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Abstract

Types, preparation, ingredient proportions, JYCF practices and Nutrient composilions of
commonly used traditional weaning Joods in three kebeles (Dakisho Subo, V ba Phizgo and
Falka Tsaw'lye) were studied. Data were collected using structured questionnaire ji'om mothers
with children older than 6 months but younger than 24 months and evaluated Jor its nutrient
components using standard procedures. Gruels prepared Jrom cereal flour were the first Joods
introduced to children in Ihe kebeles and analysis results showed that, Crude protein was ranged
ji-om 145 - 4. 27g1100 g with the crude Jat ranged ji-om 1.49 - 3.69g1100 g. The ash con/en/
ranged ji-om 1.63 - 3.20g1100 g with the fiber content ranged ji-om 2.3 7 - 5.2 7g.· 1UUg. The
carbohydrate and gross energy contents were ranged Jrom 85.64-90.23gIJ OOg and 379.87396.85kcaI1100g. Minerals calcium, iron and zinc contents rangedJrom 41.43 - J48.85mgl 100g;
24.80 - 39.95mg1100g and 0. 74 -. 2. 76mgl JOOg respectively. Antinutritional fe/ctor.l . PhylUles
rangedJrom 23 7.94 - 299. 70mg1100g and Tannins rangedji-om 33.92 - 81 .69mgl 1UUg There
was low protein intake by children in the kebeles since their weaning Joods were mainly based
on cereals with no other supplementation.
Germination and roasting were used Jor the preparation oJJormulated IVeaning foods /;'om lo w
cost locally uvailable ingredients and the nutrient compositions were analysed fiJI' prOleirl
rangedji-om JO.8 / - 15.8/g1100g with theJat content were rangedji-om 1../8 - ./03g. /()II~ The
ash content rangedji-om 2.28 - 2. 57gl JOOg with the fiber content rangedji-om 1.96 - ./.U.JgI10Ug
The carbohydrate and gross energy contents were rangedJrom 75.92- 81. 61 g1100g and 381.08403. 19kca/1100g. Minera/s; calcium, iron and zinc ranged ji-om 15.38 - 56. 611/1g11OOg. fi.oO 17.87mgll OOg and 1.72 - 5.18mgl 1OOg respectively. Antinutritional Jactors: Phylic acid ranged
ji-om 191.61 - 269. 75mgl 100g and tannin ranged Jrom 12.55 - 4145mg1100g. The senSf)/Y
acceptance tastes Jor Jormulated weaningJoods showed that panelists scored lik(~ moderately

10

like velY much in all allributes and the protein contents a/so were higher than rradilional
weaningJoods. ThereJore all (he blends can be used as alternalives to (h e 'veaning./oods in Ihe
kebeles as well as in lhe Woreda

10

improve the nutritional SIC/tus oJchildren and help ro IOckle

malnulrition.

XI

Chapter 1
1. Introduction
1.1 Background of the study
The nutritional status of children is directly related to their food intakes and key determinants of
their environment. Improvement in nutrition and health increase the chances of child su rvival
and is a precondition for economic development (UNICEF, 1998). The determinants of under
nutrition related to the social, economic, cultural, and political structure of society. These define
what resources are controlled by individual families including access to information and
education, househo ld food security, care of women and children, access to health and healthy
environment. It is within this context that children have inadequate access to food in terms of
quantity and quality; in addition, infection will fmiher compromise nutrition by augmenting
nutrient losses and increasing nutrient needs (UNICEF, 1998).
Malnutrition is responsible, directly or indirectly, for over half of all childhood deaths in the
world . Infants and young children are at increased risk of malnutrition from six month s of age
onwards, when breast milk alone is no longer sufficient to meet all nutritional

re qu irem~ lIts

and

complementary feeding needs to be statied. During this period, gastric capacity limits the amo unt
of food that a young child can consume during each meal and repeated infections reduce appetite
and increase the risk of inadequate intakes. Infants and young children need a caring ad ui( or
other responsible person (WHO , 2003).

Und er nutriti on is the major probl em confronti ng infants and youn g children in the cle ·. c' ll) pi " ~
countri es. The rate o f chil dhood malnutrition in Ethiopia is highest in the wo rl d

CUII1Pill\l\ )!

to

developing countries (UNICEF, 1998). Infant feeding and rearing practices have a majur effect
on short term atld long-term nutritional status of children, as most of under nutri tion is associated
with faltering practices that occur in weaning period . Faulty feeding practices as well

>I,

suitable weanihg foods are responsible for unde r nutri tion in chi Idren under li ve (Sadana.

lael; ,)i'
~ lIIJ4)

Recent findings have shown that malnutrition is increasing in some part of the world, parl lcularly
in developing countries, and that infections and unsatisfactory feeding practices, or more ollen a
combination of the two, are the major causative factors of children's death (WHO. 2000). As
1

other developing countri es, in Ethiopia adult food s are the most commonly used foods to wean
children. This is less nutritious and not suitable for chi ldren to eat. Feeding was also very
infrequent and no child was fed FAFA, a commercial weaning food of Ethiopi a, or a ny other
formul a products. Vegetable and fruit consumption was also very rare (Wolde-Gebriel. 2000).

1.2 Statement of the problem
As children get older the energy and nutrient contribution fro m complementary fo od becomes
increasingly important for meeting their daily requirements. For many infants and young
children in developing countri es, however, the small quantities of cereal-based porridges
commonl y fed to them do not contain enough eJ1ergy and micronutrients to meet daily
requirements (UNICEF, 2003).

Due

(0

low socio-economi c and educational status, mothers are not adequately knowledgeable

about the available nutrients and the anti-nutritional factors in the raw materials (Oyarekua.
2010). So gruel s prepared from cereals are of high viscosity and low in energy density; therefore.
they are not potentially nutriti ous enough to be used as complementary food s. Consumers do not
always produce foods hygienically specifically in relati on to the production of hOll1 c IJroduced
weaning foods (Worsfold , 1996).

Generally, fo od s eaten in developing countries contain hi gh levels of carbohydrate with very low
or no proteins due to the high cost of protein rich food s and some negative traditional bel iefs on
feed ing infants with high protein food s (Ij arotimi et al.. 2009). Therefore, it is importal1l to have
energy dense. hyg ienic and low cost nutritional weaning food s wh ich can be prod uced eas il ' al
home level from locally available raw materials in developi ng countries hence lhls research
paper will focus on fee ding frequency, practices and llutritional analysis of traditional weaning
foods given to children in three food insecured kebeles of Demba Gofa Woreda and to fo rmu late
energy dense weaning foods from low cost locally avai lable raw materials.

2

1.3 Objectives of the Study

1.3.1 General Objective
The main objective of this study was to assess the Nutri ent density and energy relation of
selected traditional weaning food s in three food insecured kebeles of Demba Gofa Woreda,
southern Ethiopia

1.3.2 Specific objectives

:>- To identify traditional weaning foods and the proportion of their ingred ients in three fo od
insecured kebeles of De mba Gofa Woreda

:>- To evaluate infant and young child feed ing (IYCF) practices (frequency, amount) in the
area

:>- To evaluate proximate composition, antinutritional factors (phytic acid and tannin) , some
essential mineral contents (Ca, Fe, Zn), energy density and viscosity of traditional
weaning foo ds

.> "' To recommend weaning food s developed from low cost locally availahle rav,r mmwals
lIsing appropriate proportions of ingredients
1.4 Significance of the study
This study will have the following application:
'" Provide necessary information about the traditional weaning foods and their nutritive
value
'" Help to identify ingredients used and their energy density
'" Help Re3earchers and policy makers in child feeding and child care for
weaning food improvements in similar settings.
'" It can also be lIsed as a base line for further research in the same area

3

~ trateg i c

plan and

Chapter 2
2. Literature Review
2.1 Wea ning Foods, Weaning and Weaning Period
WHO defines, Weaning or Complementary foods are any food other than breast milk given to a
breastfeeding chi ld. A weaning food is nomlally a semi-solid food that is lIsed in add iti on to
breast milk and not only to replace it. Weaning foods are mostly prepared in the form of thin
porridges or gruels (WhaIton, 1989). Development of complementary foods is guided by: high
nutritional value to supplement breastfeeding, acceptability, low price, aIld use of local food
item s. During formulation of any weaning foods made from locally available raw l11aterials, the
techniques of food processing, storage and distribution; cultural and religious factors of
consumers; sensory properties; and food quality and safety issues should be taken in to acco unt
(Amuna et aI. , 2000; Onweluzo, 2009).

To meet their evolvi ng nutritional requirements after 6 months, infants should receive
nutl'itionally adequate, age appropriate and safe complemeI1lary foods while hreaslfeeding
continues for up to two years of age or beyond (UNICEF, 2010). Practicall y. in devdopmg
cOll.'1lries commonly-used weaning foods are prepared from flours of stlln;hy slaple" .

cCI'~db

and

legumes. such as rice, mill et, sorghum , or maize. Cereals and legumes are the most common first
weaning foods (Wharton, 1989).

Weaning foods should ideally be easily digestible, have high energy density and low bulk
(Ijarotimi, 2006). It is a gradual withdrawal of breast milk and introduction of olhel food s
includ ing suitably prepared adult foods and the milk of other animals. [n short, it is the process
of introd ucing semisolid or solid foods to the breast- or formu la-fed child to meet the extra
nutritional needs for rapid growth and development. But this process can be intluenced by
socioeconomic status, cultural and reli gious beliefs and practi ces of societies (Wharton, 1989;
Umeta et aI., 2003; Amankwah et aI. , 2009).

The weanmg period is seen universally as a crucial period in the development of infant.
Inadequate child care at the infancy stage influences later adult health. When in fants transfe"
4

from nutritious and uncontaminated breast milk to the regular family diet, they become
vulnerable to malnutrition and infection or disease (Wharton, 1989; Ikpeme-Emmanuel et aI. ,
2009).

The age of initiation of weal11ng varies substantially among societies. physio logic and
anthropologic factors are important in determining the age to wean. Weaning in deve lopi ng
countries is later than that of developed countries (Wharton, 1989). When v/eaning is started too
late, the infant' s energy requirements will not be met and this result in deceleration of infant
growth and increased risk of mal nutriti on and micronutri ents defi ciencies and an older in fa nt is
less likely to be wi lling to try new fl avors and other food. On the other hand. if it is started too
early, it reduces the duration of breastfeeding and interferes with absorption of important
nutrients from breast mi lk. It also increases the risk of contai'nination and allergic reactions. So
the baby may suckle less resulting in a decrease of breast milk supply (Wharton. 1989).

2.2. Breast feedi ng
Breastfeeding is ideal food for the healthy growth and development of infants: it IS also an
integral part of the reproductive process with important implications fo r the health 01' mothers .
Breast milk is the health iest source of nutrition for infants and universally endorsed b) the
world ' s health and scientific organizations as the best way of feeding infants.

h ) 1'

child ren.

breastfeeding supports optimal development and protects against acute and chronic illness unless
lack of breast feeding increases risk of disease and death (WHO, 2002).
Exclusive breastfeeding (EBF) has been defined by WHO as the situation where the infa nl has
received only breast milk from his/her mother or a wet I, urse, or expressed breast mil k and no
other liquids, or so lids, with the exception of drops or syrups consisting of vitamins, minerals
supplements, or medicines. EBF is adequate in quality as well as quantity in terms of energy.
protein, nutrients. water etc. for an infant's need under six months of age (WHO , 2002).

Breastfeeding shou ld be ini tiated within the first hour after birth and infants sho uld be
excl usively breastfed fo r the firs t six months of life to achieve optimal growth. devel opment and
health (UN ICEF, 20 10). The low prevalence of EBF in most developi ng countries is attributed to
5

various maternal and child factors such as place of residence, sex and age of the chi lei. mother
working outside home, maternal age and educational level, access to mass media and economical
status as repo11ed by several researchers (Mori sky et aI. , 2002). Exclusive breastfeeding at 6
months is not a common practice in developed countries, and it is rarer still ill deve lop ing
countries. There is also a serious lack of measurement, which impedes evaluation, of the hu man
milk intakes of 6-month-old exclusively breastfed infants from developi ng co untries (WHO.
1991 ).

2.3. Responsive feeding
Responsive feeding is a method a mother or chi ld caretaker can use to encourage the chi ld to eat
and to fi nish his/her meals. It appl ies the principles of psycho-social care (Engle et al. . :2(00 ).
Specifically, feed infants directly and assist older chi ldren when they feed themselves. feed
slowly and patiently encouraging them to eat without forcing, if children refuse many toods.
experiment with different food combinations, tastes, textures and methods of encouragement.
minimize distractions duri ng meals if the child loses interest easily and rememberi ng that feedlllg
times are IJeriods of learni ng so love - talk to children during feeding, with eye t() eye co ntact
(WHO, 2001).

2.4. Hygiene and safe p repa nltion of wea nin g foods
In spite of improving epidemiological knowledge in relation to chi ld health, the challenge of
promoting the survival and quality of life of infants and children in most parts of the de ve loping
world remains an abiding public health problem. There is also limi ted research into the causes oj'
food poisoning caused by infa nt weaning foods. mainly because of a failure to recognize food
poisoning as a mf\jor cause of infant diarrhoea (Kaferstein, 2003). Specific research into the
microbiological quality of infant weaning foods has foc used on less developed co untri e;; where
kitchen fac ilities and levels of hygiene fa ll below western standards and this is often retl ected in
the microbiological quality and safety of the food (Seth et aI., 2000; Badau et al. . 2006).

6

2.5. Fa mily skills of weaning foods
Adoption of recommended breastfeeding and complementary feeding practices and

a cc~ ss

to the

appropriate quality and quantity of foods are essential components of optimal nutriti on for
infants and young children (Lutter and Rivera, 2003). In N igeria the complementary foods are
often of families; hence many depend on inadequately processed traditional foods consisting
mainly of unsupplemented cereal porridges made from maize, sorghum and mill et (N nam, 2002;
Compaore et a!., 201 1).
Among rural communities in developing countries, homemade foods are likely to be composed
of locally grown products and in these circumstances, the choice of ingredients is often severely
limited and the ability to mix the food into a nutritious combination is hampered by the mother's
lack of knowledge (Gugsa, 1999). Compounding the problem is that except cow's mi lk, the
complementary foods given to children are plant so urces. Feeding with animal products was very
low. Vegetab le and fruit consumption is also low. This may be attributed to lack ot mother's
knowledge on the i mportance of enri ching complementary diets (Beka, 2009).
The purpose and type of proeess ing applied in preparing complementary foodsJ'oJ infants shllu ld
be for separation and purification of the edible parts of raw materi al and most im pfJrlanti y it
should also ' improve the nutritional qualiti es by enrichment and inactivation of the anti ·
nutritionat factors. The low socio-economic status mothers are not adequately knowledgeable
about the available nutrients and the anti-nutritional factors in the raw materials (Oyarekua.
2010).

2.6. Nutritional compositioll and Energy density vi' traditional weaning food s
Complementary food s should be varied and include adequate quantities of meat, poultry. fish 'l r
eggs, as well as vitamin A-rich fruits and vegetables every day. Where this is not possible, the
use of fortified complementary foods and vitamin mineral supplements may be necessary

10

ensure adequacy of particular nutrient intakes. As infants grow, the consistency o f
complementary foods should change from semisolid to sol id food s and the variety uf foods
offered should increase. By eight months, infants can eat ' finger food ,' and by 12
children can eat the same types of fo od as the rest of the family l WHO, 2003).

7
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most

According to

WHO/UNICEF (1998)

the

latest estimated

energy

requirements fro m

complementary food s, assuming an average breast-milk intake, are 200 kcallday for infants aged

6- 8 months, 300 kcal/day for infants aged 9- 11 months and 550 kcallday for children aged 1223 months. But as dietary reference intakes publi shed by the Institute of Med icine. USA shows
that the diets of infants and you ng chi ldren in most populati ons in low-i ncome co untri es are
consistently deficient in some nutrients, including iron, zinc and vitamin B6. Cereal s have low
content of proteins and fat while legumes are low in fat. Weaning food s from plant sources are
also hi gh in anti nutrients content which decreases nutrients bioavailability. The bulkiness of
traditional weaning fo ods and the presence of hi gh concentration of crude fiber and absorption
inhibitors (anti nutritional factors like phytic acid and tannin) are major factors reducing their
nutritional benefits (Wharton, 1989; Michaelsen and Friis, 1998).

Foods are rarely modified at the household level to increase nutrient density to meet the needs of
infants (Dewey and Brown, 2003). Traditional infant foods made of cereals or lUbers ma) be low
in several nutrients including protein, vitamin A, zi nc and iron; these nutri ents are

0

r special

importance due to their impact on physical and cognitive development (Krebs and WeSll:ott.

2002). Generall y. foods eaten in developing countries contain high levels of carbohydrate with
very lo w or no proteins due to the hi gh cost of protein rich foods and some tradi tional be liefs
about feedi ng infants with protein food s.

2.7. Feeding frequency
Increase the number of times that the child is fed complementary foods as he/she gets older. The
appropriate number of feedings depend s on the energy density of the local toods and the l!sual
amo unts consumed at each fe eding. For the average healthy breas tfed infant.

IlH;~al s

of

complementary foods should be provided 2- 3 times per day at 6-8 months of age and 3 -4 times
per day at 9- 11 and 12- 24 months of age. Additional nutritious snacks (such as a piece of li'uit
or bread or chapatti with nut paste) may be offered 1-2 times per day, as desired. Snacks are
defined as foods eaten between meals, usually self-fed , convenient and easy to prepare. If energy
density or amount of fo od per meal is low, or the child is no longer breastfed. more freque nt
meals may be required (WHO , 2002). In many countries fault y complementary feed ing pract ices
- primari ly nutritionally inadequate and frequently contaminated food s that are introduced too
8

early or too late - are a major contributing factor to infant and young child malnutrition. growth
fa ilure, and high morbidity and mortality (WHO/UNICEF, 1998).

