serious or repeated infections increase the risk of malnutrition. This can be 

expressed in the form of growth retardation, blindness, dwarfism, mental retardation, 

and neural tube defects. All these disabilities are handicaps in any society, but 

particularly in the developing world. Malnutrition is directly and indirectly associated 

with about 35% of all child mortality (Black et al., 2008). Not only individuals but also 

the economic growth of a country is affected: the productivity of malnourished people 

is reduced in three different ways. Firstly, there are direct losses of physical labor 

capacity; secondly, indirect losses resulting from poor cognitive function, and/or lack 

of schooling; and thirdly, losses in total available resources because of higher health 

care costs. Figure 4 shows the vicious circle of malnutrition and, as its major cause, 

poverty.  
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Figure 4: The vicious cycle of malnutrition and poverty (Source: World Bank, 2006) 

2.6.3. Nutritional assessment 

2.6.3.1. Anthropometric indicators 

Growth failure is the most common and known outcome of malnutrition. Hence, for 

assessing the nutritional status of children the anthropometry is for practical 

purposes the most useful tool. The most commonly used anthropometric indices are 

height-for-age, weight-for-height, and weight-for-age. These indices can be 

expressed in Z-scores which permit a comparison of an individual child with a 

reference population. Children with Z-scores for height-for-age (HAZ), weight-for-

height (WHZ) or weight-for-age (WAZ) below -2 standard deviations (SD) of a 

reference population are generally considered to be stunted, wasted and/or 

underweight, respectively. Z-scores below -3 SD reflect severe forms of malnutrition. 
 

The prevalence of wasting is an indicator of an acute nutritional problem. Wasted 

children have an inadequate weight for height. This may be the consequence of 

starvation or severe illness, in particular diarrhea, but it can also be due to various 

chronic factors (i.e. micronutrient deficiencies, low energy intake). Unlike stunting it 
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can develop rapidly and can be remedied completely with proper nutritional 

intervention. Severly wasted children need urgent medical attention to prevent death.  
 

Stunting indicates growth failure in height; it is a cumulative effect caused by overall 

socio-economic problems, chronic or repeated infections or inadequate intake of 

macro- and/or micronutrients as an underlying factor. Stunting is a result of the long 

time effect of chronic or frequent malnutrition.  
 

Underweight is due to chronic undernutrition or wasting or both; it compounds 

therefore the effects of short- and long-term health and nutritional problems. Globally, 

it affects fewer children than stunting. The assessment of underweight is generally 

used for monitoring growth and assessing changes in the magnitude of malnutrition 

over time.  
 

Mid-upper-arm circumference (MUAC) Z-scores are often used as a simple means to 

diagnose malnutrition. A limitation of this method is the relatively large variability in 

MUAC measurements made by different workers; this can be reduced by careful 

training and standardization (de Onis et al., 1997).  

2.6.3.2. Growth references and standards 

Since 1978 data from the National Center for Health Statistics/WHO have been in 

use as a reference for children’s growth. This reference is based on data from growth 

of American Caucasian children, most of them bottle-fed or only breastfed for a short 

time. It does not reflect children’s growth globally, and is irrespective of locality 

(Hamill et al., 1977). New requirements worked out by a WHO working group (WHO, 

1995a) displayed the urgency of implementation of international child growth 

standards. In 2006 the WHO released the WHO Child Growth Standards based on 

more than eight thousand healthy and breastfed children from Brazil, Ghana, India, 

Norway, Oman, and the USA. The new standards demonstrate that children around 

the world have strikingly similar growth patterns regardless of genetics, ethnicity or 

climate when they are growing under optimal conditions and when recommended 

feeding practices and a healthy environment are ensured. De Onis et al. compared 

the NCHS references with the new WHO standards (secondary analysis of data with 

children from Bangladesh) and stated that the WHO Standards provide a better tool 
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for monitoring the growth of breastfed children (de Onis et al., 2006). Using the new 

standards, wasting rates (Figure 5) will be substantially higher during infancy (i.e. up 

to 70 cm length), stunting is expected to increase throughout childhood (Figure 6), 

and underweight rates (Figure 7) will be higher during the first six months and lower 

thereafter (de Onis et al., 2006). The changes in the prevalence might contribute to 

reduced child morbidity and mortality by intervening earlier concerning infants which 

might have been at the threshold with the old references. However, the explanation 

of a secondary data analysis from three nutrition surveys (n=2555) made some 

reservations for the new standards if they are adopted by nutrition programs. Despite 

a higher prevalence of severe acute malnutrition with Z-score cut-off, children who 

are assessed with percentage of the median (cut-off of <70% of the median for 

severe acute malnutrition) are less likely to be classified as malnourished in 

conjunction with the WHO standards as with the NCHS references. This might lead to 

a reduction in admission to feeding programs and earlier discharge of recovering 

patients (Seal & Kerac, 2007).  
 

 
Figure 5: Prevalence of wasting (below -2 SD from the median for weight-for-length/height) and 
severe wasting (below -3 SD from the median for weight-for-length/height) by age based on the 
WHO standards and the NCHS reference, secondary analysis of data from children in 
Bangladesh (Source: de Onis et al. 2006) 
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Figure 6: Prevalence of stunting (below -2 SD from the median for length/height-for-age) by age 
based on the WHO standards and the NCHS reference (Source: de Onis et al. 2006) 
 

 

 
Figure 7: Prevalence of underweight (below -2 SD from the median for weight-for-age) by age 
based on the WHO standards and the NCHS reference (Source: de Onis et al. 2006) 

2.6.4. Growth faltering and catch-up growth 

If a child fails to grow at the expected rate over a period of several months, then this 

is diagnosed as growth faltering. In about 30% of affected children this growth 

faltering is caused by nutritional factors, such as inadequate food intake (Pipes & 

Trahms, 1993). It has been well recognized that growth faltering starts as early as 

three months. Shrimpton et al. (2001) analyzed datasets from 39 different surveys 

from the developing world to assess the patterns and timing of growth faltering 

(Shrimpton et al., 2001). Figure 8 shows the global mean Z-scores calculated from 
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national survey population samples. At birth, all three Z-scores are quite close to the 

NCHS reference. Soon after birth, length for age falls until 24 months. The following 

increase is artificial and due to the implementation of two different datasets used in 

NCHS reference. Not withstanding this increase, length for age continues to fall until 

around 40 months. Weight for age starts to drop after three months (similar to length 

for age) and plateaus after twelve months with around -1.4 SD. Weight for length 

declines after three months and stabilizes at 18 months with about -0.7 SD 

(Shrimpton et al., 2001). The growth profiles show that stunting begins at birth and 

continues during the first three years of life. Thereafter no recovering from stunting is 

observed. On the other hand, the process of wasting takes place only between three 

and 15 months. From then on improvement is observed, and at 40 months the overall 

mean is only about -0.25 SD of the reference. Shrimpton et al. also concluded that 

the patterns of growth faltering were similar on a global basis (Shrimpton et al., 

2001). Children started to falter in growth as early as three with a steady decline until 

18 months in Kenya, Egypt and Mexico as well (Neumann & Harrison, 1994). 
 

 
 

Figure 8: Mean anthropometric Z-scores by age for 39 different studies worldwide (relative to 
the NCHS reference (Source: Shrimpton et al., 2001). 
 

The sharp faltering in the first year of life confirms the importance of combating 

malnutrition in this time period, the so-called window of opportunity (Shrimpton et al., 
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2001). If intervened during this time, the child can compensate malnutrition or 

recover from illness that had been depressing growth. During recovery, the child 

grows at a rate above that expected for his age until he catches up with his own 

growth curve. Catch-up growth is even possible when growth faltering has been 

severe and prolonged, provided that sufficient foods and stimulation are given (Pipes 

& Trahms, 1993). Any investments after this crucial period are much less likely to 

bear fruit (World Bank, 2006). Different trials have shown success with interventions 

during this critical time. For a study in Ghana a test group of children (six to twelve 

months) were fed fortified complementary foods. Their growth was found to be 

improved relative to the non-intervention group (Z-scores at 12 months: -1.19 ± 0.93 

compared with -1.71 ± 0.90 for weight for age and -0.63 ± 0.84 compared with -1.27 

± 1.02 for length for age [P>0.001 for both], respectively) (Lartey et al., 1999). 

Consumption of a fortified food from six to twelve months increased weight for age Z-

score by 0.34 among infants in Ghana compared to the non-intervention group (Adu-

Afarwuah et al., 2007). In Malawi, six to 17 months old underweight children 

consuming fortified foods gained 230 g more in weight and 0.8 cm more in height, 

when compared with the control group (Kuusipalo et al., 2006).  
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3. Materials and methods 

3.1. Ethical approval 

The protocol was reviewed and ethical clearance was obtained from the Ethical 

Committee at the ETH Zurich in Switzerland, and the National Ethics Review 

Committee (Science and Technology Agency) in Ethiopia. At regional level the heads 

of districts were informed in detail about aims and procedure of the project and oral 

consent was given from all of them. For the study children, oral consent was given by 

at least one parent per child before enrollment into the study.  

3.2. Study site and population 

The study was carried out from February 2005 to June 2006 in the highlands of 

Ethiopia, about 45 km east of the capital Addis Ababa in Ada’a Liben Woreda. 

Ethiopia has a political classification, which consists of living in areas with town 

features, called “Kebele” and areas with more rural qualities, called “peasant 

associations (PA)”. They are the lowest unit of administration under the federal 

system. To get a mix of those urban and rural households, households were 

recruited from the town Debre Zeit and its rural surrounding (within a radius of about 

35 km). The altitude in this area varies between 1500 and 2100 meters. Neither 

malaria nor hookworms were endemic in the study area (oral communication). There 

are two rainy seasons; light rains occur in March-April, and the major rainy season 

lasts from mid June to end of September. The major rainy season is the most 

important water source for crop production, which consist mainly of tef (eragrostis 

tef), wheat (triticum aestivum), barley (hordeum vulgare), chickpeas (cicer arietinum 

L) and peas (pisum sativum) (López Sotomayor, 2004). Although predominantly crop 

producers, the area is characterized by smallholder mixed crop-livestock agriculture. 

Dairy cows play a role as source of milk, manure but rarely meat; whereas oxen are 

used as working power for field work. Goats, sheep and chickens are often seen as 

cash income and sold in times of financial constraints.  



Materials and methods 

 63

3.2.1. Sampling, households with and without small animal production 

Households in the study area in and around Debre Zeit were exhaustively screened. 

The study population– referred to in this thesis as study children - were apparently 

healthy children of 6 months and identified by going from house to house in the 

selected area. The study children were stratified by households with or without small 

animal production (SAP, No SAP). SAP was defined as having any number of small 

livestock such as poultry, sheep and goats. To target lower income households, only 

those without dairy cows were included in the study. Taking into considerations 

resource, logistical and time constraints, a sample size of 400 study children was 

targeted for the study. But considering different other criteria (6 months old at first 

visit, healthy, singleton infants, living with their mothers; infants living in households 

with or without SAP) only a total of 297 study children could be enrolled for the first 

visit; 121 were living in households with SAP, 176 in households without SAP. 

3.3. Data collection 

3.3.1. Recruitment and training of fieldworkers 

Local staff was recruited through advertising the open positions in public places. 

From all applicants twelve educated people were invited to join a week of training as 

fieldworkers. The training included different topics, such as interviewing techniques 

(e.g. correct reading and filling out questionnaires, avoiding leading questions, 

adequate behavior as fieldworkers towards families), expectations from supervisors 

(reporting), and learning of method for measuring children’s and adults’ 

anthropometry (correct use and maintenance of measuring equipment) . In total, two 

women and three men were selected after the week of training to work for the study. 

Before starting data collection, the fieldworkers completed several interviews in non-

study households for pre-testing the questionnaires and gaining practice in the field. 

Questioning mothers and measuring children was done by the female fieldworkers, 

while questioning the household heads by the male fieldworkers.  

3.3.2. Visits and collection of general data 

Data collection activities covered the period from February 2005 to June 2006. At the 

enrollment for the study all study children were apparently healthy. Age was 



Materials and methods 

 64 

registered according to the vaccination card. If the card was not available, religious or 

cultural events were used to help parents to recall the child’s exact birth date. The 

study children were visited bi-monthly during one year (seven visits), first visit starting 

at 6 months (± 1 week) of age of the subject. If a mother and her child were not 

available within two weeks after appointment the visit was missed out. Mothers were 

asked general information about household characteristics and facilities. The 

household head answered questions about income, expenditure and SAP. The 

detailed economic data has been published elsewhere (Shiferaw, 2008). The exact 

location of each household was captured with a GPS device for altitude and 

coordinates. On the last visit every family received a package with washing 

implements, children clothing and a family blanket to compensate for their 

participation. 

3.3.2.1. Wealth Index 

Productive and non-productive assets are hypothesized to positively correlate with 

income, living standards and food consumption at household level (Maxwell et al., 

2000) and therefore useful to evaluate wealth since information about assets are 

easy to gather at first visit. Hence, an index was developed based on replacement 

costs and lease price for land (Shiferaw, 2008). The wealth index assigned to each 

sampled household reflects the sum of the replacement costs of all assets within the 

household. Housing quality, land holding, furniture, and livestock holding are some 

categories chosen for the presented index (detailed variables chosen and their actual 

market values can be found in Table 9). The constructed index deliberately does not 

consider any cash flows of the households, such as income and expenditure, both of 

which might be more subjected to fluctuations than assets (Maxwell et al., 2000).  
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Table 9: Assigned wealth index for selected indicators in Ethiopian currency Birr 
(8.68 Birr = 1 US $). Information from first visit. 

Housing per m2 Birr

Corrugated house with mud floor and mud wall (urban/rural) 200/150

Corrugated house with concrete floor and mud wall (urban/rural) 250/200

Corrugated house with concrete floor and wall (urban/rural) 300/250

Land Holding per Kert (land unit) 400

Furniture Birr  Birr
Mattress straw/cotton/foam 20/103/376 Chair 75

Bed 300 Chair set 700

Bed and Mattress 730 Cabinet table 750

Dining table 700  

Assets Birr  Birr
Plough 19 Horse carts 1900

Shovel 19 Bicycle 730

Fork 19.5 Sewing machine 850

Hoe 20.5 Jerri can 30

Sickle 19 Big axe 22

Harrow 25 Small axe 11

Sped 21  

Livestock Birr  Birr
Poultry 27 Donkey 250

Cattle (oxen, calves) 1500 Horse 330

Goat 160 Bee hives 160

Sheep 150  
 

3.3.3. Antenatal care, child care and vaccination 

All data presented in this thesis regarding antenatal and child care are related to the 

study child. Mothers were asked questions whether they sought antenatal care, 

where and how many times they went for check ups, month of pregnancy at their first 

visit, birth (place, assistance, type of delivery, birth weight and length, registration of 

birth), timing of first breastfeeding and prelacteal feed. Information on vaccination 

and supplementation coverage of vitamin A was collected either from the vaccination 
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card shown to the fieldworker or if not available from mothers’ oral report at each visit 

(Questionnaire in chapter 8.1).  

3.3.4. Anthropometry 

At each of the seven visits weight, height and mid upper arm circumference (MUAC) 

of the study children were measured and recorded by trained fieldworkers. The study 

children were weighed wearing light clothing together with the mother on a mother-

child-balance (SECA 881) accurate to 100 g. The mother was weighed separately to 

calculate the difference as the child’s weight. The child’s length was measured in a 

recumbent position on a portable measuring board with a fixed head piece and an 

adjustable foot piece (Measuring Unit PE-AIM-101, manufactured by Perspective 

Enterprises, Inc., Michigan, USA). MUAC was assessed by using plastic MUAC 

tapes accurate to 2 mm. All measurements were taken three times; the means were 

used for further analysis. Anthropometry was evaluated in Z-scores as length for age 

(HAZ), weight for length (WHZ) and weight for age (WAZ). Children with Z-scores 

below -2 standard deviations (SD) of the median of a reference/standard population 

were considered to be stunted, wasted or underweight respectively. The Z-scores in 

this thesis were calculated using Center for Disease Control (NCHS/WHO 1978) 

reference values with Epi InfoTM 2005 software (Version 3.3.2) and the new 

standards using the program WHO Anthro 2005, Beta version Feb 17th, 2006, which 

was released after data collection was done. References for the MUAC were derived 

from the new WHO reference data gender-specific for MUAC-for-age. Growth 

velocity in length and weight was evaluated with the new WHO standards (WHO, 

2009), and all children with Z-scores below -2 standard deviations (SD) of the median 

of a standard population were considered as growing to slow in length or weight.  
 

In addition to the subject’s measurement, weight and height were taken with the 

same equipment at one time point from siblings less than 5 years old (if present), 

mothers and fathers. For the siblings, the Anthro Z-scores were calculated, for the 

mothers and fathers the Body Mass Index (BMI as weight/(height) 2 in kg/m2), using 

BMI<18.5 to indicate underweight, BMI >18.5-24.9 normal weight, BMI 25-30 

overweight and BMI>30 obesity (WHO, 1995b; WHO, 2000). 
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3.3.5. Morbidity 

The child’s morbidity of the previous two months was recorded according to the 

mother’s perception and oral report. Specific questions were asked about the 

incidences of sicknesses such as fever, cough and diarrhea. In addition, other 

sicknesses were recorded by open questions (Questionnaire in chapter 8, Error! 
Reference source not found.). The severity of each sickness was captured by 

questions about lack of appetite, interruption of playing habits and seeking health 

advice either from professional workers such as doctors, nurses, pharmacists, health 

workers, or from traditional healers. Diarrhea was defined as at least three loose 

stools within 24 hours (Baqui et al., 1991; Wright et al., 2006), fever as an increase in 

body temperature that is above normal according to the mother, cough as an abruptly 

repetitive exhalation to clear the air passage. In addition to the prevalence of the 

sicknesses all answers were evaluated and calculated with the following formula to 

create a sickness index for each sickness and then summed up to a total morbidity 

index for each visit. No similar calculations were found in the literature.  
 

Sickness index = (a + b + c + d)*x Morbidity index = ∑ Sickness indexes 

a = reported sickness (1 point) 

b = lack of appetite (1 point) 

c = child stopped playing (1 point) 

d = mother sought health advice (1 point) 

x = number of sick days 
 

In addition to the total morbidity index, diarrhea was also treated separately and 

evaluated with the same formula in a diarrhea index.  

3.3.6. Food frequency questionnaire  

A preliminary food frequency questionnaire (FFQ) was designed and tested with 

randomly selected families to explore the foods commonly consumed by young 

children in this area. Based on those results a standardized FFQ was designed and 

administered for each visit. Mothers were asked about foods and beverages being 

fed to the subject the previous two months and the exact time of introduction, 

consumption frequency per day and per week, and mode of preparation of these 

foods. Special attention was given to ASF (milk, eggs, and meat) (Questionnaires in 

annexes, chapter 8.1). The availability of some fruits was submitted to seasonal 

variations. No information was collected on the amount of the foods being fed.  
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3.3.7. Food diversity 

Food diversity scores were defined as the number of food items, including beverages 

if not stated otherwise, consumed by the study children for the last two months 

previous the recorded visit, regardless of the feeding frequency or amount. One food 

diversity score was calculated with only (semi-)solid foods, another one with all 

beverages included. The obtained scores were used as consistent variable and in 

addition to that, grouped into different categories regarding the number of food items 

being fed. Condiments such as sugar, salt, oil, butter, onions, garlic, herbs, chili and 

other spices or ingredients used in small quantities as part of a meal were not 

considered in the scores.  

3.4. Blood sample collection and analysis 

3.4.1. Blood collection and transport 

A venous blood sample was drawn from the study children at 18 months at their 

home by a technician and a nurse from the local hospital. Blood samples were drawn 

with needle and syringe, put directly into tubes containing EDTA anticoagulant, 

labeled and kept in a cooling box filled with freezer packs. The samples were 

transported to the field station within a few hours after collection. Hemoglobin 

analysis was made on the day of collection. The remaining whole blood was 

centrifuged, plasma separated, each sample aliquoted in light-proof black tubes and 

stored frozen at minus 20 °C until transport on dry ice to ETH Zurich for further 

analysis.  

3.4.2. Blood and plasma analyses 

Hemoglobin (Hb) was measured in whole blood on the day of collection using the 

cyanomethemoglobin method (Drabkin & Austin, 1935) with Sigma Diagnostic Kits 

St. Louis, MO, USA. The method was controlled with a 3-level quality control material 

from Eightcheck-3WP (Sysmex Digitana AG, Horgen, Switzerland). An international 

standard of hemoglobincyanide (98/708, National Institute for Biological Standards 

and Control, U.K.) was used for controlling the accuracy of the method. All samples 

were analyzed at 540 nm wavelength with a portable photometer (Photometer 4010, 

Boehringer Mannheim GmbH) in duplicate and repeated if the relative difference was 
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more than 5%. The obtained values were adjusted to sea level calculated from the 

GPS data using the CDC recommendations (CDC, 1989). Plasma ferritin (PF) and C-

reactive protein (CRP) were measured using an automated chemiluminescent 

immunoassay system (IMMULITE®, Buehlmann Laboratories AG, Switzerland). 

Anemia was defined with Hb < 110 g/L recommended from WHO as a general cut-off 

for children below 5 years (WHO/UNICEF/UNU, 2001). In addition a lower cut-off of 

Hb < 100 g/L was used as recommended for people from African extraction (Perry et 

al., 1992; Johnson-Spear & Yip, 1994; Himes et al., 1997; Sullivan et al., 2008). 

Furthermore, iron deficiency was defined as PF < 12 μg/L, and IDA as the 

combination of being below the cut-offs of Hb and PF (WHO/UNICEF/UNU, 2001). 

CRP values < 10 mg/L were defined as normal (Pepys, 1981; Morley & Kushner, 

1982). Any samples with CRP values above cut-off were excluded from further 

analysis, if the ferritin value was higher than 12 μg/L. Plasma retinol (PR) was 

analyzed in all samples with CRP values <10 mg/L with high pressure liquid 

chromatography (HPLC Merck/Hitachi System Germany with D-6000 Interface, L-

4500 DAD, L-6200A Intelligent Pump, AS-4000 Intelligent Auto Sampler, Column 

Oven) using retinyl-acetate as an internal standard and a commercial available 

reference material from the National Institute of Standards and Technology 

(Gaithersburg, MD, USA SRM 986c) as an external standard (Bieri et al., 1979; 

Catignani & Bieri, 1983); vitamin A deficiency was defined as a PR < 0.70 μmol/L, 

low vitamin A status as a PR < 1.05 μmol/L (WHO, 1996; West, 2002).  

3.5. Food collection and analysis 

3.5.1. Food collection and transport 

Food samples were collected from study families as well as families not participating 

in the project, but representing a comparable diet as that of the study families. Flour 

samples of different tef grains, plain baked injera samples and baked injera samples 

mixed with sauce were chosen for analysis of iron, zinc and phytic acid. Food 

collection was done by taking 20 to 70 g of sample, using Ziploc bags, putting them 

in a small box with cooling elements for transport to the field laboratory. The exact 

weight (near to 0.5 g) of each sample was recorded and then stored in the deep 

freezer (-20°C) until transport to Switzerland for analysis.  
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3.5.2. Food analysis 

At the ETH Zurich all food samples (except flours) were freeze dried for three to five 

days. After freeze drying, samples were weighed and finely ground in the Ziploc bags 

using a mortar. Dry weight of the freeze dried and flour samples were determined by 

IR using the Moisture Analyzer HR 73 from Mettler Toledo. For this measurement, 

about 0.5 g of sample was exactly weighed in and dried at 100°C for 50 minutes. For 

the food analyses described in the following sections, all chemicals used were 

purchased from Fluka Chemie AG, Buchs, Switzerland and Merck, Darmstadt, 

Germany. 

3.5.2.1. Iron and zinc analysis 

Iron and zinc content of the food samples were analyzed in duplicate using atomic 

absorption spectroscopy (AAS). To control for accuracy and precision, a certified 

reference material was used (1577b bovine liver, U.S. Department of Commerce, 

National Institute of Standards and Technology, Gaithersburg, USA). All materials 

used for the method were previously acid-washed to avoid secondary contamination. 

The principle of the method is based first on a sample digestion in a microwave oven 

under pressure with nitric acid and hydrogen peroxide leading to a complete 

oxidation and destruction of the organic matrix. After digestion the samples are 

diluted and measured by AAS.  
 

About 0.5 g of freeze-dried food sample was exactly weighed into the microwave 

digestion container and 7 ml HNO3 and 3 ml H2O2 were added. This mixture was left 

at room temperature for about 20 minutes, before hydrolization for 30 minutes in the 

microwave oven (MLS 1200, Microwave Laboratory Systems GmbH, Leutkirch im 

Allgäu, Germany). After cooling, the contents were transferred into a 50 ml 

polypropylene bottle and diluted to 20 g with distilled water. 
 

