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EXTENDED ABSTRACT

Background: Noodles have become increasingly popular in the
country due to their convenience and affordability in terms of price.
This trend can be attributed to urbanization and changing lifestyles.
However, the widespread consumption of noodles has raised
concerns about their nutritional deficiencies. Many noodle products
lack essential nutrients such as vitamins, minerals and protein,
crucial for maintaining a balanced and healthy diet. Excessive
reliance on noodles as a staple food can lead to nutritional
imbalances and deficiencies, contributing to health problems among
the population. As such, promoting a diverse and well-balanced diet
is important to address these nutritional shortcomings in Tanzania.
This research aimed to address this issue by enhancing noodle’s
nutritional composition and sensory qualities by incorporating
Moringa oleifera leaf powder and sardine powder, targeting small-
scale processors.

Methods: an experimental research design was employed to
investigate the nutritional, textural, cooking quality and sensory
acceptability impact of adding Moringa oleifera leaf powder and
sardine powder to wheat-based noodle formulations. Six
formulations were prepared, altering the ratios of wheat, Moringa
oleifera leaf powder, and sardine powder. For the Moringa-fortified
noodles, ratios included 99.6% wheat and 0.4% moringa (WM1),
99.2% wheat and 0.8% moringa (WM2), and 99% wheat and 1%
moringa (WM3). For sardine-fortified noodles, formulations
comprised 95% wheat and 5% sardine (WS1), 90% wheat and 10%
sardine (WS2), 85% wheat and 15% sardine (WS3), with a 100%
wheat control (WC). The nutritional parameters assessed included
crude protein, fibre, fat, ash, carbohydrate, energy content, and
mineral composition, including calcium, magnesium, iron, and zinc.
For the proximate and mineral composition, data were analyzed
using SPSS (Statistical Package for the Social Sciences Version
26.0, SPSS Inc., Chicago, IL, USA) software whereby one-way



Anova and post- hoc test (HSD) were performed to check if there is
a significant difference in nutritional composition at level of
significance p<0.05 and all the data were reported using mean
values of determinations * standard deviation. Similarly, Textural
properties, including hardness, cohesiveness, springiness, and
adhesiveness, were measured. Additionally, cooking quality
attributes such as cooking loss, volume increase, and water
absorption were assessed. Sensory evaluations were conducted at
Morogoro Secondary School, where 60 panellists aged 14-19 were
to gauge consumer acceptability concerning colour, aroma, texture,
taste, and overall acceptability. The quantitative descriptive analysis
was also performed at the Sokoine University of Agriculture,
Department of Food Science and Agro-processing, with 10 trained
panellists to identify specific changes in attributes like colour, aroma,
saltiness, and hardness due to the inclusion of moringa and sardine
powders. Statistical data analysis was performed by using SPSS
(Statistical Package for the Social Sciences Version 26.0, SPSS
Inc., Chicago, IL, USA), using the one-way analysis of variance
(one-way ANOVA) and post hoc Tukey’s Honestly Significant
Difference (HSD) test at a significance level p < 0.05. All the data
were reported using mean values of determinations = standard
deviation. Principle component analysis (PCA) was done by R
software (R Core Team) to assess the association between sample
and attributes as well as partial least square regression (PLSR) was
performed by unscrambler X software version 10.4 to check the
relationship between quantitative descriptive data and consumer
data.

Results: The results indicated significant variations in the nutritional
composition of the different noodle formulations compared to the
control sample. Incorporating Moringa oleifera leaf powder and
sardine powder led to notable increases in crude protein and mineral
content, such as iron, calcium, magnesium, and zinc. The nutritional
profile of the noodles was positively altered, suggesting that the
incorporation of moringa leaf and sardine powders enhances the



nutritional value of the final product. In dry matter basis, crude
protein ranged from 11.76-21.40 g/100g, crude fibre 0.00-0.02
g/100g, crude fat 1.89-2.94 ¢/100g, ash 1.38-2.26 ¢/100g,
carbohydrate 62.31-74.29 ¢/100g, and energy 358.50-364.53
kcal/100g. The mineral content showed that iron ranged from 32.55
to 65.50 mg/100g, calcium from 7.39 to 66.61 g/100g, magnesium
from 28.86 to 87.35 mg/100g, and zinc from 2.21 to 39.25 mg/100g.
Therefore, the incorporation of moringa and sardine powders
exhibited the potential to enhance the nutritional value of noodles.