2.8. Viscosity of Traditional weaning foods
Weaning food s prepared trad itionally from locally avai lable ingredients such as cereal and/or
legume flours have a high viscosity when reconstituted, which limits the total food intake by the
infants. During cooking or reconstituti on process of staple-based weaning foods. the starch
granules swell and bind a large volume of water, resulting in gruels of high viscosity. Gruel s of
suitable feeding consistency contains a great amount of water and large in volume relative to its
contents of so lid matter. If so lids in gruels are increased to improve the nutri ent and energy
density, the gruel will be too thick and viscous for a small child to eat easily. Thi s high volume
or high viscosity characteristi cs of weaning foods referred to as dietary bulk. is responsibl e for
the occurrence of malnutrition in areas where cereals and starchy staples are the major fo ods
(Kulkarn et aI. , 1991).

POITidge play an important role in the weaning diets of chi ldren in most developing countries but
their energy densi ty is often low because large amount of water are added during prcp1lratio fl to
achieve a thin. drinkable consistency. Infants may not be able to consume sufficient ql" iloli Li~, vI'
these porridges to meet their energy requirements. Increasing the energy density of weaning
foods is therefore considered a high priority in many health and nutrition programs (WHO.
1992).

2.9. Traditional wcaning foods in Ethiopia
Studies show that malnutrition is a significant health problem for infants and yo ung children in
Ethiopia. Though poverty is the underlining cause of malnutrition, sup-optimal infa nt caring
practice and limited access to water and sanitation services are al so important causes of child
malnutrition (MOR 2006).

The prevalence of stunting was as high as 64 % and malnutrition was equally highly prevalent or
even worse in the fo od surplus regions like Gojam and Gamo Gofa regions than the food detic it
regions of the time. A wide range of harmful infant feed ing practices were also docum ented such
9

as sub optimal breast feeding, late introduction of weaning foods, giving milk of other anima ls and
butter before 6 month s accord ing to National strategy for child feeding (2004).

In Ethiopia, the introduction of other liquid s such as water, juice, and formul a takes place earlier
than the recommended age of about 6 months. Even among the youngest breastfeeding children
«2 months), 10% consume other liquids, and 12% drink milk other than breast milk.
Consumption of milk other than breast milk and infant formula, peaks at 6-8 months (48%) and
then declines thereafter (CSA, 2005).

Accord ing to the findings of EDHS (2005), the overall prevalence of stunting among Eth iopian
children is 47 percent, 38 percent of the Ethiopian children are underweight (low weight-for-age)
and about II percent of the children under five years of age were also wasted (thin for thei r
height). This is indicated by IYCF and the three practices are: continued breastfeedi ng or feed ing
with appropriate calc ium rich foods if not breastfed; feedi ng so lid or semi-solid fo od lor a
minimum number of times per day accordi ng to age and breastfeeding stat us; and including
foods from a minimum number of food groups per day according to breastfeeding status. fhe
level of stunting, underweight, and wasting are higher for rural children than urban children
(Lindsay and Gillespie, 200 I).

According to Woldemariam and Genebo (2002), the age at introduction of weaning loods is of
public health importance because of the risk of di seases, particularly diarrhea, from contaminated
weaning food s and the risk of growth faltering and malnutrition from delayed weaning. The
study has also indicated that exclusive breastfeedin g up to 6 months of age is not widely
practiced nor is the timely introduction of weaning fo ods a about 6 months. Only 54 .6 percent f
the children under 5 months of age and 44 percent of those under 7 months were tound to be
exclusively breastfed. The study has also shown a high risk of stunting among children age 12-2 3
months as compared with children in the age group 6- 11 months. This may be an ind ication of
either inappropriate food supplementation in quantity andlor qual ity during the weaning period.
or exposure to disease. Among regions, Tigray, Anthara and SNNP were fO llnd to be the mOST
affected by child stun ting.
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2.10. Formulation of Weaning Foods from locally available ingredients
The widespread problem of infant malnutrition in the developing world has stirred efforts in
research, development and extension by both local and international organizations. Weanin g
foods prepared commercially are not avai lable and if available, unaffordable for the Poor in
developing countries. As a result, the formulation and development of nutritious weaning food s
from local and readily avai lable raw materials have received a lot of attention in many
developing countries (Umeta et a!., 2003). To overcome thi s problem, combination of commonly
used cereals with inexpensive plant protein so urces like legumes can be used. Cerea ls are
deficient in lysine but have sufficient sulphur containing amino acids which are limited in
legumes (Shewry, 2007) whereas legumes are rich in lysi ne, The effects of the supplementat ion
are highl y beneficial, since nutritive value of the product is also improved. A mutual
complementation of amino acids and consequent improvement in pro:ein quality is therefore
achieved when legumes are blended with cereal s in the right propoltions (Ghasemzadel:. 2(11).

2.11. Macronutrients in weaning foods
Macrariutrients are carbohydrate, fiber, fat , fatty acids, cholesterol , protein, and ami no acids and
pal1icularly fats and carbohydrate, playa role in the ri sk of chronic disea3es. Total encrg,' Intake
because of its requirement, in a classical sense, is not independent of other energy fuel sources or
of the total energy requirement of the indivi'dual. Each must be expressed in terms relative

to

each other (Food and Nutrition Board, 2005). Energy is not a nutrient but is required in the body
for metabolic processes, physiological func tions, muscular activity, heat producti on. growtb and
syn thesis of new ti ssues. It is released from food components by oxidation. The main s(c un:es of
energy are carbohydrates, proteins, fats and, to a lesser degree, alcohol (NHMRC, 2005).

The growth of children may be compromi sed by low-energy cereal" food s. Weani ng toods
introduced to supplement human mi lk should have sufficient energy and protein to cover an
infant ' s requirements, Satisfyi ng energy needs is critical, because if energy imake is insufficient,
then protein will be used as an energy SOllrce and will not be available [or gro\Vt ll and
maintenance, Protei;ls, fat, and carbohydrates are iinportant quaniitatively in the diet and as
carriers for the essential micronutrients , Excess and deficiency of the macronutrient s are
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concerns for people's health; too many calories lead to obesity and too few calories result in
undernourishment. Both have serious health implications (Walker, 1990)

2.11.1. Crude Protein
Crude protein is an estimate for total protein. A crude protein contains nitrogen from not only
protein bat non-protein sources as well. Protein is the most abundant nitrogen-containin g
compound in the diet and in the body. After consumption of a meal , protein is broken down into
its basic components amino acids . Some amino acids, such as glutamine, play multiple roles . It is
not surpri sing, therefore, that inappropriate intakes of proteins and/or of specific amino acids can
have impoltant consequences for tissue and organ function, and the maintenance of health and
the well-being of the indi vidual (Gibney et aI., 2009).
Proteins are very important in foods , both nutritionally, and as functional ingredient s. The
primary roles protein plays in the growth, and development of body bui lding. repairing musc le,
and connective ti ssues, aiding immune system function, preserving muscle mass. bui lding
enzymes, and making hormones. They play an important role in determining the tex ture of a
food. They are complex molecules, and it is impoltant to have an understanding of the basics of
protein structure to understand the behavior of many food s during processing.

P rot ~ in

al so

provides the body with energy (Voet, 2004).

Dietary proteins provide approximately 8% of the exclusivel y breastfed infant' s energy
requirements and the essential amino acids (obtained from an imal sources except some legum<:!s)
necessary for protein synthesis. Thus, the quantity and quality of proteins are both irnfjorlanl.
Because protein may serve as a source of energy, failure to meet energy needs dec reases the
effickncy of protein utilization for tissue accretion and other metabolic function s. Protei n
undernutrition produces long-term negative effects on growth and neurodevelopm ent (WHO,
2002).

Protein deficiency is one of the commonest forms of malnutrition worldwide. In children, acute
protein-energy malnutrition (caused by recent severe food deprivation) is characterized by a low
weight-for-height index (wasting), while the chronic condition (caused by long-term foo d
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deprivation) is characterized by a low height-for-age index (stunting). Severe protein- ene rgy
malnutriti on results in the clinical syndromes of marasmus, kwashiorkor or marasmic
kwashiorkor. All three conditions are compounded by a range of nutritional disorders, inc lud ing
micronutrient defici encies (WHO , 2000)

2.11.2. Crude Fat
Like other organic compounds, all lipids (fats and oils) are composed of a carbon skelelon with
hydrogen and oxygen substitutions. N itrogen, sulfur, and phosphorus are al so present in some
lipids. Water insolubility is a key but not absolute characteristic distingui shing mOSl liplci s 11'011'1
proteins and carbohydrates (Gibney et aI. , 2009). Crude fat is the term used to refer

to

the crucie

mixture of fat-soluble material present in a sample. Fats are esters of fatty acids with glycerol.
They usually occur as triesters or triacylglycerols (TAGs), although monoacylglycerols and
diacylglycerols occur during fat d igestion and are used in food processi ng . Most common dietary
fats contain a mi xture of 16- to 18-carbon saturated and unsaturated fatty acids (Gibney

~l

al..

2009).
F aC i'S a major source of fue l energy for the body and aids in the absorptiOlr of-lur-sv luble
vitamins and carotcnoids. Dietary fats provide the infant and young child with energy. essential
fatty acids and the fat soluble vitamins A, D, E and K. Fats also heighten the pa latabi I ity " I' lood.
thereby promoti ng greater energy intake. Furthermore, several fatty acids, especiall y tht longchain polyunsaturated fatty acid s, have speci fic and essential physiological functions. Fal> from
animal produce (for example, cow' s milk and meat) tend to contain saturated fatty acids, while
those from plants and fis h tend to contain monounsaturated or polyunsaturated fa tty acids. In
adults, saturated fats are associated with an increase in cardi ovascul ar diseases, bu t lhere are no
data to suggesl that saturated fat intake during the first years of life contributes

[0

thi , probk ll1.

In contrast, unsaturated fat consumption is associated with a lower prevalence of cardi o vascil lar
disease in adults (WHO, 2000).

2.11.3. Crude Fib er
Di etary Fiber is defined as the sum of the plant nonstarch polysaccharides ancl lignin anellor the
remnant of plant food s resistant to hydrolysis by the alimentary enzymes of humans. The major
portion of dietary fi ber (soluble fibers) in foo ds is derived from G1e plant cell walls in foods and
13

most crude fiber contains one-seventh to one-half dietary fiber. A wide range of plant orguns and
types of tissue is consumed in the human diet, although highly li gnified (woody) tissues are
rejected during food preparation (Spiller, 200 I).
Crude fibers obtained from different sources vary considerably in their chemical compositi on:
insoluble/soluble dietary fiber ratio, particle size and physicochem ical characteri stics whi ch
results in different physiological effects. The variations in chemical composition

or fiber affect

their ability to bind minerals during intestinal digestion of foods. One of the most important
properti es of dietary fiber is the cation exchange. Therefore, poor mineral utilization from certain
types of fiber rich foods is probably due to the binding of minerals and electrolytes on fiber
source (Olivares et aI. , 200 1).

2.11.4. Total Carbohydrate
Carbohydrates are organic compounds containing carbon, hydrogen, and oxygen. They may be
simple or complex molecules including sugars, starch and cellulose. Important food
carbohydrates include Sugars, Dextrins, Starches, Cell uloses. Hemicelluloses.

PeCli.n s . ~ nd

Gums. Carbohydrates hold a special place in human nutrition. They provide the lar"est .,inglc
source of energy in the diet, and satisfy our instinctual desire for Sweetness. Glucose is the
essential fuel for the brain, growing fetus , and is the main source of energy for the mu scles
during strenuous exercise. Carbohydrates may be used as sweeteners, thi ckeners. stabi li ze rs,
gelling agents, and fat replacers (WHO/FAO, 1998).

Energy is req ui red for tissue maintenance and growth, to generate heat (thermogenesi s ) and for
physical activity. Weight gain is a sensiti ve indicator of the adequacy of energy intake in young
children . The energy req uirement is the amount of dietary energy needed to balance the ~nergy
expended and that deposi ted in new tissue (growth). The factors lim iting energy Intake of an
infant weaned with low energy weaning food gruels are the volume that the child can co nsume at
one time and the frequency of feeding (WHO, 2000)

Infants and young chil dren have an energy intake per kg body weight some 2-3 times that

or

ad ults. A key determinant of energy intake is the energy density of complementary foods. I: nergy
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density is increased by raising the content of fat and sugar, while high amount of water content
wi ll decrease energy density. Energy intake is increased through complementary food with a
high energy density , more frequent meals and an increased intake of breast-milk. Energy intake
will be reduced if complementary food s are very viscous, which is typicall y the result of high
starch content (WHO, 2000)

2.12. Micronutrients in weaning foods
Micronutrients include all vitam ins and minerals required in onl y tiny amOU!1\ s. th,, ), are
nonetheless essential for life and needed for a wide range of body function s. They are essential
for optimal human growth and development, and healthy maintenance of the body over a life
span (Ruel, 2001). Although less prevalent in higher-income populations, these deficiencies do
occur in such groups, especially among premature infants, infants, children, and the elderly
(Siekmal1l1 et aI. , 2003). Micronutri enis are needed to maintain strong bodies and melllal
sharpness, to fight against disease, and bear healthy children. Their deficiencies can cause
learning disabilities, mental retardation, decreased immunity. low work capacity, blindness, and
premature death (Gibson and Ferguson, 1998).
Minerals in the d iet are responsible for several existing problems relating to hum an h,,'.ilth
(Milton, 2003). The human body requires more than twenty -two m ineral clements lh"l

~ "'1

be

supplied by an appropriate diet in varyi ng amounts for proper growth, health maintenance. and
general we ll-being (FAO/WHO , 1998). Deficiency diseases ..:ould be prevented by su fficient
intake of specific nutrients/mineral s that are involved in many biochemical processes.

J{,'OI

and

tuber crops are one of important sources of mineral s that are linked to prevent deticiency
di seases such as Anemia and Rickets and daily consumption of these foods is being enGOuraged
(Leterme, 2002 ).

2.12.1 Calcium
Approximately 99% of Wtal body calcium is found in the skeleton , wit h only small 31 nounts
found in the plasma and extravascular fluid . Understanding ' calcium needs for <.Ii ifcrcl1 t age
groups requires a consideration of the variable physiologic requirements for calciulT.l d uring
development as America n Academy of Pediatrics (1999) reported . In the body calcium regul ates
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critical functions including nerve impu lses, muscle contractions and the activities of enzymes
and plays an important role for structure and strength of bones. The element is prese nt in two
body parts mainly: bone and teeth. Sufficient calcium intake is essential for obtaini ng optimal
peak bone mass in youth and for minimi zing bone loss later in life (Gurr. , 1999; Grinder

~t

aI.,

2004).
The concentration of calcium in breast milk declines as the durati on of breast feeding increases.
Consequently, the continuous lactati on of the mother would have resulted in a relati ve ly low
calcium concentrati on of her breast milk. Cereal porridges used in weaning, possibl y with high
phytate content, wo uld have further aggravated a marginal calcium intake. Researchers proposed
that the calcium intake of many infants who were wet- nursed and weaned to cereal porridg~ , wa,
insuffic ient to permit adequate bone mi neralization (Thacher, 2007). On the other hand. Cereals
such as millet and sorghum contain high levels of phytates and oxalates, which bind

~alcium

and

other essential nutrients causing their decreased bioavailability (UNICEF, ] 990).

Calcium is by far the most important mineral that the body requires and its

deficien ~)

is more

prevalent than many other mineral. Calcium deficiency can be seen in older infants and
preschool children in association with Vitamin D deficiency. Artificially fed children are more
prone to develop calcium deficiency (G urr, 1999). Though rare in breastfed infant" calc ium
deficiency can occur in such infants whose mothers are defi cient in calci um and Vi tamin D.
Calcium deficiency appears to occur after birth when infants are weaned and stan tu becume
mobile and their bo nes thus become weight bearing. Mineral deficiencies, such as calclllm. are a
world-wide problem parti cularly in developing countries (Boukari et aI. , 200 I ).
2.12.2. Iron
Iron is an essential micro-nutrient for almost all organisms. Its essentiality is largely based on its
abi lity to exist in two redox states (Fe2+

/

Fe 3+), which makes it ideal to act as a catalytic

molecule in numerous biochemical reactions. The transport of oxygen in the blood and its
storage in tissues, the transfer of electrons in the electron transport chain to supply ce lls with
energy, and DNA sy nthesis, all require iron (Minihane and Rimbach, 2002). Iron is the lourtlt
most abundant and one of the cheapest elements in the Earth's crust but iron defi cienc\ is still
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the most prevalent nutritional disorder in the world (Lind, 2004). Dietary iron contributes to the
formation of iron-containing enzymes that are important for energy production, immu ne ckfense
and thyroid function. Iron has a role in healthy physical growth, the immune system ,
reproductive outcomes, and in cognitive performance (Kayode, 2006).

Breast milk may not provide sufficient iron and zinc for some infants between the age of 4 and 6
months, and these infants w ill require complementary foods. Iron deficiency in fully breast=ted 6month old infants is more likely to occur in boys and in infants with a birth weight of 2500-2999
g (EFSA, 2009). Iron nutrition is particularly important during the weaning period, when the
infant is growing rapidly, and has a hi gh demand for Iron. Cereal porridges are common
complementary foods during the weaning period and often provide much of the dietary Iron
intake, because the Iron contribution from human milk is low. Because of the high Ph ytate
content of cereal porridges, Iron absorption of native Iron and fortification Iron may be

Vel'}

low

(Hurrell et aI. , 2003).