Iron analysis was done with standard addition. An iron standard (Merck) was diluted 

in HCL (0.5 mol/L) and distilled water to 20 ppm of iron, and this solution was used to 

prepare sample solutions with different iron contents (0, 1, and 2 ppm). Zinc analysis 

was done with external calibration. A zinc standard (Merck) was prepared with HNO3 

and distilled water to solutions with concentrations of 0.5, 1, and 1.5 ppm. 
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The iron and zinc content of the mineralized sample was analyzed with the graphite 

furnace technique with an atomic absorption spectrometer (AA240FS, Varian 

Techron Pty. Ldt. Mulgrave, Victoria, Australia).  

3.5.2.2. Phytic acid 

Phytic acid contents of the collected samples were analyzed in duplicate using a 

modified Makower method (Makower, 1970; Egli, 2001). As an internal control for 

reproducibility whole wheat bran was measured along with each batch. The principle 

of the method was based first on the precipitation of phytic acid with cerium sulfate 

(Cer(IV)) and the hydrolysis of the precipitate with concentrated sulfate. The 

anorganic phosphate from the phytic acid formed a complex with ammonium 

heptamolybdate, which reacted to a colored compound with malachite green. The 

phytic acid/phosphate content was measured with a photo spectrometer (Microtech 

MRX with PC, Dynatech Products AG, Embrach, Switzerland).  

3.6. Data management and statistical analysis 

Data entering was done using Access (XP 2003, Microsoft, USA). Data were 

analyzed in Excel (XP 2003; Microsoft, USA) and SPSS 15.0 (SPSS Inc., Chicago 

USA). Anthropometric data was analyzed with Epi InfoTM 2005 software (Version 

3.3.2) to compare with NCHS references (1978) and the WHO program Anthro 2005 

(Beta version 17th Feb, 2006) for the new WHO standards. Plasma ferritin, morbidity 

and diarrhea index and wealth index values were transformed to their natural 

logarithm to achieve a Gaussian distribution for better statistical power. All 

continuous variables were examined for normality. Appropriate statistical methods 

were used to assess the level of significance between and among variables used in 

the analysis. Chi-square was used to evaluate level of significance between 

proportions. Unpaired t-test was used to compare continuous variables between 

groups. Pearson correlation detected any significant correlations between two 

continuous parameters. For all performed tests the statistically significant differences 

are indicated by P values < 0.05 if not otherwise stated.  
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4. Results 

4.1. Subject and household characteristics 

4.1.1. Study children 

Table 10 shows the number of study children having participated in each visit. A total 

of 245 children completed all seven visits. Reasons for drop outs were: moving to 

other area (n=20), child died (n=6), parents refused participation (n=3), parents 

bought dairy cow (n=2), or the mother died (n=1). In Table 11 the total number of 

measured siblings <5 years, mothers, and fathers are displayed. Households selling, 

buying or keeping small animals during the study period were classed as the SAP 

group if they had any small animals for at least the last four visits (out of seven). 
 

Table 10: Number of study children 6 to 18 months (longitudinal), anthropometry measured at 
each visit. 

Number of study children in 
the two household groups 

 
Age  
[months] With SAP No SAP 

 
 
Total 

6 121 176 297 

8 121 170 291 

10 119 158 277 

12 119 158 277 

14 118 149 267 

16 113 143 256 

18 118 147 265 

 

Table 11: Number of siblings (<5years) from study children with measured anthropometry. 

Number of subjects in the two 
household groups 

 
 
Population group With SAP No SAP 

 
 
Total 

Siblings 65 + 31 63 + 61 128 + 91 

Mothers 121 175 296 

Fathers 91 84 175 
1second sibling under 5 years in families with already one sibling under 5 years 
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4.1.2. Family size 

The household family size tended to be larger in SAP households with 5.24 ± 0.24 

persons compared to 5.06 ± 0.17 in no SAP housholds. However, the difference was 

not significant (P>0.05) (Shiferaw, 2008). 

4.1.3. Household setting 

From the 121 subject households with SAP, 83.5% were in the Peasant Association 

setting with rural features, whereas of the 176 households without SAP only 29.0% 

were located in such a setting (P<0.001; Figure 9).  
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Figure 9: Setting of households with SAP and without SAP. Chi-Square was used to compare 
differences between the two groups. Significant differences were found at P<0.001. 

 

4.1.4. Livestock keepers 

The fluctuation of livestock within a household varied greatly during the year of 

observation. The following data is an average calculated over the completed visits for 

each household. The majority (96.7%) of the households with SAP kept poultry, 

followed by 33.9% with sheep, and lastly 11.6% goats. Most households kept very 

few livestock, ranging from less than one piece to 15 pieces of poultry, sheep, and 

goats respectively. Figure 10 displays the distribution of quantity of different livestock 

kept by households. In addition, it shows the proportion of the households setting. It 

is clear that livestock keepers were significantly more likely to be from the rural 

setting than the urban one.  
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Figure 10: Quantity of different livestock kept by SAP households (n=121). 

4.1.5. Wealth 

Figure 11 and Table 12 show the distribution and statistics of the wealth index in 

Ethiopian currency (Birr) of both groups, with SAP and no SAP. The arithmetic mean 

of the wealth index did not show any significant difference between the two groups 

(P>0.05).  
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Figure 11: Distribution of wealth index in Ethiopian currency (Birr) for SAP and no SAP group. 
No significant differences were found between the two groups (P>0.05, independent t-test). 
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Table 12: Statistics of wealth index in Ethiopian currency (Birr).  

Wealth Index SAP (n=121) No SAP (n=171) Total (n=292) 

Mean1 6152 

(473-18800) 

5393 

(50-22162) 

5707 

(50-22162) 

Std. Deviation 4105 4209 4176 
1 Values are arithmetic means; range in parentheses. No significant differences between group means (P>0.05). 

4.1.6. Household income and expenditures 

Following Tables (13 to 15) are derived from data from Shiferaw (2008) and show the 

yearly income and expenditure (in Ethiopian currency Birr) of households with and 

without SAP. There were no significant differences between the two study groups. 

SAP households had an average yearly income in Birr of 35 ± 7 for small animal sale 

and 10 ± 2 for small animal product sale, respectively. This reflects an average of 

about 1% of the total income of these households. The average income of $526 ± 

113 per household and year can be calculated per capita when converting household 

family size into adult equivalents as described by the FAO/WHO (1985). With an 

average adult equivalent family size of 3.98 ± 0.13 (Shiferaw, 2008), the yearly gross 

income per capita was about $132 ± 28. 

 
Table 13: Yearly gross income of households from both study groups in Ethiopian currency 
(ETH Birr) and US Dollars (Shiferaw, 2008). 

Yearly gross income
Mean1 ± SE

 
SAP (n=121) 

 
No SAP (n=169) 

 
Total (n=290) 

ETH Birr 4308 ± 450 4752 ± 1194 4566 ± 978 

US $ 496 ± 52 548 ± 138 526 ± 113 
1 Values are arithmetic means. No significant differences between group means (P>0.05). 

 

Table 14: Yearly gross expenditure of households from both study groups in Ethiopian 
currency (ETH Birr) and US Dollars (Shiferaw, 2008). 

Yearly gross expenditures 
Mean1 ± SE SAP (n=121) No SAP (n=169)

 
Total (n=290) 

ETH Birr 5856 ± 480 5136 ± 666 5436 ± 696 

US $ 675 ± 55 592 ± 77 626 ± 80 
1 Values are arithmetic means. No significant differences between group means (P>0.05). 
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Table 15: Expenditure share of different items in total budget of sample households with and 
without SAP (Shiferaw, 2008). 

Type of expenses [declared as 
share in % from total expenses] 1 

      SAP  
        (n=121) 

No SAP  
(n=169) 

Total  
(n=290) 

Food    

Animal source foods 9.6 10.4 10.1 

Prepared and semi-processed food 2.2 2.8 2.5 

Other food items 12.2 13.7 13.1 

Grain (cereals, pulses, oil seeds) 31.1 31.2 31.1 

Food total expenses [%] 55.1 58.1 56.8 

Non-food    

Durable and consumable goods 15.5 15.9 15.7 

Paid bills including rent 13.0 16.9 15.3 

Leisure (beverages, chat, cigarettes etc.) 1.4 1.4 1.4 

Social commitment 1.3 0.9 1.1 

Crop production input 6.1 3.3 4.5 

Livestock production input 5.4 1.4 3.1 

Labor expenses 2.2 2.1 2.1 

Non-food total expenses [%] 44.9 41.9 43.2 

Total 100 100 100 
1 No significant differences between group values (P>0.05). 
 

4.1.7. Animal source food consumption and sale of animal products at 
household level 

The following data are derived from Shiferaw (2008). The consumption of ASF on the 

household level and sale of animal products are shown in Table 16. The yearly egg 

consumption of SAP households was with 126 ± 7 pieces significant higher that in no 

SAP households with 103 ± 5. SAP households consumed more eggs than they sold 

from their own production.  
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Table 16: Yearly consumption and sales of different ASF in households with and without SAP 
(Shiferaw, 2008). 

 
Animal source food 

No SAP  
(n=169) 

SAP  
(n=121) 

 consumed sold consumed sold 

Eggs [n°]1 102.7 ± 4.7 -- 126.2 ± 6.8 74.0 ± 26.2 

Chickens [n°]2 5.6 ± 0.3 -- 6.2 ± 0.4 3.8 ± 1.7 

Sheep [kg] 2 4.4 ± 1.4 -- 4.9 ± 2.0 0.5 ± 0.2 

Goat [kg] 2 2.7 ± 1.1 -- 0.8 ± 1.7 0.4 ± 0.2 

Milk [l] 2 79.4 ± 8.6 -- 84.8 ± 6.6 -- 
1 Significant differences in consumption between group values (P<0.05). 
2 No significant differences in consumption between group values (P>0.05). 

4.1.8. Source of water, sanitation, electricity 

The source of drinking water varies greatly between the two household groups 

(Figure 12). More than one third (36.4%) of the households with SAP use the river as 

first source, followed by public water service (31.4%), tap water (22.3%), and about 

10% well water. Households without SAP mostly have easy access to tap water 

(71.6%). Overall, 56.8% of households of the study children have no toilet facilities. 

This is significantly more common in the group with SAP (80.2%) than in the group 

without SAP (59.4%) (P<0.01). Only half of all households have installed electricity in 

their houses, 20.7% of the SAP group, 72.0% of the group without SAP.  
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Figure 12: Water source used by the different households. Chi-Square was used to compare 
differences between the two groups. Significant differences were found at P<0.01. 
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4.1.9. Education of mothers, parity 

The majority of mothers (81.8%) from study children of SAP households have no 

education, whereas mothers from households without SAP have either none (40.3%), 

primary (24.4%) or secondary (31.3) education (Figure 13). The educational 

differences between the two groups was significant at P<0.01.  
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Figure 13: Education of mothers. Chi-Square was used to compare differences between the two 
groups. Significant differences were found at P<0.01. 
 

Mothers from SAP households had 3.2 ± 1.8 children compared to 2.4 ± 1.7 children 

in the other group (P<0.01). 

4.1.10. Antenatal care, vaccination, prevalence of breastfeeding 

Table 17 shows that about 70% of mothers sought antenatal care at least once 

during their last pregnancy at either a local hospital or any other health institution 

(health center, health post or clinic). The average was 3.84 ± 1.54 visits. 8.1% of the 

pregnant women were given either folate or folate/iron supplements. Giving birth at 

home was more common (64.6%) than going to health institutions (35.4%). 

Particularly women from the SAP group went less to antenatal care and were more 

likely to give birth in their home; furthermore they had significantly less professional 

assistance at birth from doctor, nurse, midwife or traditional birth attendant and were 

rather assisted by relatives or friends. The collected information about birth weight 

was not evaluated, because the few data given from the mothers were mostly out of 

memory, did not seem reliable and were too few to be evaluated. In total 29 mothers 

(8 from the SAP, 21 from the no SAP group) recalled the birth weight to be between 

2.0 and 5.5 kg.  
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Table 17: Antenatal care and delivery. 

 With SAP  
(n=121) 

No SAP 
(n=176) 

Total 
(n=297) 

Antenatal care1 57.9% (77) 75.0% (132) 70.4% (209) 

Months of pregnancy at first visit2 
 

3.93 ± 1.68 

(1 - 8) 

3.79 ± 1.46 

(1 - 9) 

3.84 ± 1.54 

(1 - 9) 

Number  of visits for antenatal care3 
4.79 ± 2.30 

(1 - 9) 

6.92 ± 2.71 

(1 – 13) 

6.13 ± 2.76 

(1-13) 

Supplements given (folate and/or iron) 4 9.1% (11) 7.4% (13) 8.1% (24) 

Delivery of child at home5 86.0% (104) 50.0% (88) 64.6% (192) 

Delivery of child at health institution5 14.0% (17) 50.0% (88) 35.4% (105) 

Assistance at birth from health worker5 46.3% (56) 73.3% (129) 62.3% (185) 

Assistance at birth from relative/friend5 53.8% (65) 26.7% (47) 37.7% (112) 
1 Chi-Square was used to compare differences between the two groups. Significant differences were found at P<0.05. 
2 Values are arithmetic means; range in parentheses. No significant differences between group means (P>0.05). 
3 Values are arithmetic means; range in parentheses. Significant differences between group means (P<0.01). 
4 Chi-Square was used to compare differences between the two groups. No significant differences (P>0.05). 
5 Chi-Square was used to compare differences between the two groups. Significant differences were found at P<0.01. 

 
Table 18: Percentage of study children (-18 months) with specific vaccinations or vitamin A 
supplements. 

Household group  
Vaccination/ 
Supplement 

SAP 
(n=121) 

No SAP 
(n=176) 

Total 
(n=297) 

BCG1 86.8% 86.4% 86.5% 

DPT 1/OPV 11 86.8% 85.2% 85.9% 

DPT 2/OPV 21 76.0% 77.3% 76.8% 

DPT 3/OPV 31 61.2% 69.9% 66.3% 

OPV 01 5.8% 4.5% 5.1% 

Polio Campaign1 93.4% 86.9% 89.6% 

Measles1 52.9% 63.6% 59.3% 

All1, 2 43.8% 54.0% 49.8% 

No vaccinations1 5.8% 0.0% 2.4% 

Vitamin A1 38.8% 48.9% 44.8% 
1 Chi-Square was used to compare differences between the two groups. No significant differences (P>0.05). 
2 BCG, measles, and three doses each of DPT and Polio vaccine 

 

Table 18 shows the percentage of vaccinations and Vitamin A supplements given to 

the study children until 18 months. Almost half of the study children were fully 

vaccinated (BCG [vaccine against tuberculosis], measles, and three doses each of 
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DPT [vaccine against diphtheria, pertussis, and tetanus] and polio vaccine [OPV]) at 

the end of the study, 86.5% received the BCG vaccination, 59.3% against measles. 

66.3% received the third DPT and polio doses. The polio national immunization day 

campaign reached almost 90% of all study children. Only 2.4% did not get any 

vaccinations at all. Vitamin A supplements were reported to be given to 44.8% of 

study children. There was no significant difference between the SAP – no SAP 

groups for any vaccination or supplement. 
 

100%

45%

78%

55%

99%

60%

87%

44%

0%

20%

40%

60%

80%

100%

Ever
breastfed

start <1 hour
of birth

start <1 day
of birth

Prelacteal
feed

Pe
rc

en
ta

ge

SAP
no SAP

1 222

 
Figure 14: Prevalence of initial breastfeeding and prelacteal feed for each study group.  
1 Chi-Square was used to compare differences between the two groups. No significant differences (P>0.05). 
2 Chi-Square was used to compare differences between the two groups. Significant differences at P<0.05. 

 

Initially, all mothers except one breastfed their children after birth. 45.5% of study 

children with SAP were breastfed within one hour and 77.7% within one day of birth, 

55.4% were given a prelacteal feed. Significantly more study children from the no 

SAP group were breastfed within an hour (60.0%) and within a day (86.9%) of birth, 

and less (43.8%) were given a prelacteal feed. (Figure 14). As shown in Figure 15 

sugar or glucose water was the first choice for prelacteal feed (total of 30.0% of both 

groups), followed by plain boiled water (no significant difference between groups). 
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Figure 15: Prelacteal feed given to children [%] in both study groups. 
 

At six months of children’s age, 100% of mothers with SAP reported to still 

breastfeed their child in comparison with 92.6% in the no SAP group. At 18 months 

the percentage was slightly less at 96.6% in the SAP and 85.5% in the no SAP 

group. From 10 months on all children were given other liquids (for example water, 

tea, coffee) in addition to breast milk, the group without SAP starting significantly 

earlier. These liquids were preferably fed with cups (59.0 and 53.0% at 6 months up 

to 100% at 18 months); feeding bottles were first used by more than 40% of mothers 

(40.0%, 47.6%), but their use reduced to less than 2% at 18 months of child’s age 

(Table 19). 

 



Results 

 82 

Table 19: Prevalence of breastfeeding and feeding other liquids; the way of feeding other 
liquids (possibility of multiple answers). 

1 Chi-Square was used to compare differences between the two groups. No significant differences (P>0.05). 
2 Chi-Square was used to compare differences between the two groups. Significant differences at P<0.05. 
3 Chi-Square was used to compare differences between the two groups. Significant differences at P<0.01. 

4.2. Morbidity 

The prevalence of diarrhea, cough and fever are shown in Figure 17. Study children 

of both household groups did not show any significant differences in the incidences 

of the different morbidities, except for cough and fever incidence at 16 months with 

study children from the SAP households having a higher incidence rate. In general, 

the tendencies were similar. Therefore, the following data is expressed as the mean 

of both groups. Diarrhea was common. About one in three of all study children 

(32.3%) experienced diarrhea during the previous two months of the first visit. The 

peak prevalence was between 8 and 10 months of age (almost 42%) and reduced to 

about 11.5% at the last visit. Fever occurred in 57.2% of study children in the two 

months prior to the first visit, and the rate went continuously down to 15.3% of study 

children having fever in the two months before the last visit. About 55.6% had 

suffered from cough two months prior to the first visit. At the last visit only 8.8% of 

mothers reported their children to have had coughed during the previous two months. 

Using Chi-square did not show any differences between the household groups in the 

behavior of mothers as to whether they sought professional health advice or not 

(except for fever at the time point of 14 months). Mothers of both groups were more 

likely to seek health advice when children suffered from diarrhea or fever than from 

cough. Besides the three major morbidities (cough, fever and diarrhea), few study 

 Breastfeeding 
Feeding other 
liquids Cup feeding 

Use of feeding 
bottle 

Spoon/hand 
feeding 

Age 
[months] 

SAP No SAP SAP No SAP SAP No SAP SAP No SAP SAP No SAP 

6 100.0%3 92.6%3 86.8%3 95.5%3 59.0%1 53.0%1 40.0%1 47.6%1 10.5%1 11.3%1 

8 99.2%2 92.9%2 98.3%1 100.0%1 89.9%3 72.9%3 25.2%3 41.8%3 0.8%1 1.2%1 

10 99.2%2 93.0%2 100.0%1 100.0%1 90.8%2 79.7%2 21.8%2 36.1%2 0.8%1 0.0%1 

12 98.3%3 90.5%3 100.0%1 100.0%1 98.3%1 94.9%1 20.3%1 28.5%1 0.0%1 0.0%1 

14 98.3%3 89.3%3 100.0%1 100.0%1 96.6%1 98.0%1 10.2%1 16.1%1 0.0%1 0.0%1 

16 98.2%3 88.7%3 100.0%1 100.0%1 100.0%1 100.0%1 6.2%1 11.3%1 0.0%1 0.0%1 

18 96.6%3 85.5%3 100.0%1 100.0%1 100.0%1 100.0%1 0.9%1 2.8%1 0.0%1 0.0%1 
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children suffered from other diseases such as runny nose, nasal congestion, 

digestive problems, body wounds/pain, tonsillitis, bacterial disease, parasites.  

 

The morbidity index in Figure 16 shows the overall picture of all sicknesses together 

for the different time points over the year. The morbidity index (including diarrhea) 

peaked for the children from SAP households at 12 months, whereas from the other 

group at 10 months. At 14 and 16 months, study children from the SAP households 

showed a significant bigger mean of morbidity index than the other study children 

(independent t-test). The diarrhea index did not show any difference between the two 

groups, except at 16 months, with study children from the SAP group having a bigger 

diarrhea index. 

 

 
 

 

 

 

 

 

 

 

 
Figure 16: Morbidity and diarrhea index of study children 6 to 18 months old, from household 
groups with and no SAP. Chi-Square was used to compare differences between the two 
groups. No significant differences were found (P>0.05), except at 2 (P<0.05) and 3 (P>0.01). 
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Figure 17: Prevalence of diarrhea, fever and cough in children 6 to 18 months, from household 
groups with and no SAP, with indication if professional health advice was sought. Morbidity 
occurred within the two months prior to the visits. Chi-Square was used to compare 
differences between the two groups. No significant differences were found (P>0.05), except at 
16 months of age for cough and fever (P<0.05). 
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4.3. Anthropometry 

Mean body weights, lengths and MUAC of the study children from 6 to 18 months of 

the household groups with and without SAP are shown in Tables 20 and 21. Children 

from households with SAP had significantly lower means of weight, length and 

MUAC (independent t-test), except for the mean length at 6 months.  
 
Table 20: Mean weight ± SD (kg) and mean length ± SD (cm) of study children 6 to 18 months 
old in households with SAP and no SAP. 

Household groups 
 

Mean weight ± SD (kg) Mean length ± SD (cm) 

Age of children 

[months] 
with SAP no SAP with SAP no SAP 

6 7.1 ± 0.92 7.3 ± 1.12 65.6 ± 2.71 66.2 ± 2.91 

8 7.5 ± 1.03 7.9 ± 1.23 68.0 ± 2.62 68.7 ± 2.82 

10 7.8 ± 1.03 8.3 ± 1.33 69.5 ± 2.72 70.3 ± 2.92 

12 8.1 ±1.13 8.7 ± 1.43 70.9 ± 2.83 72.0 ± 3.13 

14 8.4 ±1.13 9.1 ± 1.43 72.6 ± 3.13 73.7 ± 3.23 

16 8.7 ±1.13 9.3 ± 1.43 74.2 ± 3.03 75.3 ± 3.33 

18 9.1 ± 1.13 9.7 ± 1.53 75.5 ± 3.13 76.8 ± 3.43 
1 Values are arithmetic means (± SD). No significant differences between group means (P>0.05). 
2 Values are arithmetic means(± SD). Significant differences between group means (P<0.05). 
3 Values are arithmetic means(± SD). Significant differences between group means (P<0.01). 

 
Table 21: Mean MUAC ± SD (mm) of study children 6 to 18 months old in households with and 
no SAP. 

MUAC ± SD (mm) 
Household groups 

Age of 
children 
[months] with SAP no SAP 

61 14.2 ± 1.1 14.6 ± 1.4 

 82 14.2 ± 1.1 14.6 ± 1.4 

 102 14.2 ± 1.1 14.6 ± 1.4 

 122 14.0 ± 1.1 14.7 ± 1.4 

 142 14.0 ± 1.2 14.6 ± 1.4 

 162 14.0 ± 1.1 14.7 ± 1.3 

 182 14.2 ± 1.0 14.8 ± 1.2 
1 Values are arithmetic means(± SD). Significant differences between group means (P<0.05). 
2 Values are arithmetic means(± SD). Significant differences between group means (P<0.01). 
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Age dependent Z-scores for MUAC are displayed in Table 22. All Z-scores differ 

significantly between both groups, the study children of the SAP group being more 

affected by lower Z-scores. The mean values of the Z-scores decline over the year. 

The prevalence of the MUAC Z-scores of age below -2SD was at any time point less 

than 10% and did not significantly differ between the study children with SAP and no 

SAP.  

 
Table 22: Z-scores for MUAC-for-age of study children 6 to 18 months old in households with 
and no SAP. 

MUAC-for-age Z-scores ± SD 
Household groups 

Age of 
children 
[months] with SAP no SAP 

 61 0.16 ± 0.97 0.44 ± 1.23 

  82 -0.12 ± 0.98 0.26 ± 1.19 

102 -0.22 ± 0.95 0.16 ± 1.17 

122 -0.39 ± 0.98 0.15 ± 1.20 

142 -0.46 ± 1.04 0.06 ± 1.19 

162 -0.53 ± 0.99 0.07 ± 1.15 

182 -0.45 ± 0.85 0.04 ± 1.03 
1 Values are arithmetic means(± SD). Significant differences between group means (P<0.05). 
2 Values are arithmetic means(± SD). Significant differences between group means (P<0.01). 

