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EXTENDED ABSTRACT 

 

BACKGROUND INFORMATION 

Malnutrition is a significant public health problem in Tanzania, 

particularly among children under the age of five. Chronic under 

nutrition under the age of five is associated with less schooling, late 

entry into starting school, and between 22 to 45% less income 

throughout a lifetime. Inappropriate complementary feeding 

practices are linked with high incidences of under nutrition among 

infants and young children in Tanzania. Complementary feeding 

practices in Tanzania are suboptimal as they do not meet the four 

WHO-recommended complementary feeding indicators. 

 

Complementary feeding is the process of introducing solid foods to 

an infant's diet while continuing to breastfeed. It is a critical period 

for infant growth and development, and appropriate complementary 

feeding practices are essential for optimal growth and development. 

Inappropriate complementary feeding practices, such as late 

introduction of complementary foods, low meal frequency, and low 

dietary diversity, are frequent in low- and middle-income countries 

(LMICs). A study conducted in Tanzania found that improving 

complementary feeding practices is feasible in Tanzania given the 

renewed focus on child nutrition in the country. Child nutrition policy 

interventions should target all mothers, particularly mothers from low 

socioeconomic backgrounds and those with limited access to health 

services to maximize results. Another study found that inappropriate 

complementary feeding practices have a significant effect on the 

nutritional status of children aged 6-24 months in Tanzania. 

 

The current study set out to produce and explore the potential for 

nutrient-dense, palatable, and affordable complementary food 

products made from nutritious locally available underutilized crops 

like Moringa oleifera combined with cereals and other non-cereal 

starchy foods. 
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METHODOLOGY 

Flours made from cleaned and powdered pearl millet, dry dates, 

Orange fleshed sweet potato (OFSP), and Moringa leaves were 

mixed in different ratios to form seven products to meet the 

nutritional requirement for young children aged 1-2 years old. These 

flour samples were analyzed for proximate composition  based on 

AOAC guidelines. The contents for specific minerals (iron, zinc, and 

calcium) was analyzed by Inductively Coupled Plasma Optical 

Emission Spectroscopy (ICP-OES). Whereas UV spectroscopy was 

used to determine pro-Vitamin A content in the samples. 

Additionally, the samples were subjected to functional quality tests to 

establish their viscosity, bulk density, and water absorption 

capability. Porridge was prepared from the 7 samples stated above. 

Consumer acceptability and quantitative descriptive analysis (QDA) 

tests were conducted on the porridge samples. The Statistical 

Package for Social Sciences (SPSS-version 25) was used to 

evaluate the test results. A one-way analysis of variance (ANOVA) 

test was run, with significant differences identified at the 5% level 

(p<0.05). The mean ± SD of the duplicate data was used to express 

all results. A PCA Biplot was performed to show the correlation 

between the samples and characteristics. 

 

RESULTS AND DISCUSSION 

The objective of this study was to formulate a highly nutritious and 

tasty porridge for children aged between 1-2 years. Seven different 

blends were produced based on specific ratios that were calculated 

according to Recommended Daily Allowances (RDA) for children 

aged 1-2 years. Each ingredient used in the study contributed 

differently to both the functional and sensory qualities of the 

porridge. Notably, Orange-fleshed sweet potato and Dates generally 

enhanced the sensory quality of the porridge samples. The ratios 

included 90:2.5:7.5 [PmMD1], 95:2.5:2.5 [PmMD2], 88:3:9 [PmMD3] 

for Pearl millet grain flour, Moringa leaf powder, and dates, 

respectively. Likewise, ratios of 95.5:2:2.5 [PmMP1], 88:2:10 

[PmMP2] and 95:2.5:2.5 [PmMP3] were used for Pearl millet grain 
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flour, Moringa leaf powder, and Orange-fleshed sweet potato. A 

control sample was prepared by blending Pearl millet, Dates, and 

Orange-fleshed sweet potato in a ratio of 50:15:35 [PmDP].  The 

results showed that the flour's nutritional composition, measured on 

a dry weight basis, was as follows: iron, zinc, and calcium contents 

ranged between 4.5-6.3, 1.46-1.81, 183-240 mg/100g, respectively; 

pro-vitamin A content was 308-497 µg/110g; crude fiber: 2.6-3.3 

g/100g; ash: 1.9-2.13 g/100g; crude fat: 0.66-1.38 g/100g; 

carbohydrates: 73-77 g/100g and 346-352 g/100g energy. 

Significant variations (p<0.05) were observed in bulk density and 

viscosity due to differences in the quantities of Orange-fleshed 

sweet potato and Dates used, but no significant difference (p>0.05) 

was noted in water absorption capacity between these samples. 