Moreover, incorporating moringa leaf and sardine powders
decreased hardness and cohesiveness, making the noodles softer
and less cohesive as the powders’ concentrations increased.
Furthermore, cooking loss, volume increase and water absorption
were assessed, revealing that higher concentrations of these
powders led to increased cooking loss and reduced volume and
water absorption, affecting the noodles’ texture and water-holding
capacity. Sensory evaluations were also performed, demonstrating
that higher concentrations of moringa leaf and sardine powders led
to changes in the sensory attributes of the noodles, with lower
concentrations generally receiving higher acceptability scores.
Additionally, the quantitative descriptive analysis highlighted that
adding these powders altered specific characteristics of the noodles,
such as colour, aroma, saltiness, and hardness, with more
significant alterations at higher powder concentrations.

Conclusion: These combined findings suggest that incorporating
Moringa oleifera leaf powder and sardine powder into noodle
formulations can be a viable approach to improve their nutritional
content. However, carefully considering the sensory impact and the
desired balance between nutrition and sensory attributes is crucial.
Small-scale processors in Tanzania can use these insights to
develop noodles that are more nutritious and appealing to
consumers, contributing to improved food choices and potentially
addressing nutritional challenges. In summary, this research offers



valuable insights into a viable approach to improve the nutritional
quality of commonly consumed foods, benefiting both the food
industry and consumers in Tanzania.



IKISIRI KUU

Historia: Tambi zimekuwa maarufu nchini kutokana na urahisi na
bei nafuu. Huu mwenendo wa upishi unaweza kutokana na
mchakato wa mji na mabadiliko ya mtindo wa maisha. Hata hivyo,
matumizi makubwa ya tambi yameleta wasiwasi kuhusu upungufu
wa virutubishi. Bidhaa nyingi za tambi hazina virutubishi muhimu
kama vile vitamini, madini, na protini, ambavyo ni muhimu kwa lishe
bora na afya. Kutegemea sana tambi kama chakula cha kawaida
kunaweza kusababisha upungufu wa lishe na kuchangia matatizo ya
afya kwa idadi ya watu. Hivyo, ni muhimu kuhamasisha lishe
mbalimbali na inayowiana ili kushughulikia mapungufu haya ya lishe
nchini Tanzania. Utafiti huu unalenga kutatua suala hili kwa
kuboresha muundo wa lishe na sifa za hisia za tambi kwa kuingiza
unga wa majani ya Mlonge na unga wa dagaa, ukilenga wazalishaiji
wadogo wa tambi.