Iron is one of tfie micronutrients that are most often deficient in developing cOlll1 lries. with
children and women of reproductive age especially at ri sk of sllch deticienc ies and is tilt' most
important cause of nutritional anaemia (Umeta et ai. , 2005). Children in rural Ethiopia afe
especially very prone to deficiencies of minerals and trace elements, as they eat from the till1'llly
dish and often cannot meet their specific nutrient needs (Umeta et ai., 2000).

The main causative factors of iron deficiency are poor Iron content of the eliel. low
bioavailability of iron in the diet, or both. Food components such as phytate. ianllilb. and
selected dietary fibers , which bind iron in the intestinal lumen, can impair iron absorption.
Phytate has the greatest effect on iron status because many plant food s have high phytate content
that can severely impair iron absorption (Mendoza et ai. , 200 I). Severe iron deficiency can ca use
retarded mental development, which may be irreversible (Wa lker et ai. , 2007). [ro n de li cicncy
anaemia in infancy is associated with significant loss of cognitive abilities, decreased physical
activity, ancl reduced resistance to di seases (Kayode, 2006). In school-age children, [ron
deficiency anaemia may affect school performance; in adulthood , it can calise fatigue and
reduced work capacity (Ruel , 200 I).
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2.12.3. Zinc
Zinc is one of the most essential trace elements in human nutrition because it is a component of
over 200 metalloproteills with a wide range of biochemical function s, involving enLymes.
structural proteins and hormones. The abi li ty of zinc to participate in an impressive range of
biochemical functions is partly due to its flexible and easi ly exchangeable li gand bindin g with
biomolecules. Zinc is a relatively safe element when compared with iron and copper. espe.cially
because of its lack of oxidant properties (Delvin, 1993). Zinc plays vital role in cell diYisimLand
protein synthesis which makes infants, chi ldren, adolescents, and pregnant women at risk- lor an
inadequate zinc intake (WHO, 1996). Zinc is ubiquitous within the body and is vital to cellular
differentiation. Studies in children have demonstrated the important roles of zinc in relation to
development (Brown et ·al. , 2002). Zi nc plays an important ro le in a recognized action on more
than 300 enzymes by participating in their structure or in their catalytic and regulatory actIOns. It
is a structural ion of biological membranes (Salgueiro et aI. , 2002).

In many developing countries, zinc deficiency is due to the low consumption of animal source
foods, 'which are 11ch in zinc, and a hi gh intake of cereals and legumes, which contain substantial
amounts of phytate (Romana, 2003). Zinc deficiency is a public health problem_ :mel

IS

associated with poor growth, decreased immune function, increased suscept ibility. sc'cri[) u f
infections, adverse outcomes of pregnancy, and neurobehavioral abnormalities (Walingo. l OO'!).
Deficiency of Zn is highly prevalent in developing countries, but also in vulnerable groups with
high requirements in industrialized countries. such as women of fertile Age, Infants and
Adolescents (Sandberg, 2002).

Approximately one third of chi ldren in low-income countries are stunted_ Zinc

ddicl~nl' Y I S

presumed to be the underlying cause of stunting and delayed sex ual maturation. In children Linc
deficiency has been sho wn to poor growth, impaired immunity, increased morbidity ti'om
common infectious di sease, and increased mOliality (Walingo, 2009). Chron ic diarrh ea causes
zi nc deficiency, and zinc deficiency in turn can contribute to diarrhea. Zinc loss dLU-ing buu ts of
diarrhea is comparable to the dail y absorption requirement. Duration and severity of diarrheal
illnesses among infants from developing countries suffering from malnutrition and impairo::d
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immune status are greater than in well-nourished children. All these factors may be

a sso ~iate d

with zinc deficiency because zinc supplementation has resulted in amelioration of these epi sodes.
In addition, the impact of zinc supplementation on recovery from diarrhea was greater in stunted
children, which is also related to zinc deficiency (Salgueiro et aI., 2002).

From six months to two years of age, adequacy of zinc intake becomes highly, dependen t on the
amount and bioavai labil ity of zinc from complementary foods. Thus, prolongecL breastfeeding
without adequately prepared complementary foods may reduce an infant's-Zinc..in.take thereby
increasing the risk of zinc deficiency (Allen, 1998; Lind et aI. , 2003).

2.13. Antinutritional factors
Anti-nutrients are chemical substances in food that do not offer nourishmem to the body e.g.
phytic acid and tanni n. The effect of these anti nutrients in the body depends on the type and the
concentration in which it is present in the foo d m'lterial. However, the presence of antmutritional
factors (tannins an,d phytates) limits the utilization of the legumes as a main

sour~l'

uC protein

(Alonso et al. . I 99g ).

Anti-nutritional fa()tors are compounds which reduce the nutrient utilization and/ur food intnk, of
plants or plant products used as human foods or animal feeds and they playa vital role ,n
determining the use of plants for humans and animals (Soetan and Oyewole, 2009). Leg um es
contain significant amo unts of bioactive compounds with toxic and/or antinutritional properti

'5'

that can alter the body metabolism of consumerS and exert a negative impact on the nutritional
quality of the seed protein (Becker-Ritt et aI. , 2004).

To select new food sources tor wider util ization it is necessary not onl y to obtain inll1rl1lmi 'll1
concerning their chem ical composition but also to analyze the am ino aci d profile and the
presence of anti nutritional and/or tox ic components, such as lectins, protease inhibitors,
goitrogens, allergens, anti vitamins, saponi ns, tannins, phytate and toxin, factors that limit the use
of some food sources (Benevides et aI., 1998).
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2.13.1 Phytic acid
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Figure.! Structure of phytic acid
Source, Am. J plant nutr. Fert. Technol" 1(1): 1-22, 20ll
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Figure.2 Structure of phytic acid with the different possibi lities to interact with both metal
cations (minerals) as wi th protein residues
Source, Am. J planl nutr. Fert, Techno!. , 1(1): 1-22, 2UI f
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Phytate (myo-inositol (I , 2, 3, 4, 5, 6) hexakisphosphate), a naturally compound formed during
maturation of plant seeds and grains is a common constituent of plant-derived foods. The major
concern abo ut the presence of phytate in the diet is its negative effect on mi neral uptnKe.
Minerals of concern in this regard would include Zn

2+,

Fe

2+/3+,

Ca

2+,

Mg

2+,

Mn

2+.

and eu

2+.

Especially zinc and iron deficiencies were reported as a consequence of high phytate intakes
(Greiner et aI. , 2006). Among all the anti nutritional components, phytic acid is of prime concern
for human nutrition and health management. It therefore adversely affects the absorption and
digestion of these minerals by animals (Kumar et aI. , 20 I 0).

The high intakes of phytate relative to zinc in the diet of children from many countri",. hut
predominantly developing countries, suggest that these chi ldren are at great risk lor inadequate
zinc nutriture, with all the consequences that this may provoke for chi ld health. However, it is
important to remember that high cereal intake is incl usive to diets of developed couillries. rh us.
it is noteworthy that mild, growth-limiting zi nc deficiency might be prevalent in health) ch ildren
and in developed countries (Salgueiro et aI. , 2002).

2.13.2 Condensed Tannin
T1innic acid (TA) is naturally occurring plant phenol present in fruits and vegetable:; I Bl ock eI
ar', 1992). Polyphenol s are secondary metabolites of plants and are widely distributed ill pl 'lI1lderived foods. such as cereals, legumes, nuts, vegetables, fruits , and in beverages such as green
or black tea, wine, fruit juice, beer and so on. The essential po lypheno ls in loods are llavllno icl s
and condellsed tannins (Nakamura et ai., 200 I). Talmic acid chelates iron due to its ten gaUoyl
groups and it diminishes intestinal non-heme iron and Zinc absorption (Lopes et aI. , 1999)

A

complementary food made from cereals is often low in mineral content and contains signi licd l1l
quantities of mineral absorption inhibitors such as condensed tannins.

Tannins inhibit the digestibility of protein and have the ability to precipitate certain proteins they
combine with digestive enzymes thereby making them unavailable for digestion. Tannin s form
insoluble complexes with proteins, carbohydrates and lipids leadi ng to a reduction in digest ibility
of these nutri ents (Abara, 2003).
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2.14. Sensory eva luation
Sensory evaluation is defined as a sc ientific application used to evoke, measure, analyze. Cl nd
interpret responses to food attributes or characteristics as they are perceived through a person's
sense of sight, sme ll, hearing, touch, and taste in forming a food perception (Stone and Si del,
1993). It is a science of measurement. Like other analytical test procedures, sensory evaluation is
concemed with precision, accuracy, sensiti vity and avoiding false positi ve resul ts (Mei se lillan.
1993). Most sensory tasting is preformed in

an~indu strial

setting-where busnm-ss "ffiTCems< nel

strategic decisions enter the picture. It is also a way of reducing risk and uncertai nty in decision
making. It is also used in product (complementary food) development and may provide
information to other corporate departments (Lawless and Klein, 1989).

Product evaluation is a multi-step process in which a group of indi viduals respond to stimul i (a
set of products) by marking a scorecard according to a specific set of instructions. These
individuals are participating in this test because of their demonstrated sensory skills with that
particular category of products. The responses are usually marks on the scorecard (J oeL 2U04) .

In S"tlilsory evaluation, judges are asked to score the products for appearance, co lor. tlavur. raSTe
and overall acceptabili ty using a scorecard of Hedonic Rating Scale. This test relies

Oll

people' s

ability to communicate their fee lings of like or dislike. Hedonic testing is popular becaUse

1\

may

be used with uJ1lrained people as well as with experienced panel members. A mmimul11 amol'nt
of verbal ability is necessary for reliable results (Sadana and Chabra, 2004).
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Chapter 3
3. Materials and methods

3.1 Study Area
Demba Gofa Woreda is located in SNNPR, Gamo Gofa zone and it is predominantly of the Gofa
ethnic group . The Woreda is located at 60 18 'N and 36 053'E. According to CSA (2 007), the
Woreda population size is 81,158 (male, 40,335 and female, 40,823). The Woreda had three-tood
insecured kebeles with current evidences among 38 kebeles. These kebeles were Uba

J>hi zgo~

Dakisho Subo and Falka Tsawaye and thei r population is 307 1. The capital of the Wo recla,
Sawla, is at 525 km far from Addis Ababa. The altitude of the woreda ranges from 1000 to 3200
meters above sea level. Farming is the main means of subsistence of the three kebeles foll owed
by livestock farmin g.
3.2 Study design
A cross sectional study was conducted by means of structured questionnaire and administered to
the rll\rsing mothers to obtain information of their demographic data (age, occupati on, monthly
incorile, education). demographic data of the infants (sex, age) frequency of breast feed iIll! ; YP'~ S
of

~anj n g

food s used, source of water and if any method of watcr treatmelll , Ti,e " L;C '''''''1'': ,) f

the study mothers was between 15 and 45 years and that of chi ldren was betwee;}

(i

montiJs <lIld 2

years. Information on the recipes and method of preparation of the traditional weaning foods was
collected from the mothers. 10% were collected and subjected to chemical analysi s ri'om
prepared weaning food samples (about 0.20 kg from each). Additional 8 kg samples of
commonly used (used by almost all mothers) raw materials (Cereal grains; maize. Smgll ul1l an d
barley and Icgume broad bean) were purchased from common local

lI1 ~u'k e t s

to dc" d op

form ulated weaning food s.

3.3 sample size
Till'ee food insecured kebeles of Demba Gofa Woreda were selected fro111 total .18

~ c bd~s

purposefully because of their low productivity by the year due to different jl1\'ironm<:lll l ilctors
Iike the shortage of rain fall. A total of 11 6 mother-child pairs were selected randoml y ttlr the
stlldy from 233 total populations. Mother-child pairs were also sel ected randomly
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each

kebele based on their popu lation proportion to co llect laboratory samples. The samples (12
samples) were taken from traditional weaning foods prepared for the chi ldren. The stud y was
carri ed out having info rmati on from extension workers of the health centers of the se lec ted
kebeles and house to house observation.
Table I . Description of the three kebeles
No

Name

of Agroecology

Population

Sample

10% Lab

!

sample

kebele

I

Daki sho Subo

W/ dega

76

38

4

2

Falka

Kola

86

43

4

Kola

71

35

4

l

remarks

-- - :I

,I

_.- -'1

,I!

Tsawaye
3

Uba Phizgo

4

Six formulated samples from

6

!

common ingredients

i

Total

233

116

18

!

i

WI dega* bel\."een low lan d and high land

Population· children bIn 6 months and 2 years

Kola'" low land

Sample· 50% of the population

The sample size was determ ined by: Samp le size

~

,

-

-

I

n/[I +(n/population)], In which n ~ Z · Z [P (I -PI/(D*D )]

Where: P ~ Expected Frequency Val ue ~ 10%
D ~ (Expected Freq uency - Worst Acceptable)
Z ~ 1.960 with Co nfi dence Leve l of 95%

~ 14 % -IO %~ 4 %,

OR 10%-6%: 4%

Samples were coded as: PI. P2. p) and P4 ~ samples 1, 2,3 and 4 ofUba Phizgo kebele;
D I . D2, D) and D4 ~
F I , F2. F) and

samples I, 2, 3 and 4 of Dakiso Subo kebeles and

F4 ~sampl es

1, 2, 3 and 4 of Falka Tsawaye kebele

3.4 Data collection

Quantitative data was collected UStllg structured questiOImaire with regard to ingreclient a nd
processing method and common practices by the mothers contri buting to th e Nut l'l e nt
composition and energy density of traditional weaning foods and the questi onnaire was prepared
in English and used to collect data . It was pre-tested among 10 women in Turga kebele
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or the

Woreda before the actual work begins. The laboratory sampl es were co llected and pl aced In
polyethylene containers, by ice box and the common ingredients were also pl aced In
polyethylene bag and then transported to Addi s Ababa University (Food Science and Nutriti on
Program) for laboratory analysis.
3.4.1. Sample preparation
The traditional weaning food samples were divided into two portions one for viscosit )
measurement (about 80ml) and the other for the rest chemical analysis. The first portions wc:re
deep freezed until the viscosity measured and the second portions were spread onto a plasti c tray
and pressed with a spatul a to produce a 1-2 mm thick layer. Each preparation was thell oven
dried at 60°c. The flakes were then scraped onto a stainless steel tray and coo led

(I'

W \lJ11

temperature (Hashim and Pongjata, 2000; F'lsasi et aI. , 2005 ). After completely dried. the
samples were milled and placed in a plastic bag for laboratory analysis.
3.5 Chemicals and reagents
All chemicals and reagents were used in laboratory analysis were of analytical grade or
American Chemical Society reagents.
Chemicals: Distilled water, deionized water, diethyl e ther, HNO ), Sul phUri C' " , Id,
Hydrogen peroxide, catalyst (0.5g of selenium metal with I OOg of potassium sulfate), Buric aci d.
Sodium hydroxide. acetone, Hydrochloric acid (HCI), Lanthanum chloride (LaCh), Nitrates of
Ca, Fe and In, FeCb .6H 20 , Salfosalicilic acid, Sodium phytate, methanol. vani ll in. Potass ium
hydroxide, D-catechin
3.6 Laboratory analysis
3.6.1 Pr oximate composition determination
Each laboratory determination was carri ed out on three separate fresh samples (in tripli cate).
Proximate chemical analys is of all the samples were determined by using standard methods and
total carbohydrate was then calculated by difference.
3.6.1.1 Determination of moisture content
A clean box on its inverted lid was dried in the drying oven at 105°c for 1 lu'. The box with the
lid was covered and cooled in the desiccators for 30 minutes and weighted. Then 5g
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( W I)

samp le

was transferred to the drying box, put on the lid and weighted. The box with the sample was
dried at 10S"c fo r 3 h. The box with lid was taken out on and cooled in a des iccator for .'\0
minutes and weighted. To check that the sample was completely dried, the sample was

plac~d

in

the drying oven at 10Soc for another I hour putting the lid underneath it (AOAC, 200S;Adebayo
et aI. , 2010). Then it was Cooled and weighted (W2) after two successive we ightings show a
negligible loss in wei ght. The moi sture content was determined by using:
.

% of mOlsture

- WZ
= WIsw

X 100

Where SW is sampl e weight

3.6.1.2 Determiuation of total ash content
Forcelain di shes were placed in a muffle furnace for 30 ~in at SS Ooc. The dishes were coo led in
desiccators for about 30 min at room temperature and weighted to the nearest mill igram (M ,l.
About 2.S g of fresh sample was placed in dish and weighted (M 2) . Dishes were placed on a hot
plate under a fume-hood and the temperature was slowly increased until smoking ceases and the
samples become thoroughly charred. The dishes with sample were placed inside the mu ffle
furnace ar SSOoc for S hours and cooled in desiccators fo r I hour. The ash was clean and While

III

appearance. When cooled to room temperature, each dish with ash was reweighted to tht' n<:alest
milligram (M) (AOAC, 200S ).
.