Sensory evaluation studies recorded significant differences in 

aroma, taste, color, and overall acceptability (p<0.05) in all samples. 

The sample PmDP was the most preferred in terms of color, 

whereas PmMP2 scored the highest score in aroma, taste, and 

overall acceptability. Quantitative descriptive analysis revealed no 

significant differences (p>0.05) in color, aroma, thickness, and 

grittiness between samples. However, there was a significant 

difference (p<0.05) in the intensity of sweetness among the 

samples, with mean values ranging from1.9 to 4.2. The control 

sample [PmDP] scored the highest in sweetness intensity due to the 

presence of naturally sweet Orange-fleshed sweet potato and Dates. 

A PCA bi-plot illustrated the relationship between the samples and 

their attributes.  

 

It was found that adding Moringa to the supplemental food 

significantly increased its nutritional value. However, adding more 

than 3% Moringa in porridge formulations resulted in higher values 

than the RDA, which would limit its use in the stated age group. The 

functional qualities are important in influencing qualities related to 

storage, transportation, and distribution in addition to sensory 

appeal. The acceptance of the samples was enhanced by the 

addition of dates and orange-fleshed sweet potatoes. The most -
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liked sample, PmMP2 (88% pearl millet:2% Moringa leaf 

powder:10% orange fleshed sweet potato), was therefore 

recommended for toddlers between the ages of one and two years. 
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IKISIRI KUU 

 

TAARIFA ZA MSINGI 

Kutokuwa na lishe kamili ni hali inayotokea wakati mwili hupata kiasi 

kidogo cha virutubishi vinavyohitajika kufanya kazi vizuri. Hali hii 

inaweza kusababishwa na upungufu wa chakula au lishe 

isiyosawazika inayokosa virutubisho muhimu kama protini, vitamin, 

na madini. Kutokuwa na lishe kamili kunaweza kusababisha mfumo 

wa kinga dhaifu, ukuaji usio wa kawaida, na matatizo mengine ya 

afya  

 

Kutokuwa na lishe kamili ni tatizo kubwa la afya ya umma nchini 

Tanzania, haswa kwa watoto walio chini ya miaka mitano. Kulingana 

na utafiti, utapiamlo wa muda mrefu katika umri wa chini ya miaka 

mitano unahusishwa na kupata elimu kidogo, kuanza shule kwa 

kuchelewa, na kupungua kwa kipato kati ya 22% hadi 45% katika 

maisha . Mienendo isiyo sahihi ya kutoa vyakula vya kuongeza kwa 

watoto inahusishwa na viwango vikubwa vya utapiamlo miongoni 

mwa watoto wachanga na watoto wadogo nchini Tanzania. 

Mienendo ya kutoa vyakula vya kuongeza nchini Tanzania ina 

mapungufu kwani haijatimiza viashiria vinne vilivyopendekezwa na 

WHO. 

 

Kutoa vyakula vya kuongeza ni mchakato wa kuingiza vyakula  

kwenye lishe ya mtoto wakati bado wananyonya maziwa ya mama. 

Ni kipindi muhimu kwa ukuaji na maendeleo ya mtoto, na mienendo 

sahihi ya kutoa vyakula vya kuongeza ni muhimu kwa ukuaji na 

maendeleo bora. Mienendo isiyo sahihi ya kutoa vyakula vya 

kuongeza, kama vile kuanzisha vyakula vya kuongeza kwa watoto 

kwa kuchelewa, kuwa na mzunguko mdogo wa milo, na kutokuwa 

na aina mbalimbali ya vyakula, mara nyingi hutokea katika nchi za 

kipato cha chini na kati). Utafiti uliofanywa nchini Tanzania 

uligundua kuwa kuboresha mienendo ya kutoa vyakula vya 

kuongeza kunawezekana Tanzania kutokana na kipaumbele kipya 

kinachowekwa katika lishe ya watoto nchini. Sera za lishe ya watoto 
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zinapaswa kuwalenga akina mama wote, hasa akina mama walio 

katika mazingira ya kipato cha chini na wale ambao hawana 

upatikanaji wa huduma za afya ili kupata matokeo mazuri zaidi. 

Utafiti mwingine uligundua kuwa mienendo isiyo sahihi ya kutoa 

vyakula vya kuongeza ina athari kubwa kwenye hali ya lishe ya 

watoto wenye umri wa kati ya miezi 6 hadi 24 nchini Tanzania. 

 

Utafiti wa sasa ulianzisha kuzalisha na kuchunguza uwezekano wa 

bidhaa za vyakula vya kuongeza zenye virutubishi vingi, ladha nzuri, 

na bei nafuu kutokana na mazao yanayopatikana kwa wingi, yenye 

afya, na ambayo hayatumiwi vya kutosha kama vile majani ya 

Mlonge yakichanganywa na nafaka na vyakula vyenye wanga 

visivyo vya nafaka. 