Njia: Utafiti wa majaribio ulitumika kuchunguza athari za kiwango
cha lishe, muundo wa mlo, na ubora wa upishi wa tambi
Zinazotengenezwa kwa unga wa ngano kwa kuongeza unga wa
majani ya Mlonge na unga wa dagaa. Jumla ya mchanganyiko wa
tambi sita ulitayarishwa, ukiwa na mabadiliko ya uwiano kati ya unga
wa hgano, unga wa majani ya Mlonge, na unga wa dagaa. Kwa
tambi zilizoboreshwa na Mlonge, uwiano ulijumuisha 99.6% ngano
na 0.4% Milonge (WML1), 99.2% ngano na 0.8% Mlonge (WM2), na
99% ngano na 1% Mlonge (WM3). Kwa tambi zilizoboreshwa na
dagaa, mchanganyiko ulihusisha 95% ngano na 5% dagaa (WS1),
90% ngano na 10% dagaa (WS2), 85% ngano na 15% dagaa
(WS3), na kudhibiti bila kuongeza kitu (WC). Vigezo vya lishe
vilivyohusishwa ni pamoja na protini ghafi, nyuzi ghafi, mafuta ghafi,
majivu, wanga, na kiwango cha nishati, pamoja na muundo wa
madini, ambao ni pamoja na kalsiamu, magnesiamu, chuma, na
zinki. Kwa muundo wa protini na madini, data ilichambuliwa kwa
kutumia programu ya SPSS (Statistical Package for the Social
Sciences, Toleo la 26.0, SPSS Inc., Chicago, IL, USA) ambapo
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uchambuzi wa Anova wa njia moja na mtihani wa post-hoc (HSD)
ulifanywa kuchunguza ikiwa kuna tofauti kubwa katika muundo wa
lishe kwenye kiwango cha umuhimu p <0.05, na data zote
zZiliwasilishwa kwa kutumia wastani wa vipimo + kipimo cha kawaida.
Vivyo hivyo, mali za kiunzi, ikiwa ni pamoja na ugumu, urahisi wa
kushikana, upya, na utambaa, zilipimwa. Aidha, vigezo vya ubora
wa upishi kama upotezaji wa kupika, ongezeko la kiasi, na unyonyaiji
wa maji vilichunguzwa. Uchunguzi wa hisia ulifanywa katika shule ya
sekondari ya Morogoro ambapo wapimaji 60 wenye umri kati ya
miaka 14-19 walitumika kugundua uwezekano wa kukubalika kwa
watumiaji kuhusiana na rangi, harufu, muundo, ladha, na kukubalika
kwa jumla. Uchambuzi wa maelezo kwa kiasi kikubwa pia ulifanywa
katika Chuo Kikuu cha Sokoine cha Kilimo, Idara ya Sayansi ya
Chakula na Uongezaji wa Mazao na wapimaji 10 waliofundishwa
kutambua mabadiliko maalum katika sifa kama rangi, harufu,
chumvi, na ugumu kutokana na kuongeza unga wa Mlonge na unga
wa dagaa. Uchambuzi wa data za takwimu ulifanywa kwa kutumia
programu ya SPSS (Statistical Package for the Social Sciences,
Toleo la 26.0, SPSS Inc., Chicago, IL, USA), ukitumia uchambuzi wa
Anova wa njia moja (one-way ANOVA) na mtihani wa Tukey's
Honestly Significant Difference (HSD) kwenye kiwango cha
umuhimu p <0.05. Data zote ziliwasilishwa kwa kutumia wastani wa
vipimo + kipimo cha kawaida. Uchambuzi wa Faktori za Kimsingi
(PCA) ulifanywa kwa kutumia programu ya R (Timu ya R Core)
kuchunguza uhusiano kati ya sampuli na sifa, na uchambuzi wa
ufafanuzi wa wastani wa Quadratic (PLSR) ulifanywa kwa kutumia
programu ya Unscrambler X, Toleo la 10.4, kuchunguza uhusiano
kati ya data ya maelezo ya kina na data ya watumiaiji.

Matokeo: Matokeo yalionesha tofauti kubwa katika muundo wa lishe
wa muundo tofauti wa tambi ikilinganishwa na sampuli ya kudhibiti.
Kuongeza unga wa majani ya Mlonge na unga wa dagaa kuliongeza
protini ghafi na maudhui ya madini, kama vile chuma, kalsiamu,
magnesiamu, na zinki. Mwonekano wa lishe wa tambi uliboreshwa
kwa njia chanya; ikionesha kuwa kuongeza unga wa majani ya
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Mlonge na unga wa dagaa hufanya bidhaa ya mwisho kuwa na
thamani zaidi kiafya. Kwa msingi wa nyenzo kavu, protini ghafi
ilikuwa kati ya 11.76-21.40g/100g, nyuzinyuzi ghafi 0.00-0.02g/100g,
mafuta ghafi 1.89-2.949/100g, majivu 1.38-2.26g/100g, wanga
62.31-74.299/100g, na nishati 358.50-364.53 kcal/100g. Muundo wa
madini ulionyesha chuma kati ya 32.55-65.50mg/100g, kalsiamu
7.39-66.619/100g, magnesiamu 28.86-87.35mg/100g, na zinki 2.21-
39.25mg/100g. Kwa hiyo, kuongeza unga wa majani ya Mlonge na
unga wa dagaa kulionyesha uwezekano wa kuongeza thamani ya
lishe ya tambi.