 

Comparing the longitudinal mean Z-scores using the WHO Anthro2005 standards 

and the NCHS 1978 (EPI Info) references the height-for-age and weight-for-age Z-

scores show the same pattern with decreasing values over time (Figure 18 and 19). 

Only weight-for-height Z-scores seem to follow different characteristics, with NCHS 

references declining values and WHO Anthro standards varying very little over the 

study period. In general, study children from the groups without SAP have a better 

nutritional status than study children from the SAP group, this difference being 

significant for all Z-scores at each time point, except for WAZ and WHZ at 6 months 

using Anthro standards and WHZ at 6 months with NCHS references.  
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Figure 18: Longitudinal data: Mean Z-scores of height-for-age (HAZ), weight-for-age (WAZ), and 
weight-for-height (WHZ) calculated with WHO Anthro 2005 standards. Values are arithmetic 
means. Significant differences (P<0.05) between group means were found at each time point 
except for WAZ and WHZ at 6 months (P>0.05). 
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Figure 19: Longitudinal data: Mean Z-scores of height-for-age (HAZ), weight-for-age (WAZ), and 
weight-for-height (WHZ) calculated with NCHS 1978 (EPI Info) references. Values are arithmetic 
means. Significant differences (P<0.05) between group means were found at each time point 
except for WHZ at 6 months (P>0.05). 
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4.3.1. Malnutrition: Stunting, wasting and underweight 

The mean prevalence of stunting (HAZ below -2SD) of all study children increased 

from 7.4% to 46.8% (Anthro), respectively from 5.1% to 43.4% (NCHS) over the year 

of study. In general, children from households with SAP were more likely to be 

stunted than children from households without SAP (Figure 20). Stunting seemed to 

be more prevalent using the Anthro standards than the NCHS references. Wasting 

(WHZ) occurred in 5.1 to 14.0% of study children aged 6 to 18 months (Anthro) or 2.5 

to 11.0% (NCHS); there was neither for Anthro Z-scores nor for NCHS references 

any significant difference at any time point between the household groups (Figure 

21). The prevalence of underweight (WAZ) in study children increased from 12.5% at 

6 months to 23.4% at 18 months (Anthro) and 5.1 to 38.1% (NCHS), respectively; 

significant differences were found at 8, 10 and 14 months (Anthro) and at 8 to 18 

months (NCHS), respectively; children from the SAP group suffered more from 

underweight (Figure 22).  
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Figure 20: Longitudinal data of the prevalence of stunting calculated with Anthro standards 
and NCHS references in study children 6 to 18 months old for the household groups with or no 
SAP. Chi-Square was used to compare differences between the two groups. Significant 
differences (P<0.05) were found at 8 months using Anthro standards, and at 12, 14, 16, and 18 
months using Anthro standards and NCHS references. 
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Figure 21: Longitudinal data of the prevalence of wasting calculated with Anthro standards and 
NCHS references in study children 6 to 18 months old for the household groups with or without 
SAP. Chi-Square was used to compare differences between the two groups. No Significant 
differences (P>0.05) were found at any time point. 
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Figure 22: Longitudinal data of the prevalence of underweight calculated with Anthro 
standards and NCHS references in study children 6 to 18 months old for the household groups 
with or without SAP. Chi-Square was used to compare differences between the two groups. 
Significant differences (P<0.05) were found at 8, 10, and 14 months using Anthro standards, 
and at 8 to 18 months using NCHS references. 
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Figure 23: Longitudinal data: Scatter plots of height-for-age Z-score (HAZ) at 6 months and at 
18 months of the individual study children from SAP households (n=118) and no SAP 
households (n=147). The lines indicate 2 SD below the Anthro standards. 

 
 
Figures 23 to 25 show the development in all Z-Scores of the individuals from 6 to 18 

months of age during the study period. None of the children recovered from stunting, 

one of the long-term effects of malnutrition, whereas a few children suffering from 

wasting and/or underweight showed improvement during the study year.  
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Figure 24: Longitudinal data: Scatter plots of weight-for-height Z-score (WHZ) at 6 months and 
at 18 months of the individual study children from SAP households (n=118) and no SAP 
households (n=147). The lines indicate 2 SD below the Anthro standards. 

 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

Figure 25: Longitudinal data: Scatter plots of weight-for-height Z-score (WHZ) at 6 months and 
at 18 months of the individual study children from SAP households (n=118) and no SAP 
households (n=147). The lines indicate 2 SD below the Anthro standards. 
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4.3.2. Growth velocity 

With the new WHO standards, growth velocity in weight and height was evaluated for 

the two intervals of 6 months (6 to 12, and 12 to 18 months of age). For the first 

interval of 6 to 12 months, 18% and 54% of all study children showed a slow growth 

rate in weight and height that was below -2SD of a standard population. Children 

from SAP households were significantly more affected from slower growth velocity. 

During the second interval, 16% and 43% showed a slow growth velocity (below -

2SD) in weight and height, whereas no difference in prevalence was found between 

the two study groups (Table 23). 

 
Table 23: Growth velocity: Prevalence of children [%] with a growth rate of below -2 SD of a 
standard population. 

 
Growth velocity, prevalence below 2 SD of standards 

(WHO, 2009) 

 in weight in height 

age interval 
With SAP 

(n=119) 
No SAP 

(n=158) 
Total 

(n=277) 
With SAP 

(n=119) 
No SAP 

(n=158) 
Total 

(n=277) 

6 to 12 months 26%1 12%1 18% 65%1 46%1 54% 

12 to 18 months 18%2 14%2 16% 43%2 43%2 43% 
1 Chi-Square was used to compare differences between the two study groups. Significant differences at  P<0.01. 
2 Chi-Square was used to compare differences between the two study groups. No significant differences (P>0.05). 

 

4.3.3. Anthropometry of the family members 

Anthropometry of family members (father, mother, siblings <5 years) are shown in 

Table 24. Siblings (<5 years) of the study children in both groups had with 3.7 ± 0.9 

the exact same mean age (Table 24). A very high prevalence of stunting was found 

in the siblings of the group with SAP (60.3%), whereas in the group without SAP 

there were 33.3% stunted children. Underweight was also significantly more 

prevalent in children <5 years in the SAP group, with 27.9% compared to 13.0%. 

Neither the mothers, nor the fathers showed any significant differences in age, 

weight, height or BMI distribution among both household groups. 
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Table 24: Mean weight ± SD (kg), height ± SD (cm) and age ± SD (years) in family members, 
prevalence of stunting, wasting and underweight in siblings, and BMI distribution in adults for 
both household groups (with SAP, no SAP). 

Siblings 
< 5 years 

 
n 

 
Age1 [y] 

 
Weight1 [kg] 

 
Height1 [cm] 

% 
stunted2,5 

% 
wasted4,5 

% under-
weight3,5 

With SAP 68 3.7 ± 0.9 12.9 ± 2.1 90.7 ± 7.5 60.3 4.4 27.9 

No SAP 69 3.7 ± 0.9 13.6 ± 2.5 94.3 ± 8.8 33.3 2.9 13.0 

Mothers n Age1 [y] Weight1 [kg] Height1 [cm] BMI < 18.54 BMI 25-304 BMI > 304 
With SAP 121 25.3 ± 5.9 51.9 ± 7.6 157.8 ± 5.2 14.0 9.1 0.8 

No SAP 175 25.7 ± 5.7 52.5 ± 8.8 157.7 ± 5.7 22.9 9.7 1.7 

Fathers n Age1 [y] Weight1 [kg] Height1 [cm] BMI < 18.54 BMI 25-304 BMI > 304 
With SAP 91 33.7 ± 8.2 58.4 ± 7.4 171.6 ± 6.2 26.4 2.2 0 

No SAP 84 33.9 ± 8.4 59.8 ± 7.0 172.3 ± 6.3 23.8 2.4 0 
1 Values are arithmetic means (± SD). No significant differences between group means (P>0.05). 
2 Chi-Square was used to compare differences between the groups. Significant differences at P<0.01. 
3 Chi-Square was used to compare differences between the two groups. Significant differences at P<0.05. 
4 Chi-Square was used to compare differences between the two groups. No significant differences (P>0.05). 
5 According to WHO Anthro 2005 standards.  

4.4. Micronutrient status 

4.4.1. Iron status 

Iron status of the study children at 18 months was evaluated by the analysis of whole 

blood hemoglobin (Hb) and plasma ferritin (PF) from 237 study children; 108 from the 

SAP group, and 129 from the group without SAP. Values of Hb were adjusted for 

altitude. The results are summarized in Table 25. After laboratory analysis of 

hemoglobin, anemic children were treated with medical iron. 
 

The distribution curves of Hb (Figure 26) from the children of both household groups 

had about the same pattern with no significant differences in the Hb values (mean of 

103.3 ± 14.8 g/L (SAP) and 103.3 ± 14.5 g/L (no SAP) respectively). The two 

different cut offs are indicated by vertical lines. Anemia defined as Hb < 110 g/L was 

prevalent in 70.4% and 65.9% of the study children in the groups with and without 

SAP, respectively. Taking the cut off of Hb < 100 g/L 35.2% and 27.1% of study 

children from SAP and without SAP were anemic. From the total (n=237) 5.9% of 

blood samples had an increased CRP level (> 10 mg/L) and a high ferritin level 

(> 12 µg/L) and were therefore excluded from the analysis of ID and IDA. 57.4% and 
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62.3% of study children with and without SAP were iron deficient based on plasma 

ferritin level < 12 µg/L. IDA with Hb < 110 g/L was found in 50.5% and 48.4% of study 

children with and without SAP, whereas with Hb < 100 g/L 34.7% and 25.4% of study 

children with and without SAP were classified as IDA (Figure 27). All results did not 

differ significantly between the study children of the two household groups (Chi 

square).  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: Distribution of Hemoglobin levels of the study children at 18 months from both 
household groups (different Hb cut offs indicated by vertical line). No significant differences 
between group means (P>0.05, independent t-test). 
 

Table 25: Iron status of children of both study groups at 18 months. 

Household groups 
Iron status SAP No SAP 

Total 

Hemoglobin1,4 [g/L] 103.3 ± 14.8 103.3 ± 14.5 103.3 ± 14.6 

          Anemia2, Hb <110 g/L [%] 70.4 65.9 67.9 

          Anemia2, Hb <100 g/L [%] 35.2 27.1 30.8 

Ferritin1 [µg/L] 14.8 ± 15.7 14.4 ± 17.3 14.6 ± 16.5 

           Iron deficiency2,3, <12 µg/L [%] 57.4 62.3 60.1 

    

Iron deficiency anemia2,3, Hb <110 g/L [%] 50.5 48.4 49.3 

Iron deficiency anemia2,3, Hb <100 g/L [%] 34.7 25.4 29.6 
1 Values are arithmetic means (± SD). No significant differences between groups (P>0.05). 
2 Chi-Square was used to compare differences between the two groups. No significant differences (P>0.05). 
3 14 samples (7 of each group) were excluded with CRP level > 10 mg/L and Ferritin level > 12 µg/L. 
4 Hb values were adjusted for altitude. 
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Figure 27: Prevalence of ID, anemia and IDA of children in both household groups, left side 
with Hb cut off < 100 g/L, right side Hb < 110 g/L. Chi-Square was used to compare differences 
between the groups. No significant differences (P>0.05). 
 

4.4.2. Vitamin A status 

A total of 227 plasma samples were analyzed for vitamin A status (105 SAP group, 

122 no SAP group). Samples with a CRP value above the cut off of 10 mg/L were 

excluded from further analysis (n=27), with 95 samples remaining from SAP group 

and 105 from no SAP group. Figure 28 displays the distribution of the retinol levels in 

both household group; the different cut offs are indicated by vertical lines. The 

prevalence of severe vitamin A deficiency, as defined by PR < 0.35 µmol/L, was 

2.9% in the group of study children with SAP compared to 2.5% in the group without 

SAP. Vitamin A deficiency - PR of 0.35 – 0.7 µmol/L – was found in 38.1% and 

49.2% respectively; low vitamin A status 0.7 – 1.05 µmol/L in 48.6% and 41.0%, 

respectively (Figure 29). None of the categories showed any significant differences 

between the groups (P>0.05). Study children, who have received one dose of 

Vitamin A supplement during the study period, did not have significant higher retinol 

levels than study children without supplements.  
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Figure 28: Distribution of Retinol levels of the study children from both household groups 
(different cut offs indicated by vertical lines). 
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Figure 29: Vitamin A status of children in both household groups. Chi-Square was used to 
compare differences between the groups. No significant differences (P>0.05). 

4.5. Food frequency 

4.5.1. First semi-solid/solid complementary foods, time of introduction 

Mothers of the SAP group chose to introduce complementary foods at 5.78 ± 1.31 

months (range 3 to 9 months) compared to 5.69 ± 1.21 months (range 2 to 9 months) 
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for mothers from the group without SAP. There was no significant difference. Figure 

30 displays the time of introduction of foods for both groups. 
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Figure 30: Time of introduction [months] of semi-solid/solid foods (any foods except liquids) 
for study children of both groups.  

 

Mothers were asked about the first choice of complementary foods for their children. 

Taking into account the possibility of multiple answers (if two food items were 

introduced at the same time), 48.8% of mothers of the SAP group chose injera as 

one of the first complementary foods being introduced to their children, whereas 

52.3% of mothers from the group without SAP preferred (mostly commercial) biscuits 

as one of the first foods (Figure 31). The differences are statistically significant for 

both, injera (P<0.01) and biscuits (P<0.05). Further first foods being introduced by 

more than 10% of each group were bread, gruel/porridge, and potatoes. Eggs were 

chosen by 7.4% (SAP) and 5.7% (no SAP) of mothers as one of the first foods for 

children (P<0.05).  
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Figure 31: Food choices for first semi-solid/solid complementary foods (multiple answers 
possible). Chi-Square was used to compare differences between the groups. No significant 
differences (P>0.05), except for Injera (P<0.01) and Bread (P<0.05). 

4.5.2. Cereal based foods, staple food 

The most frequently consumed staple food was injera, the traditionally fermented 

Ethiopian pancake made of the grain tef. There was no significant difference in 

popularity of consumption between the two groups; at 6 months of age 32.2% of 

study children from the SAP group and 23.9% from the no SAP group consumed 

injera, mostly with a sauce made of chick pea flour, oil, onion and water (called ‘shiro 

wot’). The consumption of injera increased in both groups to nearly 100% at 18 

months. Figure 32 displays also the frequency of consumption; at 18 months more 

than 80% of study children of both groups ate injera 3 times or more daily.  
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Figure 32: Percentage of children at each time point from both household groups (with and no 
SAP) consuming injera, divided into frequency of feeding injera (3x daily or more, 1-2x daily, 2-
6x weekly, 1x weekly or less). Chi-Square was used to compare differences between the 
groups. No significant differences (P>0.05). 
 

Bread (commonly wheat flour, fermented) was also eaten by a lot of study children 

(increased in both groups from more than 20% at 6 months to more than 90% at 18 

months), although less frequent than injera, namely usually not more than once or 

twice daily. The trend is that more study children from the group without SAP were 

given bread than from the SAP group, this difference was significant at 10 and 18 

months of age. Also the consumption frequency tended to be higher in subjects of 

the group without SAP (Figure 33).   
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Figure 33: Percentage of children at each time point from both household groups (with and no 
SAP) consuming bread, divided into frequency of feeding bread (3x daily or more, 1-2x daily, 2-
6x weekly, 1x weekly or less). Chi-Square was used to compare differences between the two 
groups. No significant differences (P>0.05), except at 10 and 18 months of age (P<0.05). 

 

Biscuits were mainly commercial and purchased at local shops (Brands ‘NAS’, 

‘Glucose’). Biscuit consumption of both groups was at all time points significantly 

different, with more study children from the no SAP group consuming biscuits. At 6 

months the consumption was at 28.9% and 45.5% of the SAP and no SAP group, 

respectively; this increased steadily until 12 months, and then stayed about the same 

until 18 months, with 69.0% and 84.2% of study children with SAP and with no SAP 

consuming biscuits. The consumption frequency tended to be lower than that of 

injera and bread, with most study children eating biscuits about 2-6 times weekly 

(Figure 34). The pattern of gruel consumption in Figure 35 for the SAP and no SAP 

group shows that at 6 months 25.6% and 21.0% of study children ate gruel. This 

number increased to 66.4% and 69.6% at 12 months and decreased at 18 months to 

42.2% and 48.6%, respectively. There was no significant difference between the 

groups at any time point.    
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Figure 34: Percentage of children at each time point from both household groups (with and no 
SAP) consuming biscuits, divided into frequency of feeding biscuits (3x daily or more, 1-2x 
daily, 2-6x weekly, 1x weekly or less). Chi-Square was used to compare differences between 
the two groups. Significant differences were found at each time point; at 6, 10, 12, and 18 
months with P<0.01, and at 8, 14, and 16 months with P<0.05.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 35: Percentage of children at each time point from both household groups (with and no 
SAP) consuming gruel/porridge, divided into frequency of feeding gruel/porridge (3x daily or 
more, 1-2x daily, 2-6x weekly, 1x weekly or less). Chi-Square was used to compare differences 
between the two groups. No significant differences (P>0.05) 
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Potatoes were fed to 17.4% and 25.0% of study children from the groups with and no 

SAP, respectively. At 18 months about 72.0% of study children from both groups 

consumed potatoes. Although the overall consumption frequency stayed about the 

same from 10 months on, the feeding frequency reduced distinctly, mostly from 2 to 6 

feedings per week to 1 feeding or less per week (Figure 36). Pasta consumption at 6 

months was under 10% in both groups, but went up to 26.7% (SAP) and 50.7% (no 

SAP). From 8 months of age significantly more study children of the group without 

SAP consumed pasta than study children from the SAP group (Figure 37). Other 

cereal based foods such as rice and Fafa or Cerefam were also consumed from 

study children, but were much less common (graphs in Annex 4). Fafa or Cerefam is 

locally produced commercial complementary food (prepared from wheat flour, 

skimmed milk powder, defatted soy flour, chick pea, sugar, vitamins, minerals, iron, 

iodine and calcium phosphate). From the age of 6 to 12 months, significant more 

study children from the group without SAP consumed Fafa or Cerefam, with 19.3% at 

6 months and 11.4% at 12 months compared to study children from the SAP group 

with 3.3% and 1.7%, respectively. From 14 months on, consumption was lower than 

1% in both groups. Rice was fed to only 2.5 and 4.1% of study children (with and no 

SAP) starting at 8 months and consumption went up to 5% (SAP) and 19.2% (no 

SAP) at 18 months. From 10 to 18 months old study children, significantly more study 

children from the group without SAP ate rice than the study children with SAP.  
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Figure 36: Percentage of children at each time point from both household groups (with and no 
SAP) consuming potatoes, divided into frequency of feeding potatoes (3x daily or more, 1-2x 
daily, 2-6x weekly, 1x weekly or less). Chi-Square was used to compare differences between 
the two groups. No significant differences (P>0.05), except at 8 months of age (P<0.01). 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37: Percentage of children at each time point from both household groups (with and no 
SAP) consuming pasta, divided into frequency of feeding pasta (3x daily or more, 1-2x daily, 2-
6x weekly, 1x weekly or less). Chi-Square was used to compare differences between the two 
groups. Significant differences were found at 8 to 18 months of age (P<0.01). 
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4.5.3. Animal source foods 

The commonly consumed animal source foods were cow’s milk and eggs. Meat 

consumption (mostly beef) was very rare (Figure 38), but when consumed at irregular 

intervals (bi-monthly, monthly or less), then it was mostly in form of the sauce, in 

which the meat was cooked or fried. Fish was fed sporadically to less than 1% of 

study children of both groups at each visit. Study children from the group without 

SAP were more likely to get cow’s milk (Chi square, p<0.01), with more than every 

second child (55.7%) at 6 months and still every third child at 18 months (31.5%) 

compared to the study children with SAP, at 6 months every third child (29.8 ) and at 

18 months only 11.2% being fed cow’s milk. In both groups consumption prevalence 

decreased constantly over the study period, but the feeding frequency of three times 

or more daily was predominant at all time points (Figure 39). Eggs (mainly scrambled 

with oil) were fed to less than 10% of study children in both groups at 6 months of 

age. The feeding pattern (Figure 40) shows increased consumption prevalence 

(53.4% in SAP and 35.6% in no SAP group, respectively), with the trend that more 

study children from the SAP groups received eggs as complementary food than no 

SAP children. This trend was significant at 16 and 18 months of age. In general the 

feeding frequency from 14 months onwards was one time or less weekly.  

 

Evaluation over the study year showed that 6% of mothers from SAP households and 

16% from no SAP households never had fed any kind of ASF to their children 

(difference significant at P<0.05). Not considering cow’s milk, the percentage of 

mother even increased to 12% and 31%, respectively (P<0.05). Of all study children, 

83% never had consumed meat or fish (no significant difference between study 

groups).  
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Figure 38: Percentage of children at each time point from both household groups (with and no 
SAP) consuming. No significant differences between the two groups (P>0.05). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 39: Percentage of children at each time point from both household groups (with and no 
SAP) consuming cow’s milk, divided into frequency of feeding cow’s milk (3x daily or more, 1-
2x daily, 2-6x weekly, 1x weekly or less). Chi-Square was used to compare differences between 
the two groups. Significant differences were found at all time points (P<0.01). 
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Figure 40: Percentage of children at each time point from both household groups (with and no 
SAP) consuming eggs, divided into frequency of feeding eggs (3x daily or more, 1-2x daily, 2-
6x weekly, 1x weekly or less). Chi-Square was used to compare differences between the two 
groups. Significant differences were found at 16 months with P<0.05, and at 18 months with 
P<0.01. 

4.5.4. Plant source foods 

Fruits, such as sweet bananas and oranges were mostly bought on the local 

markets. The older the study children became, the more of them were fed sweet 

bananas. At 6 months 5.0% of study children with SAP and 13.6% of study children 

without SAP consumed bananas (significant with P<0.05 only at this time point), at 

18 months there were already 45.7% and 52.1%, respectively; the feeding frequency 

of one time per week or less was predominant at this time point (Figure 41) The 

consumption pattern of oranges (as juice or in pieces), displayed in Figure 42, was 

most probably predicted by the seasonality of the fruit and its availability on the 

market. The peak of consumption prevalence was at 12 months of age. For all time 

points, except at 18 months, more study children from the group without SAP were 

fed oranges than from the group with SAP. The feeding frequency in both groups 

was usually less than daily (six feedings or less per week). Other plant foods being 

fed were carrots, cabbage, red beet and tomatoes (the two last mentioned together in 

the category as red vegetables/fruits), mango, papaya, and avocado; all these food 
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items were eaten very rarely and not more than from 20% of the study children at any 

time point (Annex 8.2). Carrot consumption showed a significant difference between 

the two groups at 10 to 18 months; more study children from the group without SAP 

consuming carrots than study children from the SAP group.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41: Percentage of children at each time point from both household groups (with and no 
SAP) consuming bananas, divided into frequency of feeding bananas (3x daily or more, 1-2x 
daily, 2-6x weekly, 1x weekly or less). Chi-Square was used to compare differences between 
the two groups. No significant differences (P>0.05), except at 6 months of age (P<0.05). 
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Figure 42: Percentage of children at each time point from both household groups (with and no 
SAP) consuming oranges or orange juice, divided into frequency of feedings (3x daily or more, 
1-2x daily, 2-6x weekly, 1x weekly or less). Chi-Square was used to compare differences 
between the two groups. Significant differences were found at 6 to 10 months with P<0.01, and 
at 12 to 16 months with P<0.05. 

4.5.5. Other drinks 

Besides breast milk, cow’s milk, water and orange juice, the most common drinks 

given to the study children were black tea (bought in form of tea bags at local shops) 

and coffee (bought as beans to be home roasted). At 6 months of age already more 

than 30% of study children from both groups consumed black tea, most of them on a 

regular basis of one to two times daily and shortly after meals. The consumption at 

18 months went up to 65.5% (SAP group) and 80.8% (no SAP group) respectively. 

Study children from the group without SAP consumed significantly more tea than 

study children from the other group, except for the first visit. Figure 43 displays the 

trend that the older the study children from the SAP group, the more they were fed 

black tea at a lower frequency (two to six times weekly), while the majority of study 

children from the group without SAP received black tea once or twice daily. Coffee 

was more consumed from study children of the SAP group (significant at 10 to 18 

months), with 5.0% at 6 months and 41.5% at 18 months drinking it, compared to 

study children from the group without SAP with 2.3% and 21.9% respectively. Neither 
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tea nor coffee consumption was related to a lower hemoglobin or ferritin level 

(P>0.05). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 43: Percentage of study children at each time point from both household groups (with 
and no SAP) consuming black tea, divided into frequency of feedings (3x daily or more, 1-2x 
daily, 2-6x weekly, 1x weekly or less). Chi-Square was used to compare differences between 
the two groups. Significant differences were found at 6, and 12 to 18 months with P<0.01, and 
at 10 months with P<0.05. 
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Figure 44: Percentage of children at each time point from both household groups (with and no 
SAP) consuming coffee, divided into frequency of feedings (3x daily or more, 1-2x daily, 2-6x 
weekly, 1x weekly or less). Chi-Square was used to compare differences between the two 
groups. Significant differences were found at 6, 16 and 18 months with P<0.01, and at 12 and 
14 months with P<0.05. 