 

NJIA 

Kufuatana na mwongozo wa WHO/UNICEF, unga uliotengenezwa 

kutoka kwa ulezi na unga wa mtama uliosafishwa, tende kavu, kiazi 

kitamu cha njano, na majani ya Mlonge yalichanganywa kwa uwiano 

tofauti wa saba ili kukidhi mahitaji ya lishe ya watoto wadogo (miaka 

1-2). Sampuli za unga huu zilipimwa katika maabara kwa kutumia 

vipimo vya kina, ambavyo huangalia nishati, nyuzinyuzi, jivu, mafuta, 

protini, na wanga. Vipimo hivi vilifanywa kwa kutumia mwongozo wa 

AOAC. Kiwango cha chuma, zinki, na kalsiamu katika sampuli 

kilichunguzwa kwa kutumia ICP-OES kwa ajili ya uchambuzi wa 

madini. Uspektroskopia wa UV ulitumika kuamua kiasi cha Vitamini 

A kilichopo. Aidha, sampuli zilifanyiwa vipimo kazi ili kuanzisha 

unono wao, kipimo cha uzito wa wingi, na uwezo wa kunyonya maji. 

Kwa kuongezea, vipimo vya kukubalika kwa watumiaji na uchambuzi 

wa maelezo wa kiasi (QDA) vilifanywa kwa sampuli za uji. Toleo la 

25 la Programu ya Takwimu ya Kijamii (SPSS) lililitumika 

kuchambua matokeo ya vipimo. Baada ya kipimo cha post-hoc, 

kipimo cha uchambuzi wa utofauti wa moja kwa moja (ANOVA) 

kiliratibiwa, na tofauti kubwa ziligundulika kwa kiwango cha 5% 

(p<0.05). Wastani ± SD ya data maradufu iliyotumiwa kuwasilisha 
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matokeo yote. Biplot ya PCA iliyoonyesha uhusiano kati ya sampuli 

na sifa ziliumbwa kwa kutumia data ya QDA. 

 

MATOKEO NA MAJADILIANO 

Lengo la utafiti huu lilikuwa kutokeza vyakula vya watoto vyenye 

virutubishi vingi. Mchanganyiko tofauti ulitengenezwa kwa kuzingatia 

uwiano maalum: 90:2.5:7.5 [PmMD1], 95:2.5:2.5 [PmMD2], 88:3:9 

[PmMD3] kwa unga wa mtama, unga wa majani ya Mlonge, na 

tende, mtawalia. Vilevile, uwiano wa 95.5:2:2.5 [PmMP1], 88:2:10 

[PmMP2], na 95:2.5:2.5 [PmMP3] ulitumiwa kwa unga wa mtama, 

unga wa majani ya Mlonge, na viazi vitamu vyenye nyama ya rangi 

ya machungwa. Uwiano huu ulihesabiwa kwa kuzingatia Viwango 

vya Kila Siku Vilivyopendekezwa (RDA) kwa watoto wenye umri wa 

miaka 1-2. Sampuli ya kudhibiti ilipatikana kwa kuchanganya 

mtama, tende, na viazi vitamu vyenye nyama ya rangi ya 

machungwa kwa uwiano wa 50:15:35 [PmDP]. 

 

Matokeo yalionyesha kuwa utungaji wa lishe wa unga, uliopimwa 

kwa msingi wa uzito wa kavu, ulikuwa kama ifuatavyo: kiwango cha 

chuma, zinki, na kalsiamu kilikuwa kati ya 4.5-6.3, 1.46-1.81, na 

183-240 mg/100g mtawalia; kiwango cha Vitamini A kilikuwa kati ya 

308-497 µg/110g; nyuzinyuzi gafi: 2.6-3.3 g/100g; jivu: 1.9-2.13 

g/100g; mafuta gafi: 0.66-1.38 g/100g; wanga: 73-77 g/100g na 

nishati: 346-352 g/100g. Tofauti kubwa (p<0.05) zilionekana katika 

wiani wa wingi na unono kutokana na tofauti katika kiasi cha viazi 

vitamu vyenye nyama ya rangi ya machungwa na tende, lakini 

hakuna tofauti kubwa (p>0.05) zilizoonekana katika uwezo wa 

kunyonya maji. Katika tathmini ya hisia, tofauti kubwa (p<0.05) 

zilionekana katika sampuli zote katika sifa za hisia kama harufu, 

ladha, rangi, na kukubalika kwa ujumla. Sampuli ya PmDP ilikuwa 

maarufu zaidi kwa rangi, wakati PmMP2 ilipata alama za juu katika 

harufu, ladha, na kukubalika kwa ujumla. Uchambuzi maelezo wa 

kiasi ulifanywa kudhibitisha uwingi wa sifa kama rangi, harufu, 

utamu, unono, na kubanduka, ukiashiria hakuna tofauti kubwa 

(p>0.05) katika uwingi wa rangi, harufu, unene, na kubanduka. Hata 
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hivyo, kulikuwa na tofauti kubwa (p<0.05) katika uwingi wa utamu 

kati ya sampuli, na wastani wa viwango vikirangi kutoka 4.2 hadi 1.9. 