M 3 - Ml

% 01 total as h = M 2-Ml X 100

Where: (M 3-M I) is sample mass in gram on dry base and
(M2-M I) mass of ash in gram

3.6.1.3 Determination of crude fat
A clean extraction flask was dried in the drying oven at 10Soc for for 30 minutes. Th e extractio n
flask was cooled in the desiccators for 30 minutes and weighted (W I)' About 2g of sample was
extracted (W 3) with SOml of di ethyl ether for a minimum of 4 hO:.lrs (2 hI'S for soakin g and 2 hI'S
for extraction ) in the sox hlet extractor. The solvent was then evaporated in drying oven ,mel the
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extracted fa t was cooled in desiccators and weighted (W 2) (Manual, 1979). The

c ru d~ lal

was

determined using:

% of crude fat =

M3 - Ml
M2-Ml

X 100

Where:
W I=Weight of the extraction flask
W2=Weight of the extraction flask plus the dried crude fat
WJ=Weight of sample plus Weight of the extraction flask
3.6.1.4 Crude protein determination
Digestion : About 0.5g of fresh samples (in triplicate) were taken in a tecator lUbe and (lml of

concentrated sul furic acid was added and left for 12 hours until completely mixed. and 3.5ml uf
30% of hydrogen peroxide was added step by step. As soon as the vio lent reaction had ceased.
the tubes were shaken and placed back to the rack. 3gm of catalyst mi xture (groun d U.S!,!

or

selenium ,metal with I OOg of potassium sulfate) was added in to each tube, and all owed to stand
for about 10 minutes before di gestion. The tubes were placed in to the digester and the
temperal'Bre of the digester attained 370°c. The digestiun was conti nued until a clear $<)lutl011 was
obtai ned ~1

about 4 hours. The tubes in the rack were cooled in a fum e hood; 25ml ot U,Slillcd

water was added and shaken to avoid precipitation of su lfate in the so lution. Again 25 1111 of
sodium hydroxide was added carefu ll y by the wall of the tecator tube.
Distillation and titration: The digested and diluted sample s.olution was disti1l9d using IM'IC

acid and the distillate was titrated using 0.1N hydrochloric acid until reddish wlor is appeared
(methyl red indicator was used) (Manual , 1979). The crude protein was de termined using:
01.
,0 0

fN l't rogen

= V ofHClxNofHClx14
Wo

x 100

Where: V is vo lume of!-lCI in milliliter consumed to the end point of titration,
N is the normality of !-lCI ,
\V O is samp le weight on dry matter basis and 14 is the mo!ecular weight of nitro ge n.
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The % of nitrogen is converted to % of protein by using approx imate conv~rs i on factor
Protein (%) = 6.25 x % of Nitrogen
3.6.1.5 Determination of crude fiber content
Digestion: About 1. 7 g of fresh sample (W3) was placed in to 600ml beaker; 200m l of 1.25%
H2S04 was added, and boi led gentl y for 30 minutes whi le watch glass was placed ove r the mO llt h
of the heaker. During boiling, the level of the sample solution was kept constant with hot
di stilled water. After exactly 30 minutes heating, 20m I of 28% KOH was added and boiled
gently for further 30 minutes, occasional string.
Filtration : the bottom of a sintered glass crucible was covered with 10mm sand layer and wellt:d
with distilled water. The solution was poured in to sintered glass crucible and li ltered with the
aid of vacuum pump (high performance vacuum pump, Robin air way, SPX Corpo ration.
montplier, USA). The wall of the breaker was rinsed with hot distilled water several tillles;
washings were transferred to the crucible and fi ltered.
W ashing: The residues in the breaker were washed with hot distilled water and filte red (twice)
The residue was washed with I % H2S04 and fil tered, and then washed with hot disti lled "'<l ler
and filtered; and again washed with 1 % ofNaOH and fi ltered. The residue was washed with

hOI

distilled water and filtered; and again washed with 1 % of H 2S0 4 and fil tered. Finally, the residue
was washed with water free acetone.
Drying and c,0mbustion : The crucible with its content was dried in a drying oven for 2 hours at
l300c and cooled for 30 minutes in a desiccators (with granular silica gel), and then wClgh ted
(W t). The crucible was transferred to muffle furnace and heated for 30 minutes al 550"c. r il e
crucible was cooled in desiccators and weighted (W2) (AOAC, 2005)
.

% of Crude FLber =
Where:

WI-W2
W3
X

100

W I = weight of crucible with sample after drying
\V 2 = weight of crucible with sample after ashing
W3 = fresh sample weight
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3.6.1.6 Determination of total carbohydrate
The Carbohydrate content was determined by difference (EHNRI , 1998).
Carbohydrate (gil OOg)

= 100 - (% crude protein + % crude fiber + % total ash+ % crude I ~lt) .

3.6.1.7 Determination of gross energy content
The gross energy content was determined by calculation from fat, carbohydrate and protein
contents using the Atwater's conversion factors; 16.7 kJ/g (4kcallg) for protein, 37.4 ld/g (9
kcal/g) for fat and 16.7 kJ/g (4 kcal/g) for carbohydrates and expressed in calories (E HNRI.
1998; Guyot el ai., 2007). The mathematical expression of Gross Energy is as follo w. and the
result is shown in Gross energy (KcaIl IOOg)

=

(9 x crude fat %) + (4 x crude protein %) , (4 x

carbohydrate %).
IKJ/ I OOg = 4.18 kcalllOO g

3.6.2 Mineral determination
Ash was obtained from dry ashing of food samples (2.S0g). The ash was wetted completel ) with
S ml of 6N Hel , and dried on a low temperature hot plate. 6ml of 3 N HCl was added to thl' dr ied
ash and heated on the hot plate until the solution just boils. The ash so lution was cooleel to the
room tentperature in a hood and filtered in to 100mi graduated flask using a tilter paper
(whatmaJi42, 12Smm). Sml of 3 N HCI was added in to each crucible dishes and heated Lll1lillhe
solution Just boils, cooled, and filtered in to the flask. The crucible dishes were again ',v'l'i iled
three times with deionized water; the washing was filtered in to the flask. A 5n11 of I U%
lanthanum chloride solution was added in to each graduated flask. Then, the solution was cooled
and diluted to 100mi with deionized water. A blank which contains II ml (3 N Hel and 6N of
HCl) and deionized water in 100 ml volumetric flask was also prepared.
Standard solutions: fOllr series of working standard metal solution was prepared by apprupriate
dilution of the metal stock solution (nitrate of the metal) with deionized water 'olllaiiling

~

-Jllli

3N Hel in 10 ml vo lumetric flask. After manipulating the instrument operation procedure.
calibration graph (concentration versus absorbance) for each element using the prepared standard
solutions was prepared.
The sample concentration was analyzed uSll1g flame atomic absorption spectrophUl<lll1eter
(Varian SpectraAA-20 plus, Varian Australia Pty., Ltd. , Australia) by aspirating deionized water.
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Sample blank solution was run with the sample solution. A single mineral hollow cathode la mp
was used for each element (Osborne and Voogt, 1978).
Table.2 Standard concentration of minerals
No
I

Element

Concentration of standard solution,

Ca

0.00, 1.00, 1.50,2.00,2.50

l

~g/ml

I

J
,

,

2

Fe

0.00, 0.50, 1.00, 1.50, 2.00

~I

I

,
J

-1

0.00, 0.50, 1.00,1.50,2.00

Zn

".

my
metal content (1 00g )

= \

((a - b)x V]
lOW

W = weight of sample in gram,

a = concentration of sample solution

v = lUOml volume of extracl ,

b = concentration of blank so luti on

3.6.3 Determination of Anti-nutritional factors
3.6.3.1 Determination of phytate
About 0.0300 g of fresh samples was extracted with 10 ml 0.2N HCI for I hour

aI

a room

temperature. The extract was centrifuged at 3000 rpm for 30 minute (Dynac II centrifuge. Clay
Adams, Bacton, Dickinson and cOmpany, USA). The clear supernatant was used for phytate
estimation. One 1111 of Wade reagent (containing 0.03% solution of FeCb.6H 20 and 0.3% of
sulfosalicilic acid in water) was added to 3 ml of the sample so lution (supernatant) and the
mi xture was mixed on a Vortex for 5 seconds. The absorbance of the sample soluti on s were
measured at 500 nm using UV-VIS spectrophotometer.
A series of standard solutions were prepared containing 0, 4.5. 9, 18, 24, 30 and 36 flghnl of
phytic acid (analytical grade sod ium phytate) in 2.4% HC!. Tlu'ee ml of the standard so lution was
added into 15ml of centrifuge tubes . Tluee ml of distilled water was used to serve as sta ndard
blank. One ml of the Wade reagent was added to each test tube and the so luti on was mixed
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a

Vortex mixer for 5 seconds. The mixture was centrifuged for 10 minutes and the absorbance of
the so lutions (both the sampl e and standard) was measured at 500 nrn by using deioni zed W[ller
as sample blank (Latta and Eskin, 1980)
Phytic acid in Ilg/g = ([(absorbance-intcrcept)/ (slope x density x weight of sample) ] xI0}/3
Absorbance

= blank absorbance - sample absorbance

3.6.3.2 Dctermination of tannin:
About 0.5000 g of fresh sample was weighed in screw cap test tubes (in triplicate) . The samples
were extracted with 10 ml of 1% HCI in methanol for 24 hours at room temperature with a
mechanical shaking. After 24 hours shaking, the solution was centrifuged at 1000 rpm for 5
minmes . One ml of supernatant was taken and mixed with 5 ml of Vanilli n-HCI rc·:tgelll
(prepared by comb ining equal volume of 8% concentrated HCI in methanol and 4% Vanill in in
methanol) .
D-catechin was used as standard for condensed tannin determination. Forty mg of D·catechin
Was weighed and dissol ved in 100 ml of 1% HCI in methanol , which was used as stock solu tion.
Exactly 0, 0.2, OA. 0.6, 0.8 and I ml of stock solution was taken in test t ub,~s and Ih~ volume 0f
eacll·test tube was adjusted to 1.0 ml with 1% HCI in methanol. Five Ill! of Vanillin .. 1j ;,

J

"" l ,;~ ,, "

was added into each test tube.

After 20 minutes, the absorbance of the so lutions and the standard solution were measured at 500
11m by using deionized water as blank, and the caliblation curve was constractecl from a series o f
standard so lution using SPSS Version 15. Concentration of tannin was rcadiu'mg uf' u-catecilll1
Per gm of sample (Maxson and Rooney, 1972),
Tannin in II gig = [(absorbance-intercept)/ (slope x density x weight of sample)j x 10
Absorbance

= sample absorbance - blank absorbance
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3.7. Viscosity d etermination
The apparent viscosity was measured on approximatel y 45 ml of traditional weaning food s using
the sine wave vibro-viscometer A&D SV- 10 (A&D Company Ltd., Japan), which mea sures
viscosity by detecting the driving electric current needed to resonate two sensor pl ate;. at a
constant frequency of 30 Hz and amplitude of less than I mm in AAU of technology. Viscosity
measurements were carried out at 25°C for 2 mins twice. The viscosity was measured in
milipascal second (in centipoises, cPl.

3.8. Preparation of weaning formula from locally available cereals and legum e
3.8.1. Preparation of composite flours
Cereal grain (maize, Sorghum and barley) and broad bean used for this work were purchased
from local markets of the Woreda. All the grains and legume samples were manually cleaned by
removing manually the ones that were mouldy or broken. Two methods were used fo r the
preparation. For germinati on, the cereals were soaked separatel y in potable water for

eighle~ l1

hours, drained, then germinated at 28°c for 48 hours and the broad bean was used as shown in the
fi gure . The germ inated seeds were rinsed and dried in the sun for 36 hours to facilitate removal
of the hulls by mortar (Yewelsew et a!. , 2006). For roasting, the method was also used as shown
in the figure . The dehulled grains and broad bean were milled and placed in a plastic bag 101' lhe
preparation.
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3.8. 2. Flow chart of germination and roasting for the preparation of weaning formula
1- Germination

Bean

Maje, Sorghum and barley

1
1

Cleaning

Cleaning

~
Soaking
(18 h, 25-30°C)

Separation of husks

~

1

Germination
(48 h)

Grinding

...

Separation of sprouts

~

~

sieving through a 0.425-mesh screen

...

Packing

Sun Drying
B1eJing (25%)

(36 h)

~

Grinding

~
Sieving through a 0.425-mesh screen

1

Packing

~

Blending
(75%)

The composite flours of the three complementary foods were formul ated as follow s:
Diet 1: maize: broad bean (75 :25 : % w/w) (O -Mb)
Diet 2: sorghum: broad bean (75:25 % wlw) (O-Sb)
Diet 3: barley: broad bean (75:25% w/w) (O-Bb)
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2 - Roasting

Bean

Mare, sorghum and barley

L
Cleaning

CIering,

Roasting

1
oer

mng

Separation of husks

1

Separation of husks

Grinding

1

1

Grinding

1

Sieving through a O.425-mesh sCI'cen

ST"g''''""go. "

1

O.425.m~o. "'~"

Packing

1

Packing

Blending (25%)

The composite flours of the three complementary foods were formulated as follows:
Diet 1: maize: broad bean (75:25 : % w/w) (R-Mb)
Diet 2: sorghum : broad bean (75 :25 % w/w) (R-Sb)
Di et 3: barley: broad n bean (75:25% w/w) (R- Bb)
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3.8.3. Blends and Preparations of formulated weaning foods
The blends were formulated based on the protein contents (Solomon, 2005). For the preparation
of recipes the ingred ients were mixed thoroughly into smooth homogenous powder and then
cooked after mixing the powder in co ld tap water. The powder concentration and cooking time of
the gruel s of each formulated complementary foods were made based on Complem entary
Feeding Recipes for Ethiopian Children 6-23 Months Old, A Practical Cook ing and Feeding.
Flour water Ratio

Cooking Time

Mai ze- broad bean flour = SSg/280ml
Sorghum- broad bean flour
Barley- broad bean flour

=

10 minutes

60g/280m l

10 minutes

= 40g/2 80ml

11 minutes

The processed complementary foods were analyzed for their chemical compositIOns by the
standard procedures mentioned above.

3.8.4. Sensory evaluation offormulated weaning foods
Gruels of the six form ulated weaning foods were prepared by mi xing 15 g of comr"snc tlour
with 100 ml water and cooked for 10 minutes. Paneli sts were' selected from the stall

rn ~rn b"rs

and students of Fd'od Science and Nutrition program of Addis Ababa University. The panelists
were instructed about the purpose and objective of the test, and those chosen were il1leres lecl and
willing to serve, available during the sensory evaluation period and apparently health) thal
means they had no foo d allergies and/or no frequent illness and nonsmokers.

In the sensory evaluation seSSIOn, the panelists were seated in an open well illumi nated
laboratory and the fo rmulated porridges were served by spoon from each wean ing food
containing glass. Before presenting food s to each panel, the fo rmulated porri dges contai ning
glasses were kept in water base at 40°C until tasting completed . The porridges were se n eel "i th
identical transparent glasses coded with 3-digit random numbers. Necessary preca uti ons were
taken to preve'1.l bias of tasting by ensuring that consumers rinsed their mouth with waler bdore
and after each lasting of sensory evaluation (Inyang And Idoko, 2006).
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The panelists were instructed to rank the formulated weal1lng porridges on

th ~

basis of

appearance (color), taste, odor and texture (mouth feel) using a nine point hedonic scal e. I where
1 = di slike extremely and 9

= like extremely). Overall acceptabi lity of the formulated weaning

porridges was also rated on the same scale with 9

=

extremely acceptable and 1

=

extremely

unacceptable (Temple et a1., 1996). The fo rmulated porridges were tasted by twenty panel ists of
9(45%) males and 11 (55%) fema les and whose ages were between 22-32 years.

3.9. Data mana ge ment a nd statistical analys is
Each determination was carried out in triplicate (minerals in duplicate) and res ults were reported
as an averaged value (mean ± standard error). Data was analyzed by the one-way anal ysis of
variance (ANOVA) model using SPSS Version 15.0. Differences between treatments were
determined by using Duncan' s multiple comparison tests . Statistical significance wa, ,el al
p<0.05 .
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C hapter 4
4. Results and discussions
4.1. Base line data analysis through questionnaire
4.1.1. Socio demographic information
Table 3, Socio demographic information of mothers and children in three kebele~, 201 2

No

Description

Percentage

No

Description

(%)

1

2

3

Age of mothers

6

Educational level of mothers

Percentage

I

(%)

I

---I

-f---

15-25 years

34,88

Illiterate

58.14

26-35 years

60.47

1- 4 grade

37.21

36-4 5 years

4,65

5- 8 grade

Age of infants

7

Educational level of husband

14,65

-~

._-

20,93

Illiterate

10- 12 months

25,5 8

1- 4 grade

i 46 ,51

13- 18 months

30,23

5- 8 grade

i 13 .95

19- 23 months

23,26

9-1 2 grade

i 4,6)

8

Land owning

4

5

93.2 3

Owned

Two

6,77

Rented

Ethnic group

9

Land size

I,

I
---j

"-- ---.-1,
I

One

I

34,88

6- 9 months

Number of children

I

+ ' .._ __J

._-

! 67,.:\4

.r ._
-t----..-

23,26

, 45 ,76

Gofa

95.35

Less than 0.5 hectare

Gamo

2.33

0,6-1 hectare

h7ij -i

Amhara

2.33

1,1-2,0 hectares

i 3711---l
---.J

Religi on
Orthodox

34.88

protestant

65 ,12

37

4.1.2. Breast feeding practices and initiation of complementary feeding
Almost all of the children were fed with colostrums. Thi s may be due to the attitudinal chan ge of
mothers or societies by the health extension workers in the kebeles. Many infant (70.69%)
received breast mil k exc lusively. But (29.31 %) receive fluid s other than breast milk like butler.
water, fenugreek water, rue water and diluted cow milk.
Table 4. The rate of exc lusive breast feeding of three kebeles in 2012
kebeles

Excl usively breast fed

Not exclusively breastfed

Uba Phizgo

26

(74.29%)

9 (25 .7 1%)

Dakisho Subo

27

(71. 05%)

11 (28 .95%)

Falka Tsawaye

29

(67.44%)

14 (32 .56%)

82

(70.69%)

34

--_._-

Total

(29.31 %)

j
~

Two women from Falka Tsawaye kebele had given immediately after birth and before the
initiation of breastfeeding, the new-born infant butter. Thi s is assumed to re1ex the throat

or Ihe

infant. Pi small amount of water was also given, either mixed with fenugreek. rue or ai.me by
some mothers. Several factors must be considered with regard to suppl ementary f() C)ds. for
example. nutrient val ue. ease of preparation, hygiene, digestibility, and density (Am un" et al. ,
2000). But the practice of supplementation, frequency , adequacy and cons istency of feeding
traditional weaning foods needs a great attention in three kebeles.