llijulikana kuwa kuongeza unga wa majani ya Mlonge na unga wa
dagaa kuliondoa ugumu na ushirikiano, kufanya tambi kuwa laini na
isiyoshikana zaidi kadri viwango vya unga vilivyokuwa vikiongezeka.
Zaidi ya hayo, upotevu wa kupikia, ongezeko la kiasi, na upokeaiji
wa maji vilichunguzwa, na kuonesha kuwa viwango vikubwa vya
unga hizi zilisababisha upotevu mkubwa wa upishi na kiasi kidogo
cha ongezeko la kiasi na upokeaji wa maji, ambayo ilikuwa na athari
kwenye muundo na uwezo wa kushikilia maji wa tambi. Tathmini za
hisia pia zilifanywa, na kudhihirisha kuwa viwango vikubwa vya unga
wa majani ya Mlonge na unga wa dagaa vilisababisha mabadiliko
katika sifa za hisia za tambi, na viwango vidogo kwa ujumla
vikipokea alama za kukubalika zaidi. Kwa kuongezea, uchambuzi
wa maelezo ya kiasi ulionesha kuwa kuongeza unga hizi
zilisababisha mabadiliko katika sifa maalum za tambi, kama vile
rangi, harufu, chumvi, na ugumu, na mabadiliko makubwa zaidi
kwenye viwango vikubwa vya unga.

Hitimisho: Utafiti huu unaonesha kuwa kuongeza unga wa majani
ya Mlonge na unga wa dagaa kwenye muundo wa tambi inaweza
kuwa njia inayofaa ya kuboresha muundo wao wa lishe. Hata hivyo,
kuzingatia kwa makini athari za hisia na usawa unaohitajika kati ya
lishe na sifa za hisia ni muhimu. Wazalishaji wa kiwango kidogo
nchini Tanzania wanaweza kutumia ufahamu huu kuboresha tambi
Zinazovutia sio tu kwa lishe lakini pia kwa watumiaji, na hivyo
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kuchangia kuboresha chaguzi za chakula na labda kutatua
changamoto za lishe. Kwa muhtasari, utafiti huu unatoa ufahamu
muhimu katika njia inayofaa ya kuboresha ubora wa lishe ya vyakula
vinavyotumiwa kawaida, na kuleta manufaa kwa tasnia ya chakula
na watumiaji nchini Tanzania.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Background Information

Noodles are staple foods of many countries worldwide, which can be
made from a vast range of flour, including wheat, rice, maize and
potato, using extruder machines by adding flavourings like eggs and
spices (Huang and Lai, 2010). Most are made from wheat flour,
starch, water, salt, sodium carbonate, and other ingredients that
improve the texture and flavour of noodles, such as cinnamon and
curry powder (Yousif et al., 2012).

Consumers are highly demanding since they play a significant role in
human beings' nutritional and societal value (Li et al., 2014). Despite
the two reasons, also its consumption has increased globally
because of its unique flavour and taste, longer shelf life, reasonable
price and convenience

According to East African Standard (EAS 173:2000), pasta products-
specification (macaroni, spaghetti, vermicelli), noodles should be in
solid rods of minimum length 250 mm and diameter between 1.25
mm and 2.0 mm and moisture content should not be more than 10%
m/m.

Niu and Hou (2020) postulate that noodles are classified into several
types based on different processing technologies, including fresh
raw noodles, dried noodles, parboiled noodles, frozen noodles,
steamed noodles, and instant noodles. Fresh raw noodles are
prepared without drying and have a moisture content of around
32%-38%. Dried noodles are much lower in moisture content due to
the drying process, thus contributing to a longer shelf life. Parboiled
noodles are produced by partially cooking raw noodles in water,
which increases their moisture content; frozen noodles consist of
both frozen raw and frozen cooked noodles; steamed noodles are



cooked in a steamer, and instant noodles consist of fried and air-
dried noodles.