Sampuli ya kudhibiti [PmDP] ilipata alama kubwa zaidi kwa utamu 

kutokana na uwepo wa viazi vitamu vyenye nyama ya rangi ya 

machungwa na tende, ambazo kwa kawaida ni tamu. Biplot ya PCA 

ilionyesha uhusiano kati ya sampuli na sifa zao. Kila kiungo 

kilichotumiwa katika utafiti kilitoa mchango tofauti katika ubora wa 

kazi na hisia za uji. Kwa kiasi kikubwa, viazi vitamu vyenye nyama 

ya rangi ya machungwa na tende viliongeza ubora wa hisia wa 

sampuli za uji. 

 

HITIMISHO 

Kutokana na utafiti huu, imeonekana wazi kuwa kuongeza Moringa 

kwenye vyakula vya kuongezea kunaweza kuongeza sana maudhui 

ya virutubishi. Hata hivyo, ni muhimu kuzingatia kiwango cha 

Moringa kinachoweza kuongezwa ili kuepuka kuongezeka kupita 

kiasi kwa virutubishi. Aidha, mambo ya kazi na ubora wa hisia ni 

muhimu katika kubuni vyakula hivi, kuzingatia uhifadhi, usafirishaji, 

na kukubalika kwa watumiaji. 

 

Uchunguzi umefunua kuwa kuongeza tende na viazi vitamu vyenye 

nyama ya rangi ya machungwa kulisaidia sana katika kuongeza 

kukubalika kwa sampuli. Sampuli ya PmMP2 iliyopendwa zaidi 

imependekezwa kwa matumizi ya watoto wadogo kati ya umri wa 

mwaka mmoja na miaka mitatu. Hii inaonyesha kuwa vyakula 

vyenye Moringa yanaweza kuwa na jukumu kubwa katika kuboresha 

lishe ya watoto. Kwa ujumla, utafiti huu unaonyesha umuhimu wa 

kuzalisha vyakula vya watoto vyenye virutubishi bora na ladha nzuri, 

na inatoa mwelekeo wa jinsi ya kufikia lengo hilo kwa kutumia 

Moringa na viungo vingine vyenye afya. 
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CHAPTER ONE 

 

1.0  INTRODUCTION, JUSTIFICATION AND OBJECTIVES 

1.1  Background Information 

Malnutrition includes both over nutrition and under nutrition which is 

caused by a lack of essential vitamins and minerals in the body. 

Under nutrition can result in being underweight, wasting, and 

stunting (Fernandes et al., 2021). With 50% of childhood mortality 

attributed to underlying under nutrition, malnutrition has long been 

linked to poverty, a poor diet, and limited access to healthcare. 

Malnutrition is still a major worldwide health concern where both, 

over nutrition and under nutrition cause and contribute to ill health 

(Drammeh et al., 2019). In Tanzania, malnutrition is one of the most 

significant health issue affecting babies and young children (Neufeld 

et al., 2020).mn 

 

Ensuring toddlers receive a balanced and nutritious diet is of 

paramount importance in their early years. Their tendency to resist 

certain foods can pose a challenge in meeting their nutritional 

requirements for optimal growth and development (WHO, 2021). In 

this crucial stage of life, it becomes even more vital to introduce 

nutrient-rich options to their diet. This includes foods from all food 

groups, such as fruits, vegetables, whole grains, lean proteins, and 

healthy fats, as well as essential nutrients like iron, calcium, and 

vitamin A and D, which are essential for healthy bone development 

(Rondanelli et al., 2021). 

 

When considering nutrient-dense additions to a toddler's diet, 

Moringa leaves, known for their exceptional nutritional content, can 

play a significant role. Moringa leaves are rich in vital minerals like 

calcium, potassium, magnesium, iron, manganese, and copper, 

along with vitamins A, B, C, and E. Moreover, they lack anti-nutritive 

factors, making them easily digestible and rich in proteins (Gandji et 

al., 2018). Incorporating Moringa leaves into a toddler's meals not 

only addresses their nutritional needs but also provides an excellent 
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source of essential vitamins and minerals crucial for their physical 

and cognitive development (Khare et al., 2022). 