Breast milk constituted the major part of the infant's diet for abo ut the first () months.
Breastfeeding was generally continued, together with the prov ision of cereal-based weaning
gruel s, until the child was 2 years old . As Osuhor (1980) reported the introduction of
complementary foods was between 5-9 months, and thin guinea-corn, millet or maize

~ rlle l

was

mainly used in Hausas. T he same thing in Uba Phizgo kebele for example. 3% childwn received
only breast milk until they begin to eat adu lt foods due to refusal of late introdllclion of
complementary food s. There is a tendency to observe toward early cessation of breastfeeding in
2 women where milk was relati ve ly abundant in Falka Tsawaye kebe le and toward pro longed
breastfeeding in Uba Phizgo kebele where an imal milk was relati ve ly scarce. Prolon ged
breast feeding wi thout an appropriate and timely introd uct ion of compl ementary food s is 0nc vI'
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the factors contributing to infant malnutrition. Weaning that begins too early involves the ri sk of
infection; weaning that begins too late leaves the infant with an inadequate intake o r nLl[ri ents
and, thus, is also harmful to his or her growth and development. There are various di sadva ntages
of early weaning. Weaning early in age is harmful in many ways as food and water if not we ll
processed are well recognised vehi cles of Diarrhoea infection caused by bacteri a, virus and
protozoa (Si ngh, 20 I 0).

The age of introduction of weanlJ1g foods , was not the same in three kebeles. It varied
considerably with the degree of remoteness from urban areas and the socioeconomic status of the
families. In general, infants in the remote area (Falka Tsawaye kebele) started very late from 7 to
10 months of age when compared to other two kebeles. Mothers of Dakisho Subo and Uba
Phizgo kebeles had begun relatively at about 6 months. In general, 81.43% were introduced

a!

6

months, 9.2% were introduced early and 9.37% were introduced late. 16.28% of l11othl'1" lett
their infants to fa mil y food at the age between 13 - 18 months. The same thing was rcpol'l':d

b)

Osuhor (198 0) the weaning age amongst the Hausas was found to be 12-18 months. rather than
between 22 -24 months. The reasons for weaning a child were found to include the attainment of
the traditiol1al age of wean ing, observed normal physical and mental developmental proc,;sscs.
onset of ahother pregnancy, severe illness and/or death of the mother, and th ~ ' 1""liands'
unw illingness to observe the traditional abstinence from sexual intercourse during laclatic'l1. In
this study 83.72% introduced their infants to family food at 19 - 23 months and beyond. When
mothers introduce solid foods to their infants after one year, they give gruel conditionally and
soon afterwards, the child was introduced to an adult diet, consisting mai nly ' kita '(a bread made
of unre nnented Jlour mainly from maize or sorghum with moringa), potato. cassava an d kgumes
like !<idney bean. Wherever available, butter was added to moringa during the preparati on .
4.1.3. Existing local complementary foods, preparation and consumption
Gruels ("ware") in low dry matter consistency and sometimes cow milk were tradit ional weaning
food s used in most households of the three kebeles. The length of wenni ng food s gl veil v. as
varied as well. Most of the traditional weaning gruels were prepared from a variety of cereals,
n1'lill!Y sorghum, barley, maize, "tet" and wheat. But few mothers of Dakisho Subo kebele lIsed
infant diets thai were prepared from Enset (,kocho') for children aged one and above.
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Figure 3. "Ware" (gruel) preparation of the area

The way of feeding was the same in all three kebeles which did not consider the interest of the
child. Mothers pour the very dilute gruel to their hands which was placed at the mouth of the
child and when he/she refused they touch hislher nose to drink making not to breathe.

Figure 4. Serving practice of "ware" (gruel)
The responsivelity of the children was most probably loaded on mothers about 93% and the rl;Sl<
were other family members like older children and grand mothers. Since all the kebeles were ~
rural communities, no electricity and other source of energy, therefore, wood was the common
source of energy for cooking traditional weaning gruels.
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The proportion of ingredients by estimation was used almost in equal proportion of cereals and
legume. The amount cooked for a day varies from kebele to kebele as well the amount given;
however, in one day averagely chi ldren consumed 275 (90 to 460) ml of the gruel ("ware")
depending on the age level and interest. Frequency of feeding daily was 3 times by alm ost all
mothers. The source of water used for the preparation of weaning food 86% was tap water and
the rest 14% was ri ver. Concerning treating drinking water in the households, th e majority
(89.7%) did nothing to the water to make it safer to drink. And (69%) households had

n e"~ r

been

to ld by extension health workers about how to make water safe to drink. Even though all of the
mothers of the three kebeles informed by the health extension workers about washing hands
with ash or soap before serving infants, 83% mothers washed hands before feeding children ", it h
water only.

The source of most ingredients was garden but some others were obtained from common local
markets. Due to 69.77% of households were food insecured, the availability of ingredients
throughout the year was limited for different reasons. According to mothers the afford abili ty of
ingredients depends on the rain fall condition of the area and when they face shorlag, rhey
increase the portion of the available ingredient as coping mechani sm. House hold salt II'll'L'I,

1,1

as

used to cook the meal was not iodized and none of the mothers used in weaning loods. The
preparation of the flour was milled by commercial millstone after the ingredients propo rti olled
by the mothers. Concerning the pretreatment, except slightly roasting other effectJl'e methods
like germination and fermentation were not known to the mothers,

As literature reports, nutrition education can easi ly be incorporated into primary health care
programmes. Health workers and nutritionists can educate rural mothers about the importance of
adequate weaning fo ods and practices, infant health, host defense systems. home-scale drying.
processing, and so on. The importance of varying the baby 's diet and practicing good hygiene
when handling and storing the baby 's food can be included as welL The teaching and li'.lini ng o f
rural mothers can have a long-term impact on weaning

practi~e s

and nutriti onal status of ell ildren

(Onofiok and Nnanyelugo , 1998). Concerning the availability of cow milk, which vari ed greatly
from kebele to kebele, diluted milk and milk products were given from the age of 5 months and
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continued at least to 1-2 years of age; these feedings take place daily or several times each week
in addition to 'ware' .

In the kebeles, taboos exist around certain foods , preventing them being given to intant s and
young chi ld ren: cabbage and meat believing that the infant could not chew, honey and sweat
things and salt are forbidden, in the belief that it will develop worms. There were also mothers
who did not include certain legumes, moringa and cereals, such as kidney bean and wheat, in
their infants' diet because of the belief that these legume and moringa will create fl atu lent and
cereals will en large the abdomen. Goat milk is believed that if infants consume earl y age, vi" lire.
their bones break easil y at later age. Some believe that if infants are introduced earlier. the stool
has unpleasant smell. As Onofiok and Nnanyelugo (1998) had suggested that ignorance and food
taboos in children can result in weaning foods of poor nutritional quality . Improvin g the
nutritional val ue of the weaning foods by itself will not eliminate the problems. Trainillg dnd
nutrition education of the mothers is necessary to change feeding practices and pro\·ide correct
information.
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Figure 5. Locally growing food crops

I. Maize

2.Sorghum 3.Kideny Bean 4.Cassava plant 5.Sweet Potato
8.Godere (tuber) 9.Tef
IO.Enset
II.Maize plant
12.Peanut
14.Barley
15.Broadllean

6.Kocho
7.Moringa
13.Cassava flour

The major growing cereals and legumes of the three kebeles were maize, sorghum, "tef', barley,
broad bean and kidney bean. Even though they had common local and woreda market places;
maize, cassava and sweet potato are common to the three kebeles and barley and broad bean
were dominantly at Dakisho Subo kebele, as sorghum dominates in Uba Phizgo and Falka
Tsawaye kebeles. Vegetables like cabbages and moringa were common to the areas, but they
were not commonly used as weaning food and it was true for fruits like mangoes, oranges and
tomatoes. Because the concept of preparing infant foods from a mixture of cereals, legumes, and
other food items had not yet spread through kebeles of the woreda.

All mothers responded that they were not familiar with factory level complementary foods.
Concerning community level complementary foods, 21 % of mothers use powders prepared by
local women who mixed cereals and legumes and milled in commercial mill and sold at open
markets. 17% of mothers were also using poWclers prepared~ micro and smiiIl scale ,ev~erprises
43

which were obtained from local kiosks and the majority of mothers (87%) prepared the blended
cereals and legumes by themselves and mi lled using commercial mill.

4.2. Proximllte composition of traditional weaning food s
Table 5 . Proximate composition of traditional weaning foods (g/ IOO g dry matter).
Ash
2.20±0.00cd

Fiber
3.69±0.01 e

CHO
88.3S±0.4 51>

Ener/;l,y'
383. 89±0. 13 g

1.63±0.04'

4.3 0±0.14d

87.76±0.79 "'·

38 8.73±0.09'

1.86±0.07'

2.09±0.00d

3.74±0. 03'

2.13±0.0 J de

2. I 8±0.24cd

S.02±0.06'b

TYEe
PI

Dry matter
Protein
12.34±0. 13 d 4.27±0.2S'

P2

13 .76±0.OS" 3.82±0.08' b 2.49±0. 13'b
g

Fat
1.49±0.041

2.60±0.00bcd S. 10±0. 24 bc

10.46±0.08 g

2.66±0.0 1cd 3.36±0.29'
2.22±0.09 d' 2. S9±0.OS'b

90.23±0.2 3'
385.98±0.IS'
86.76±0. 0g eo 38 \.8S±0. 1i
86.28±0. J 9d 386.00±0 .08'

2.49±0.0 I bc

4.S9±0.09'd

88 .11±0.43"

384.63±0. ll '

DJ

10.94±0.041

2.71±0. IOc

3.SI±0.12'

3.10±0.00'

4.32±0.11d

86.36±0.71 d

387.87±0.074

D4

7.32±0.0IJ

3.14±0.02c

2.7S±0.0I b

3.20±0.0I'

S.27±O.OS"

8S .64±0.06"

179.87±0.0 3'

FI

12.S0±0.OSc 3.6S±0.llb

2.34±0.00cd

3.86±0. \3'

88.06±0.2 1"

187.90±0.US"

F2

8.89±0.04'

I.4S±0.1 8'

2.3 S±0.06 c4

2.09±0.01 d
2. I 6±0.06d

S.OS±0.07'b

88.99±0.13"

382.91 ±0.01"

FJ

1 \. 70±0.18'

4 .18±0.18'

3.01 ±0. 11 1

86.73±0.07' " 396.8S±0. ll a

F4

9.303:0.06"

4.06±0.26'b

3.69±0.02' 2.39±0.01 b,d
2.27±0.02ed 2.67±0.03 b

2.37±0.08 g

88 .63± 0. 3 I"

PJ

10.29±0.09

P4

1O.78±0.06'

DI

16.69±0.OS '

D2

2.08±0. 17'
3.9 1±0.08 c

39 1.l9±0.OSb

Values within the sam e cu lumn with diffe rent supcrscript letters are significantl y different Ii-0111
each other (p< O.OS)

* Energy in kcal/ I OOg

PI. p,. P, and P, . samp les I, 2, 3 a nd 4 of Uba Phizgo kebele; 0, . 0 ,. 0 , and 0 ,
Subo kebele; FI. F,. F, and F, . samples 1,2, 3 and 4 ofFalka Tsawaye kebel e

=

samp les 1, 2, 3 and 4 or Dak iso

4.2.1. Dry ma tter
Table S showed result of proximate composi tion of the traditional weaning food ;. The mean
value of D I (16.69±0.OS%) had significantl y hi gher (p < O.OS) dry matter content and

wh c I~a s

D.I

(7.32±0.0 I %) had significantly (p < O.OS) lower value. As Afo layan et al. (20 I 0) noted that ugi
or pap is a semi solid fo od made from cereals (commonly Sorghum, Maize and Mill ct) we le
called by different names such as 'Eko' , ' Agidi ', ' Akamu ', ' Koko ' in Nigeri a 'mel the service
could be very thick as in 'Agieli ' - a gel like food with 12-I S% dry-m atter concentration, or Icry
watery as in 'Koko' - a porridge hav ing 7 -1 0% dry-matter concentration . The dr; malleI'
contents of traditi onal weaning gruels of the kebeles were comparable to thi s result.
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Mothers add water to the gruel before serving the child to have drinkable consistency. High
moisture contents of the traditional weaning gruel s affect the energy density of the food s. Hi gh
moisture content in foods also encourages microbial growth (Compaore et aI. , 20 I 0). Thi s is an
imp0!1ant consideration in local feeding methods in the area, because most mothers often

pr~ pa re

large quantities of gruels and keep in traditional containers, to avoid frequent process ing. in ord er
to have spare time and energy for other domestic activities. Therefore, it is better to increase the
energy density with low viscosity using germination wh ich also increases the dry matter content
and can provide daily calorie requirement of the infant as the same time can be properl y kepI. for
relatively longer time.

4.2.2. Crude protein
The mean value of P I (4.27±0.25%) and F3 (4.l8±0.18%) had significantly (p < 0.05) hi gher
crude protein contents and F2 (l.45±0.18%) had significantly (p < 0.05) lower value
Nigeria the traditional weaning food is a thin cereal gruel (which is defici ent

111

re ~ o rd cd .

In

protei n) us u"Jly

made from maize. millet or guinea corn (Sorghum spp) called akamu; 'ogi ' or ' kok,, ' depending
on the cereal reponed by Anigo et al. (2009) which ranged from 1.38±0.30% to 7. I 6,d).0:!"/( in
Kebbi state and 2.53±0.03% to 3.15±0.01 % in Niger state. Comparable results were obtained
from kebeles. The traditional method of their preparation is accompanied by severe nutri elll loss
which aggravates the poor nutritional quality of the diet. thus leading to a vicious <:ircle of
malnutrition and infection, possibly leading to death, resulting in high infant mortality and
morbidity amongst weaning age chi ldren (Ikpeme-Emmanuel et al.. 2009). It was al so true for
traditional weani ng gruels of the kebeles as reported . The low content of protein may be due to
the absence of protein rich ingredients or non germinated ingredients as Osman (2007) re ported
the protein content increases by germination.
If a gruel contained 10% (often gruel s contain much lower levels of solids) cerealll o Li L thet l ,111
infant may only consume 20 g of flour at each feed of 200 ml. Infants in the developi ng world
may only be fed two or three times a day,' therefore, the maximum quantity of flour eaten wo uld
be 60 g per day. Assum ing that the average protein content is S g/IOO g, and then an infa nt c8I ing
only gruel would be receiving 4.8 g of protein per day. At 6 months of age. the RDA s lo r

pro l ~ in

for an infant of 7 kg would be 13.0 g." Thus, a diet consi sting only of traditional ce real gruel
would be totally inadequate for an infant (Walker and Pavitt, 1989). The protein co ntent of
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traditional weaning gruels had lower value because for instance, the daily requirement of
children 7-12 months is 11 g/day.

4.2.3. Crude fat content
The mean crude fat content of FJ (3.69±0.02%), OJ (3.5 1±0.12%) and 0 , (3 .36±0.29%) had
significantly hi gher (p < 0.05) values, however, P , ( 1.49±0.04%) had significantly lower value (p

< 0.05) recorded. When this result compared to (Ketiku and Olusanya, 1986) that ranged from
0.6 gl lOO g to 4.6 g/ IOO g, the Crude fat content of the traditional weaning gruels were..also in
thi s range. This res ult had also similar value with Anigo et a1. (2009) Nutrient composition of
commonly used complementary foods in North western Nigeria ranged from 0.95±O.36 to
2.93±0.39g1100g.

The mean fat content of the traditional weaning gruels were relatively similar with form ulated
porridges, and but still did not meet the recommended dietary allowance (RDA). This co uld be
attributed to the absence of oil seeds that were used as ingredient for the gruels. This resul t does
not agree with the recommendations of WHO/FAO (1998) which ranged from 15g

!O ~5

day; however; if oi ls or butter included in foods for infants and children, which will

g per

lip'

increase the energy density, but also be a transport vehicle for fat sol uble vitamins. r he

l"l h

j~' l

can

al so provide essential fatty acid s like that of 11-3 and n-6 Polyunsaturated Fatty Acids (P UFA ' s)
needed to ensure proper neural development (Solomon, 2005).