4.5.6. Food diversity 

The mean food diversity scores without and with drinks for both groups of study 

children are shown in Table 26. The means of both scores of the study children with 

SAP have at each time point from 6 to 16 months a significant lower food diversity 

score than study children without SAP (independent t-test). In both groups the food 

diversity scores peak between 12 and 16 months and decrease again at 18 months, 

independent whether with or without drinks.  
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Table 26: Mean food diversity score (no drinks and with drinks) of both groups of study 
children at each time point.  

Food diversity score1  
(no drinks) 

Food diversity score1  
(with drinks) 

Household groups Household groups 

Age of 
children 
[months] with SAP no SAP 

Age of 
children 
[months] with SAP no SAP 

62 1.6 ± 1.7 2.3 ± 2.2 62 3.1 ± 2.4 4.1 ± 2.7 

82 3.9  ± 2.5 5.0 ± 2.8 82 5.7 ± 3.0 7.3 ± 3.3 

102 5.1 ± 2.2 6.6 ± 2.7 102 7.2 ± 2.6 9.0 ± 3.2 

122 5.9 ± 2.7 7.2 ± 3.2 122 8.1 ± 3.2 9.7 ± 3.6 

143 6.4 ± 2.6 7.1 ± 3.0 143 8.5 ± 3.1 9.5 ± 3.4 

163 6.0 ± 2.4 6.7 ± 2.6 162 8.1 ± 2.8 9.1 ± 3.1 

184 5.1 ± 2.7 5.6 ± 2.8 184 7.3 ± 3.0 8.0 ± 3.1 
1 Values are arithmetic means (± SD).  
2 Significant differences between group means (P<0.01).  

3 Significant differences between group means (P<0.05). 
4 No significant differences between group means (P>0.05). 
 

 

The food diversity scores were grouped into categories of 0 to 2, 3 to 5, 6 to 8 or 9 

and more food items and put into Figure 45 (without drinks) and Figure 46 (with 

drinks). The first graph shows that the food diversity at 6 months does not exceed 2 

food items for the majority of the study children, but increases steadily until around 

12 to 14 months of age.  
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Figure 45: Food diversity score without drinks of both groups in categories at each time point. 
Chi-Square was used to compare differences between the groups. Significant differences were 
found at 6 to 12 months with P<0.05. 
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Figure 46: Food diversity score with drinks of both groups in categories at each time point. 
Chi-Square was used to compare differences between the two groups. Significant differences 
were found at 6, 12 and 16 months with P<0.05. 
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4.6. Food analyses 

4.6.1. Tef flour analyses 

The iron, zinc, and phytate contents of mg per 100g dry matter and the phytate:iron 

and phytate:zinc molar ratios of different tef flours are reported in Table 27. The iron 

content of the different tef flours showed a great range, for red tef flours being 

between 38.2 and 124.1 mg, for white tef flours between 16.2 and 136.8 mg, and for 

mixed red and white tef flours between 25.3 and 46.6 mg of iron per 100 g dry 

matter. The mean zinc content of all flour samples was 2.72 ± 0.21 with a range 

between 2.21 and 3.09. Phytic acid content varied between 850 mg and 1347 mg 

(mean 1064 ± 135). The water content of all tef flour samples varied between 9.6 and 

13.25% (mean and SD 11.2±1.2) 
 

Table 27: Iron, zinc, and phytate contents (mean and rel. difference) in mg per 100g of dry 
matter of different tef flours; molar ratios of phytic acid:iron and phytic acid:zinc of the tef flour 
samples (n=14). 

Flour type 
Iron 
[mg/100g dm] 

Zinc 
[mg/100g dm]

Phytate 
[mg/100g dm]

 
PA:Iron 

 
PA:Zinc 

124.1  (1.7%) 2.59  (4.6%) 1149  (2.3%) 0.8 43.9 

75.5  (8.8%) 2.79  (2.2%) 957  (1.0%) 1.1 34.0 

62.3  (0.7%) 2.47  (0.6%) 1347  (7.2%) 1.8 53.9 

61.2  (3.0%) 2.84  (2.6%) 1059  (1.0%) 1.5 37.0 

Red tef 

38.2  (5.3%) 2.86  (0.5%) 850  (3.0%) 1.9 29.5 

136.8  (5.5%) 2.62  (2.2%) 942  (1.0%) 0.6 35.6 

33.1  (8.9%) 2.65  (9.9%) 977  (5.1%) 2.5 36.5 

27.0  (9.4%) 2.76  (5.9%) 1105  (3.7%) 3.5 39.7 

24.8  (9.9%) 2.76  (0.4%) 1189  (2.2%) 4.1 42.6 

19.9  (8.6%) 2.21  (1.0%) 1244  (1.4%) 5.3 55.8 

White tef 

16.2  (6.6%) 3.09  (2.8%) 986  (3.0%) 5.2 31.6 

46.6  (12.1%) 2.90  (6.7%) 1117  (3.0%) 2.0 38.2 

33.8  (8.6%) 2.72  (3.5%) 967  (4.0%) 2.4 35.2 Red & white tef 

25.3  (0.4%) 2.84  (0.1%) 1006  (1.8%) 3.4 35.1 

Mean ± SD 51.8 ± 36.3 2.72 ± 0.21 1064 ± 135 2.6 ± 1.5 39.2 ± 7.4 
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4.6.2. Injera analyses 

The iron, zinc, and phytate contents of mg per 100g dry matter and the phytate:iron 

and phytate:zinc molar ratios of different baked injera, and baked injera with sauces 

are reported in Tables 28 and 29.  

 
Table 28: Iron, zinc, and phytate contents (mean and rel. difference) in mg per 100g of dry 
matter of different baked injera types without sauces; molar ratios of phytic acid:iron and 
phytic acid:zinc of the injera samples (n=17). 

Baked injera type without sauce 

Iron 
[mg/100g 
dm] 

Zinc 
[mg/100g 
dm] 

Phytate 
[mg/100g 
dm] 

 
PA:Iron 

 
PA:Zinc 

164.0  (3.6%) 2.89  (0.1%) 634   (5.0%) 0.3 21.7 

94.1  (4.2%) 2.98  (0.1%) 74  (32.3%) 0.1 2.5 

72.5  (6.4%) 2.56  (1.0%) 498   (1.1%) 0.6 19.3 

65.5  (0.4%) 2.90  (1.8%) 432  (10.9%) 0.6 14.8 

47.8  (0.6%) 3.35  (3.8%) 235  (11.0%) 0.4 6.9 

Injera red tef 

33.0  (6.9%) 3.20  (0.6%) 300  (13.0%) 0.8 9.3 

164.9  (1.3%) 2.60  (0.0%) 508   (8.6%) 0.3 19.4 

42.7  (1.5%) 2.45  (4.1%) 762  (8.4%) 1.5 30.8 

34.6  (6.3%) 2.94  (2.2%) 547 (14.2%) 1.3 18.4 

29.7  (8.3%) 2.67  (1.7%) 580  (0.2%) 1.7 21.5 

Injera white tef 

29.0 (10.4%) 2.92  (1.5%) 701  (2.3%) 2.0 23.8 

Injera red & white tef 36.3  (8.2%) 3.06  (5.0%) 287  (4.1%) 0.7 9.3 

Injera red tef & wheat (4:1) 94.6  (0.1%) 3.16  (3.5%) 126  (17.7%) 0.1 4.0 

Injera red tef & sorghum (2:1) 79.8  (5.8%) 3.49  (3.6%) 645  (0.9%) 0.7 18.3 

Injera white tef & wheat (1:1) 40.8  (1.0%) 3.01  (1.6%) 135  (12.0%) 0.3 4.5 

Injera white tef & wheat (1.25:1) 46.3  (6.6%) 2.45  (0.5%) 231  (4.3%) 0.4 9.3 

Injera white tef & wheat (1.5:1) 29.9  (1.4%) 2.45  (1.0%) 9  (8.4%) 0.0 0.4 

Mean ± SD  65.0 ± 43.3 2.89 ± 0.32 394 ± 236 0.7 ± 0.6 13.8 ± 8.7 

 

 

The proportions between injera and sauces were not measured and hence the 

contents of iron, zinc and phytate count for the edible food sample as it was fed to 

the children. The sauces were mainly based on chick peas, beans, onions, oil, salt 

and spices. The iron content in plain injera samples ranged from 29.0 till 164.9 mg 

per 100 g dry matter (mean of 65.0 ± 43.3), and 18.4 till 58.3 mg per 100 g in 

samples with sauce. The water content of all analyzed plain injera samples varied 
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between 55.0 and 67.1% (mean of 61.0 ± 4.6), whereas the water content of the 

injera samples with sauce ranged between 68.9 and 74.9% (mean of 71.53 ± 2.3). 
 

Table 29: Iron, zinc, and phytate contents (mean and rel. difference) in mg per 100g of dry 
matter of different baked injera types with sauces; molar ratios of phytic acid:iron and phytic 
acid:zinc of the injera samples (n=6). 

Baked injera type with sauce1 
Iron 
[mg/100g dm]

Zinc 
[mg/100g dm]

Phytate 
[mg/100g dm] 

 
PA:Iron 

 
PA:Zinc 

58.3  (3.1%) 3.58  (2.2%) 235 (1%) 0.3 6.5 

56.3  (3.3%) 3.20  (3.2%) 311 (11%) 0.5 9.6 Injera red tef 

21.6  (9.0%) 2.28  (1.9%) 327 (10%) 1.3 14.2 

Injera red tef & wheat 39.2  (3.4%) 2.89  (2.6%) 559 (4%) 1.2 19.1 

35.0 (11.5%) 3.19  (1.4%) 214 (6%) 0.5 6.6 
Injera red tef & sorghum 

18.4  (7.0%) 3.77  (3.6%) 367 (3%) 1.7 9.6 

Mean ± SD  38.1 ± 16.8 3.15 ± 0.53 336 ± 124 0.9 ± 0.6 10.9 ± 4.9
1Sauces were mainly based on peas, beans, onions, oil, salt and spices 

4.6.3. Phytate reduction during injera dough fermentation 

The next two figures show the phytate reduction during dough fermentation of injera 

preparation. In Figure 47 all tef dough samples (except one) show a slight reduction 

in phytate from around 1000 mg/100g dry weight to around 500-850 mg/100g after 

48 hours of fermentation. Figure 48 displays the reduction of phytate in injera dough 

samples made of tef and wheat flour. All fermentations show a strong reduction of 

phytate from 800-1000 mg/100g to at least 270 mg/100g dry weight within 48 hours.  
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Figure 47: Phytate reduction during fermentation of tef injera dough. 
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Figure 48: Phytate reduction during fermentation of tef with wheat injera dough. 
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4.7. Correlations, multiple regression models  

4.7.1. Correlation of household’s and mother’s characteristics within the 
two study groups 

In both study groups a higher wealth index is associated with the use of a latrine. In 

households without SAP wealth also shows an impact on the source of water and the 

use of electricity: households with access to tap water and use of electricity had 

significantly higher wealth indexes. The higher the education of the mother, the more 

likely was the household to use latrines, electricity or have access to tap water (Table 

30). Table 31 shows that for the study group without SAP mothers had a higher 

education with higher wealth indexes. Reciprocally, mothers with higher education 

tended to have fewer children and introduce complementary foods earlier to their 

children than mothers with less education. In both household groups, mothers with 

higher education offered a significant greater diversity of foods to their children.  
 

Table 30: one-way ANOVA with p-values, F values and the degree of freedom; factors such as 
"source of water", "electricity at home", and "use of latrine" are compared to variables such as 
"wealth index" and "education of mother".  

SAP No SAP 
 Source of 

water 
Electricity 
at home 

Use of 
latrine 

Source of 
water 

Electricity 
at home 

Use of 
latrine 

Wealth 
index (log) 

p-value 

F value 

df2 

ns1 

0.63 

3 

ns1 

0.28 

1 

0.015 
6.09 

1 

0.000 
15.81 

3 

0.000 
33.65 

1 

0.000 
17.29 

1 

Education of 
mother 

p-value 

F value 

df2 

0.005 
4.48 

3 

0.000 
32.45 

1 

0.000 
18.75 

1 

0.000 
19.71 

3 

0.000 
69.52 

1 

0.000 
36.24 

1 
1ns: not significant 
2df: degree of freedom 
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Table 31: Correlation coefficients of mother's characteristics with different parameters. 

SAP No SAP 
 Mother’s 

education 
Mother’s 
age 

Mother’s 
education 

Mother’s 
age 

Wealth index (log) 
 

p-value 

Coefficient 
 

ns1 

0.131 
 

ns1 

0.091 
 

0.000 
0.431 
 

ns1 

0.139 
 

Parity 
 

p-value 

Coefficient 
 

ns1 

-0.121 
 

0.000 
0.719 
 

0.001 
-0.257 
 

0.000 
0.667 
 

Time of introduction of foods 
 

p-value 

Coefficient 
 

ns1 

-0.160 
 

ns1 

0.036 
 

0.007 
-0.204 
 

ns1 

0.005 
 

Food diversity (with 
beverages, at 18 months) 

p-value 

Coefficient 

0.000 
0.432 

ns1 

0.001 

0.000 
0.398 

ns1 

-0.003 
1ns: not significant 

4.7.2. Morbidity and diarrhea indexes in association with other variables 

Tables 32 and 33 show the morbidity and diarrhea indexes in association with 

different variables.  

 
Table 32: one-way ANOVA with p-values, F values and the degree of freedom; factors such as 
"completed vaccinations", "gender", “presence of siblings <5”, and "use of latrine" are 
compared to variables such as "morbidity index" and "diarrhea index". 

SAP No SAP 
 Morbidity 

Index (log) 
Diarrhea 
Index (log) 

Morbidity 
Index (log) 

Diarrhea 
Index (log) 

Completed 
Vaccinations 

p-value 

F value 

df2 

ns1 

2.08 

1 

ns1 

0.35 

1 

ns1 

0.14 

1 

ns1 

0.28 

1 

Gender 
p-value 

F value 

df2 

0.042 

4.21 

1 

ns1 

2.74 

1 

ns1 

1.03 

1 

ns1 

0.47 

1 

Presence of 
siblings <5 

p-value 

F value 

df2 

ns1 

2.43 

1 

ns1 

0.10 

1 

ns1 

3.38 

1 

ns1 

0.48 

1 

Use of Latrine 
p-value 

F value 

df2 

ns1 

1.19 

1 

ns1 

0.62 

1 

ns1 

3.62 

1 

ns1 

0.62 

1 
1ns: not significant 
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The total morbidity and diarrhea indexes (sum of the indexes from 6 to 18 months old 

study children) were not influenced by factors like food diversity, wealth index, use of 

latrine, mother’s age, presence of siblings <5, and whether children had completed 

vaccinations or not (Table 32). Education of the mother and parity showed a 

significant influence of the morbidity and diarrhea index in the households without 

SAP; the more educated the mothers, the less were both indexes; the more siblings 

in the same household, the higher the indexes of the study child (Table 33). 
 
Table 33: Correlation coefficients of morbidity and diarrhea index with different parameters. 
diarrhea index with different parameters. 

SAP No SAP 
 Morbidity 

Index (log) 
Diarrhea 
Index (log) 

Morbidity 
Index (log) 

Diarrhea 
Index (log) 

Parity 
p-value 

Coefficient 

ns1 

-0.064 

ns1 

0.035 

0.003 
0.228 

0.040 
0.172 

Mother’s age 
 

p-value 

Coefficient 

 

ns1 

-0.157 

 

ns1 

-0.058 

 

ns1 

0.142 

 

ns1 

0.141 

Education of 
mother 

 
p-value 

Coefficient 

 

ns1 

-0.086 

 

ns1 

-0.078 

 
0.001 
-0.254 

 
0.037 
-0.175 

Wealth index 
(log) 

 

p-value 

Coefficient 

ns 
1 

-0.070 

ns1 

-0.049 

ns1 

-0.0 

87 

ns1 

0.011 

Food diversity 
(no drinks) 

 

p-value 

Coefficient 

 

ns1 

0.040 

 

ns1 

0.013 

 

ns1 

-0.052 

 

ns1 

-0.025 

Food diversity 
(with drinks) 
  

p-value 

Coefficient 

ns1 

0.035 

ns1 

0.015 

ns1 

-0.088 

ns1 

-0.067 

1ns: not significant 
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4.7.3. Correlations of hemoglobin, iron and vitamin A status with other 
variables 

4.7.3.1. Relation between hemoglobin and ferritin levels and its risk 

factors 

The hemoglobin level was significantly higher in children with higher Z-scores (HAZ, 

WHZ, and WAZ) in both household groups, except for HAZ in the group of children 

without SAP. Ferritin levels were statistically not different for any Z-scores. In the 

group of children without SAP ferritin level correlated negatively with the frequency of 

feeding eggs and with food diversity at 18 months. There were no significant 

correlations found between feeding frequencies of cow’s milk or injera, morbidity and 

diarrhea index, or wealth index with hemoglobin and ferritin levels (Table 34). The 

prevalence of anemia, ID and IDA was not related to factors such as livestock status 

(SAP/no SAP), gender, presence of siblings <5, or completed vaccinations. Neither 

anemia, nor ID or IDA were associated with malnutrition, i.e. stunting, wasting or 

underweight. Coffee, tea and orange (juice or fruit) consumption did not show any 

influence on hemoglobin or iron status (independent t-test, P>0.05). 

4.7.3.2. Relation between retinol level and its risk factors 

Retinol levels did not show any correlations with gender, Z-scores, morbidity and 

diarrhea index, wealth index, parity, mother's age, and education (Table 34). Positive 

associations were only found in the group of households without SAP between retinol 

level and number of servings per week of cow’s milk and eggs. Analyzing the two 

correlations (egg and cow milk consumption) in a multiple regression model, only the 

frequency of serving cow’s milk remained with a significant result.  
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Table 34: Correlation coefficients of blood levels with different parameters. 

1 Pearson correlation was used to detect any significant correlations between two continuous parameters. 

1b Spearman correlation was used to detect any significant correlations between two parameters 
2 log-transformed variable  
4 ns: not significant 

SAP No SAP  

Hemo-
globin 

Ferritin 
(log) 

Retinol
Hemo-
globin 

Ferritin 
(log) 

Retinol

Frequency of 
feeding cow’s milk1b 

p-value 

Coefficient 

ns4 

0.078 

ns4 

-0.122 

ns4 

0.294 

ns4 

0.053 

ns4 

-0.068 

0.019 
0.390 

 

Frequency of 
feeding eggs 1b 

 

p-value 

Coefficient 

 

ns4 

0.111 

 

ns4 

-0.030 

 

ns4 

0.006 

 

ns4 

-0.057 

 

0.001 
-0.276 

 

0.002 
0.278 

 

Frequency of 
feeding injera 1b 

 

p-value 

Coefficient 

 

ns4 

-0.046 

 

ns4 

-0.006 

 

ns4 

0.007 

 

ns4 

0.086 

 

ns4 

0.075 

 

ns4 

-0.111 
 

Food diversity  
(no drinks)1 

 

p-value 

Coefficient 

 

ns4 

0.089 

 

ns4 

0.076 

 

ns4 

0.057 

 

ns4 

0.011 

 

0.003 
-0.252 

 

ns4 

0.113 
 

Food diversity  
(with drinks)1 

 

p-value 

Coefficient 

 

ns4 

0.059 

 

ns4 

0.057 

 

ns4 

0.091 

 

ns4 

-0.012 

 

0.007 
-0.255 

 

ns4 

0.134 

 

HAZ1 

 

p-value 

Coefficient 

 

0.018 
0.226 

 

ns4 

0.149 

 

ns4 

0.041 

 

ns4 

0.133 

 

ns4 

-0.062 

 

ns4 

-0.005 

 
WHZ1 

 

p-value 

Coefficient 

 

0.022 
0.218 

 

ns4 

0.032 

 

ns4 

0.126 

 

0.004 
0.253 

 

ns4 

0.004 

 

0.048 
0.181 

 
WAZ1 

 

p-value 

Coefficient 

 

0.003 
0.278 

 

ns4 

0.097 

 

ns4 

0.119 

 

0.003 
0.255 

 

ns4 

-0.025 

 

ns4 

0.124 

 

Morbidity Index1,2 

 

p-value 

Coefficient 

 

ns4 

0.048 

 

ns4 

0.054 

 

ns4 

-0.066 

 

ns4 

-0.009 

 

ns4 

0.017 

 

ns4 

0.104 

 
Diarrhea Index1,2 

 

p-value 

Coefficient 

 

ns4 

-0.056 

 

ns4 

0.042 

 

ns4 

-0.044 

 

ns4 

0.179 

 

ns4 

-0.005 

 

ns4 

-0.012 

 
Wealth index 1,2 

 

p-value 

Coefficient 

 

ns4 

0.080 

 

ns4 

0.057 

 

ns4 

0.086 

 

ns4 

-0.019 

 

ns4 

-0.108 

 

ns4 

0.078 
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4.7.4. Correlations of anthropometric measurements with other 
parameters 

Tables 35 to 37 show correlations between the three Z-scores and different 

parameters at all seven time points (6 to 18 months of children’s age). Correlations 

for single parameters are mentioned in the text only if the correlations are significant 

for at least three time points within a study group (SAP/no SAP).  

4.7.4.1. Correlations with height-for-age Z-scores 

It is apparent from Table 35 that children from the SAP households are more 

balanced within the group (fewer correlations). Positive correlations in both groups 

were found between HAZ and food diversity. Having siblings <5 years in the same 

households made it more likely for the study children of both groups to have lower 

HAZ. The time of complementary food introduction correlated negatively with HAZ of 

children from the SAP group. Study children in the group without SAP had higher 

HAZ with increasing education of their mothers and with higher BMI of the mothers; 

whereas parity influenced the HAZ negatively in the same group. Including all these 

factors in a multiple regression model (Annex 8.3.) displayed that food diversity was 

especially in the first part of the study (up to 12 months of age) the most important 

determinant of the HAZ of both groups. After 12 months of age the time of 

introduction and the presence of any siblings were negative factors for HAZ of 

children from the group with SAP. Education of the mother played a positive role in 

children of households without SAP.  