 

Moringa leaves, with their impressive nutrient profile and ease of 

digestion, can be a valuable addition to a toddler's diet, ensuring 

they receive the necessary nutrients for their overall well-being and 

development. This emphasizes the importance of introducing highly 

nutritious foods like Moringa leaves to support toddlers' growth and 

health during this critical phase of their lives (Kodikannath et al., 

2022). 

 

Due to its positive impact on immunity, inflammation, pain, diabetes, 

hypertension, and various other health conditions, Moringa is 

commonly employed in the field of medical and healthcare. Reports 

indicate that Moringa is highly esteemed for its nutritional attributes. 

Moringa leaves can be consumed raw, boiled, or powdered; they 

can even be stored at room temperature for a few months without 

losing any nutrients (Islam et al., 2021). The Moringa plant, which is 

claimed to contain a large number of minerals and vitamins, is fed to 

children in various developing nations of the world in an effort to 

boost their immunity to various ailments. Due to its high nutritional 

content, Moringa leaves are added to various other products like 

bread, cookies, soup, and flour so as to boost their nutritional level 

(Giuberti et al., 2021). 

 

For young children, porridge is the most popular supplemental food 

(Ntila et al., 2019).                One or two kinds of cereal are included 

in this meal, along with other ingredients such as legumes and 

oilseeds. Children are first exposed to this diet at the age of six 

months (Gama et al., 2022). At this age, a youngster needs more 

nutrients than mother's milk can provide alone.  

 

Toddlers, children of age 1-2 years old can sometimes be difficult to 

handle due to their hyperactive behavior most especially during 

feeding. A priority must be set to maintain a calorie intake that is 
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sufficient to ensure adequate growth and weight gain. This also 

should be enriched with a good supply of minerals and vitamins from 

foods for the perfect health of a toddler (Gubbels et al., 2020). 

Supplementary foods are crucial for optimum growth, health, and 

development, since this is the time when kids are most susceptible 

to developmental delays, micronutrient deficiencies, and frequent 

illnesses,. (Ulak and Tiwari, 2020). Due to the agricultural production 

of Tanzania being dominated by staple crops, (mostly rice and 

maize), cereals make up the majority of the food provided to children 

which are reported to be a cause of malnutrition (Minja et al., 2021). 

 

1.2 Problem statement and justification 

Despite tremendous progress over the past ten years, child 

malnutrition is still a significant public health issue in low- and 

middle-income nations (Victoria et al., 2021). In 2020, there were 

462 million underweight people, 45 million wasting children, and 149 

million stunted children worldwide (Tizazu et al., 2022).  

 

Child malnutrition is a serious public health issue, and Tanzania is 

one of the ten worst-affected countries in the world (Khamis et al., 

2019). Nationally, 34.7% of children under the age of five suffer from 

chronic malnutrition (Al-Hajj et al.,2021). The regions of Dodoma, 

Ruvuma, Rukwa, Kigoma, Katavi, and Geita, and Iringa are all 

affected by severe stunting. Overall, Tanzania has more than 2.7 

million stunted children under the age of five, which has an impact 

on their capacity to learn and work in the future (Lawrence et al., 

2021). About 42% of anemia in children under the age of five is 

attributed to iron deficiency. Anemia has been linked to vitamin A 

deficiency, although its effects are more likely to result in night 

blindness (Mrimi et al., 2022).  

 

The most common type of food given to children in Tanzania is 

made from pearl millet, sorghum, and maize (Kulwa et al., 2015). 

This contributes to high rates of undernutrition in infants and young 
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because these foods are of poor micronutrient content and can't 

entirely satisfy children's demands (Masuke, et al., 2021).  

 

Millet and sweet potato are good sources of carbohydrates and 

plays a crucial role in fighting against Protein energy malnutrition 

(PEM). There are more than 20 different varieties of millet, but pearl 

millet is among the most widely grown and produces more than half 

of the world's millet (Hanna et al., 2014). It is a good source of 

protein, minerals, and mainly carbohydrates. Nutritional and 

functional properties including the digestibility of millet are shown to 

improve by germination. Germination has been recommended as a 

suitable approach to addressing the malnutrition problem because it 

enhances the nutritional value, protein content, and digestibility of 

the grain, while also making it a more accessible option for regions 

with nutritional deficiencies (Udeh et al., 2017). 