4.2.4. Crude ash
The mean crude ash content of DJ (3 .1O±0.00%) and 0 4 (3.20±0.0 1%) were significantl y (p <
0.05) higher values and P2 (1.63 ±0.04%) had significantly (p < 0.05) lower value. P 1
(2.20±0.00%),

P4

(2. 18±0.24%), 0 1 (2.60±0.00%), O2 (2.49±0.01 %), FJ (2.39±0.01 %) and PJ

(2.09±0.00%) which were comparable to each other or not significantl y different. Th is result
agreed with the val ues reported by Anigo et a1. (2009) which !'anged from 1.06erO 02'Yo to
2.60±0.4 1% in Kebbi state and 0.63±0.01% to 3.4 1±0.46% in Niger state.
4.2.5. Crude fiber
The mean crude fiber content of 0 4 (5.27g1 100g) had signifi cantly higher (p < 0.05 ) <l nd

F4

(2.37g1 100g) had signiticantly lower (p < 0.05) value. Thi s result had higher va!uc cIJlJl pmcd

i( l
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the result repolted by Anigo et al. (2009) which ranged from 0.65±0.03% to 1.51 ±0.06% in
Kaduna State. The resu lts on the proximate composition of the trad iti onal weani ng grud s
showed lower va lue than the find ings presented by Afo layan et al. (20 I 0) wh ich reporil:d as
6.3g/l ~Og. The bulkiness of traditional weaning gruels and high concentrations of fib er and
inhibitors are major factors reducing their nutritional benefits (Hurrell, 2003 ). The increased
fiber contributed by ingredients required addition of more water during cooking to make
porridge "f a consistency that the mothers deemed suitable which is another reason for the
reduced energy density of the local supplemented foods (Yewelsew et al. . 2006).

4.2.6. Total carbohydrate
The mean carbohydrate content ofPJ (90.23±0.23g/ 100g) had significantly higher (p<0.U5 ) val ue
and 0 1 (86 .28±0.19gll OOg), OJ (86.36±0. 71g/1 OOg) and 04 (8S.64±0.06g/1 OOg) had slgl1ll icu ntl)
lower (p<0.05) values. Thi s result had comparable value with the result reported by Anl go ct al.
(2009) which ranged from 87.44±0.34g/ 100g to 96.69±0.62g/100g but had higher value when
compared to Ketiku and Olusanya (1986) where eight different multimixes prepared ancl were
analysed for their nutrient contents and the values ranged from 72.8 gi l 00 g to 82.1 ';!/ I 00 g T his
was expected as these diets were the nonprotein diets as the resu lt showed . The carbohvd,'a(e
content of the reference children 7- 12 months is 9Sg/day and thi s could be achi el·ed ;ince the
traditional weaning gruels made of cereal sources.
4.2.7. G,'oss energy
The Gross energy value of traditional weaning gruels 0 4 (396.8S±0. 11 ) had signiticantl) higher
(p<O.OS) value and D4 (379.87±0.03) had significantl y lower (p<O.OS) value. To ulltier, t:.m cl
whether the infant consumed enough weaning foods to sati sfy dai ly calorie requirements. the dry
matter content and the nutritional value of the gruel are very important. If a gruel contained 10%
(often gruels contain much lower levels of solids) cereal 110ur, then an infant may onl y consume
20 g of flour at each feed of 200 ml. Infants in the developing world may only be reci twO or
three times a day,' therefore, the maxim um quantity of flour eaten would be 60 g (600ml. which
is impossible the infant to consume) per day. Assuming that the average ene rgy

CUlll ell t \II

the

fl our is 1464 [;J / 100 g or 3S0.24kcaI/ I00g. and then an infant eating on ly gruel would be
receiving 878 .40 kJ or 2 10.05kcalll OOg of energy per day. At 6 months of age. the RD As I'o r
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energy for an infant of 7 kg would be n0.34kcal or 3220 kJ ." Thus, a diet consisting onl ) of
traditional cereal gruel would be totally inadequate for an infant (Walker and Pavitt, 1989).
Energy requirements from complementary foods are 200kcal, 300kcal and 550kcal for ages 6 - 8,
9 -1 I and 12 -23 months respectively (Lutter and Dewey, 2003). For instance, the tOlal energy
requirement of reference chi ld of 7 month is 688 and the traditional wean ing gruels contained
lower energy valuc.
WHOlUN1CEF (1998) have also recommended that foods fed to infants and children should be
energy-dense ones. This, according to the recommendation, is necessary because low energy
foods tend to limit total energy intake and the utilization of other nutrients. However, the IOlal
calculated energy values of the traditional weaning gruel s fell below the RDA lew l

I'his

suggests that infants may have to consume more quantities of the diets to meet their energy
needs, which is often an impossible task considering the size of their stomach (Solomon, 20U5).
Therefore, increasing the dry matter content, formulating with high energy density and lowering
the viscosity of the weaning foods may be necessary to achieve the daily calorie

requirel11~111

of

the infant.
4.3. Mineral content of traditional weaning foods
Table 6. Mineral content of traditional weaning foods (on dry matter).

Sample type

Ca in mg/lOOg

Fe in mg/IOOg

Zn in mg/IOO g

D,

128.82±1.07 6

26.67±0.30'

2.76±0.02"

D2

l29.24± 1.63 b

39.95±0. 10"

2.03±0.OI h

P,

41.43±1.44e

24.92±0.46 4

0.99±O.02"

P3

55.63±0. 54 d

24.80±0.57e

0.74±0.OI'

F,

148.85±0.35"

31.89±0.63 b

1.54±0.OS'

F3

86.90±0.26 c

24.80±0.82'

O.75±0.O4'

Values within the san1e column with different superscript letters are significantly differenl from
each other (p< 0.05)
D, and D, _ samples I, 2, 3 and 4 of Dakiso Subo kebe le;
F, and F, _ samples I , 2, 3 and 4 of Falka Tsawaye kebe le
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P, and PJ _ samples I, 2, 3 and 4 of Uba Phi zgo kebele:

4.3.1. Calcium
The mean calcium content of FI (l4 8.85mg/lOOg) had significantly hi gher (p < 0.05) va lue and
PI (4 1.43± 1.44mg/1 OOg) had significantl y lower (p < 0.05) value. This resu lt was comparable to
the Calcium amount repotted by Anigo et al. (2009) which ranges from 3 1.90mg/l OOg to
87. llmg/ 100g; the value reported by Toure et al. (2007) which was 139. I 5±0.03mg/l OO g but
lower than RDA value 400mg/100g fo r children up to one year. The high content 01" ant inutritional factors and poor bi oavailabili ty of minerals in plant-based foods as well as losses
during processing p laya vital role in micronutrient deficiency. It is therefore obvious that even
the low calcium contents in the local diets may not be avai lable or utilized completel y by the
child (Solomon, 2005). The calcium content of reference children of 7- 12 months is 270 mg/day
and when compared 10 this value the tradi tional weaning gruels contained lower calciulll

~ont(;n t.

4.3.2. Iron
The mean iron content of traditional weaning gruels showed D2 (39.95mg/i OOg) had signiticantl y
higher (p < 005) value whereas P3 (24 .80±0.57mg/l00g) and F3 (24 .80±O.82 mgll ~Og)
significantly lower

(p < O.OS)

values. This result had comparable value with Anigo ct <Ii. t 2t;()l))

which ranges from 17.82mg/lOOg to 33.88 mg/lOOg in North Western Nigeria. The tradiuonal
weaning gruels were observed to be higher in iron contents when compared to To ure cl al.
(2007) which was reported as 3.60±0.00Smg/lOOg and also higher relative 10 the RDA's which is
6mg/ IOOg for the children up to one year. But the high content of anti-nutritional factors and
poor bioavailability of mineral s in plant-based foods as well as losses during

process in ~

play a

vital role in micronutrie nt deficiency (Solomon, 200S). The trad itional wealling grueb had I,l\ver
iron content for example; the RDA value of children 7 - 12 months is II mg/day.

4.3.3. Zi nc
From the laboratory resu lt the Zn content of D I (2. 76mg/1 OOg) had signiticantly higher

(p

Ii. OS)

value and P3 (0 .74mg/IOOg) and F3 (0.7Smg/lOOg) had significantl y lower (p < 0051 va lues
recorded. This result had comparable value to Frontela et al. (200 8) reported in the ran ge 0 b I to
1.240mg/100g. The result had lower value when compared to Anigo et al. (2009) which ranges
from 4. l 6mg/ 100g to 7.47mg/ lOOg. The trad;tional weaning gruels were observed to be lo"er in
zinc contents relative to the IWA ' s which is Smg/ IOOg for the children up to one year. Cereals
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and tuber-based food s constitute the main staples for most populations of the world at ri sk of
micronutrient defici encies (FAO/ WHO, 200 I) which is what was showed by this study. A lack
. of sufficient micronutri ents in the diet affects the health and development of ch ildren and

r~s ults

in potentially life-threatening deficiency diseases (FAa, 200 1). The zinc content of ir"dii ill nal
wean ing gruels had lower va lue when compared to the RDA value for a child 7- 12 mOnihs is 3
mg/day.

4.4. Anti-nutritional factors of traditional weaning foods
Table 7. Phytic acid and condensed tannin concentration of traditional weaning food s
(on dry matter).
Sample code
Di

Phytate in
mgl lOOg
261.24± 1.28 b

Tannin in
mgl 100g
33 .92±0.09'

D2
P,

299.36±4.16"
237. 94±2. 13c

81.69±0.15'
52 .22±0.38 d

P3

239.58± l.78 c

34.82± 1.04'

Fi

b

255. 03±OA 7

58.36±2.07c

F3

299.70± I.72a

63.67± 1.49 b

Values within the same co lumn with different superscript letters are signifi cantly differcn: In lll1
each other (p< 0.05 )
0, and 0 , . sa mpl es I. 2, 3 and 4 of Oakiso Subo kebeJe; P, and P, . samp les J, 2, 3 and 4 of lI ba Phizgo kebe Je;
F, and F, . samples I. 2. 3 and 4 ofFalka Tsawaye kebeJe

4.4.1. Phytic aCid in traditional wcatling foods
The mean phytic ac id content ofD 2 (299.36mg/lOOg) and F3 (299.70mgl IOOg) were si!!Ili l;urntly
(p < 0.05) hi gher value while P , (237.94mglIOOg) and P3 (239.58mg/lOOg) had signili ca llll) \p <
0.05) lower values. T hi s results had similar value with Tizazu et al. (20 I 0) reported the phytic
acid content in blended sorghum-based complementary foods using germination . Bu t

It

had

much higher value when comparable to Anigo et al. (2009) ranged from 0.04±0.0 Im g/ l OOg to
O.12±0.02mgl I00g. This may be due to the fermented ingredients lowered the phytate co ntent or
the type of ingred ients used made a difference. According to Almana (2000) the lood reCipe, and
baking conditions or cooking procedures are the main factors that affect the extent of ph lale
degradation . Anti -nutrients are known to red uce the maxi mum utilization of nutrients especiall y
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proteins, vitamins, and minerals (Ugwu and Oranye, 2006). So that, the level s of anti-nutritional
factors in the cereal based traditional weaning foods are important in the assessment of its
nutritional status.
4.4.2. C ondensed T annin in traditional weaning foods
The mean tannin co ntent of traditi onal weaning gruels showed D2 (8 1.69m gi I OOg) were
signifi cantl y (p < O.OS) higher value

wher~as

0 1 (33 .92mgl I00g) and p) (34.82 mg/ IOOg) had

signifi cantly (p < 0 .05) lower value. T his result had comparable value with the result reported by
Anigo et al. (2009) ranged from 23 .76± II. S9mgl lOOg to 6S.S3±S.79mg/ JOOg in Kebbi State.
Tannins have the abihty to precipitate certain proteins they combi ne with digestive "'lZyOlc S
thereby making them unavai lable for digestion (Abara, 2003). Tannins are polyhydric phenol s
which form insoluble complexes with proteins, carbohydrates, and lipids leading to reducti on in
digestibility of these nutrients. Other effects that have been attributed to tannins include damage
to the intestinal tract and interference wi th the absorption of iron and a possible carcinogenic
effect lEkop el aI. , 200S).
4.5_ Viscosity measurement of traditional wean ing foo ds
Table 8. Viscosi ty measurement of traditional weaning gruds
sample

01

O2
D)
PI
P2

Viscosity ( m~a .s/_c:El_
30.06±0. 12'
7.69±0.07'
9.10±0.06 b
4.21 ±0.0 I ,I
4 .6S±0.03'

p)

S.S3±0.04d

FI
F2
FJ
F4

7.SS±0.20c
3.87±0. SO'
3.88±0.30 1
9.14±0.40 b

Values in the column with different superscript letters are significantly different from each other
(p< O.OS)
0 ,. 0, and OJ , samples t, 2, 3 and 4 of Oakiso Subo kebo le;

P,. P, and PJ • sa mples t. 2, 3 and 4 ol' l lbo Phizgo
kebelc; F,. F,. FJand F, . sampl es 1, 2,3 and 4 ofFalka Tsawaye kebele
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The viscosity of traditional weaning gruels had much lower value. Thi s may be due to low
content of dry matter. F2 and F3 had significantly lower (p < 0.05) viscosity measuremen t. On
other hand side, the viscosity measurement of DI was significantly higher (p < 0.05) value. This
results had almost similar value Vo(ith Joung et al. (2003) reported 9.92± 2.14 cp the viscosity of
brown rice gruel in the Korean Diet. Thi s analysis result had also comparable value with Coda et
al. (20 11 ) which the viscosity of beverage ranges from 1.35 to 30.5 cp using the same instrument
for measurement. But the dry matter contents of beverages were higher than trad itional

\\'~a ning

gruels because of fermentation which decreases the viscosi ty even with the same drv matter
content.
Actually, porridges play an important role in the weaning diets of children in most deVelopi ng
countries but their energy density is often low because large volumes of water are added during
preparation to achieve a thin, drinkable consistency. Infants may nOl be able to cUII,umt'
sufficient quantities of these porridges to meet their energy requirements (Stephenson

el

aI. ,

1994). All traditional weaning foods tend to be in the form of a gruel made from the local staples
(maize, sorghum, barley, oat, tef, enset and some legumes) which were mainly carbohydrate
sources.
When a slurry of starch granu les in water is heated beyond a criti cal temperature'. Ihe
gelatinization temperature, the granules swell and the starch polysaccharides. amylo,e and
amylopcctin, are released and become so lubilized. The resulting viscous paste is a di spersion of
the swollen gelatinized starch granules in a macromolecular viscous solution. The type o/' starch,
the amylose/amylopectin proportion, starch concentration and temperature all have effect s on the
rheological behaviour of the starch pastes (Nguyen et a I. , 1998). Therefore, the viscosity
parameters during pasting are cooperativel y controlled by the properties of the swollen granules
and the solubl e materials leached out from the granules (Sandhu and Singh, 2006).

For the state of development of the structures of the mouth in the young child is such thal un l) a
gruel of fluid consistency can be swallowed without shocking. Hence there is a limit

[ll "illcll

tile

gruel can be thickened and consequentl y most traditional weaning gruels do not contain more
than 10 -12% of flour. The rest is water (Ebrahim, 1983).

S2

4.6. Proximate composition of Formulated weaning foods
Table 9. Proximate com position of formulated weaning food s (g/IOO g dry matter).
Type
G-Mb

Dry matter
Protein
19.4 1±0. 16 c IS.SI ±0.29'

G-Sb

19.57±0. I Sh 11 .99±0.27c
19. 1S±0.40 d 11 .48±0.OS c
19.36±0.16c l4.04±0. IOb

G-8b
R-Mb

Fiber
CHO
1.96±0.02c 7S.92±0.06'

Fat
4.03±0.03'
2.63±0.03 c

Ash
2.2S±0.06 c

2.03±0.OSd
3.S3±0.07 b

2.S7±0.02'

3S4.23±0.04e

2.32±0.0 1bc

2.74±0.04'

400.07±0.01 b
389.76±0.03 d

2.S4±0.0 1,b

4.04±0.02" SI.13±O.07"

R-Sb

20.0S±0.09"

11 .33±0.03 de 2.00±0.0 1d

R-8b

19. 19±0.SO"

IO.Sl ±O.OI'

I.4S±0.03'

2.3S±0.02'bc 2.66±0.OSc

SO.34±0.04'

3.91±0.01 b SO.O I±0.02"
2.26±0.01 ,bc 2.S 1±0.03 d n .36±0.09'
S I. 61±O.03"

Energy'
40 J .19±0.07 a
392.99±0.03 c

',g I.U8±0.02'

Values within the same column with different superscript letters are significantly different ii'om
each other (p< O.OS)

* Energy in kcalll ~Og
The

pOlTid g~

prepared from: G·Mb

=

germinated maize and broad bean flour: R-Mb

=

roasted mai z!.! and blund

1)l!~Ul

Hour:

G-Sb ;;; gt:rminatcd so rghulll and broad bean fl our; R-S b = roasted so rghum and broad bean flour, G- Bb = gc rmlll Jlcd blJrky and
broad hean flour and R-l3b

= ~o asted

barley and broad bean flour

4.6.1. Dry matter
Table 9 showed result of proximate composition of the formulated complemelltary porndges
ti'om germinated and roasted cereal-legume blend s. The mean va lue of R- Sb (2 0.08±il.(Il)"',,; had
significantl y hi gher (p < O.OS) dry matter content and G-8b ( 19. lS±0.40%) had signi iic<lJ1lly
lower (p < O.OS) dry matter content. Thi s result was comparable to Nout and Ngodcl y ( 1997) to
supply daily 717. 70kcal or 3000 kJ of energy in four feedings of 2S0 ml

e~c h .

weaning food

porri dge must have approx imately 20% dry matter content for the deveiopl11t'1l1 of
complementary foods on the nutritional requirements of chi ldren aged 6- 12 months.

The germ inated bl ends were as thin porridge of trad itional weaning gruels when compared to
roasted blends. As Onofiok and N nan yelugo (1998) reported germination can improve [he
nutritional val ue of weaning foods by reducing the water-bi nding capacity of cereal nou!'. Thi s
allows the porridge to have a free-flowi ng consistency even with a high proportio n

or

Germination also converts insoluble proteins to so luble components and increases rhe

'C H~"

nou!'.

or

some essential amino acids as well as vitamins. The dry matter contents of the formulated
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complementary porridges ranged from 19. IS±0.40% to 20.08±0.09%. When l'o mp<ll'l'd to
7.32±0.0 I % to 16.69±0.OS% as observed in traditional weaning gruels commonly used as
complementary food s in the kebeles and this can be an improvement in the nutrient Gensit )' of the
complementary foods which may lead to improved nutrient intake which means more nutri ents
for same quantity taken and may contribute to solving the problem of malnutrition.