Noodles often lack essential nutrients, such as vitamins, minerals,
and dietary fiber, due to the refining process involved in their
production. According to a study by Mahmud et al. (2023), refined
wheat flour, the primary ingredient in most noodles, is deficient in
essential nutrients compared to whole wheat flour, leading to
nutritional inadequacies in noodle products. Additionally, prolonged
consumption of nutritionally deficient foods like noodles can
contribute to various health risks, including micronutrient
deficiencies, cardiovascular diseases, and metabolic disorders.
Furthermore, World Health Organization (WHO, 2019), postulate
that inadequate intake of essential nutrients increases the risk of
malnutrition-related health issues, compromising overall health and
well-being.

In Tanzania, where noodles are a popular staple food, the
prevalence of nutritional deficiencies is high due to the consumption
of inadequately fortified noodles which poses a significant public
health concern. A study by Ekesa et al. (2018) highlighted the need
for interventions to enhance the nutritional quality of staple foods like
noodles to address malnutrition and improve public health outcomes
in Tanzania.

Although cereal-based noodles are frequently consumed, they are
low in protein content and lack some of the nutrients such as fibre,
antioxidants and fats, which are often enhanced with additives such
as protein supplements, emulsifiers, edible gums, antioxidants, and
preservatives to counteract the deficiencies and to improve flavour,
taste, appearance and nutritional profile of noodles (Hussin et al.,
2020). Also, wheat flour that is mainly used can be supplemented
with other ingredients to enhance the nutritional value of noodles to
be produced, and such supplements can be of both animal origin



and plant origin, for example, Bambara groundnuts (Vigna
subterranea), moringa (Moringa oleifera), fish, and oats

Sardine, also known as “dagaa” in the lake, is the smallest fish with
the highest nutritional and economic value (Isaacs, 2016). In
Tanzania, Lake Victoria, located in the equatorial region of east
Africa in the Mwanza region, supplies approximately 55% of all fish
consumption in Africa, with sardines accounting for more than half of
the lake’s total yearly catch (dagaa). Tanzania is the largest
contributor of sardines among the three countries bordering the lake
(Tanzania, Kenya and Uganda), with 433,845 tons landed in 2015,
compared to 289,873 tons in 2010. (Mkunda et al., 2020)

Sardine is an imperative food of excellent nutritional value as itgives
high-quality protein, unsaturated fatty acids, vitamins A, D and
vitamin B family and assortments of minerals including calcium,
copper, zinc, iron and iodine needed for physical and mental
improvement (Owaga et al., 2010). Furthermore, Bundala et al.
(2020) argue that the protein contribution of sardine is almost similar
to that of eggs and greater than the individual contributions of pig
meat, poultry meat, bovine meat and goat. Calcium is required for
the growth, development, and maintenance of healthy bones and
teeth, as well as nerve and muscle function. Zinc is essential for
normal growth, development, and neurological function. Vitamin A is
required to grow and maintain healthy skin, eyes, and immune
systems (Pal et al., 2018).

Each food’s macronutrient and micronutrient content varies globally,
and some foods lack enough micronutrients to meet the
recommended dietary intake, whereas micronutrients are required
for various essential roles; for example, iron helps to prevent
anaemia, but iodine is especially important for children’s growth and
development (Lutter and Rivera, 2003).



According to Kawarazuka and Béné (2011), sardine was used to
supplement many foods to increase nutrient levels of foods that had
lower macronutrient and micronutrient levels than what was required
due to its high amount of both macronutrients and micronutrients.
Moringa (Moringa oleifera) is a plant species in the moringaceae
family. Moringa oleifera plants were originally found in Sub-
Himalayan India, Pakistan, Bangladesh, and Afghanistan, and they
have been widely used as a traditional medicine by ancient Romans,
Greeks, and Egyptians for centuries (Fathil, 2022). This plant has
recently spread to other countries, including India, Ethiopia, the
Philippines, Sudan, and East Africa (Ebert, 2014). Moringa tree is
known by many different names in different parts of the world,
including benzolive, drumstick tree, horseradish tree, Kkelor,
marango, mlonge, mulangay, sahijan, and sajnaas (Dixit et al.,
2016).