4.7.4.2. Correlations with weight-for-height Z-scores 

A strong positive indicator for WHZ in both groups was the BMI of mothers, whereas 

the presence of siblings had a negative impact on WHZ. In addition, in the group of 

children without SAP positively influencing parameters were the wealth index, 

education of mothers, and food diversity; negative correlations were found between 

WHZ and parity and the time of introduction of food (Table 36). The multiple 

regression model (Annex 6) stressed the correlation between the mother’s BMI and 

the WHZ of children of both groups. Also within the model, children of the group 

without SAP had with higher WHZ mothers with higher education and could enjoy 

greater food diversity.  
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4.7.4.3. Correlations with weight-for-age Z-scores 

WAZ of children of both groups were positively correlated with the BMI of mothers 

and the food diversity, and negatively if there were any siblings <5 years in the same 

households. Other parameters influencing WAZ of children in the no SAP group were 

the wealth index and education of the mother (both positively), and parity and the 

time of introduction of food (both negatively). Results are shown in Table 37. The 

significantly remaining parameters in the multiple regression model (Annex 8.3.) were 

for both groups the BMI of the mothers and the food diversity. The presence of 

siblings <5 years was now only found to be a significant negative factor for WAZ in 

children of the SAP group, whereas children of the group without SAP still showed 

significant positive correlations between their WAZ and the education of mothers.  
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Table 35: Correlations and one-way ANOVA with p-values between height-for-age Z-scores and other parameters at each time point for children in 
both household groups 

Parameters \ Z-scores  Children in households with SAP Children in households without SAP 

 Height-for-age  
HAZ 

6 
HAZ 

8 
HAZ 
10 

HAZ 
12 

HAZ 
14 

HAZ 
16 

HAZ 
18 

HAZ 
6 

HAZ 
8 

HAZ 
10 

HAZ 
12 

HAZ 
14 

HAZ 
16 

HAZ 
18 

Wealth index 1,4 

p-value

Coefficient

ns 

-0.016

ns 

0.045

ns 

0.086

ns 

0.097

ns 

0.123

ns 

0.090 

ns 

0.111

ns 

0.080

ns 

0.132

ns 

0.138

0.019
0.187

0.015
0.199

ns 

0.155

ns 

0.152 

BMI Mother 1 

p-value

Coefficient

ns 

0.150

ns 

0.121

ns 

0.119

ns 

0.112

ns 

0.104

ns 

0.051 

ns 

0.082

ns 

0.120

ns 

0.133

0.012
0.200

0.011
0.202

ns 

0.154

0.006
0.230

0.050 
0.163 

Parity 1 

p-value

Coefficient

ns 

-0.004

ns 

0.012

ns 

0.006

ns 

-0.014

ns 

-0.058

ns 

-0.065 

ns 

-0.032

ns 

-0.078

ns 

-0.120

ns 

-0.111

0.009
-0.186

0.006
-0.224

0.014
-0.205

0.006 
-0.225 

Age of mother 1 

p-value

Coefficient

ns 

0.114

ns 

0.135

ns 

0.129

ns 

0.110

ns 

0.068

ns 

0.019 

ns 

0.045

ns 

0.038

ns 

-0.007

ns 

-0.022

ns 

-0.045

ns 

-0.070

ns 

-0.046

ns 

-0.069 

Education of mother 1  

p-value

Coefficient

ns 

0.134

ns 

0.131

ns 

0.141

ns 

0.187

ns 

0.137

ns 

0.072 

ns 

0.107

ns 

0.115

0.004
0.222

0.005
0.225

0.001
0.257

0.000
0.292

0.001
0.280

0.002 
0.254 

Morbidity Index 1b 

p-value

Coefficient

ns 

-0.088

ns 

-0.054

0.022
-0.210

ns 

-0.117

ns 

0.043

ns 

-0.088 

ns 

-0.210

ns 

-0.035

0.047
-0.153

ns 

0.113

ns 

0.043

ns 

0.169

ns 

-0.002

ns 

-0.172 

Food Diversity  

(with drinks) 1 

p-value

Coefficient

0.031
0.196

0.014
0.224

0.024
0.206

ns 

0.110

ns 

0.159

ns 

0.149 

ns 

0.140

ns 

0.110

0.002
0.232

0.000
0.295

0.000
0.349

0.001
0.280

0.001
0.283

0.003 
0.245 

Time of introduction of 

food 1 

p-value

Coefficient

ns 

-0.144

ns 

-0.134

ns 

-0.148

0.048
-0.181

0.023
-0.209

0.031 
-0.203 

0.014
-0.226

ns 

-0.073

ns 

-0.099

ns 

-0.082

ns 

-0.119

0.041
-0.168

ns 

-0.110

ns 

-0.127 

Presence of sibling <5 3 

 

p-value

F value

df5

ns 

0.569

119 

ns 

0.140

119 

0.029
2.108

117 

0.011
0.234

117 

0.006
0.514

116 

0.018 
0.037 

111 

ns 

0.082

116 

ns 

0.886

174 

ns 

0.631

168 

ns 

1.619

156 

0.034
0.431

156 

0.005
0.058

147 

0.019
0.748

141 

0.010 
1.183 

145 
1 Pearson correlation was used to detect any significant correlations between two continuous parameters. 

1b Spearman correlation was used to detect any significant correlations between two parameters 
2 ns: not significant 
3 one-way ANOVA, with F value and degree of freedom (df) 
4 log-transformed variable 
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Table 36: Correlations and one-way ANOVA with p-values between weight-for-height Z-scores and other parameters at each time point for children 
in both household groups 

Parameters \ Z-scores  Children in households with SAP Children in households without SAP 

Weight-for-height 
WHZ 

6 
WHZ 

8 
WHZ 

10 
WHZ 

12 
WHZ 

14 
WHZ 

16 
WHZ 

18 
WHZ 

6 
WHZ 

8 
WHZ 

10 
WHZ 

12 
WHZ 

14 
WHZ 

16 
WHZ 

18 

Wealth index 1,4 

p-value

Coefficient

ns 

0.020

ns 

-0.036

ns 

-0.006

ns 

0.037

ns 

0.009

ns 

0.018 

ns 

-0.020

ns 

0.123

ns 

0.076

ns 

0.135

0.033
0.170

0.003
0.245

0.004
0.237

0.018 
0.194 

BMI Mother 1 

p-value

Coefficient

0.010
0.234

0.001
0.289

0.004
0.264

ns 

0.167

0.005
0.255

0.005 
0.265 

0.006
0.253

0.002
0.237

0.000
0.292

0.000
0.360

0.000
0.383

0.000
0.392

0.000
0.414

0.000 
0.417 

Parity 1 

p-value

Coefficient

ns 

-0.064

ns 

0.018

ns 

-0.050

ns 

-0.148

ns 

-0.111

ns 

-0.034 

ns 

-0.142

0.019
-0.179

0.019
-0.181

0.007
-0.215

0.007
-0.216

0.041
-0.167

0.041
-0.171

0.005 
-0.231 

Age of mother 1 

p-value

Coefficient

ns 

0.107

ns 

0.175

ns 

0.143

ns 

0.009

ns 

0.118

ns 

0.122 

ns 

0.074

ns 

0.001

ns 

-0.015

ns 

-0.013

ns 

-0.045

ns 

0.052

ns 

0.036

ns 

0.004 

Education of mother 1  

p-value

Coefficient

ns 

0.122

ns 

0.129

ns 

0.138

ns 

0.091

ns 

0.167

ns 

0.095 

ns 

0.042

0.000
0.269

0.000
0.267

0.001
0.263

0.001
0.261

0.000
0.300

0.001
0.278

0.002 
0.256 

Morbidity Index 1b 

p-value

Coefficient

ns 

-0.015

ns 

0.010

ns 

0.032

ns 

-0.168

ns 

0.125

ns 

0.056 

ns 

0.114

ns 

-0.119

0.004
-0.219

ns 

-0.057

0.046
-0.159

ns 

-0.076

ns 

-0.181

ns 

-0.168 

Food Diversity  

(with drinks) 1 

p-value

Coefficient

ns 

0.041

ns 

0.110

0.001
0.294

ns 

0.163

0.009
0.240

ns 

0.169 

ns 

0.176

ns 

0.115

0.006
0.209

0.000
0.390

0.000
0.472

0.000
0.312

0.000
0.378

0.000 
0.409 

Time of introduction of 

food 1 

p-value

Coefficient

ns 

0.023

ns 

0.064

ns 

0.078

ns 

0.062

ns 

0.101

ns 

0.039 

ns 

0.037

ns 

0.015

ns  

-0.109

0.043
-0.161

ns  

-0.147

ns  

-0.138

0.042
-0.170

0.012 
-0.206 

Presence of sibling <5 3 

 

p-value

F value

df1

ns 

0.194

119 

ns 

0.363

119 

0.029
0.377

117 

0.033
0.002

117 

ns 

2.860

116 

ns 

0.031 

111 

0.019
0.082
116 

ns 

0.056

174 

ns 

0.816

168 

0.024
1.624

156 

0.008
0.310

156 

ns 

0.461

147 

ns 

0.467

141 

0.039 
0.296 

145 
1 Pearson correlation was used to detect any significant correlations between two continuous parameters. 

1b Spearman correlation was used to detect any significant correlations between two parameters 
2 ns: not significant 
3 one-way ANOVA, with F value and degree of freedom (df) 
4 log-transformed variable 
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Table 37: Correlations and one-way ANOVA with p-values between weight-for-age Z-scores and other parameters at each time point for children in 
both household groups 

Parameters \ Z-scores  Children in households with SAP Children in households without SAP 

Weight-for-age 
 WAZ 

6 
WAZ 

8 
WAZ 

10 
WAZ 

12 
WAZ 

14 
WAZ 

16 
WAZ 

18 
WAZ 

6 
WAZ 

8 
WAZ 

10 
WAZ 

12 
WAZ 

14 
WAZ 

16 
WAZ 

18 

Wealth index 1,4 

p-value

Coefficient

ns 

-0.003

ns 

-0.008

ns 

0.036

ns 

0.075

ns 

0.071

ns 

0.055 

ns 

0.036

ns 

0.130

ns 

0.121

0.041
0.163

0.010
0.204

0.001
0.261

0.004
0.237

0.018 
0.194 

BMI Mother 1 

p-value

Coefficient

0.002
0.277

0.002
0.285

0.005
0.258

ns 

0.179

0.008
0.243

0.017 
0.224 

0.009
0.238

0.002
0.235

0.000
0.276

0.000
0.356

0.000
0.365

0.000
0.352

0.000
0.401

0.000 
0.417 

Parity 1 

p-value

Coefficient

ns 

-0.048

ns 

0.020

ns 

-0.031

ns 

-0.115

ns 

-0.113

ns 

-0.062 

ns 

-0.127

0.038
-0.159

0.016
-0.185

0.012
-0.200

0.003
-0.232

0.008
-0.216

0.011
-0.212

0.005 
-0.231 

Age of mother 1 

p-value

Coefficient

ns 

0.155

0.022
0.209

0.022
0.175

ns 

0.061

ns 

0.118

ns 

0.096 

ns 

0.075

ns 

0.024

ns 

-0.013

ns 

-0.014

ns 

-0.013

ns 

0.008

ns 

0.008

ns 

0.004 

Education of mother 1  

p-value

Coefficient

ns 

0.178

ns 

0.172

0.049
0.181

ns 

0.168

0.035
0.194

ns 

0.106 

ns 

0.084

0.001
0.254

0.000
0.301

0.000
0.295

0.000
0.302

0.000
0.342

0.000
0.324

0.000 
0.299 

Morbidity Index 1b 

p-value

Coefficient

ns 

-0.078

ns 

-0.015

ns 

-0.098

ns 

-0.165

ns 

0.111

ns 

-0.007 

ns 

-0.013

ns 

-0.118

0.003
-0.229

ns 

0.013

ns 

-0.076

ns 

0.013

ns 

-0.131

ns 

-0.168 

Food Diversity  

(with drinks) 1 

p-value

Coefficient

ns 

0.151

0.022
0.208

0.000
0.327

ns 

0.169

0.005
0.259

0.036 
0.198 

0.024
0.209

ns 

0.143

0.000
0.265

0.000
0.423

0.000
0.495

0.000
0.348

0.000
0.395

0.000 
0.409 

Time of introduction of 

food 1 

p-value

Coefficient

ns 

-0.078

ns 

-0.029

ns 

-0.032

ns 

-0.053

ns 

-0.046

ns 

-0.075 

ns 

-0.094

ns 

-0.037

ns 

-0.126

ns 

-0.156

0.048
-0.158

0.033
-0.175

0.038
-0.174

0.011 
-0.210 

Presence of sibling <5 3 

 

p-value

F value

df1

0.023
4.733

119 

0.025
3.243

119 

0.005
0.947

117 

0.004
0.054

117 

0.003
4.264

116 

0.011 
0.217 

111 

0.004
0.038

116 

ns 

0.144

174 

ns 

0.720

168 

0.022
1.165

156 

0.005
1.257

156 

0.029
0.226

147 

0.048
0.254

141 

0.008 
0.431 

145 
1 Pearson correlation was used to detect any significant correlations between two continuous parameters. 

1b Spearman correlation was used to detect any significant correlations between two parameters 
2 ns: not significant 
3 one-way ANOVA, with F value and degree of freedom (df) 
4 log-transformed variable
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5. Discussion 
The advantages of livestock keeping are well known (Randolph et al., 2007). 

Livestock can contribute to the human diet with nutritious animal products in addition 

to monotonous plant source diets (Murphy & Allen, 2003). Even though poor people 

mostly keep animals as financial instruments and slaughter them only on rare 

occasions (when the animal gets sick or old, or for big holidays), milk and eggs can 

be used for direct consumption or for generating income. In the present study the 

impact of livestock keeping on animal source foods production and consumption was 

investigated. Moreover, a potential influence of ASF consumption on the nutritional 

status of children was evaluated. The following discussion first highlights the 

relevance of livestock production in the study households and debates the 

differences of household characteristics. The next chapter emphasizes the 

consumption patterns of all study children, particularly the intake of ASF. In the final 

two chapters anthropometry, and iron as well as vitamin A status of the study 

children are discussed in correspondence to livestock keeping and the diets of the 

children.  

5.1. Household characteristics 

5.1.1. Livestock keeping and animal source foods 

In all SAP study households small animal production (chicken, sheep and goats) was 

practiced as a rather unregulated enterprise. The external input (e.g. fodder) as well 

as output (animal products) was very low. The average income resulting from the 

sale of animals and their products reflected only about one percent of total household 

income. Eggs were the only animal products directly used from small livestock 

keeping. About one third of the egg production was sold compared to two thirds 

being consumed. As expected, SAP households consumed more eggs than no SAP 

households. However, the egg production was so low that the mean consumption 

was only one egg every third day in a household of about five family members. 

Sheep and goat milk were not consumed in the study area; this livestock type did not 

provide any directly remunerative products. Nearly all SAP households kept poultry 

as livestock, although their numbers were very low. Goats and sheep were kept less 



Discussion 

 128 

frequently, and if so, then also in modest quantities. This picture fits with the FAO 

statistics showing that in 2007 Ethiopia had a livestock population of small animals of 

principally chicken, with 36 Mio., followed by sheep, with 24 Mio., and then goats, 

with 18 Mio. (FAO, 2007). The present study targeted only families without dairy 

cows; this addresses low income households. This would explain why most SAP 

households kept poultry, as it is more affordable than other forms. Furthermore, 

poultry can be kept in small courtyards, with little food choice and can be sold easily. 

Eggs can either be consumed, or in times of economic constraints sold for petty 

cash. On the contrary, sheep and goats need more fodder or pasture land, and 

hence supervision. Then again, despite the greater inputs in sheep and goat 

production, income might increase (Baars, 2000).  

5.1.2. Setting and Livestock keeping 

The sampling strategy was based on finding children at about the same age within a 

radius of approximately 30 km from the study headquarters. Hence, sampling was 

done exhaustively, and the distribution between the two groups studied (SAP vs. no 

SAP) was not even; most eligible households were found without SAP (176 vs. 121). 

Furthermore, livestock holding was highly correlated to being based in rural settings. 

As expected, the differences between the settings were substantial. Urban 

households (Kebeles) were likely to be equipped with electricity, access to tap water, 

toilet facilities, close access to clinics and other health institutions, and easy access 

to big markets. Rural households (in peasant associations) were either scattered in 

the valleys, or clustered in small villages, both without electricity or tap water, but with 

more surrounding land than urban households. All small villages offered at least one 

health post or clinic. The fact that over 80% of the SAP holders were located in rural 

settings can be explained with greater possibilities for grazing and better fodder 

availability. In contrast, urban households, mostly without SAP, existed close to each 

other in small structures, which might limit the options for animals keeping. In the 

literature, information about livestock holding in the developing world in poor urban 

households is scarce, but is also estimated to be lower than in those which are rural 

and resource-poor, where about two thirds keep any type of livestock at all 

(Randolph et al., 2007).  
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5.1.3. Wealth, income and expenditure 

There are many different ways of measuring living standards, and often wealth is 

considered differently depending on social backgrounds and purpose of investigation 

(Montgomery et al., 2000; Garenne & Hohmann-Garenne, 2003). Many studies 

suggest that increases in income result in improved nutritional status of humans in 

developing countries (Alderman et al., 2006). The wealth index in the present study 

was developed based on the replacement costs of productive & non-productive 

assets and lease price of land. This method is also often used in literature as such 

assets are hypothesized to positively correlate with income, living standards, and 

food consumption at household level (Maxwell et al., 2000). Though positively 

associated, the created wealth index was not a strong predictor of food expenditure, 

but was strongly and positively correlated with non-food expenditure (Shiferaw, 

2008). Moreover, income was strongly associated with both food and non-food 

spendings. On average, food comprised more than half (57%) of the total household 

expenses; similar findings were found in other studies, at the national level about 

60% were found to be accounted for food (Dercon, 1997). Average yearly income per 

capita, as reported from study households, was with $132 ± 28 well below the gross 

national income per capita 2007, with $220 (World Bank, 2008). This indicates the 

poor economic status of the households in the study. However, underreporting of 

income is well-known and can skew the results. As expected, the income of study 

households (of both study groups) correlated highly with the annual per capita ASF 

consumption. Also in literature, strong positive correlations between the level of 

income and the consumption of quality foodstuffs such as ASF, and diet diversity 

have been found (Gittelsohn & Vastine, 2003; Arimond & Ruel, 2004). On the other 

hand, the inter-relationship between wealth and diet has been demonstrated to be 

very complex. In a Mexican study, higher economic resources led to a wider variety 

of foods, but not necessarily to an improved diet in terms of energy or proteins 

(DeWalt, 1983). As will be discussed in chapter 5.3, the reasons why children from 

SAP households had an inferior growth status – despite an easier availability of ASF 

- might lie in other factors than wealth, income or expenditure. 
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5.1.4. Education and parity 

Education is known to be closely related to wealth (Ahn et al., 2006). This was also 

confirmed in the group without SAP, where mothers with higher education displayed 

higher wealth indexes. In both groups, education of the mother was related to a 

higher nutritional diversity. A research report by the International Food and Policy 

Research Institute (IFPRI) concluded that, during the period 1970-95 improvements 

in female secondary school enrollment rates were estimated to be responsible for 

43% of the total 16% reduction in the child underweight rate of developing countries 

(Smith & Haddad, 2000). 
 

Parity. In the DHS 2005 parity was higher in mothers with lower education and/or 

from poorer households. Beyond that, urban women had fewer children than their 

rural counterparts (2.4 vs. 6.1). Mothers from study households with SAP had 

significantly more. Taking into account the uneven distribution of rural and urban 

settings within the two study groups, the tendencies of the current results are 

comparable with the ones from the DHS. In the last few decades, the fertility rate has 

declined from 6.4 births per woman (1990) to 5.4 births (2005). Further DHS data 

indicated a desire of the women to limit family size, especially as the number of 

surviving children increased (DHS, 2005; Bhargava, 2007). A greater spacing 

between children would enable mothers to better care for their children in respect to 

nutrition and general care. A recent systematic review evaluated the affect of birth 

spacing on the nutritional status of children, and found that a longer birth interval was 

associated with a lower risk of malnutrition in most populations. A reduction in 

stunting from 10 to 50% was reported when birth interval was ≥36 months. In addition 

to better care other factors such as prolonged breastfeeding were important (Dewey 

& Cohen, 2007). 

5.1.5. Antenatal care, delivery, and postnatal care 

Antenatal care and delivery. The study region was very well covered with health 

institutions, and hence the average number of mothers having sought antenatal care 

was twice as high as the average nationwide (DHS, 2005). The DHS data reported 

that nearly all mothers from rural households delivered at home, but only every 

second woman from an urban setting. A similar picture was encountered in the 
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present study: more mothers from SAP households gave birth at home compared to 

their counterparts from households without SAP. Reasons might be that SAP 

households had less disposable income for health care, and were more likely to be 

further away from health posts. Other reasons for not seeking health care in the DHS 

were reported to be: concern that there may not be a health provider, concern about 

the ability to pay for treatment, concern that there may not be a female health 

provider, concern about having to use transportation, and concern about their 

absence from home (DHS, 2005). 
 

Vaccinations. The Ethiopian Ministry of Health recommends dispensing the 

vaccination of DPT (diphtheria, whooping cough [pertussis] and tetanus) usually at 3, 

4 and 5 months of age. Full protection is given after the third vaccine. The oral polio 

vaccines (OPV) are usually given at the same time as the DPT. The BCG vaccine, 

preventing tuberculosis, is a single injection generally given at birth or occasionally at 

a later time. The measles vaccination is given with one injection only at around 9 

months of age. The Ethiopian supplementation schedule for vitamin A suggests that 

9 to 12 month old children should be provided with two capsules of 50,000 IU each, 

one of which is given in combination with the measles injection (Unicef, 1997; 

Werner, 2001). The vaccination coverage of the study children did not differ between 

the groups and was in general much higher than the national average in 2005. While 

one in five Ethiopian children aged 12 to 23 months has been reported to be fully 

vaccinated, one in two children were fully vaccinated in the present study. Possible 

reasons might be: that the study area was well supported with health institutions; that 

during the study period there were national immunization day campaigns to combat 

polio (the local hospitals sent health workers to vaccinate children <5 years at their 

homes in the study area); the study area is located only one hour from Addis Ababa, 

where the immunization rate was highest with 70% in 2005 (DHS, 2005). The 

substantial differences between urban and rural vaccination coverage in the DHS 

data were not seen in the data of the study children. One explanation could be that 

the DHS gathered data from rural regions also being far away from bigger cities, 

whereas, in the present study, rural households were still close to Debre Zeit, a city 

with many health institutions. A review from the WHO and UNICEF about the national 

immunization coverage in Ethiopia from 1980 until 2006 reported a general increase 

in coverage of all vaccines (WHO/UNICEF, 2007).  
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5.2. Consumption patterns of study children 

5.2.1. Breastfeeding and initiation of complementary foods 

Early initiation of breastfeeding is encouraged for various reasons. Amongst others, 

colostrum is highly nutritious and, with its antibodies, protects the infant from 

diseases. Study children from households without SAP were more often breastfed 

within one hour, or at the latest within one day, and were given less frequently 

prelacteal fluids. The differences between the two groups might be for similar 

reasons as mentioned in the previous section: mothers from the no SAP group, who 

were more likely to seek antenatal care and deliver at health institutions, had better 

access to professional advice about breastfeeding and hence were better supported. 

The DHS data corroborates this hypothesis: early breastfeeding increased during the 

period from 2000 to 2005 as a result of improved promotion. Generally in Ethiopia, 

more than two thirds of children are breastfed within one hour of birth and 86% within 

one day (DHS, 2005).  
 

The WHO recommends currently to exclusively breastfeed for the first six months, 

and subsequently to continue with the additional appropriate complementary foods 

for up to two years (or more). Analogous to the Ethiopian DHS data (DHS, 2005), 

most children were breastfed throughout the present study. This positive behavior 

was more pronounced in children from SAP households. Reasons for this difference 

might be that the SAP households had poorer food diversity scores which might have 

led mothers to compensate with breastfeeding, as seen in other studies (Marquis et 

al., 1997a). Moreover, mothers with a lesser education, as observed in SAP 

households, might be more likely to be responsible for household chores, instead of 

having an outside occupation. This again leads to an increased presence at home 

and consequently to increased breastfeeding on demand. Additionally, the DHS 

ascertained that highly educated Ethiopian mothers breastfed their children for a 

shorter duration than mothers with little or no education (DHS, 2005).  
 

As recommended by the WHO, the mean age of the study children at the time of the 

first complementary food was in both groups almost six months. However, the wide 

range of two to nine months indicates that some mothers introduced foods either far 

too early or far too late. The Z-scores (HAZ, WAZ) showed a steady drop from the 
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beginning to the end of the survey, indicating that growth faltering might have even 

started prior to the survey and parallel to the initiation of the first complementary 

foods. This picture is confirmed by the correlations of lower Z-scores with earlier 

times of food introduction. As stated in other studies, growth faltering starts at 

weaning (Shrimpton et al., 2001; Kerr et al., 2007). The new diet is usually lower in 

nutritional quality then the breast milk it displaces. Furthermore, the bioavailability of 

iron and zinc in breast milk (although there is already very little iron in breast milk) 

can be reduced by foods containing absorption inhibitors (Gibson et al., 1998a). Even 

though the early introduction of complementary foods is more common (Allen et al., 

1991; Kerr et al., 2007), a study in Northern Ethiopia revealed that almost half of nine 

month old children did not receive any complementary foods at this age (Tessema & 

Hailu, 1997).  

5.2.2. Dietary diversity 

Dietary diversity is generally considered a major factor in healthy diets. Diet diversity 

has been shown to strongly correlate with adequate micronutrient density (Moursi et 

al., 2008). In poor communities, monotonous diets are often common; hence wealth 

is associated with a diverse diet. Nevertheless, there is no firm consensus on how to 

measure dietary diversity, making it difficult to compare findings (Ruel, 2003). The 

grouping of food items can be done in various ways. One is the clustering of foods 

into groups, whereas a number of different food groups can be used. A simple count 

of all consumed foods is another possibility, which has been used in this study. 

Although such a straightforward count of food items can not give a full picture of the 

diet, it has been shown to be able to give a fairly good assessment of the nutritional 

adequacy of a diet (Hatloy et al., 1998). A working group of experts for infant feeding 

suggests a diet diversity score based on 7 food groups (excluding condiments) 

(WHO, 2008). These food groups are broken down as follows: grains, roots and 

tubers; legumes and nuts; dairy products (milk, yogurt, cheese); flesh foods (meat, 

fish, poultry and organ meats); eggs; vitamin-A rich fruits and vegetables; other fruits 

and vegetables. A cut-off of at least 4 of the 7 food groups consumed in the 24 hours 

prior was deemed sufficient, as it was associated with better quality diets for both 

non- and breastfed children (WHO, 2008). As this method requires a 24-hour-recall it 

was unfortunately not applicable to the present study. A study in Mali measured the 

food variety scores of 77 children aged 13 to 58 months by cumulating all food items 
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consumed, and calculated a mean score of 20.5 (±3.8) (Hatloy et al., 1998). The 

results, which were considered as high, were attributed to a relatively high availability 

of foods in the study area. In addition, the food variety score included items such as 

sugar, oil, onions, condiments, etc., which have been excluded in the present report. 