FAO (200 I) repor:ed that staple food s such as millet, maize and sorghum are high

in ~t a rch

hence absorbed a lot of water during cooking which make them bulky hence infants need to
consume large quantities to get enough energy and nutrients but it is difficult because they have
small stomach but the problem is solved if families feed children with weaning food s prepared
from germinated cereal flour and enrich bulky food s. Malting reduces viscosity of the

f( )()(j ,

and

hence a child can eat more at a time (lkujenlola and Fashakin, 200S).
4.6.2. Crude protein
The mean crude protei n content of G-Mb (lS.81±0.29%) was significantly (p < 0.05) hi gher
value but R-Bb (lO.81±0.0 1%) had significantl y (p < O.OS) lower value. The crude pl'oreir "alues
obtained' from some (excep t G-Mb and R-Mb) formul ated compl ementary porridges \I'el'c' lower
duUl RDA val ue 13 to 14 g (G uthrie, 1989) recommended for infants up to ont: year. BUl this
value even may be able to meet 80% of the RDA 's. However, concentrations of crude prurdn in
the formulated complementary porridges were much higher than trad itional weanin!; gruels
whose protein content ranged from 1.4S±0. 18% to 4.27±0.2S%. The mean content

01

crude

protein of form ul ated complementary porridges were hi gher than the value reported bl .'\n ig" et
al. (2010) ranged from 6.37 ± 0.23 to 7.88 ± 0.28 g/ 100 g Nutrient compo,; il;UII of
complem.entary food gruels formul ated ti'om malted cereals, soybeans and groundnut

[(',I'

usc in

North-western Nigeria. From the anal ysis, germinated blends in comparison with roasted blends
in each pair showed higher protein contents. This could be explained by the incl usion

or enzymes

during germination. But all the six formulated porridges can be recommended for infant kt:c!lI1g
due to their positive contribution to protei n nutrition levels.

4.6.3. Ci ude fat
The mean Crude rat content ofG-Mb (4.03±0.03%) was significantl y higher (p < 0.051 va lue and
R-Bb (l.48±0.03%) had significantl y lower (p < 0.05) value . Thi s resu lt had cOl1l parahk
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1' ,~ llle

with Anigo et al. (20 I 0) whose value ranged from 1.05% to 2 .06%. The fat conknl ,)1' the
formulated porridges were relatively comparable to the traditional weaning gruels, bu( doc, not
meet the recommended dietary allowance (RDA). This could be attributed to the absence'

or fat

containing ingredients in the formulated foods.

4.6.4. Crude ash
The mean ash content of G-Bb (2 .57±0.02%) was sign ificantl y (p < 0.05) higher value when
compared to G-Mb (2 .28±0.06%) and G-Sb (2.38±0.02%). This result had compara bl e value
with Solomon (2005) the result ranged from 2.05% to 2.60%. It had also similar value reported
by Anigo et al. (20 10) which ranged fro m 1.03% to 2.69%. The result had also comparab le value
with the traditional weaning gruel s.

4.6.5. Crude fiber
The mean Crude tiber content of R-Bb (4.04±0.02%) was significantly higher (p

<' O . O~)

value

and G-Mb (1.96±0.02%) had signifi cantly lower (p < O.OS) value. The crude tiber content was
much lower than that reported by Solomon (200S) which ranged from 9.07% to 10. 8% bUI i( was
higher than the value reported by Anigo et al. (2010) which ranged from 0.99% to I 74°/" n,i s
diHerende may be due to the use of different ingredients as we ll as pruporliolls in f",-, nu lat io ll s.
The crude fiber content of G-Bb (3.91%) and R-Bb (4.04%) had relatively higher vallie when
compared to others. This may be due to the higher fiber content of barley than sorghum and
maize. The crude fiber content of formu lated weaning porridges had relativeiy lower value when
"

compared to traditional weaning gruels . The difference might be due to the degree u f de illti ling
and the removal of some water-soluble oligosaccharides such as the wftlnose tamili.:·, :1',,1 l ~l e·
ind igestible carbohydrates.

4.6.6. Total cllrbohydrate
The total carbohydrate content ofR-Sb (81.61%) was significantly hi gher (p < (J .GS ) va llie and
G-Mb (7S .92%) had significantly lower (p < 0.05) value. Thi s result had higher value wben
compared to Essien et al. (20 I 0) which ranged from 34 .1Og/l OOg to 79.1Og/l ~O g but lower value
compared to Anigo (2010) which reported as 88.7Sg/l00g to 90.89g!100g. \X/hen compared to
trad itional weaning grue ls it had lower value. Thi s findin g was also similar with the result
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reported by Egounlety (2002) and ranged from 7 1.11- 83.39g11 ~Og of for nutritive value of highprotein-energy legume-fortified weaning flours. The high carbohydrate content of the
formulations was due to the hi gh carbohydrate content in the cereals that were the principa l
ingredients in the formulations (Kanu et aI. , 2009).

4.6.7. Gross enel'gy
The gross energy content ofG-Mb (406.95±0.07g1100g) had significantly (p < 0.05 ) hi gher value
when compared to R-Bb (391.24±0.02g1 100g) which had significantly lower (p < 0.0 5) va lue.
The energy content of traditional weaning gruels and formulatcd porridges prepared !"rum low
cost locally avai lable ingredients was comparable in dry matter base. But we can determine the
daily calorie requirement of the infant from actual consumption of the gruel! porrid ge. Asslim ing
250ml of the gruel is consumed by the infant daily, for example, D4 (7.32±0.0I g/lOOg) dry
matter has 18.3g dry matter content. For formulated porridge R-Sb (2 0.08±0.09gl1 DOg) had
50.2g dry matter content. When the energy content of traditional weaning gruels and 101 Inlila lL'd
porridge from low cost locally available ingredients, using the conversion factor 7.3"2/ 100 and

20.0 811 00 become 379.87 x 7.321100

=

27.81kcal and 389.76 x 20.081100

~

78 .?6kcol

respectively. Therefore, having 250ml gruel/porridge daily consumption the infant wiiJ get
69.53kcal ti'olll traditional wean ing gruel s which were much lower than RlJA 200k",,1 ,,/l ei
195 .65kcal froin formulated porridge which had comparable value to RDA recumll1cnt1 ali(,n illr
infants 6 to 9 months.

As WHOIUNICEF ( 1998) recommended food s fed to infants and children shoul d be

~ne rgy

dense ones. This, according to the recommendation, is necessary because low energy fo ut1s [end
to limit total energy intake and the utili zation of other nutrients. However, the IOta I calC ulated
energy values of the formulated weaning porridges fell slightl y belo w the RDA k\ cI

I"h is

suggests that infants may have to consume more quantiti es of the formula to meet theil ,' ncrgy
needs, which is often an impossible task considering the size of their stomach (Solomon, 1005).
Therefore, reformu lation of the formulated porridges may be necessary to increase the

rat content

of the formulas incorporating fa t rich plant sources, which is particularly low in fo rmulated
weaning porridges.
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4.7. Mincral contcnts of formulated weaning foods

Table 10. Mineral contents offormulated weaning fo ods (on dry matter) .
Sample type

Ca in mg/ tOOg

Fe in mg/t OOg

G-Mb

I S.38±0.41 f

12.26±0.SI c

Zn in mg/ lOO g
c
1. 72±0.06

G-Sb

S6.61 ±0.70"

17.20±0.S 4"

S. 18±0.92"

G-Bb

3S .73±0.61 c

17.87±0.29"

1.80±0.00'

R-Mb

23 .94±0.37'

8.60±0.09 d

2.3 9±0.00bc

R-Sb

28 .42±0.66 d
44.20±0.46 b

15.07±0.42 b

1.99±0.08'

11 .71±0.40c

3.68±0.20h

R-Bb

Values within the same column with different superscript letters are significantly diffe relll Ii'om
each other (p< O.OS)
The porridge prepared from : G-Mb
G-Sb

=

=

germi nated maize and broad bean flour; R-Mb

germinated sorghum and broad bean flour: R- Sb

broad bean flou r and R-Bb

=

=

=

roasted maize and broad b.:an Il our;

roasted so rghum and broad bean flour, G-8 b = gennlllatl.:d barky alld

roasted barl ey and broad bt:an flour

4.7.1. Calcium

Calcium concentrations showed that G-Sb (S6.Glmg/IOOg) which had signifi cantl y (p ., D.liS)
higher value. Whereas G-Mb (l S.38 mg/ IOOg) had significantly (p < O.OS) lower va lue . The
Calcium content of three formu lations was comparable with the value reported by; S,) lo lllon
(2005) the nutritive value of three potential complementary foods based of cereals and leguilles
which ranged from 3 1.0mg/ lOOg to l8S.6mg/ 100g and the result was comparable to ri ,e value
reported by Elemo el a!. (20 11) ranged from 32.63 to· 33 .39mg/100g. In another paper eight
different multimixes prepared and were analysed for their nutrient contelll by Ketik u and
Olusanya (1986), Calc ium content was ranged from 9.2 mg/ IOO g to 48.5 mg/ IOO g and thi s had
also comparable result. The result had also comparable value with Ani go el al. (2()1!1, " h,ch
ranged from 27.68mg/l OOg to 47.9Smg/ l OOg. The calcium contents were lower in i()nl1ulmeci
weaning porridges compared to traditional weaning gruels. The low concentration 01 calciu ll1 in
formulated weaning porridges may be due to the limited blends of ingredients or the tracli ti onal
weaning gruels contained calcium from other sources like water. Or this decrease was obse rved
due to the degree of removal of outer layer of the grains becau se bran contains major porli')11 of
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the minerals (Rehman et ai, 2006). Solomon (2005) reported that Foodstuffs and water llsed in
the preparation of complementary foods must be properl y processed and treated res pective ly in
order to reduce the level of goitrogens, and water pollutants .

4.7.2. Iron
The result also indicated that the mean iron content of G-Bb (l 7.87mglI OOg) and G-Sb
(l7.20mg/ l00g) were significantly (p < 0.0 5) higher whil e R-M b (8.60mg/100g) had
significantl y (p < 0.05) lower value. The iron content of form ulati ons was hi gher va lue compa red
to Solomon (2005). Thi s research result had higher va lue when compared

[(l

Ketik u and

Olusanya ( 1986) which ranged from 1.2 mg/ l00 g to 3.6 mg/ IOO g. This result was also
comparable with the value rep0l1ed by Eshun et al. (2 0 I I) which ranged from 10.78mg!1 OOg to
19.42mg/100g. The result was higher when compared to the value reported by Elemo et al.
(2011) ranged from 4.01 to 6.40mgII00g. The iron content of form ulated weaning pOITldge, was
lower than thin of traditional weaning gruels. This difference may be due to the degree of
removal of outer layer of the grains because bran contains maj or portion of the mmerals
(Rehman et ai, 2006). Or as Park and Brittin (2000) reported Cooking food in iron utensils
increased iron in food.

4.7,3. Zinc
There were significant differences (p < 0.05) in Zinc content of G-Sb (5. 18mg/1 00 g) whi ch had
hi gher value and G-Mb (l .72mg/ I OO g) that had lower value. The zinc content of formulations
',;vas comparable to So lomo n (2005) the value recorded as 1.0 Img/ I OOg to 2.08mgll DOg). This
research result had also comparable val ue with Compaore et al. (2010) nutri tional propcllic,

or

enriched local complementary flours but was lower than the RDA value that is Smg/l OOg tor
children up to one year. Some results of this paper were also comparable with the value reported
by Elemo et al. (20 I I) ranged from 3.69 to 4.1Omg/l OOg. The zinc content of fOll11ulmed
weaning porridges was higher than the traditional weaning gruels. This may be due

[0

the extent

of bi nding abi lity depends on the affi nity of phytate to bi nd with mineral s which depend on the
valency of eat ions, which increases from mono to multiva lent cations (NaT, Zn2+

F L' ;'

I i P':"" "\l l

et al. , 1998). As A fsana et al. (2004) also reported that the dietary tannic acid did not decrease
zin c, copper and manganese, in contrast to the clear reduction in iron absorption.
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4.8. Anti-nutritional factors of formulated weaning foods
Table II. Phytic acid and conden8ed tannin concentration of formulated foods (on dry matter).
Sam pie code
G-Mb

Phytate in
mg/ IOOg
191.6 1±0.8i

Tannin in
mg/ IOOg
12.SS±0.S4"

G-Sb

2 18.S6±2.24'

41.4S±0.S7'

G-Bb

228.86± 1.82

d

2S .89±0.68 c

R-Mb

2S4.3 1± 1.93 b

14.60±0.4S d

R-Sb

244.47±3.S8 c

32.S I±0.nb

R-Bb

269.7 5±2.S7"

15 .11 ± 1.02 d

Values within the same co lumn with different superscript letters are significantl y different ti-om
each other (p< 0.05)
The porridge prepared fro m: G-Mb

= germ inated maize and broad bean flour: R-Mb

=

roasted maize and brni.HI

G-Sb = germin ated sorghum and broad bean flour: R-Sb = roasted sorghum and broad bean flour, G-8b

h~a!l

!hHlr.

= germinaH':cI j.,1rl e\

and

broad bean flou r c1fld R-I3b =- roasted barley and broad bean flour

4.8.1. Phytic acid in formulated weaning foods
Levels of antinutrients in the form ulated complemel1lary porridges revealed that R-Bb 1269.75
mg/ IOOg) had sign ificantl y higher (p< 0.05) phytate concentration while G-Mb (191. 6) l'llo' ) IJUg)
had significantly lower (p< 0.05 ) phytate concentration. This result had comparabie \ a)lI,' lO
Frontela et al. (2008) reported on the Effect of roasting on the inosilOi phosphates

Cllll l ~nl ill

rav.

flours and infant cereels which ranged from 4S.4±0.9 to 300.3±S. l mg/l OOg. The gcrm imll ed
formulated weaning porridges had lower phytate content than the traditional weaning grud s this
may be due to the a pronounced increase in phytase activity accompanied wi th a ciec rease in
phyt ic acid content by germination (Tajoddin et aI. , 20 II ) but the roasted bl end s had ·"m llar
phytate content. For the pre treatment of cereals and legumes, germination was et1ec[i Vl' than
roasting as the result showed. As Bau et al. (1997) the removal of phytate from cereals and
legumes during germination is attributed to enzymatic hydro lysis of phytate folluwed. by
diffusion.
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Phytates strongly inhibit iron abso rption in a dose dependent fashion, though small ""JOunlS of
phytates have a marked eftect but germination has been reported (Ani go et al.. 20 I 0) to reduce
the concentration of antinutritional factors like phytates in malted grains hence impro ves its
nutritional quality. Decrease in phytic acid has been attributed to leaching-out eftect during
hydration (Beleia et aI. , 1993). The soaking medium enhances loss ofphytate and increases ionic
concentration (Van del' Poe l, 1990).

The mean ph)1ate content of R-Bb (269.7S±2.S7) roasted barley- bean blend had sign ifi cantly
higher (p < O.OS) concentration and can be undesirable in the diet as phytate tinds essential ,
nutritionally- important divalent cations, such as, iron, zinc, magnesium and calcium and forms
insoluble complexes, making the minerals unavailable for absorption (Van del' Pod. 19(0).
Actually, roasting had also shown a decrease in phytic acid concentration when compared to
traditional weani ng gruel s. The apparent decrease in phytate during hydrothermal proces,ing of
legume seeds is attributed to formation of insoluble complexes between phytate and other
components such as phytate-protein and phytate-protein-mineral complexes or to hydrolysi s of
i~10sitol

hexaphosphate to penta- and tetra phosphates (Bau et aI. , 1997).

4.8.2. Condensed Tannin in formulated weaning foods
The tannin concentration of G-Sb (4 1.4Smgll OOg) had significantly higher (p < 0.05) value
while

G-Mb

(I2 .S5mg/ lOOg) , R-Mb (l4.60mg/100g) and R-Bb

(IS. 11 mgll ~O g)

significantl y lower (p < O.OS) value. This results had comparable value with Anigo
reported which' ranged from

cl

had

al. (2010)

12.95±5.79mgIl00g to S9.27±9.46mg/ lOOg. An <:ll/\lllatic

hydrolysis by polyphenolase causes loss of tannins in grains during germination (Sangrul1t s and
Machado, 2007) and therefore, the tannin concentration of the formu lated porridges had shown
lower value when compared to the traditional weaning gruels.

Reduction of po lyphenol s during roasting cou ld be attributed to thermal degradal.lun and
denaturation. changes in chemical reactivity or to formation of insoluble complexes during
heating (Siddhuraju and Becker, 200 I), this may be the possible

re~son

observed in thi s study.