 

Sweet potato (Ipomoea batatus L. Lam) is a dicotyledonous plant of 

the family Convolvulaceae (Tortoe et al., 2010). The crop is a main 

source of dietary fiber and complex carbohydrates and is as well 

used in making industrial starch (Korada et al., 2010). The new 

variety of Orange Fleshed Sweet Potatoes (OFSP) popularity 

continues to grow due to its high levels of nutrients especially β-

carotene. OFSP is now grown more in developing countries than 

any other root crop. Its promotion is good for food security and it is a 

nutritious food, highly recommended for  alleviating vitamin A 

deficiency (VAD), and is an important staple food and cash tuber 

crop in Tanzania (Sanoussi et al., 2016). OFSP is of a sweet nature 

and hence has a masking effect on the undesirable taste and odor of 

products.  Thus, it can be used to increase the acceptability of 

moringa-fortified food products (Gebretsadikan et al., 2015). 

 

The leaves of the Moringa oleifera plant are rich in essential 

elements like proteins, and minerals like zinc, calcium, iron, and 

vitamin A (Gandji et al., 2018). Consuming Moringa powder for six 

months raises hemoglobin levels and decreased anemia instances 
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(Shija et al., 2019). According to reports, the superfood Moringa has 

more calcium and iron than milk and spinach respectively (Islam et 

al., 2021). All of the necessary amino acids are abundant in these 

leaves. Due to its rich nutritional profile and low price, it is becoming 

more and more popular and used in fortifying different foods. Meals 

containing Moringa are reported to significantly increase the weight 

of severely undernourished kids (Ariesthi et al., 2021). Moringa is 

currently used as an alternative food source to fight malnutrition due 

to its dense nutrients (Gopalakrishnan et al., 2016). 
 

The aim of this study was to develop porridge flour supplemented 

with Moringa that would be useful in fighting malnutrition among 

toddlers. 
 

1.3  Objectives 

1.3.1  General objective 

Development of a nutritious, energy-dense, and acceptable 

supplemental porridge flour for children aged 1-2 years old). 
 

1.3.2  Specific objectives  

i. To develop a pearl millet and sweet potato porridge enriched 

with Moringa oleifera leaves. 

ii. To determine the chemical quality of the porridge flour 

including; proximate analysis and micronutrient composition 

(Iron, Zinc, Calcium, and Vitamin A).  

iii. To analyze the physical quality of enriched porridge (Bulk 

density, Viscosity and Water absorption capacity). 

iv. To assess sensory quality and consumer acceptability of 

Moringa enriched porridge. 
 

1.4  Structure of the Dissertation 

The dissertation is organized in a published paper format. Chapter 

one entails the general introduction to this study. Chapter two and 

three presents the published papers whereas chapter four presents 

the general discussion and chapter five the general discussion and 

recommendations. 
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CHAPTER FOUR 

 

4.0  GENERAL DISCUSSION 

4.1  Nutritional Quality of the Porridge  

The purpose of this study was to evaluate the nutritional value of a 

porridge made from dates, pearl millet, orange-fleshed sweet 

potatoes, and Moringa leaf powder. In order to combat malnutrition, 

this was done to determine whether the porridge met the nutritional 

requirements for young children (1-2 years old). Analyses of 

proximate, minerals (Iron, Zinc, Calcium), and vitamin A were done. 

The research revealed that the fat contents were comparable among 

samples. These outcomes have been related to the low lipid content 

of orange-fleshed sweet potatoes and pearl millet (Kolawole et al., 

2020). A similar trend was demonstrated by the ash content which 

rose with an increase in the OFSP levels. There was no evidence of 

ash content change between the samples. A Study by Olaitan et al. 

(2014) made comparable findings. It was discovered that the 

samples varied in their protein concentration. The findings 

suggested that Moringa played a role in the variance of the outcome. 

As the amount of Moringa in the samples rose, the protein content 

similarly rose.  

 

The addition of OFSP and Moringa to the samples contributed to 

their fiber content. Since the quantities of OFSP and Moringa were 

not significantly different, the findings suggested that the fiber 

content across the samples was similar. Haile et al. (2016) found 

that fiber content increased with higher concentrations of OFSP in 

the samples. Notably, the variation in carbohydrates was mainly 

influenced by pearl millet and OFSP, aligning with similar findings by 

Olaitan et al. (2014). 

 

The samples exhibited discrepancies in protein concentration, while 

there was no discernible difference in energy content, attributed to 

slight variations in component quantities used in porridge 

preparation. During mineral analysis, similarities were observed in 
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iron and zinc contents across the samples, with concentrations 

increasing alongside Moringa amounts, consistent with findings by 

Gebretsadikan et al. (2015). Conversely, calcium content varied 

significantly among samples, likely due to the presence of Moringa, 

supported by findings from Sengev et al. (2013), indicating higher 

Moringa quantities correlated with increased calcium content. 