Yet, the lower food diversity scores found in the present study might not only be 

credited to the different definitions of food diversity scores, but might also reflect that 

mothers could either not afford to buy more divers foods or did not recognize variety 

as a key component of a healthy diet. Besides the exposure to new tastes, a greater 

variety is more likely to ensure the intake of several key nutrients and is associated 

with a greater energy intake, which in return can tackle malnutrition (Arimond & Ruel, 

2004).  
 

The higher food diversity scores of the children showed a positive impact on their 

nutritional status, i.e. weight and height. This finding supports results in other studies; 

among Kenyan children (12 to 36 months) dietary diversity was the strongest and 

most consistent predictor of anthropometric status. It was even suggested that after 

12 months of age, the inclusion of a variety of foods in the diet, which comes with an 

increased dietary quality, might be more important than whether or not breastfeeding 

is continued (Onyango et al., 1998). Chinese children (12 to 47 months) had better 

height for age scores when they were fed three or more food groups at 12 months 

compared to their counterparts’ being fed less than three food groups (Taren & Chen, 

1993). 
 

The peak of the food diversity score at around 12 months in both study groups might 

be caused by the endeavor of the mothers to feed children complementary foods. 

This effort disappears more and more, as children of one year of age are 

progressively adapted to the family diet, and the specifically prepared foods are 

steadily reduced from their diet. This assumption is corroborated by the feeding 

patterns of the complementary foods porridge and gruels, whose prevalence peaks in 

both groups at 12 months. Further results indicate that children from the SAP group 

scored in general lower in food diversity than their counterparts in the no SAP group. 

SAP households tended to invest less in foods especially prepared for children, and 

instead had them eat foods based on the family diet, maybe for financial reasons.  
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5.2.3. Consumption of complementary foods 

As already stated in the previous chapter: SAP households invested less in diverse 

complementary foods. Cost and availability might have affected the use of 

complementary foods. A study in Zambia determined the availability and affordability 

of complementary foods for six to 18 month old children, having concluded that their 

food was mostly determined by what was available in the household, its cost and 

seasonality. Even though commercial complementary food was available on the 

market, their use was restricted by the high prices (Owino, 2008). In the present 

thesis, the only particular complementary foods fed to the study children were cow’s 

milk, gruels/porridge, and commercial biscuits. Any other foods might only have been 

family food modified for children’s edibility.  

5.2.4. Consumption of animal source foods 

As expected, increased food diversity scores of the study children mostly were 

concurrent with the consumption of ASF, such as eggs and milk. Allen et al. 

associated an increased variety of foods with improved quality in the diet. A varied 

diet contained characteristically more animal products than a monotonous one, since 

monotonous diets are largely plant-based (Allen et al., 1991). Except for cow’s milk, 

ASF were very rare in the nutritional regime of the study children. Not surprisingly, 

around 22% of the study children were neither fed meat, fish nor eggs during the 

study year. In general, livestock holding increased the chance that children were fed 

eggs. This emphasizes the importance of SAP in respect to the availability of ASF. In 

an Ethiopian nutritional study one third of children under five years never had any 

ASF in their diet (Tessema & Hailu, 1997). In general, in developing countries the 

consumption of animal products is very low. The Ethiopian DHS published that only 

about 10% of children aged 6 to 23 months were fed meat, fish, poultry or eggs the 

preceding day of the interview (DHS, 2005). A 24 hour recall in 475 South African 

children revealed that only 6% had chicken, 8% eggs, and 15% fresh milk or milk 

powder. A total of 17% of these consumed some kind of ASF during this time (Faber, 

2005). Mexican preschoolers obtained their dietary energy mainly from plant sources; 

only 7% of energy came from animal products (Allen et al., 1991). While there is a 

rise in the production of livestock products worldwide, particularly in poultry, pigs, 

eggs and milk, poorer African countries like Ethiopia do not benefit from this trend. 
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On the contrary, consumption of ASF in Ethiopia is even declining as population 

increases (Speedy, 2003). The main determinant of animal product consumption 

appears to be wealth (Speedy, 2003). The high costs of ASF are the main reason for 

a low consumption. As an example, in rural Bangladesh animal and fish consumption 

accounted for only 3% of total energy intake, but because of the high cost it 

accounted for 20-25% of food budgets on average (International Food Policy 

Research Institute (IFPRI), 2000). In the present study, the consumption of ASF at 

household level was reported to be very low with an annual per capita consumption 

of eggs of 1 kg, chickens 0.7 kg, red meat 3.7 kg and milk 18.5 kg (Shiferaw, 2008).  

 

Meat and fish consumption in both SAP and no SAP groups of children was very low. 

More than four out of five children never had consumed meat or fish during the study 

time. The study population was mostly Christian Orthodox and very religious. Most of 

the families followed strictly the religious fasting days, which were numerous, and 

accrued up to half a year of abstinence. During those days, all animal products were 

omitted from their diets. Although children are not forced to fast, one can assume that 

the family diet influences their meals. However, it is known that consuming meat or 

fish is beneficial, when its consumption is frequent and adequate. In rural Malawi a 

24 hour recall showed that even with more than one third of one-year-old children 

consuming meat, poultry or fish, its contribution to total energy intake was only 0 to 

4%; the intake, therefore, of heme iron, zinc and animal protein was negligible (Hotz 

& Gibson, 2001). On the other hand, other studies proved that meat eaten daily can 

improve iron absorption (if at least 25 grams of beef was consumed) (Engelmann et 

al., 1998a), hemoglobin levels (Cowin et al., 2001), zinc status (Krebs et al., 2006b), 

vitamin B12 status (McLean et al., 2007), increase weight gain and improve 

psychomotor development (Morgan et al., 2004; Neumann et al., 2007).  
 

Consumption of goat and sheep milk did not take place in the study area, although in 

other parts of the country it is common (Ayele & Peacock, 2003). Conversely, cow’s 

milk consumption was widespread and showed similar patterns as found on the 

national level (DHS, 2005). Both the present study and the DHS study show a peak 

consumption at six to eight months, declining thereafter. The highest prevalence of 

milk consumption in the DHS was 48%, comparable with the results of the study 

children (45% of total). The observation that children from no SAP households were 
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more likely to consume cow’s milk (56% vs. 30%), can be attributed to the fact that 

these households more often purchased special foods for children; cow’s milk was 

mostly seen as a complementary food and rarely consumed by other household 

members. In both study groups, mothers choosing a broader range of foods (higher 

food diversity scores) were also more likely to purchase cow’s milk. Hence, the 

greater dietary diversity including the cow’s milk consumption led to increased Z-

scores rather than the cow’s milk consumption alone, as already stated in other 

studies (Allen et al., 1991; Hatloy et al., 1998). 
 

Although the frequency of feeding cow’s milk was very high (mostly three times daily 

or more), the prevalence of breastfeeding was also high. However, the intakes of 

cow’s and human milk were not measured, so it is not possible to tell the real 

importance of either milk source. Cow's milk was often reported to be diluted, as 

done commonly in the developing world. Breastfeeding might have been practiced, 

not only for nourishment, but also as an act of comfort.  
 

As expected, mothers from SAP households tended to feed eggs more commonly to 

their children (although only significant differences at 16 and 18 months). A 

significantly higher egg consumption from children of SAP households was also 

confirmed on the family unit level (Shiferaw, 2008). Keeping chickens offered the 

alternative of consuming eggs, or selling them. Although most SAP households had 

poultry as livestock, only half of the children were fed eggs, and even then only on a 

very irregular basis, once a week or even less. One reason might be that most eggs 

were either consumed by other family members or sold. However, as already stated, 

egg production was very low, with an average of one egg every second day. 

Furthermore, one third of the entire production was reported to be sold for cash. On 

the other hand, a review by Gittelsohn & Vastine implied that unfavorable food 

allocation in families occurs in most settings and tends to affect luxury foods, such as 

ASF, rather than necessity foods (staples) (Gittelsohn & Vastine, 2003). Children in 

households without SAP and in which eggs are purchased, were fed them equally 

infrequently. In general, a higher food diversity score came with higher egg 

consumption. As will be discussed in 5.4.2, egg consumption only increased serum 

retinol in children from the study group without SAP.  
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5.2.5. Consumption of fruits and vegetables 

Not surprisingly, the monotonous diets rarely included fruits or vegetables, which 

could have been a good source of vitamins. Other studies in Ethiopia and other 

developing countries confirm a low consumption of fruits and vegetables by 

preschool children (W/Gebriel, 2000; Kikafunda, 2003; Nana et al., 2005). “Helen 

Keller International” showed that home gardening programs increased the availability 

of home-produced foods and enabled households to more diversify their diet through 

an increased consumption of micronutrient-rich plant foods (particularly in vitamin A) 

and thus have a lower risk of micronutrient deficiencies (Helen Keller International, 

2003). 

5.2.6. Consumption of staple foods 

Injera, the fermented Ethiopian staple food made of tef, and bread (mostly wheat 

bread from bakery or prepared at home) were consumed by nearly all children in 

both groups daily, whereby the consumption of the former dominated. Furthermore, 

injera and bread were common choices as first complementary foods. These results 

are comparable to another study in Northern Ethiopia where injera and bread from 

the adult diet were frequently used as complementary foods (W/Gebriel, 2000). 

Likewise, in many other African countries with a high prevalence of malnutrition, the 

first foods for children are often only slightly modified from those of adults, either 

mashed or diluted. Adult diets consist often of starchy staples, which are bulky, poor 

in nutrients and unsuitable for young children’s gastric capacity (Gibson et al., 

1998a). Porridge made with maize meal is used as a complementary food in many 

African countries, such as Ghana, Malawi, South Africa, and Kenya (Lartey et al., 

1999; Hotz & Gibson, 2001; Faber, 2005; Kerr et al., 2007). Other unfortified cereal 

based gruels, low in energy and nutrient density, are very common complementary 

fare (Owino, 2008).  

5.2.7. Energy and protein intake 

No information about the energy intake was collected in the present study, but a 

recent three-day weighed record study by Cercamondi (2007) in the same area with 

18 month old children (n=15) revealed that 60% of them had a daily average energy 

intake from complementary foods below RDA (477kcal/d, compared to 548kcal/d), 
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although more food was offered than consumed. Furthermore, it could be shown that 

on average more than one third of the daily energy intake came from the staple food 

injera (Cercamondi, 2007). As in the present study, injera was mostly consumed with 

a sauce made of chick peas. Further analyses of the data of Cercamondi (2007) 

showed that children consumed on a daily average 93 ± 99 g of sauce with 82 ± 51 g 

of injera. However, the amounts showed great variation both in respect to the 

children studied and the daily amount consumed. Taking a protein content of 3.4 g 

and 4.5 g per 100 g of edible chick pea sauce and injera, respectively (EHNRI, 

1998), a mean daily intake of 6.9 g of proteins can be assumed. Regarding this as 

the only regular source of protein in the children’s diet, this is well below the RDA for 

1 to 4-year-olds (RDA of 13.5 g) (D-A-CH, 2000). In the present study, growth 

faltering (defined as below expected standards) was observed from the first 

measurement. This is an indication that particularly dietary quality as well as quantity 

is a major problem of complementary foods. Lutter & Rivera suggested that the 

observed limited energy intake of growth retarded children may not be because of a 

lack of food offered, but the result of illness, depressed appetite secondary to micro- 

or macronutrient deficiencies, inappropriate consistency or poor palatability of the 

food (Lutter & Rivera, 2003).   

5.2.8. Consumption of iron, its enhancers and inhibitors 

The iron content of tef and injera from the study area has been found to be manifold 

higher (up to 40 times) than in whole wheat (3.2 mg). Other analytical studies confirm 

these findings (EHNRI, 1997; EHNRI, 1998; Umeta et al., 2005). Ridding tef grains of 

soil has shown to lower the iron content to the same level as that of wheat grains, 

which indicates their extrinsic contamination through harvesting and processing 

(Besrat et al., 1980; Hallberg & Bjorn-Rasmussen, 1981; Cercamondi, 2008). The 

frequent consumption of injera by the study children might have led to an elevated 

intake of iron. This was also shown in a study by Cercamondi, where about 86% of 

18 month old children (n=15) had an average daily iron intake (34.0mg/day) threefold 

higher than the RNI (11.6mg/day). The iron intake was calculated to come mostly 

from the staple food injera (Cercamondi, 2008). The preparation of injera, which 

includes a fermentation process, favors the iron availability by reducing the content of 

phytic acid, a potent iron absorption inhibitor highly present in whole grain cereals 

such as tef. However, the high prevalence of anemia and iron deficiency found in the 
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study population indicates that the iron was hardly bioavailable for the body. This has 

also been reported in an in vitro study, where soil iron was added to certain meals 

and was found to be nonexchangeable with the iron pool which would be expected to 

be absorbable (Hallberg & Bjorn-Rasmussen, 1981). The rate of iron bioavailability is 

highly dependent on the presence of absorption enhancers and inhibitors. The rather 

monotonous diets of the study children did not provide good sources of iron given 

that meat consumption was rare and the iron in the staple food injera is largely from 

soil contamination, and hence poorly absorbable. Besides the low iron intake, the 

diets were very low in absorption enhancers. An exception was the consumption of 

oranges or orange juice, which provide an excellent source of vitamin C and was fed 

to some study children (range between 15 to 60%). Especially mothers from 

households without SAP fed oranges to their children. However, the seasonal/local 

availability and economical resources presumably limited their consumption in most 

families. Furthermore, the consumed amount was not captured in the study and 

could have been very small. Besides the direct intake of vitamin C from children, its 

consumption by mothers can contribute to a better status in breast milk, 

subsequently consumed by the child. It has been shown that mothers consuming 

orange juice on a regular basis can improve the vitamin C content of the mother’s 

milk by more than a factor of two (Daneel-Otterbech, 2003). However, Davidsson et 

al. investigated human milk as a source of vitamin C for enhancing the iron 

bioavailability from a traditional complementary food consumed in Bangladesh and 

found that there was no enhancing effect, although human milk contributed 

significant quantities of vitamin C (mean intake of 14mg). It was hypothesized that 

either the molar ratio of vitamin C to iron was not high enough (molar ratio of 2.3) to 

overcome the inhibitory effect of phytic acid in the food (30mg/serving), or that the 

components of human milk modified the influence of ascorbic acid on iron 

bioavailability (Davidsson et al., 2004).  
 

Diets in the developing world are known to contain a great deal of iron absorption 

inhibitors. This was confirmed in the present study. High levels of phytate (PA), a 

potent iron inhibitor, were found in the staple food injera. Even after a longer 

fermentation process during injera preparation, PA contents were still relatively high 

and can be assumed to have been iron inhibitive. However, depending on the 

remaining PA and the absorbable iron, the inhibitory effect can be very different. 
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Siegenberg et al. found a dose dependent inhibitory effect of PA in women who were 

fed bread containing different amounts of PA (35-205mg) (Siegenberg et al., 1991). 

As expected, adding wheat flour to tef flour as a source of phytase was found to 

favorably increase the degradation of PA. Since wheat flour was less expensive than 

tef flour in the study area, adding wheat flour might have been practiced, particularly 

in the poorest of poor households. On the other hand, this practice should be 

encouraged in general to assure a lower content of PA and hence a probable greater 

absorption of iron. Another source of PA could have been the sauces being 

consumed with the injera. Primarily, these were made of beans and peas, which are 

also known to contain PA. Furthermore, more than half of the study children 

consumed black tea and/or coffee. The phenolic compounds found in these 

beverages are identified to highly inhibit iron absorption, particularly in population 

groups with limited iron stores or with monotonous diets as found in the study (Hurrell 

et al., 1999; Temme & Van Hoydonck, 2002). It was even shown that coffee 

consumption of pregnant women (≥450 mL/d) could contribute to infant anemia 

(Munoz et al., 1988). An interesting observation is that coffee was more often 

consumed by children from households with SAP, whereas tea in households without 

SAP. Ethiopians have a high tradition of drinking coffee, which is done daily amongst 

adults within a ceremony including roasting and milling of coffee beans. On the other 

hand, tea consumption is less common and in the diet of children seen from mothers 

as a contribution to a more diverse diet. Therefore, the availability of tea might have 

been more restricted, and was probably only purchased independently of the family’s 

diet as a complementary food.     

5.2.9. Major food groups consumed in Ethiopia 

The results of the high intake of injera, and the low intake of ASF, fruits and 

vegetables from all study children are also seen on the national level from the FAO 

statistics, where the percentage of energy provided by cereals makes almost 70% of 

the total (Figure 49) (FAO, 2007).  
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Figure 49: Percentage of energy provided by major food groups in 2001-2003 in Ethiopia. 
Source: FAOSTAT. 

5.3. Anthropometry 

From the start of the study growth faltering (defined as growth below the expected 

standards) was observed in both groups. Yet, it is supposed that the onset of 

malnutrition took place before the start of data collection. Shrimpton et al. 

documented similar growth patterns around the world (39 studies) which occurred 

with different measuring instruments and techniques applied in children living in 

resource poor settings (Shrimpton et al., 2001). Growth in length has been reported 

to falter immediately after birth and to stabilize only at 40 months. It is noted that 

growth retardation in weight for age starts later than in height for age, namely at 3 

months and lasts in such unfavorable settings for up to 15 months of age. Hence, 

stunting and wasting show different characteristics within populations, and are said to 

be independent of each other (Shrimpton et al., 2001). The process of stunting in 

both of our study populations is apparent until the end of data recording at 18 months 

with no indication of recovery, and it would be expected to continue at least up to 

three years of life, as seen in other longitudinal studies (WHO, 1995b; Shrimpton et 

al., 2001). As with other studies, our study shows that stunting is more prevalent than 

wasting (at 18 months 46.8% [Anthro] and 43.4% [NCHS] for stunting compared to 

14.0% [Anthro] and 11.0% [NCHS] for wasting). Wasting, as measured in relation to 
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the NCHS reference, was observed to increase slightly within the study year. By 

pooling the data from Shrimpton et al. (2001) of only the African countries (23 

studies) and comparing them to the growth data of our two study groups, the 

following three Figures (50 to 52) show clearly that the growth patterns of the present 

study children display the same pattern as in other African countries. The common 

growth failure in our study is also predominant in Ethiopia, with nearly one in two 

Ethiopian children under 5 being stunted, one-tenth wasted, and two-fifths 

underweight (DHS, 2005).  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 50: Comparison of Height-for-age Z-scores of the two study groups with different 
African studies (n=23, source: Shrimpton et al. 2001).  
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Figure 51: Comparison of Weight-for-age Z-scores of the two study groups with different 
African studies (n=23, source: Shrimpton et al. 2001). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 52: Comparison of Weight-for-height Z-scores of the two study groups with different 
African studies (n=23, source: Shrimpton et al. 2001). 

 

As already described by de Onis et al. (2006), using the new WHO standards slightly 

increased the prevalence of malnutrition compared to using the NCHS references: 

stunting was slightly higher (about 3 to 5%), wasting was more prevalent (about 10 to 
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17%) until around 13 months (i.e. up to 70 cm length) and then remained lower than 

when using the NCHS references. Underweight prevalence with the new standards 

was predicted to be higher during the first six months and lower thereafter (de Onis et 

al., 2006); this picture was confirmed in the present study. The use of the new WHO 

standards has been justified by demonstrating with a data set of healthy breastfed 

children that their Z-scores tracked along the WHO standards’ mean Z-scores, while 

appearing to experience growth faltering when compared with the NCHS references 

(Figure 53). The differences in the mean Z-score are likely due to the inclusion of 

only breastfed infants in the WHO sample and the predominance of formula-fed 

infants in the NCHS references. Furthermore, the higher prevalence of stunting and 

wasting is caused by the tighter variability of the WHO standards which affects the 

placement of the usual cut-off for stunting and wasting, i.e. -2 standard deviations (de 

Onis et al., 2006). In summary, the WHO standards are thought to provide a better 

tool than the NCHS references to monitor growth in breastfed children, particularly 

during the first year of life. Promoting the new standards as the norm of growth 

internationally might also help to emphasize breast milk as being the optimal source 

of nutrition during early life. This in turn might help reducing child morbidity and 

mortality (de Onis et al., 2006).   

 

 
Figure 53: Mean weight-for-age Z scores of healthy breastfed infants relative to the WHO 
standards and the NCHS references (source: de Onis et al., 2006) 
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5.3.1. Growth velocity 

The longitudinal study design allows us to look at growth over time. However, as 

growth velocity standards were issued just recently (WHO, 2009), no other studies 

have been found with which to compare the present data. Nevertheless, the study 

children in both groups showed an alarmingly high prevalence of slow growth in 

height (54% at 6 to 12 months and 43% at 12 to 18 months). This finding also 

confirms the data concerning the increasing prevalence of stunting. Particularly 

children from the SAP group showed this trend. This might reflect again – besides 

poor diets - the unfavorable setting in which those study children grew up.   

5.3.2. Factors associated with growth faltering 

In the present study, the consumption of ASF, vegetables and fruits was grossly 

inadequate. As a consequence, the high rates of stunting, wasting and underweight 

in both study groups can be partly attributed to the diet low in energy and nutrient 

density. As already illustrated in chapter 5.2.2, higher food diversity in both groups 

was accompanied by better Z-scores. In general, food diversity seemed rather low, 

and hence contributed little to a diet of suitable quality covering an adequate nutrient 

intake. Although the entire diet was not analyzed in detail with respect to amounts of 

micro- and macronutrients or the amount of foods consumed, it can be assumed that 

both the quality and the quantity of foods was low, as reported in most other studies 

investigating infants’ diets in developing countries (Umeta et al., 2003; Kapur et al., 

2005; Mamiro et al., 2005). In Kenyan toddlers, in addition to the positive effect of 

diet diversity, the early introduction of starchy gruels showed a negative impact on 

height-for-age Z-scores (Onyango et al., 1998). Stunting, which was highly prevalent 

in the Debre Zeit study children, was shown to be associated with zinc deficiency 

(Umeta et al., 2000). The lack of ASF (as a good source of zinc) in the diet of the 

study children could have been a plausible reason for the high prevalence of 

stunting. 

 

The benefit of livestock keeping on growth has been investigated several times and 

was shown also in a study conducted in a rural community in the Ethiopian highlands 

(Okike et al., 2005). In this study 170 households with at least one child under five 

years were investigated, and the results indicated that a higher number of cows was 
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beneficial to the height-for-age Z-scores of children. The ownership of cows in this 

case might have been advantageous by enabling higher consumption of milk and 

milk products, and generating cash income to buy other foods not produced at home. 

However, there were also other confounding factors such as the health status of the 

entire household (household calorie intake and morbidity) and the mother’s BMI. Cow 

ownership seemed to have a positive impact on the general status of a household. 

(Okike et al., 2005). In the present study, where households with cows were 

excluded, more children were identified with faltered growth in households with SAP. 

Those households commonly had a very low number of small animals. It could be 

shown that there was a lack of correlation between small animal production and 

income and food expenditure (Shiferaw, 2008). Furthermore, as every fourth SAP 

household kept an average of less than one unit of poultry during the study period, if 

at best this poultry had been slaughtered and the meat consumed (in average six 

chickens per year and SAP household), then this would have only occurred 

occasionally during holidays, as reported in another Ethiopian study (Jabbar, 2004 ). 

The weakest member of the family, the study child, who would benefit the most, is 

less likely to get a share big enough to make a difference in the diet and its nutritional 

status.  
 

Additional explanations for the lower growth status of the children from SAP 

households can be found in having on average a less diversified diet (see chapter 

5.2.2), less educated mothers and more family members (see chapter 5.1.3), and 

being more likely to be situated in rural settings with less favorable conditions (see 

chapter 5.1.2). The DHS Ethiopia 2005 reported as well a high divergence between 

children under five years from rural and urban areas, with stunting found in 30% of 

urban vs. 48% of rural children, wasting 6% of urban and 11% of rural children, and 

underweight 23% of urban and 40% of rural children being affected (DHS, 2005). A 

similar pattern was seen in the present study.  
 