Moringa oleifera is known in Tanzania as “mlonge” in Swabhili. Mostly
found in Tanzania, including Morogoro (Gairo inland plateau) and
the Ruvu coastal region (Chamshama et al., 2014). According to
Hussin (2020), moringa grows in tropical and subtropical climates, is
drought resistant, and can even grow in a variety of less fertile soils
with soil pH ranging from 4.5 to 9.0. Moringa oleifera is a nutrient
powerhouse due to its high nutritional content (Chhikara et al.,
2020). Each part of the plant has edible value, as roots and barks
are raw materials used to make traditional medicines, seeds act as
storage of edible vegetable oils, and leaves are the most nutritious
part of the plant, contribute to both micro and macronutrients as well
as bioactive elements (Gopalakrishnan et al., 2016; Prayitno et al.,
2021).

Despite all nutritional benefits, it was reported (Kakde et al., 2018;
Sodamade et al., 2013) that moringa has the effect of improving
immunity, anti-inflammatory, antiulcer, antibacterial, antifungal
analgesic, preventing and treating diabetes, hypertension and other
effects. Hence it is widely applied in medical and health care.



According to Adi et al. (2019), Moringa is a good supplement to
staple foods like noodles because of its incredible nutritional value.
This was also supported by a study conducted by Zhang et al.
(2017), which found that daily consumption of 25 g of Moringa
leaves dry powder provided the body with 42% protein, 125%
calcium, 61% magnesium, 41% potassium, 71% iron, 272% vitamin
A, and other nutrients. Furthermore, 100 g of leaves contains twice
as much protein and calcium as a cup of milk and twice as much
vitamin C as an orange, which improves the health of people who
are malnourished or lacking in protein.

1.2 Problem Statement and Justification

Tanzania is among the developing countries which suffer from
malnutrition problems. Although different measures have been taken
to combat malnutrition, the situation is still severe. Different
malnutrition studies have been conducted mostly for children below
5 years, neglecting the adolescent group in nutrition programming
and the small number of research and intervention efforts being
done while these groups also have the problem of malnutrition
(Rector et al., 2021). The problem of malnutrition (both conditions
including undernutrition and micronutrient deficiency) is a critical
challenge among adolescents in Tanzania, both girls and boys, as
the study done by (Pangani et al., 2016; TACAIDS, 2011) shows
that adolescent girls 18% are underweight and 47.3% are anaemic
together with adolescent boys who suffer the significant burden of
malnutrition with 13% to 17% being overweight and 10% having
underweight or iron deficiency.

According to WHO (2018), most adolescent deaths occur in both
low- and middle-income countries in Africa, where poor dietary
intake is the main source of inadequate amounts and proportions of
energy, protein, vitamins and minerals associated with micronutrient
deficiencies.



However, the nutrients which they lack includes iron deficiency
anaemia, folic acid, vitamin A and vitamin B12, calcium, zinc and
vitamin D, diarrhea diseases, high fasting plasma glucose, high
blood pressure, preconception nutrient deficiencies. Additionally, in
Mozambique, Senegal, Cambodia, India and Haiti, micronutrient
deficiency, especially iron, is at a higher rate, approximately 40% or
above among adolescent girls aged 15-19 years (WHO, 2018).
Despite poor dietary intake, dietary patterns such as snacking,
usually on energy-dense foods; meal skipping, especially breakfast;
or irregular meals; the widespread use of fast foods and easy-to-
prepare foods; and low utilization of fruits and vegetables all
contribute to adolescent malnutrition (Omage and Omuemu, 2018).
Furthermore, Dixit et al. (2014) discovered that more than two-thirds
of adolescents in Nepal choose fast food (ready-to-eat snacks,
chips, etc.). Further, much of the diet in Tanzania consists of starchy
foods, including maize, cassava, rice, wheat, and sweet potatoes,
contributing to an overall poor-quality diet.

According to Dhir and Singla, (2019), the consumption of instant
noodles in Tanzania has been steadily increasing over the past few
years. Between 2016 and 2020, the annual growth rate of instant
noodles consumption in Tanzania was estimated to be around 6.5%.
Furthermore, The Tanzania Food and Nutrition Centre (TFNC)
reports that malnutrition rates remain a significant public health
concern in Tanzania, particularly among children under five years of
age and women of reproductive age. According to the Tanzania
Demographic and Health Survey (TDHS) 2015-2016, approximately
34% of children under five in Tanzania are stunted, 21% are
underweight, and 5% are wasted (TFNC, 2020).