Tannins are known to inhibit the activ iti es of digestive enzymcs and nutritional effccts
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l lf

tannin

are mainly related to their interaction with protein. Tannin protein complexes are insol uble and
the protein digestib ility is decreased (Bello et aI., 2008).
4.9. Sensory results for acceptance taste
Table 12. Sensory results for acceptance taste
Sample
Code
G-Mb

-----

----

Overall
Acceptnbili lY

Colour

Aroma

Texture

6.15±0.23 abO

6.80±0,36lilic

6.45±OJ6 ij

6.30±0.28 c

-6 .55 ~·O 'C) h

G-Sb

5.65±OJ4 b

6.55±0. 29bc

6.20±0.28 b

6.5 5rO. ':: "

G-Bb

6.1 0±0.36 ab

7.30±0.29 ab

6.25±O.31 b

6.40±0.25 c
6.60±OJ 4 bC

R-Mb

6.30±0.29 ab

7 .25±0.22 ab

6.95±0.35 ab

7 .25±0.20 ab

7.20±O.:2'.' "b

R-S b

5.80±0.25 b

6.25±0.38 c

6.95±O.24 ab

7.00±0.3 1 abc

7.25ottl ..·. ~ ,,"

R-Bb
'-'--

6.85±0.3! a

Tast"

.-

7.55±0.29 a
7. 70±O.2 1 a
7.70±0.! S a
-.- -. ----------- --

6.85±O. 3 1 h

7.7501,; .( .'

Values within the same column of each attribute with different superscript

k l1 ~ r:;

are

signi fic antly different from each other (p< 0.05)
The porridge prer ured from : G-Mb

=

germ inated maize and broad bean flour; R-Mb

=

roasted

m a i z~

and brunu

Ill', lI l

G-Sb = gcrminat~d sorghum and brand hean flour: R-Sb = roasted sorghum and broad bean fl our, G-8b = gl,:nninill .... ti

Ho ur:

:l r:L"" and

broad bean fl our and R-B b = roasled barl ey an d broad bean flou r

The taste of roasted barl ey and bean blend (R-Bb) porridge was liked moderately b)
whereas germinated sorghum and bean blend porridge (G-Sb) and roasted sorghulll

~': i1 " l i s ts
3 1' J

bean

blend porridge (R- Sb) were liked sli ghtly. The color of the porridge made from roasll'r! ba rl ey
ane! bean flour (R-Bb) was most preferred (like very much) by the panelists, while the In ! ridge
prepared from roasted sorghum and bean blend flour (R-Sb) was least preferred (l ik".j

'~:' l l ) ).

For Aroma, highest score was obtained for porridge prepared from roasted barl ey and " .. " Ilo llr
(R-Bb) (liked very much) and the porridge prepared from germinated sorghum and b,' all hle nd
flour (G-Sb) was least preferred (liked slightl y). Panelists liked slightly the aroma of po rridge
prepared from all the germinated bl ends and the porridge prepared from roasted ble w:, lIere
preferred relatively (liked moderately and liked very much) .

61

Texture for the roasted barley and bean (R-Bb) pOlTidge was most preferred (liked very ImTch)
by panelists. The texture of porridge prepared from germinated maize and bean blend (G-Mb)
s~i g htly).

and germinated sorghum bean blend (G-Sb) fl our were least preferred (both li ked

Overall acceptab il ity of porridge prepared from roasted barley and bean bl ends (R-Bb) tluur was
most accepted (l iked very much). For acceptability, porridges prepared from all gC!'Jm nated
blends were least acceptable (liked moderately).

The sensory quality of roasted blends of formulated complementary porridges

W,d

more

acceptab le when compared to the germinated blends of formulated weaning !'\)r:·ic!gcs.
According to Compaore et al. (20 11 ) the so-called physical attributes of produ.:t o

:l\,'

key

measures of quality, including the sensory or organoleptic parameters such as color. Morna,
consistency and texture, plus appearance (size, weight, packaging condition, conditions of use,
and hygiene) and overall acceptability using standard methods. Infants have many other needs.
of course, but the simple availability of sufficiently dense and digestible nutrients

e a

<;;.(

limiting factor on child growth and development (William et aI. , 20 II). Therefore. keding
infants with improved complementary foods as formulated in this study for ch il dr\."
kebeles may cause improvement in their growth.
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Chapter 5
5. Conclusion and Recommendation
5.1. Conclusion

:»

The common weaning food given for the chil dren in three kebeles was a gruel made of
cereal s in different dry matter consistency.

:»

The frequency offeeding was three times and the amount given daily varies li'o m <)01111 to
460m l depending on the age and the interest of the children.

:»

The way of serving gruel was shocky and generally did not consider the principles of
responsive feeding methods completely.

»

The traditional weaning gruels had showed lower crude protein since it is cereal based
\0 hav~

and lower energy density due to the incl usion of large amount of water intended
thin drinkable consistency.

:»

There was improvement in the protein quality of the formulated complementar) food s
with good acceptability comparable to that commonly used in the kebeles which can
contribute to the reduction of malnutrition in children.

:»

The results of this study showed that formulated weaning porrid ges contained "pPI

"'i~lbk

quahtity of crude Protein, carbohydrate, energy , crude fiber, zinc and lu I' ie\ " I;, 01"
antinlllrients (phytic acid and taImin ) when compared to

:»

tracliti~nal

weaning grue ls.

This study also indicated that formulated weaning porridges from germi nated bk:n ds had
relativel y hi gher protein contents but paIlels accepted more the roasted bk llele. ill all
attribu tes. Therefore roasting the simple traditional processing method is dl so eflec tive
technique and need to be encouraged in terms of consumers' acceptance of the
formulated weaning porridges.

:»

The results from thi s study suggest that proper reformulation of these forrnulntcd

I'.

~" Ilin g

porridges can provide nutritious foods that are su itable not only lor weaning. h 1\ ,[be> as
rehabilitation diet to malnourished children that can be more cost effective.
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5.2. Recommendation
The following recommendations are made based on the findings
~

The traditional weaning gruel preparation needs a great attention of selecti ng the ty pe and
the proportion of ingredients.

~

Ser'/ ing should be based on the principles of responsive feeding methods and the amount
given should be based on the age to satisfy the daily nutri ent requirements of the children.

~

Traditional weal1lng gruels need a great attention of improvement of its lOll llu tri ent
contents like protein and high amount of antinutritional factors.

~

All methods of traditional weaning gruel preparation were ineffective in reduci ng the
levels o f anti-nutritional factors and may increase the loss of nutrients. Thereto,e. there
should be an improvement of method of preparation and pretreatment of the ingredien ts.

~

Future~work s

need to focus on identification and quantification of locally avai lable low

cost ingredients in the woreda level.

~

Further study should be undertaken for new product development uSing

11 11\rl c' IlL

rich

blends based on local weaning foods composition and proportions of ingredi e n t ~

~

MOfeover. the effect of pre treatment, processing, blending and storage times. on the
nutritional and antinutritional factors of traditional weaning gruels shoul d be intensivel y
studi ed.

~

This study revealed that complementary food products formulated from low COSI locally
avai lable food ingred ients, can meet the nutritional needs of infants and children.
However certain aspects like bio-availabi lity of the nutrients in these foods need ti.l rther
investigations.
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Appendices
Appendi x l. Standard curve for the determination of Phytate concentration
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Appendix II. Standard curve for the determination of tannin concentration
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Appendix Ill. Standard curve for the determination of iron concentration
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Appendix IV. Standard curve for the determination of calcium concentration
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Appendix V. Standard curve for the determination of zinc concentration
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Appendix VI. Sensory score sheet
Panelists were asked to rinse their mouth with water before starting and between each tastin g and
Tasted the samples according to the numbers indicated and give value from 1-9 for each attribute
based on the key given below.
I. Dislike extremely

6. Like slightl y

2. Dislike very much

7. Like moderately

3. Dislike moderately

8. Like very much

4. Dislike slightly

9. Like extremely

5. Neither like nor dislike

Sample code

II Attn' b utes

321

322

323

324

325

l
T~2
6

,,I

Taste

;

I

I

Colour

I

Aroma

~

I

:
I

----1

---1I
-_.[
.J

I

Texture

---- I

I

Over all acceptability

Co 111111 e11Is: ------------------------------------------------------------------------------------------------
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Appendix VII. Proximate composition of traditional weaning gruels /lOOg (on wet basis)
Table Proximate composition of traditional weaning gruels 1I00g (on wet basis)
'pc

Fiber
0.46±0.0 I c

CRO
10.91 ±0.O6'

Enel'gy*
47.38±0.02"

0.3S±0.02c

Ash
0.27±0.00cd
0.23±0.01 I

0. S9±0.02b

12.08±0. I I b

53 .49±0.01 b

O.22±0.021

0.19±0.011

0.22±0.00'

0.39±0.0 I d

9.29±0. 03'

39.72±0.02'

0.42±0.0 I cd

0.23±0.00cl

0.24±0.03' 1

O.SS±O.OI b

9.3S±0.0 I cI

41.17±0.02g

0.43±0.00"

0.8S±0.04-"--

64.43±0.02 a

O.28±0.01 cdc

0.26±0.00cd

0.48±0.01 c

14.40±0.03"
9.22±0.05 I

40.23±0.0 I h

0.30±0.01"

0.39±0.02bc

0.34±O.00b

O.87±O.02c

9.4S±0.08'

-I2.44±0.01'

0.20±0.OO I

O.24±0.0Iel

n. 8 I±O.OI '

O.29±0.00d

0.26±0.00cde

0.39±0.0 I d
0.49±0.02 c

6.27±0.Ul ;

87.S0±0.OSe

0.23±0.00 I
0.46±0.02 bc

I 1.0 I ±O.03'

-I~.49± 0 . O I'

9 1.11 ±0.04 b

0. 13±0.02 g

0.21±0.0I'

0.19±0.01 g

O.4S±O.OI c

7.91±O.0 1b

34.04±0.01 k

88.30±0.18 d
90.70±O.06 b

0.49±O.02"b
O.38±O.03 d

0.43±0.0 I b

0.28±0.01 c

0.36±0.02d

10.lS±O.Ol d

46.43±0.0 I e

0.21 ±0.01 '

0.2S±0.0 1de'

0.22±0.0I '

8.24±O.03 g

16.3 8±0.0 IJ

Moisture
88.0 I ±o. 78 dc

Protein
0.S3±0.03 a

Fat
0.19±0.0 1t

86.24±0.OSI
89.71 ±0.09 c

0.S3±0.01"

89.22±0.06 c
83.3 1±O.OSS
89.S4±0.08 c

O.4S±O.OI bC 0.S6±0.OSa
O.23±O.OI I

89.06±0.04C
92.68±0.01 a

Values within tlie sam e column with different superscript letters are significantly different ii'om
tach other (p< 0.05 )

* Energy in kcall I DOg

Appendix VIII. Proximate composition of formulated weaning porridges/l ~Og lon wet basIs)
Table Proximate composition of formulated weaning porridges II ~O g (on wet basi s)
MoistllTe
80.S9±0.16'

Protein
3.07±0.06 a

Fat
Ash
0.79±0.0 1a 0.44±0.01 c

Fiber
0.38±0.0I c

CHO
14.74±0.oi

Energy*
78.26±0.02a

2.39±0.OSc

0.S3±0.0 I c 0.48±0.0 I ab

0.S 3±0.01 c

IS.97ic0.O l b

78 .09±0.0 1b

:;-Bb

80.13±0. I S"
a
80.8S±0.40

2.20±0.01 d

0.39±0.0 I d 0.49±0.0 I a

O. 7S±0.0 I b

IS .33±O.OI d

73.5 8±0.0 I d

R-Mb

SO.64±0.16'

2.72±0.02b

0.75±0.02b

0.44±0.0I c

0.49±0.01 d

14.98±O.O2'

77.46±O.0 I e

R-Sb

79.92±0.09"

2.2 S±0.0 I cd

0.40±0.01 d

0.47±0.01 b

O.SS±O.OI c

16.39±0.O 1"

n .27±O.OI"

R-Bb

80.81±0.S O'

2.0S±0.0 I c

0.29±0.01 c 0.49±0.0 I ab

0.76±0.0I a

IS .57±0.OI '

73.13±0.01 e

ry~e

:;-Mb
::; -Sb

Val ues within the same column with different superscript letters are significantly
each other (p< 0.05)

* Energy in kcal/I ~Og
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Appendix IX. Quantitative questionnaire
Questionnaire for the assessment of traditional weaning foods production and consum ption
in three food insecured kebeles of Demba Cofa Woreda, southern Ethiopia
1. Background information about the area

1.1 woreda
1.2 Agroeco logical character

a) kola

b) woynadega

c) dega

1.3 Kebele --------------------------2. Socio demograp hic information
2.1 Age of the mother/care giver
Date ---------------, month -----------------, year ------------------ 2.2 Ethnic group a) Gofa

b) Gamo

2.3 Religion a) OI1hodox b) protestant

c) Amhara d) other
c) Muslim

d) other

2.4 Occupation a) unemployed b) laborer c) farmer d) petty trade e) oth er
2.5 Eduoiltion level a) illiterate b) grade 1-4 c) grade 5-R d) grade 9-1 2 e) iJi gi"IC'
2.6 OCClllxltion of husband a) unemployed b) laborer c) farmer d) pelty trade e) uther
2.7 Hu soilnd ' educational level

a) illiterate

b) grade 1-4

c) grade 5-8 d) grade 9-12

e) Higher level
2.8 land owned

a) yes owned

2.9 hectare of the land
2.10 number of animal s

a) < 0.5

b) yes rented

b) 0.5-1

c) no land owned

c) 1- 2 d) 2- 3 e) above

a) Cows -------------------------b) Oxen --------------------------c) Goat! sheep -------------------d) Chicken ------------------------e) Transport animal ------------f) Other ---------------------------------

2.11 Numbers of children under 2 years a) one
1. 12 Nan1e of the child ------------- ---

83

b) two

. c) if other specify

2.1 3 Age o f the child date ------------

month -------------- year ----------------------

2.14 Gender of the child

b) femal e

a) mal e

3. Breast feeding practice and initiation of complementary feeding
3. 1 Exclusive breastfed

a) yes

b) no

3.2 Used colostrums

a) yes

b) no

3.3 Still breast feeding

a) yes

b) no

3.4 Number of breast feeding dai ly ---------------------------

3.5 When become pregnant

a) continue breast feeding

b) stop breast feedin g

3.6 Age of complementary food started -------------------------3.7 The food taken last night ------------------------3.8 The food taken today ---------------------------3.9 Complete transitions to family food

a) yes

b) no

3.1 0 If yes at what age? --------------------- Months

4. Existing local cumplementa ry food s, preparation and consumption
4.1 Type of food commonly used 1, ---------------------------------2, --------------------------------3, -----------------------------------

4, ---------------------------------4.2 The form of foo d given

a) soft

b) semi solid

c) so lid

4.3 The maj or ingredients \. ----------------------------2, ----------------------------4.4 proportion s of ingredients estimated ---------------------------------------

4.5 Amount cooked for one day estimated ------------------- (in liter/gram)
4 .6 Frequency of feeding daily ---------------------------- times
4.7 The source of water used

a) tape

b) river

c) ground d) other

4.8 Amount given once estimated ------------------- gram/liter
4.9 Type offood varied (di versitied) in three days

84

a) The day before yesterday

b) yesterday

c) today

I, -------------------------

I , -----------------------

I , ------------------------

2, -------------------------

2, -------------------------

2, ------------------------

3, ------------------------

3, ------------------------

3, ------------------------

4.10 Ingredi ents obtained
a) From garden I, ----------------------------2, --------------------------- 3, ---------------- -------b) From market

I, ---------------------------2, -----------------------------3 , ------------------------

c) From other sources I, ------------------ 2, ---------------------------- 3. ------------------------4.11 The availability of ingredients throughout the year a) yes

b) no

4.12 specify the limited ingredients I , ----------------------------

2, -----------------------------

3, ---------------------------4.13 Coping mechani sm during ingredient shortage I , ------------------------------------- ------2, -------------------- ------------ ------.--- --4.14 Ingredients from market are affordable
4.1 5 The household food insecured
4.16 The sourc e offo od aid
4.17 Use of salt

a) table

4.18 The flour prepared by

a) yes

b ) no

a) yes

b) no

a) government
b) iodized

b) NGO

c) other

c) not known

a) millstone

b) commercial mill c) purchased

4. J 9 pre treatments of cereals and legumes

a) yes

4.20 If yes, which method? A) Fermentation

b) no

b) soaking

c) germination d) other

4.21 Method of storage the complementary food prepared ------------ ------------- ---------4.22 Time of serving the single cooked food ------------------------------ 4.23 Washing hands before preparation regularly

a) yes

4.24 The way of feeding the child a) with finger
4.25 Source ol'ti.lelused

a) wood

b) charcoal

b) with spoon
c) kerosene

4.26 T he responsibility of child feeding mostly a) mother

85

b) no

c) sometimes
c) other specify
d) other

b) father c) care gi ve r <=! other

4.27 Attending vaccination programmes

b) no

a) yes

5. Food taboo to young children
5. 1 Food not given to the child

I , ---------------------------2, ----------------------------3, -------------------------------

5.2 Why not

I, ---------------------------------------------------------------------------------.-------

2, ----------------------------------------------------------------------------------------0....---6. Loca lly consumed foo ds
6.1 Commonly consumed cereal

I, -----------------------

3, --------------------------

2, ----------------------6.2 Commonly consumed legume

6.3 The most commonly staple diet

4, ------------- ------------

I. -----------------------

3, -------------- ------------

2, -----------------------

4, --------------.----------

I , ----------------------2, -----------------------

6.4 Total ingred ients of daily food s

I , -----------------------

3, -------------------------4, --------------------- ---3, ---------------------------

2, -----------------------

4, ------------------- ---- -

7. Consumption of complementary foods produced at factory or community level
'/' 1 Use of factory complementary food

7.2 If yes. what brand?

a) yes

b) no

I , ----------------------------------------------2, -------- ---------------------------------------

7.3 Use of communi ty level complementary food
7.4 If yes, what type?

a) yes

b) no

I , ----------------------------------------------2, ---- -------------------------------------------

Respondent ' signature ---------------------------

T//(/Ilk YO II fo r YO llr participatioll
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