The study children from SAP households were slightly more affected by diarrhea (in 

terms of episodes and/or duration of episodes) and morbidity throughout the study 

year. Consequently, this might have contributed to higher growth retardation. One 

reason for a higher morbidity rate might be that through keeping animals those 

children were more exposed to zoonotic diseases (e.g. brucellosis, trichinellosis, 
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salmonella, Escherichia coli etc (Steinfeld, 2003)). It is known that the close contact 

to livestock when accompanied by poor sanitary conditions, is likely to increase the 

prevalence of morbidity (Randolph et al., 2007). Jabbar et al. (2004) in their Ethiopian 

study found a high child stunting rate in more than 60% of households with livestock 

in the same room (because of fear of theft or as a source of warmth) (Jabbar, 2004 ). 

For both study groups in the present study, growth retardation can be partly 

explained by morbidity in general. It is well documented that there is a clear 

association between infection, particularly if accompanied by diarrhea, and growth 

faltering (Motarjemi et al., 1993). The reasons might lie in poor appetite and 

malabsorption of nutrients, including zinc and copper (Allen, 1994). A reverse 

causality might also be a reason as discussed in a Somalian study, where short 

stature seemed to increase the risk of subsequent diarrhea in children under five 

(Ibrahim et al., 1998). A recent multi-country analysis with nine studies investigated 

the effect of diarrhea on stunting. Data of the longitudinal history of diarrhea in the 

first 24 months were analyzed. It was shown that the probability of stunting at the age 

of 24 months increased multiplicatively with each diarrheal episode and with each 

day of diarrhea before 24 months; the adjusted odds of stunting increased by 1.13 for 

every five episodes (95% CI 1.07-1.19) (Checkley et al., 2008).  
 

Possible reasons for the incidence rates of morbidity and diarrhea in the Debre Zeit 

study children could include a lack of household hygiene as is common in the 

developing world. Diarrheal diseases mainly come from contaminated weaning foods 

(Tenssay & Mengistu, 1997). A study in Northern Ethiopia revealed that most 

morbidity in preschool children was attributed again to poor hygiene (Save the 

Children, 2002). More affluent households were more likely to be able to afford 

measures that prevent illnesses, like buying soaps, and fuel to boil water. Educated 

mothers were more likely to know the causes of diarrhea and better informed about 

the advantages of good hygiene (Save the Children, 2002). The aspect of wealth was 

not seen as an impacting factor on growth in our study population probably due to 

different perceptions of wealth in the analyses, but the influence of hygiene might 

have had an impact, although unfortunately not investigated. Morbidity patterns in 

both groups changed over the study period. After one year of age, children were less 

affected by diarrhea, fever and/or cough. This is consistent with the literature, where 

diarrheal diseases in particular are more common in the second half of infancy during 
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the weaning period. With increasing age, the immunity improves from repeated 

exposure to the pathogens (Black et al., 1982).  
 

Income might also have played an important role in growth status, since higher 

earnings are known to lead to higher expenses, and are so expected to reduce child 

malnutrition (Christiaensen & Alderman, 2004). In the north west of Ethiopia a study 

assessed 376 preschool children, 56% being stunted, 13% wasted, and 52% 

underweight. They found that the most important factor in determining the nutritional 

status was the economic income (Yusuf, 2000). Other studies support this finding 

(Ahmed et al., 1991). Income in the present study was positively associated with ASF 

and other food expenses. However, wealth as measured in the study was seen to 

influence the nutritional status of children only from the no SAP group. As most 

households without SAP were located in urban areas, this finding reinforces other 

studies where socioeconomic differences in urban areas are much greater than in 

rural. Menon et al. (2000) used data from DHS’ of eleven countries and found that 

the prevalence of stunting was lower in urban than in rural areas, but that the 

socioeconomic discrepancies were markedly larger in urban (median OR = 4) than in 

rural (median OR = 1.8) settings (Menon et al., 2000). In the present study as well, 

this pattern was encountered for the anthropometrical indices: For all Z-scores the 

standard deviations were greater for children from households without SAP than from 

their counterparts, indicating possibly larger differences in urban than in rural areas.  
 

The nutritional status of the mother expressed through the BMI predicted mostly the 

Z-scores of the children in both groups. This is not surprising as a mother’s diet might 

reflect to some part the diet of the whole family (availability of quality food). Further, a 

child being (partially) breastfed may benefit from an adequate nutritional status of the 

mother through the intake of vitamins in breast milk. In contrast, in South Africa, 

Faber et al. (2005) did not find any correlation between the anthropometry of mothers 

and their child aged two to five years (Faber et al., 2005). 

5.4. Iron and vitamin A status 

Both study groups had similar iron and vitamin A status; hence there was no 

significant difference between ferritin, hemoglobin, and retinol levels of children with 
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animals in their households compared to their counterparts without. This clearly 

showed that animal keeping did not directly and significantly contribute to the 

nutritional iron and vitamin A intake in this population group. However, as will be 

discussed in detail in chapter 5.4.2, only in the study group of children without SAP 

were the serum retinol levels of the subjects significantly correlated to cow’s milk 

consumption and the frequency of feeding eggs (although egg consumption in 

general was more common in the group with SAP). 
 

As already stated, households with SAP only fed eggs as ASF more often to their 

children than households without. However, the quantity of egg production and 

consumption was very low. Animal keeping in poor communities is known to be 

practiced in order to have living assets, which assets can either generate animal 

products or which themselves respectively can be sold (Randolph et al., 2007). In 

any event, most SAP study households kept very few animals, principally chickens, 

which were rarely slaughtered and hence did not result in meat consumption. In both 

study groups, meat was consumed infrequently by only 10% or less of children,  and 

hence is assumed to have contributed little to dietary iron and vitamin A. However, 

regular meat consumption is known to improve iron status directly by absorption of 

bioavailable heme-iron or by an increased absorption of non-heme iron (Monsen et 

al., 1978; Engelmann et al., 1998a). Furthermore, meat supplementation has been 

shown to reduce prevalence of vitamin B12 deficiency, a clear sign of a lack of ASF 

in the diet (Siekmann et al., 2003; McLean et al., 2007).  

5.4.1. Iron status 

Tef, the cereal of which the staple food injera is made, was found in our study to 

have an extremely high iron content, more than ten times that of wheat (see also 

chapter 5.2.8). Other studies have reported similar findings (EHNRI, 1997; Umeta et 

al., 2005; Abebe et al., 2007; Cercamondi, 2008). However, the frequent 

consumption of injera by the study children still resulted in a low iron status (60% 

having no iron stores and 50% suffering from IDA), confirming other studies in which 

tef-consuming communities show high prevalences of anemia (Zein & Assefa, 1987; 

Adish et al., 1999b). By carefully cleaning the tef and removing soil it became clear 

that the majority of iron came from dirt contamination occurring during harvesting and 

the threshing of the very small grains (Cercamondi, 2008). Additionally, Hallberg & 
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Bjorn-Rasmussen showed that meals supplemented with red soil iron did not 

increase the amount of the exchangeable iron (Hallberg & Bjorn-Rasmussen, 1981). 

The preparation of injera includes the fermentation of tef dough, which process 

reduces the content of phytate, a strong inhibitor of iron absorption. The longer the 

fermentation takes place the more phytate can be reduced (in one example of red tef 

injera from around 900mg/100g down to 75mg/100g in 48 hours), but also the sourer 

the injera. It has been observed that numerous mothers in the study preferred to limit 

the fermentation time in favor of a milder taste for the child. Despite a strong 

reduction of phytate, the molar ratio PA:Iron remained in most collected samples over 

0.4, a cut off below which iron absorption is said to be increased (Hurrell, 2004). 

However, even if the molar ratio had been under 0.4, this would not have been a true 

value since the calculated iron included contamination iron which does not enter the 

iron pool and therefore may not be included in the ratio. Under all these 

circumstances we assume that the daily intake of injera was merely a mediocre 

source of dietary iron, because poorly absorbable.  
 

The relatively frequent consumption of cow’s milk (often diluted) did not seem to 

influence the iron status negatively. However, calcium in milk was shown to have an 

inhibitory effect on iron absorption. Hallberg et al. exhibited in a single-meal study a 

reduction of iron absorption by 50-60% when 165 mg calcium was consumed as milk 

or as another dairy product. On the other hand, Grinder-Pedersen et al. (2004) 

reported from their whole meal diet study, that calcium provided by one glass of milk 

with every meal did not influence non-heme iron absorption (Grinder-Pedersen et al., 

2004). Another study investigating the associations between composition of the diet 

at 18 months and iron status revealed that ferritin but not hemoglobin levels were 

negatively related to the amount of cow’s milk consumed (Thorsdottir et al., 2003). A 

recent study by Troesch et al. exhibited that the addition of 200 mg of calcium to a 

test meal of whole-maize porridge did not significantly inhibit iron absorption from 

NaFeEDTA (3 mg) in the presence of high levels of the enhancer ascorbic acid 

(60 mg) (Troesch et al., 2009). 
 

In summary, the diet of the study children did not offer readily available sources of 

iron. In addition, the consumption of strong iron absorption inhibitors was very high. 

For example, tea and coffee were offered to most children in both study groups, as 
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already discussed in chapter 5.2.8. These beverages were often consumed shortly 

after a meal, when the inhibitory effect on iron absorption from the meal might have 

been still relatively high. Comparable results were found in northern Ethiopia, where 

anemia in preschool children (42%, n=2080) was associated with diets high in 

inhibitors (coffee, fenugreek) and low in enhancers, such as vitamin C rich foods. In a 

subsample of anemic children (n=230) low red blood cell counts and low serum 

ferritin levels indicated that anemia was largely due to nutritional iron deficiency 

(Adish et al., 1999b). In South Africa, apart from a lower dietary iron intake by anemic 

children (2.2 mg vs. 4.0 mg, p=0.0001), tea consumption was lower in the non-

anemics (P=0.03) (Faber, 2007). 
 

Many other studies have concluded the poor quality of complementary foods to be an 

important negative factor in iron status. In Tanzania, complementary food mainly 

prepared from maize flour covered only 15%, 20% and 27% of the recommended 

iron intake for children aged 6-8, 9-11 and 12-23 months respectively. There, 68% of 

the infants (n=378) were moderately anemic (7-<11 g/dL), about 11% severely (<7 

g/dL), and 78% iron-deficient (zinc protoporphyrin concentration >5 μg/g Hb) (Mamiro 

et al., 2005).  
 

Approximately two thirds of all Debre Zeit study children suffered from anemia, 

around 10% more than the national average. However, regional anemia prevalences 

varied greatly from 38% in Addis Ababa to 86% in the Ethiopian Somali region (DHS, 

2005). Nevertheless, the DHS did not analyze the origin of anemia. Anemia can 

result from a lack of vitamins A, B6, B12, riboflavin or folic acid, but also most 

commonly ID, or from parasites, the prevalence of the latter being highly variable 

dependent on the setting (Bulto et al., 1992; van den Broek & Letsky, 2000; 

Scrivener et al., 2001; Dagoye et al., 2003). In Central Ethiopia, in the Shoa Region, 

anemia was found in 65% of schoolchildren (n=966), but this anemia was not of 

nutritional origin, instead due to the effect of infestation with intestinal parasites and 

malaria (Wolde-Gebriel et al., 1993b). Hookworms are known to cause anemia 

through blood loss and malaria through the lyses of red blood cells. In our study 

region, neither malaria nor hookworms were endemic (personal communication) and 

can be neglected as a cause of anemia. Consequently, in around 20% of all study 
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children anemia was manifested without ID, meaning that there must be causes other 

than those of a nutritional iron deficit.  

 

Possible other reasons of anemia might be deficiencies in other vitamins such as 

vitamin A, folate, riboflavin and B12. Concerning vitamin A, Hodges et al. (1978) 

found that anemia can develop despite adequate iron supply if insufficient vitamin A 

is consumed (Hodges et al., 1978). Further observational studies associated an 

increased Hb with a higher vitamin A status (West et al., 2007). Intervention trials 

then discovered that combined supplementation with iron and vitamin A increased 

the response to iron status more than supplementation with iron alone (Ahmed et al., 

2001; Semba & Bloem, 2002). In the present study, the diets hardly provided any 

sources of vitamin A: neither orange or green leafy vegetables nor liver were a part of 

the diet. Eggs, as a source of retinol, were consumed infrequently. Anemic children 

tended to have lower retinol levels; however, this observation was not significant.  

 

Another explanation of the prevalence of anemia could be a disputable hemoglobin 

level from black people. It has been shown that in the United States, individuals of 

African origin have lower hemoglobin values than do other ethnic groups, even after 

adjusting for confounding factors. Black children had a hemoglobin average of 

120 g/L, whereas their white counterparts had such of 127 g/L. These differences 

were not found for ferritin levels (Perry et al., 1992). Other studies confirmed these 

findings (Robins & Blum, 2007). It was hypothesized that the difference might be of 

genetic or environmental nature. A recent review presented different approaches to 

hemoglobin adjustment to define anemia and found that most recommendations 

consisted either of increasing the individual Hb value by +1 g/L or of lowering the cut-

off value by -1 g/L for black people (Sullivan et al., 2008). Concerning the present 

study, a lower cut-off would mean that most of the anemia can be explained with ID. 

No other Ethiopian studies were found to have used the lower Hb cut-off; even the 

DHS data on anemia used the cut-off recommended by the WHO.  
 

Growth faltering in height and weight (all Z-scores) correlated to a lower hemoglobin 

level in both study groups. This finding is identical to earlier studies (Desai et al., 

2005; Faber, 2007). Siegel et al. (2006) found that not only low hemoglobin levels, 

but also anemia was associated with stunting and underweight (Siegel et al., 2006). 
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A study showing the positive effects of iron supplementation on linear growth 

concluded that the outcome was not caused by an increased food intake, but rather 

by a decreased prevalence of morbidity (Angeles et al., 1993). Lind et al. also 

confirmed improved growth (knee-heel length) as a result of similar measures. 

Likewise, they found that zinc supplementation had a positive effect on growth, but 

surprisingly a combined supplementation of iron and zinc was not associated with 

same (Lind et al., 2004). 

5.4.2. Vitamin A status 

Concerning ASF, which are known as good sources of vitamin A, eggs and milk were 

the only two animal products being more often fed to the study children. Even so, 

only in the group of children without SAP were their serum retinol levels significantly 

correlated with the frequency of feeding eggs (P=0.002) or feeding cow’s milk 

(P=0.019). In the SAP group, the serum retinol values showed a positive trend in 

correlation with the consumption of cow’s milk. This positive effect was also shown in 

an intervention study, in which Ethiopian women were given goats and educated 

regarding the benefits of milk consumption. Although vitamin A deficiency remained a 

public health problem, the prevalence was lower among participants given goats, 

with the incidence of clinical signs of vitamin A deficiency being 0.5 and 1% 

respectively (Ayalew, 1999).   

 

There was no difference in the prevalence of VAD or low vitamin A status between 

the two Debre Zeit study groups. Altogether, over 46% suffered from VAD, which 

indicates that this micronutrient deficiency is a public health problem in this area (cut 

off 20%, WHO, 1996). Similar results were reported from other studies in Ethiopia: in 

Dorota district, central Ethiopia, Tafesse et al. (1996) found 32% of children 6 months 

to 6 years (n=147) vitamin A deficient (Tafesse et al., 1996); Kassaye et al. (2001) in 

Northern Ethiopia almost 60% (n=824, 6-9 years) (Kassaye et al., 2001); and Wolde-

Gebriel et al. nationwide 60% as well (n=6636, 6 months to 6 years) (Wolde-Gebriel 

et al., 1991). Most studies demonstrate that the diets were low in vitamin A (Getaneh 

et al., 2000; Ettyang et al., 2004), and consisted, in addition to tef and other cereals, 

mostly of onions, garlic, potatoes, and, to a lesser extent, tomatoes, lemons, oranges 

and bananas, all of which contain no or very little β-carotene (Wolde-Gebriel et al., 

1991). This pattern was also observed in the present study, in which plant source 
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foods with adequate β-carotene levels were marginally consumed. This might have 

been due to the lack of knowledge regarding the nutritional value of these foods, or 

economical or seasonal restraints. In South Africa, a home-gardening program that 

focused on the production of yellow and dark-green leafy vegetables linked with 

nutrition education showed that children (2-5 years) from the intervention group 

consumed more home-grown vegetables and had significantly (P=0.005) higher 

serum retinol concentrations (0.81 ± 0.22 μmol/L; n=110) than did those from the 

control group (0.73 ± 0.19 μmol/L; n=111) (Faber et al., 2002; Faber & van Jaarsveld, 

2007). 
 

Despite a frequent consumption of cow’s milk by children in the Debre Zeit study, 

VAD was surprisingly high. However, the content of serum retinol in milk has been 

shown to be variable and to depend on β-carotene in the fodder for the livestock. 

Wolde-Gebriel investigated the influence of different food zones on the vitamin A 

status of children. One study group representing the pastoral zone was reported to 

have low concentrations of retinol despite the consumption of dairy products. It was 

assumed that the concentrations of retinol and β-carotene in those products were low 

because of a low level of the latter in the fodder (due to the arid nature of the 

environment) (Wolde-Gebriel et al., 1991). Another study in Chad demonstrated in an 

area where goat, cow’s and camel milk were almost the exclusive source of vitamin 

A, that human retinol depended significantly on milk retinol levels (partial slope 0.23; 

95% CI: 0.008-0.47). However the retinol intake by the subjects was still under the 

daily recommendation and required being complemented by other vitamin A rich 

foods (Zinsstag et al., 2002). This must also have been the case in our study: milk 

consumption, mostly diluted milk, could not outweigh the generally low consumption 

of vitamin A rich foods.  



Conclusions and perspectives 

 156 

6. Conclusions and perspectives 
The principal aim of this thesis was to investigate the impact of livestock keeping on 

animal food consumption and its association with the nutritional status of children 6 to 

18 months old in a longitudinal study design in a resource-poor area in Central 

Ethiopia. Furthermore, the daily diet of the study children was assessed and 

analyzed in respect to their growth, iron and vitamin A status over the 12 months of 

the study.  

 

The potential positive impact of small animal production on the investigated 

parameters could not be confirmed in the present study. The means of identifying 

and quantifying the consequences of animal keeping on the nutritional status of 

children were found to be very complex. Households maintaining few small animals 

(chicken, sheep and goats) generated on average only a diminutive income of 1% of 

their total income from the sale of animals and their products, but their animal 

production showed a significant higher contribution to the consumption of animal 

source foods at the household level per year (i.e. eggs, 126 ± 7 vs. 103 ± 5 pieces in 

no SAP households). However, a household can consume directly ASF from its small 

animal production (for example: two thirds of eggs from the yield in the present 

study), but to such a modest extent and in such an irregular manner that the benefits 

are negligible. Chicken production also tended to result in a higher consumption of 

eggs in study children, but the differences in consumption frequencies to study 

children from households without SAP were not statistically significant at all time 

points (at 18 months 53% vs. 36%). Nevertheless, the integration of animal 

husbandry (poultry) into existing home gardening programs has been shown to be 

simple and cost effective (Helen Keller International, 2003). Thus, improved small 

animal production in resource-poor settings may be an important contribution to 

meeting the needs of animal source foods as quality foods or to generating 

household income, which can render quality foods accessible. Agendas leading to 

livestock production improvements are required to impart indigent smallholders 

greater access to ASF, said agendas encompassing education in husbandry, 

management, genetics and particularly nutrition. 
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The study results showed that growth faltering, ID and VAD were all highly prevalent 

forms of malnutrition in this region. Particularly stunting, as a long-term form of 

growth faltering, was observed in both groups at the beginning of the study and 

showed during the following 12 months a rapidly increasing incidence, children from 

SAP households being more affected (at 18 months 57% vs. 39%). Furthermore, 

about every second child from both study groups displayed an alarmingly slow 

growth rate (growth velocity below -2 SD of standard population; WHO, 2009), 

indicating that the study time was a critical period of growth faltering. Reasons why 

children from SAP households were more affected from growth faltering than their 

counterparts were found in different measured factors; these interacted in numerous 

and often unquantifiable ways. One of the principal aspects was the setting of the 

households. Livestock holding was highly correlated to rural settings. These are 

known to have less access to household facilities, health institutions and markets, the 

latter showing an impact on the diet of children. SAP households offered in general a 

less diversified diet to their children (at 12 months a food diversity score of 5.9 vs. 

7.2); the monotonous diet tended to be predicted through the family’s eating habits 

rather than by special foods (e.g. cow’s milk, biscuits, pasta, and black tea) usually 

not consumed at household level. Despite the setting, in both groups greater diet 

diversity was a strong predictor of better growth (height-for-age, weight-for-height, 

weight-for-age).  

 

The low iron and vitamin A status of the study children indicated that food quality 

rather than quantity lacked. Fruit and vegetable consumption was extremely low, 

meat intake scarcely practiced. Egg consumption as well, although showing a weak 

positive correlation with retinol levels in the group of no SAP study children, was 

extremely low, with most children eating eggs less than weekly. However, this 

positive impact might have been due to the greater diet diversity afforded these 

children. The Ethiopian staple food injera, commonly consumed several times daily, 

was shown to have a high iron content, this being largely due to soil contamination. 

Sadly, this iron manifests an extremely low bioavailability. In such populations where 

the quality of food displacing breast milk is inadequate, continued breastfeeding 

should be encouraged, as breast milk is an especially important source of energy, 

protein, and micronutrients in young children. 
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A critical question remains whether the bioavailability of iron from the traditional 

staple food injera can be improved. The main problem was the presence of phytic 

acid, a potent inhibitor of iron absorption, and iron from the soil, which is in the form 

of iron oxides and hence hardly absorbable. Possibly promising paths are either 

longer fermentation times during preparation or adding wheat flour as phytase 

provider for the degradation of phytic acid. Absorption studies are needed to bring 

light on this matter and might lead to a better understanding of the nature of injera.  

6.1. The possible way forward 

In perspective, the observed sharp growth faltering within the first two years of life 

confirms the importance of preventive intervention being undertaken at this stage; 

there are several means thereof: As ASF are often inaccessable to poor households, 

livestock production at household level should be promoted. Livestock production 

improvement programs coupled with nutritional education are a possibility as the 

importance of ASF consumption should be stressed. The low livestock input could be 

improved through a combination of better management techniques (grow fodder, 

support from trained community animal health workers, provision of essential drugs) 

and genetic improvements. As shown in other studies, such livestock projects could 

lead to an increased access to and consumption of ASF by children (resulting in an 

improved intake of vital micronutrients), increased family income and thereby 

standard of living, and diversification which improves the household food security 

(Ayele & Peacock, 2003). Nutritional education should also promote a diverse diet, 

known to provide a better source of energy and all micronutrients needed for growth. 

Certain food consumption practices in the study area need to be addressed, 

changed. The high tea and coffee consumption of the study children should be 

reduced, whereas the consumption of vegetables and fruits (particularly oranges as a 

source of vitamin C) should be encouraged. The promotion of family gardens can 

also lead to an increase in vegetable utilization. Principally, the production and 

consumption of provitamin A-rich vegetables has been shown to be a promising path 

for addressing vitamin A deficiency (Faber & van Jaarsveld, 2007). In the fight 

against ID a potential perspective could be the simple encouragement to cook in/with 

iron vessels (Adish et al., 1999a), although this possibility still requires elucidation 

(Sharieff et al., 2008). Suggesting the addition of whole wheat to tef flour for injera 
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preparation, and longer fermentation times would both result in a higher phytate 

reduction, and therefore be another possibility of increasing the availability of iron. 

Nutritional education has been shown in other studies to be successful and might 

also be fruitful in this kind of setting where resources are poor but still available. 

Another approach to combating malnutrition, particularly iron, zinc and vitamin A 

deficiencies is the fortification of complementary foods. Fortifying biscuits especially 

provided for children could be a way forward to reach at least a part of this vulnerable 

group. However, as most infants have little access to industrially produced foods; 

food fortification of this nature can not be the sole option. Indeed, fortifying food at 

the household level needs to be explored: In-home fortification with sprinkles could 

be employed in various ways either in connection with injera (as to the fermented tef 

before baking), thereby addressing the entire family, or with gruels and porridge, 

targeting only infants and children. Larger population groups on the other hand, can 

be accessed through bio-fortification of staple food, in this case of tef grains. 

Research of this practice is becoming common and shows promising results; this 

approach, too, needs to be evaluated. However, most possibilities mentioned above 

need the families’ willingness to accept a certain dietary diversification, an ambition, 

which is sometimes delicate in a population molded by tradition. Another form of 

intervention in order to reduce micronutrient deficiencies is supplementation (vitamin 

A, zinc, iron). Despite a national vitamin A capsule program in Ethiopia which claims 

to cover around 47% of all children between 12 and 59 months (having received a 

vitamin A capsule within the last 6 months) (Semba et al., 2008), the prevalence of 

VAD in the study was alarmingly high. This makes clear the need for the Government 

to overhaul and expand supplementation programs in order to cover more children at 

this vulnerable and, fortunately, receptive age. A lot of other African countries set a 

good example by exhibiting a vitamin A coverage rate of 70% or more (UNICEF, 

2005).   