Additionally, due to its high Vitamin A content, Moringa significantly 

contributed to variations in Vitamin A levels across the samples, as 

demonstrated by Bechoff (2010). 

 

By including Moringa in the samples, young children can potentially 

fulfill their recommended daily nutrient intake if they consume the 

recommended frequency of meals (3–4 per day) as advised by 

WHO/UNICEF. 

 

4.2  Functional Quality of the Porridge 

The functional characteristics of bulk density, water absorption 

capacity, and viscosity were applied to the samples. It is 

demonstrated that the samples' bulk density, which gauges the 

flour's weight, varies. It was discovered that when Moringa, dates, 

and OFSP amounts grew larger, so did bulk density. According to 

reports, adding more components to pearl millet flour enhanced its 

bulk density. Water absorption Capacity, which measures how much 

space starch polymers occupy after swelling in excess water, was 

shown to be consistent across samples. According to Haile et al. 

(2016), the protein content of Moringa was the reason for the 

increased ability to absorb water. The varying amount of OFSP that 

contains a high amount of starch caused variation in the scores for 

viscosity, giving higher results to the samples that have more OFSP. 

This is consistent with a research by Haile et al. (2016). 

 

4.3  Sensory Quality of the Porridge 

The consumer test findings unveiled variations in color among the 

samples, primarily attributed to the positive impact of OFSP on 

porridge acceptance contrasted with Moringa's green hue, which 



41 

detrimentally affected product appeal. Interestingly, both ingredients 

wielded equal influence over flavor, aroma, and overall acceptability. 

Recommended samples tended to feature higher OFSP content and 

lesser Moringa. These results are consistent with prior studies by 

Boateng et al. (2019) and Gebretsadikan et al. (2015). Notably, the 

PCA biplot demonstrated a close correlation between aroma and 

thickness, unlike attributes such as grittiness, sweetness, and color, 

which exhibited no discernible associations. Quantitative descriptive 

analysis further revealed disparities in sweetness among all 

samples, while attributes like color, aroma, grittiness, and thickness 

were observed to be consistent across the board.  
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CHAPTER FIVE 

 

5.0 GENERAL CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

According to the current study, adding Moringa to the supplemental 

food raised the amount of nutrients present. Children between the 

ages of 12 and 23 months must be fed the amounts of meals 

recommended by FAO/UNICEF in order for them to receive all of the 

essential daily nutrients. This study showed that adding Moringa to 

the supplemental food significantly increased its nutritious content. 

Nevertheless, adding more than 3% Moringa could raise the 

nutritious content even further. Other meals can be added to 

Moringa to cover up its unpleasant leafy odor, bitter flavor, and deep 

green appearance. This allows young children to enjoy the food 

without experiencing any sensory problems and still reap the 

nutritious benefits of Moringa. 

 

This study demonstrates how functional characteristics affect a 

product's desirability. In order to increase the product's acceptability, 

it is crucial to make sure that the functional factors are taken into 

account and properly worked on. Specific sensory characteristics 

like color, flavor, and scent enhanced the product's overall 

acceptance. The functional factors are important in identifying 

qualities related to storage, transportation, and distribution in 

addition to indicating sensory appeal. When Moringa leaf powder 

was added to the samples, there was a noticeable shift in taste and 

color. The product's acceptance in terms of color and taste has been 

impacted by its deep green color and bitter taste. The acceptance of 

the samples was enhanced by the addition of dates and orange-

fleshed sweet potatoes. Additionally, it has demonstrated excellent 

benefits in enhancing the porridge samples' functioning properties. 

Its excellent nutritional profile, as well as its sensory and functional 

attributes, calls for frequent application in the creation of new food 

products. Given Moringa oleifera excellent nutritional profile, it ought 

to be included in meals that go well with it. Foods should only 
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contain extremely little amounts of Moringa, preferably combined 

with other ingredients that can help to disguise the plant's bitter 

flavor and color. 

 

5.2  Recommendations 

Ideal Moringa Inclusion: To prevent an overabundance of nutrients, 

it is best to make sure that the amount of Moringa in supplemental 

foods for young children does not go above 3%. This degree of 

inclusion achieves a compromise between maintaining sensory 

acceptability and improving nutritional value. 

 

Various Complementary products: It is advised to blend Moringa 

with other products to lessen its slightly disagreeable leafy odor, 

bitter taste, and deep green look. This will enhance the food's 

sensory qualities while also providing a diversity of flavors and 

textures, which will appeal to young children more. 

 

Advised according to Age: According to the study, the most favored 

sample was PmMP2 (88% pearl millet, 2% Moringa leaf powder, and 

10% orange-fleshed sweet potato). Toddlers who are one to three 

years old are advised to use it. This emphasizes how crucial it is to 

design food items with particular age groups in mind to suit the 

dietary and sensory requirements of kids at various stages of 

development. 