 

It is needless to say that the above-mentioned suggestions all require technical and 

financial resources for their realization. With this in mind, it is clear that such 

measures are only possible with the support of the Ethiopian government as well as 

related NGO’s.  
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8. Annexes 

8.1. Questionnaires 

Annex 1: Questionnaire of antenatal care, pregnancy and delivery 
1.  Did you receive antenatal care during your last pregnancy? 1. Yes  2. No 

1.1 IF YES: Whom did you see? HEALTH PROFESSIONAL: 

 1. DOCTOR 

 LOCATION: ___________________________ 2. NURSE 

 _______________________________________3. MIDWIFE 

  OTHER PERSON:  

NAME OF PERSON: _______________________ 4. TRADITIONAL BIRTH ATTENDANT 

 5. OTHER:__________________ 

 6. NO ONE 

1.2 When was your first visit? (How many months pregnant)_______________ 

1.3 How many visits in total for your last pregnancy? _______________ 

2. During your last pregnancy were you given any iron or folate supplements? 

 1. YES, IRON  BROWN TABLET 

 2. YES; FOLATE AND IRON  GREEN CAPSULE 

 3. NO 

 4. DON’T KNOW 

2.1 IF YES: Did you take them according to the prescription? 1. Yes 2. No 

3. Were you told where to go if you had complications during your last pregnancy?    

  1. Yes 2. No 

3.1 IF YES: Where would you have gone?  _________________________ 

4.  Where did you give birth to the baby?  HOME: 

 1. YOUR HOME 2. OTHER HOME 

LOCATION: __________________ PUBLIC SECTOR:  

 3. GOVT.HOSPITAL 4. GOVT. HEALTH CENTER 

 OTHER PUBLIC: ___________________ 

 PRIVATE MEDICAL SECTOR (NGO): 

 5. PVT.HOSPITAL/CLINIC 6. OTHER PVT. MED. 

 7. RED CROSS INSTITUTION 

5. Who assisted with the delivery of the baby?       HEALTH PROFESSIONAL: 

 1. DOCTOR 2. NURSE 

 3. MIDWIFE  

 OTHER PERSON:  

 4. TRADITIONAL BIRTH ATTENDANT 

 5. RELATIVE/FRIEND 6. OTHER:________ 
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6. Was it a normal delivery? 1. YES 2.NO 

6.1 IF NO: Caesarian section? 1. Yes 2. No 

7. Was the baby weighed at birth? 1. YES 2.NO 3. DON’T KNOW 

7.1 IF YES: How much did the baby weigh? (HEALTH CARD) 1. DON’T KNOW 

 2. WEIGHT OUT OF MEMORY: ___________________________ 

 3. WEIGHT FROM HEALTH CARD: _______________________ 

8. Was the length of the baby measured at birth? 1. YES 2.NO 3. DON’T KNOW 

8.1 IF YES: What was the length of the baby at birth?  1. DON’T KNOW 

 2. LENGTH OUT OF MEMORY: ___________________________ 

 3. LENGTH FROM HEALTH CARD: _______________________ 

9. Was the birth of the baby registered? 1. YES 2.NO 3. DON’T KNOW 

 9.1 IF YES: Where? _________________________ 

10. Was the baby given any immunization at birth/since our last visit?  1. YES 2.NO 

10.1 IF YES: Do you have a card where the vaccinations are written down?  1. YES   2. NO 

10.2 Which vaccinations and when?  

VACCINATION Exact AGE of the baby or DATE 

1.  

2.  
 

11. Was the baby given any supplements since our last visit?  1. YES 2.NO 

11.1 IF YES: What and when? 

SUPPLEMENT Exact AGE of the baby or DATE 

1  

2  

INFORMATION FOR FIELDWORKER: (6 months 1st dose of Vit.A; 12 months 2nd dose of Vit.A) 
 

SECTION BREASTFEEDING 1 

1. Did you ever breastfeed the baby? 1. YES 2.NO  

2. How long after birth did you first put the baby to the breast? 1. IMMEDIATELY 

 2. HOURS: __________ 

 3. DAYS: ___________ 

3. Was the baby given anything to drink before your milk began flowing regularly? 

  1. YES 2.NO  

3.1 IF YES: What was she/he given to drink?  

1. COW’S MILK 2. PLAIN WATER  

3. SUGAR OR GLUCOSE WATER 4. SUGAR-SALT-WATER-SOLUTION 

5. FRUIT JUICE 6. INFANT FORMULA (POWDER) 

7. TEA/INFUSIONS 8. HONEY 

9. LIQUID BUTTER 10. OTHER ______________ 
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Annex 2: Questionnaire of morbidity of study child 

Disease during 
the last two 
months 

 How many 
days in a 
row sick? 

Stop playing 

 
1. Yes 

2. No 

Stop eating 

 
1. Yes 

2. No 

Seek advice 
or 
treatment? 

1. Yes 

2. No 

Where? 

01. Govt. Hospital             02. Govt. Health Center 

03. Govt. Health Post       04. Govt. Mobile Clinic 

05. Pvt. Hospital/clinic      06. Pharmacy 

07 Private Doctor              08. Pvt. Mobile Clinic 

09. Shop                            10. Trad. Practitioner 

1. Fever       

2. Cough       

3.Runny nose       

4. Nasal congestion       

5.Diarrhoea Loose stools per 24 

hours? ____ 

     

6.1 Drink during Diarrhoea? 1. LESS   2. THE SAME    3. MORE    4. NOTHING    5. DON’T KNOW 
6.2 Eat during Diarrhoea? 1. LESS   2. THE SAME    3. MORE    4. NOTHING    5. DON’T KNOW 
7. Other Illness?        

 

Disease Paid for 
treatment 

1. Yes 

2. No 

Amount 
paid 

Got drugs or 
injection 

1. Yes 

2. No 

Type of drug or injection 

01. Antobiotics        04. Injection 

02. ORS                  05. Other: SPECIFY 

03. Pill or Syrup 

Home made 
remedies 

1. Yes 

2. No 

Type of 
remedy 

Feel better 

1. Yes 

2. No 

1. Fever        

2. Cough        

3.Runny nose        

4.Nasal congestion        

5. Diarrhoea        

7. Other Illness        



Annexes 

 178 

Annex 3: Food frequency questionnaire 

1. Are you still breastfeeding the baby? 1. Yes 2. No 

 1.1. IF NO: When did you stop breastfeeding?_________________ (AGE OR DATE) 

 1.2 Why did you stop breastfeeding? 1. WORK 4. CHILD ILLNESS 

 2. PREGNANCY 5. MOTHER ILLNESS 

 3. NOT ENOUGH MILK 6.OTHER REASON:___ 

2. Is the baby fed other liquids than breast milk? 1. Yes 2. No 

2.1 IF YES: how do you feed it to the baby? 1. FEEDING BOTTLE 4. CUP 

 2. SPOON 5. OTHER: 

_____________ 

 3. HAND 

Liquid Type, 
Brand 

Serving 
 
 
 
Day/ 
Week 

Boil/ 
Heat 
01. 

Yes 

02. 

No 

Diluted
 
01. Yes 

02. No 

Dilution  
Proportion 
Liquid : 

Water 

 

Some-
thing 
added? 
Specify 

First 
time fed 
(AGE) 

Source 
1. NEIGHBOUR 

2. LOCAL 

MARKET 

3. OWN 

PRODUCTION 

4. OTHER 

(Specify) 

Why 
stopped? 
1. Economical  

2. Availability 

3. Baby refused 

4. other: Specify 

3.Water           

4.Cow Milk           

5.Goat milk           

6.Milk from 

other animals 

          

7.Formula 

milk 

          

 

7.1 Why do you feed Formula Milk?  

  1. TRADITION, CULTURE 4. HEALTHY FOR BABY 

 2. NOT ENOUGH BREAST MILK 5. RECOMMENDATION BY: ___ 

 3. WORK 6. OTHER:______________ 
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Serving 
 
 

Liquid Type With 
Sugar 
01. Yes 

02. No 

With 
milk 
01. Yes 

02. No 

With 
honey 
01. Yes 

02. No 

With 
other: 
SPECIFY 

D 
a 
y 

W 
e 
e 
k 

First 
time 
fed 
(AGE) 

Why 
stopped? 
1. Economics  

2. Availability 

3. Baby 

refused 

4.other: 

Specify 

         

8. Black tea         

9. Herbal tea         

10. Coffee         

11. Kuti         

12. Abbish         

13. Fruit Juice         

14. Anything else?         

 
SECTION V. INTAKE OF SEMI-SOLID /SOLID FOODS 

 

1. Is the baby fed porridge/gruel? 1. Yes, porridge 2. Yes, gruel 3. No 

1.1 IF YES: Please specify:   

 1. OAT 5. WHITE TEF (MANGIA)   9. PEAS 

 2. BARLEY 6. GREY TEF (SERGENGIA) 10. WHEAT 

 3. BEANS 7. RED TEF (KAY) 11. SORGHUM 

 4. BLACK TEF (TEKUR) 8. LENTILLES 12. MILLET 

   13. OTHER: __________ 

1.2 OUT OF THESE THINGS; WHAT DO YOU USE MOST COMMONLY? 

 1. OAT 5. WHITE TEF (MANGIA)   9. PEAS 

 2. BARLEY 6. GREY TEF (SERGENGIA) 10. WHEAT 

 3. BEANS 7. RED TEF (KAY) 11. SORGHUM 

 4. BLACK TEF (TEKUR) 8. LENTILLES 12. MILLET 

   13. OTHER: _____________________ 

1.2 How do you prepare it? 1. DRYING 6. WITH SALT  

 2. ROASTING 7. WITH SUGAR 11. BUYING FLOUR 

 3. DEHULLING 8. WITH MILK 

 4. MILLING 9. WITH BUTTER/OIL 

 5. COOKED WITH WATER 10. OTHER: _______________ 

1.3 Servings per day? __________ per week? ___________ 

1.4 When was the first time the baby was fed porridge? ____________ 
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1.5 From where do you get or buy the ingredients?  

1. OWN PRODUCTION 2. NEIGHBOUR 3. LOCAL MARKET 

  4. SHOP 5. OTHER: _____________ 

1.6 If stopped feeding gruel/porridge: What’s the reason: _________________________ 
 

Solid/ 
semi solid 
food 

Type Mode of 
preparation 

01. WILTH MILK 

02. WITH WATER 

03. WITH SUGAR 

04. WITH SALT 

05. WITH 

BUTTER/OIL 

06. WITH ONION 

07. OTHER: 

SPECIFY 

Servings 
per… 

Package 
per 
month 

First 
time fed 
(AGE) 

Source 

01. OWN 

PRODUCTION 

02. FROM 

NEIGHBOUR 

 HOW MUCH? 

03. LOCAL 

MARKET 

04. SHOP 

05. OTHER: 

SPECIFY 

Why 
stopped? 
1.Economics 

2. Availability 

3.Baby 

refused 

4.other: 

Specify 

Is the baby fed………. Day Week  

2. FAFA         

3. 

CEREFAM 

        

4. Bisquits         

5. Potatoes         

6. Pasta, 
Macaroni 

        

7. Rice         

8. Injera         

9.Bread         

10. Green 
leafy 
vegetables 

 
 

       

11. Orange/ 
red vegetable 

 
 

       

12. Fruits         

13. Bula          

14. 

Avocado 

        

15. Meat         

16. Liver         

17. Fish         

18. Eggs         

19. Other 
foods  
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8.2. Semi-solid/solid complementary foods 

Annex 4: Percentage of study children of both groups consuming different semi-solid/solid 
foods at different time points (6 to 18 months of age). 
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8.3. Multiple regression models for all Z-scores 

Annex 5: Stepwise multiple regression model for children 6 to 18 months old with HAZ-scores and different parameters 
Parameters \ Z-scores  Children in households with SAP Children in households without SAP 

 Height-for-age  
HAZ 

6 
HAZ 

8 
HAZ 
10 

HAZ 
12 

HAZ 
14 

HAZ 
16 

HAZ 
18 

HAZ 
6 

HAZ 
8 

HAZ 
10 

HAZ 
12 

HAZ 
14 

HAZ 
16 

HAZ 
18 

Wealth index (log) 1 

p-value 

Beta  

0.693 

0.041 

0.698 

0.039 

0.603 

0.052 

0.956 

-0.006 

0.315 

0.121 

0.582 

0.071 

0.192 

0.183 

0.451 

0.064 

0.515 

0.059 

0.166 

0.117 

0.191 

0.121 

0.470 

0.093 

0.993 

0.001 

0.670 

0.073 

BMI Mother 1 

p-value 

Beta 

0.023 
0.225 

0.333 

0.097 

0.348 

0.095 

0.401 

0.087 

0.931 

0.010 

0.804 

0.032 

0.559 

-0.083 

0.471 

0.062 

0.254 

0.094 

0.333 

0.085 

0.471 

0.069 

0.392 

0.099 

0.150 

0.195 

0.033 
0.347 

Parity 1 

p-value 

Beta 

0.736 

0.035 

0.669 

0.043 

0.795 

-0.026 

0.799 

-0.027 

0.884 

-0.019 

0.907 

0.015 

0.431 

-0.118 

0.836 

-0.018 

0.974 

0.003 

0.517 

-0.055 

0.116 

-0.145 

0.936 

-0.009 

0.592 

-0.072 

0.071 

-0.282 

Age of mother 1 

p-value 

Beta 

0.297 

0.108 

0.120 

0.154 

0.388 

0.086 

0.749 

0.033 

0.300 

0.125 

0.517 

0.087 

0.391 

-0.122 

0.712 

0.031 

0.655 

0.037 

0.991 

0.001 

0.396 

-0.077 

0.520 

0.072 

0.966 

0.006 

0.104 

-0.266 

Education of mother 1  

p-value 

Beta 

0.735 

0.035 

0.455 

0.085 

0.709 

0.042 

0.025 
0.233 

0.836 

0.025 

0.169 

0.176 

0.854 

0.026 

0.484 

0.064 

0.002 
0.265 

0.124 

0.141 

0.057 

0.192 

0.026 
0.251 

0.003 
0.417 

0.971 

-0.006 

Morbidity Index 1b 

p-value 

Beta 

0.565 

-0.060 

0.784 

0.028 

0.013 
-0.249 

0.927 

-0.009 

0.697 

0.047 

0.475 

-0.092 

0.100 

-0.229 

0.587 

0.047 

0.850 

-0.016 

0.640 

0.039 

0.290 

0.096 

0.087 

0.190 

0.642 

-0.062 

0.290 

-0.167 

Food Diversity  

(with drinks) 1 

p-value 

Beta 

0.017 
0.238 

0.026 
0.223 

0.028 
0.219 

0.907 

0.014 

0.442 

0.093 

0.432 

0.102 

0.977 

-0.004 

0.026 
0.189 

0.052 

0.179 

0.000 
0.330 

0.000 
0.371 

0.359 

0.108 

0.631 

0.071 

0.230 

0.196 

Time of introduction of 

food 1 

p-value 

Beta 

0.721 

-0.037 

0.381 

-0.090 

0.227 

-0.123 

0.093 

-0.174 

0.018 
-0.287 

0.035 
-0.275 

0.121 

-0.218 

0.666 

-0.045 

0.385 

-0.073 

0.900 

0.011 

0.420 

-0.075 

0.276 

-0.121 

0.639 

-0.063 

0.803 

-0.042 

Presence of siblings <5 
p-value 

Beta 

0.169 

-0.142 

0.093 

-0.168 

0.114 

-0.155 

0.219 

-0.129 

0.044 
-0.243 

0.251 

-0.151 

0.001 
-0.475 

0.536 

-0.053 

0.593 

-0.045 

0.403 

-0.071 

0.138 

-0.137 

0.218 

-0.139 

0.116 

-0.207 

0.170 

-0.218 

Adjusted R2 for model 0.085 0.040 0.099 0.044 0.102 0.059 0.206 0.029 0.063 0.102 0.130 0.051 0.157 0.096 
Beta: Standardized correlation coefficient 
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Annex 6: Stepwise multiple regression model for children 6 to 18 months old with WHZ-scores and different parameters 
Parameters \ Z-scores  Children in households with SAP Children in households without SAP 

Weight-for-height  
WHZ 

6 
WHZ 

8 
WHZ 

10 
WHZ 

12 
WHZ 

14 
WHZ 

16 
WHZ 

18 
WHZ 

6 
WHZ 

8 
WHZ 

10 
WHZ 

12 
WHZ 

14 
WHZ 

16 
WHZ 

18 

Wealth index (log) 1 

p-value 

Beta  

0.590 

0.050 

0.682 

0.041 

0.667 

0.042 

0.714 

-0.037 

0.724 

0.043 

0.265 

-0.142 

0.674 

0.054 

0.617 

-0.046 

0.262 

-0.097 

0.362 

0.072 

0.264 

0.096 

0.137 

0.178 

0.597 

0.073 

0.453 

0.114 

BMI Mother 1 

p-value 

Beta 

0.010 
0.234 

0.002 
0.303 

0.008 
0.263 

0.010 
0.263 

0.014 
0.300 

0.019 
0.304 

0.001 
0.438 

0.018 
0.195 

0.002 
0.245 

0.003 
0.247 

0.001 
0.297 

0.042 
0.220 

0.129 

0.209 

0.003 
0.425 

Parity 1 

p-value 

Beta 

0.345 

-0.087 

0.876 

-0.015 

0.923 

0.010 

0.008 
-0.274 

0.248 

-0.139 

0.911 

0.014 

0.019 
-0.312 

0.207 

-0.106 

0.256 

-0.094 

0.129 

-0.119 

0.201 

-0.110 

0.758 

-0.032 

0.060 

-0.248 

0.164 

-0.183 

Age of mother 1 

p-value 

Beta 

0.464 

0.067 

0.224 

0.120 

0.134 

0.149 

0.604 

0.075 

0.697 

0.048 

0.533 

0.083 

0.450 

0.138 

0.905 

-0.010 

0.822 

-0.018 

0.756 

-0.024 

0.887 

-0.012 

0.345 

0.100 

0.185 

-0.177 

0.637 

-0.066 

Education of mother 1  

p-value 

Beta 

0.377 

0.081 

0.509 

0.065 

0.263 

-0.124 

0.811 

-0.024 

0.963 

0.006 

0.157 

-0.192 

0.261 

0.149 

0.002 
0.255 

0.000 
0.287 

0.230 

0.102 

0.065 

0.173 

0.002 
0.337 

0.422 

0.117 

0.683 

0.067 

Morbidity Index 1b 

p-value 

Beta 

0.225 

0.149 

0.288 

0.103 

0.711 

-0.037 

0.371 

-0.091 

0.425 

0.096 

0.652 

0.058 

0.786 

0.038 

0.914 

0.009 

0.187 

-0.109 

0.151 

-0.113 

0.294 

-0.089 

0.620 

-0.052 

0.357 

-0.123 

0.260 

-0.147 

Food Diversity  

(with drinks) 1 

p-value 

Beta 

0.670 

0.039 

0.244 

0.113 

0.008 
0.263 

0.849 

0.019 

0.147 

0.174 

0.449 

0.098 

0.092 

0.221 

0.917 

-0.009 

0.607 

0.046 

0.000 
0.354 

0.000 
0.335 

0.157 

0.156 

0.002 
0.431 

0.005 
0.400 

Time of introduction of 

food 1 

p-value 

Beta 

0.858 

0.016 

0.710 

-0.036 

0.185 

0.130 

0.125 

0.153 

0.187 

0.158 

0.856 

0.023 

0.006 
0.366 

0.295 

0.086 

0.896 

0.011 

0.416 

-0.066 

0.300 

-0.090 

0.723 

-0.037 

0.766 

0.039 

0.633 

-0.065 

Presence of siblings <5 
p-value 

Beta 

0.143 

-0.135 

0.182 

-0.130 

0.121 

-0.150 

0.425 

-0.087 

0.246 

-0.139 

0.932 

0.011 

0.150 

-0.195 

0.863 

-0.014 

0.573 

-0.045 

0.170 

-0.107 

0.114 

-0.135 

0.797 

0.027 

0.612 

-0.067 

0.168 

-0.184 

Adjusted R2 for model 0.047 0.083 0.127 0.104 0.076 0.077 0.346 0.102 0.145 0.225 0.247 0.181 0.193 0.390 

 
 



Annexes 

 185 

Annex 7: Stepwise multiple regression model for children 6 to 18 months old with WAZ-scores and different parameters 
Parameters \ Z-scores  Children in households with SAP Children in households without SAP 

Weight-for-age  
WAZ 

6 
WAZ 

8 
WAZ 

10 
WAZ 

12 
WAZ 

14 
WAZ 

16 
WAZ 

18 
WAZ 

6 
WAZ 

8 
WAZ 

10 
WAZ 

12 
WAZ 

14 
WAZ 

16 
WAZ 

18 

Wealth index (log) 1 

p-value 

Beta  

0.912 

0.011 

0.780 

0.027 

0.644 

0.045 

0.895 

-0.014 

0.402 

0.079 

0.055 

0.183 

0.415 

0.112 

0.798 

-0.024 

0.684 

-0.035 

0.189 

0.102 

0.473 

0.064 

0.112 

0.133 

0.044 
0.152 

0.619 

0.077 

BMI Mother 1 

p-value 

Beta 

0.004 
0.279 

0.004 
0.284 

0.022 
0.221 

0.012 
0.258 

0.014 
0.214 

0.023 
0.210 

0.041 
0.286 

0.026 
0.184 

0.005 
0.222 

0.007 
0.219 

0.005 
0.244 

0.001 
0.261 

0.000 
0.313 

0.002 
0.443 

Parity 1 

p-value 

Beta 

0.867 

-0.017 

0.528 

0.066 

0.401 

-0.088 

0.018 
-0.245 

0.731 

-0.032 

0.939 

0.007 

0.107 

-0.233 

0.336 

-0.082 

0.422 

-0.066 

0.166 

-0.108 

0.270 

-0.096 

0.061 

-0.156 

0.014 
-0.183 

0.067 

-0.242 

Age of mother 1 

p-value 

Beta 

0.190 

0.128 

0.058 

0.185 

0.080 

0.171 

0.370 

0.130 

0.180 

0.126 

0.320 

0.096 

0.379 

-0.124 

0.879 

0.013 

0.991 

-0.001 

0.862 

-0.014 

0.917 

-0.009 

0.942 

-0.006 

0.153 

0.123 

0.288 

-0.148 

Education of mother 1  

p-value 

Beta 

0.219 

0.121 

0.354 

0.093 

0.272 

-0.121 

0.348 

0.096 

0.634 

0.045 

0.785 

0.026 

0.604 

0.073 

0.003 
0.249 

0.000 
0.331 

0.102 

0.137 

0.025 
0.207 

0.004 
0.227 

0.403 

0.072 

0.868 

-0.028 

Morbidity Index 1b 

p-value 

Beta 

0.934 

0.008 

0.290 

0.102 

0.076 

-0.173 

0.337 

-0.099 

0.132 

0.224 

0.262 

-0.220 

0.947 

0.009 

0.729 

0.029 

0.262 

-0.092 

0.380 

-0.068 

0.908 

0.010 

0.708 

0.039 

0.578 

-0.075 

0.171 

-0.180 

Food Diversity  

(with drinks) 1 

p-value 

Beta 

0.173 

0.134 

0.069 

0.176 

0.002 
0.308 

0.591 

0.055 

0.017 
0.211 

0.055 

0.183 

0.166 

0.191 

0.360 

0.082 

0.191 

0.116 

0.000 
0.398 

0.002 
0.301 

0.012 
0.203 

0.003 
0.408 

0.010 
0.365 

Time of introduction of 

food 1 

p-value 

Beta 

0.514 

-0.063 

0.229 

-0.116 

0.935 

-0.008 

0.993 

0.001 

0.756 

-0.029 

0.449 

-0.073 

0.229 

0.166 

0.894 

-0.011 

0.759 

-0.024 

0.594 

-0.042 

0.574 

-0.049 

0.515 

-0.054 

0.214 

-0.107 

0.615 

-0.070 

Presence of siblings <5 
p-value 

Beta 

0.015 
-0.237 

0.033 
-0.207 

0.043 
-0.194 

0.173 

-0.149 

0.011 
-0.223 

0.014 
-0.226 

0.002 
-0.446 

0.644 

-0.038 

0.486 

-0.055 

0.170 

-0.106 

0.143 

-0.124 

0.116 

-0.131 

0.510 

-0.057 

0.121 

-0.208 

Adjusted R2 for model 0.120 0.105 0.165 0.089 0.144 0.081 0.247 0.094 0.163 0.246 0.286 0.226 0.271 0.374 
 



 

 