 

Functional Quality Considerations: It is crucial to consider functional 

aspects including distribution, transportation, and storage while 

creating food products. These elements have a big impact on the 

products' overall acceptance and quality. Considerations such as 

color, flavor, and aroma can improve the product's consumer 

acceptability. 

 

Well-Balanced Nutritional Profile: Although Moringa has a very good 

nutritional profile, it is important to use it sparingly in meals. To hide 

its bitter taste and bright green color while maintaining its nutritious 
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value, the study advises using it sparingly and combining it with 

other substances. 

 

Future Research: To improve the nutritional value and sensory 

appeal of Moringa, further methods of incorporating it into meals 

should be investigated. It would also be beneficial to look at how 

diets enhanced with Moringa affect young children's long-term 

nutritional status and overall health. 
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APPENDICES 

 

Appendix 1: Consumer acceptability sensory evaluation 

questionnaire 

Name of panelist……………………………………. 

Age……………………………Sex…….. 

Date……………… 

You are provided with different porridge samples which you have to 

assess. Carefully start from left to right, observe the sample and 

assess them for; (i) Color (ii) Aroma (iii) Taste (iv)  

overall acceptability. Please indicate the number which best 

describes your feeling using appropriate number (1-7) in the column 

by using hedonic scale provided below. Please take a sip of water 

and rinse your mouth before and after testing any sample.  

Hedonic scale 

KEY 

1- Dislike very much 
2- Dislike moderately 
3- Dislike slightly 
4- Neither like nor dislike 
5- Like slightly  
6- Like moderately 
7- Like very much 
 

Indicate your degree of liking here 

                                           Samples 

ATTRIBUTE 370 935 475 740              850 210 136 

Color        

Aroma        

Taste        

Overall 
acceptance 

       

 

Other recommendations 

………………………………………………………………………………

………………………………………………………………………………

………………………………………………………………………………. 

Thank you. 
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Appendix 2: Quantitative Descriptive Analysis sensory 

evaluation questionnaire 

Panelist name………………………………………………..  

Sex………………..………………………… Age………………………… 

Time………. 

 

You are provided with seven coded samples of porridge, please 

kindly evaluate the samples and indicate the intensity of each 

attribute as provided in the table below using the line scale provided. 

 

Color 

    

    

 Low                     1              2             3               4             5     

 high           

 

Aroma  

 

                      

 

Low       1              2               3              4              5         

high 

 

Sweetness 

 

 

   

 Not sweet           1              2               3              4              5         

very sweet 

 

Thickness 

     

 

Not viscous 
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                            1              2               3               4              5     very 

viscous 

 

Grittiness 

 

 

   Low                    1              2               3               4              5     high 

Indicate your degree of intensity here 

                                                 Sample code  

Attribute  370 935 475 740 850 210 136 

Color        

Aroma        

Sweetness        

Thickness        

Grittiness        

 

Other recommendations 

………………………………………………………………………………

……………………………………………………………………………… 

……………………………………………………………………………… 

 

Thank you 
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Appendix 3: Letter of Clearance from SUA 
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Appendix 4: Turnitin Originality report 
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Kuhusu Tasnifu Hii 

 

Utafiti huu unaonyesha kuwa kutokuwa na lishe kamili ni tatizo 

kubwa la afya nchini Tanzania, hasa miongoni mwa watoto wadogo. 

Upungufu wa chakula na mienendo isiyo sahihi ya kutoa vyakula vya 

kuongeza vinachangia tatizo hili. Kuongeza Mlonge kwenye vyakula 

vya kuongeza inaonekana kuwa njia yenye matumaini ya kuboresha 

hali ya lishe ya watoto. Utafiti unaonyesha kuwa vyakula vyenye 

Mlonge vinaweza kuongeza maudhui ya virutubisho, lakini ni 

muhimu kuzingatia kiwango sahihi cha kuongeza ili kuepuka kupita 

kiasi. Aidha, ubora wa vyakula hivyo na kukubalika kwa watumiaji ni 

mambo muhimu katika kufanikisha lengo la kuboresha lishe ya 

watoto. Hivyo, kupitia kuboresha vyakula vya watoto vyenye Mlonge 

na viungo vyenye afya, inawezekana kuchangia kwa kiasi kikubwa 

katika kupambana na tatizo la kutokuwa na lishe kamili miongoni 

mwa watoto nchini Tanzania. Hii inaweza kuwa njia ya kuleta 

mabadiliko chanya katika afya na maendeleo ya kizazi kijacho. 

 