The dietary patterns in Tanzania are characterized by a heavy
reliance on staple foods such as maize, rice, and cassava, which
may lack adequate micronutrients. A study by Muto et al. (2023)
found that traditional Tanzanian diets are often deficient in key



vitamins and minerals, contributing to the high prevalence of
malnutrition in the country.

According to Pakhare et al. (2018), noodles are a starchy staple
food high in carbohydrates without cholesterol, low in sodium and
fat, but low in protein and key amino acids. This exposes the
consumer at risk for malnutrition-related disorders such as insulin
resistance, micronutrient deficiency, and hypoglycemia. According to
different research, noodles were reported to be a health risk among
different people as they lack protein, fibre, vitamins A, C & B12,
calcium, magnesium and potassium. Additionally, they lack
antioxidants and phytochemicals, which affect health (Bata et al.,
2021). Similarly, Roos et al. (2019) argue that noodles have also
been found to increase health risks to pregnant women, nursing
mothers, school-going children and adolescents due to lack of
protein and other micronutrients.

Nowadays, consumers all around the world are more at risk of
many diseases, such as diabetes due to obesity, high cholesterol,
cardiovascular diseases, high blood pressure and irregular blood
sugar levels. These risk factors are caused by an unfit diet low in
essential nutrients like dietary fibre, protein, and micronutrients.
Some studies have shown that regular consumption of noodles is
associated with poor overall diet quality, and noodle consumers
were found to have a significantly decreased intake of protein,
calcium, vitamin C, phosphorus, iron, niacin, and vitamin A. They
also had an increased intake of sodium and calories (Park et al.,
2011).

This study aims to develop noodles incorporated with fish (sardine)
and moringa leaves, which will enhance or boost the nutritional
content of noodles because sardines and moringa leaves have high-
nutritional value. These easily digestible proteins contain all
essential amino acids (AA) necessary for healthy human diets and
are high in micronutrients such as folate, zinc, calcium, vitamin A,



iron, and B vitamins and fats. Also, the protein that will be obtained
from sardine and moringa leaves is more economical than high-
priced meat protein and will help to reduce the incidence of
malnutrition. The study developed noodles incorporated with sardine
and moringa leaves that will enhance the nutritional content of
noodles. Besides increasing the nutritional value of noodles by
utilizing Moringa oleifera leaves, this research will also promote the
use of sardines through product diversification.

1.3 Study objectives

1.3.1 General objective

To improve the nutritional content of noodles produced by small
scale processors through the incorporation of sardines (dagaa) and
Moringa oleifera leafs

1.3.2 Specific objectives

i. To determine the nutritional quality of composite noodles,
including proximate and micronutrient composition.

ii. To evaluate the acceptability of developed composite
noodles.

iii. To assess the physiochemical properties of the developed
composite noodles, including texture profile and cooking
gualities

1.3.3 Research questions

i.  What is the proximate and mineral composition of noodles
incorporated with moringa and sardine powders?

ii. how acceptable are these noodles in terms of sensory
perception?

iii. what are the effect on cooking quality and texture profile of
composite noodles upon incorporation of moringa and
sardine powders?



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 present the published papers, whereas Chapter four presents
the general discussion and Chapter five the general conclusion and
recommendations.
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ABSTRACT

This study ams to mvestgate the eflect of incarporating Moringa oleifera leal powder and sardine powder
into wheat-based noodie formulations on their nutritional composition. Different formulations were prepared
with varying ratios, expressed in percentage (%): WMt  (90.6 wheat: 0.4 moringa ), WM2 (99.2 wheat: 0.8
moringa) andWM3 (99 wheat -1 moringa ). 'WS1 (95 wheat: 5 sardine ), WS2 (90 wheat: 10 sardine ), WS3 (85
wheat: 15 sardine) and the control sample (WC) containing 100% wheat was also Included for comparison.
The nutritional parameters assessed included crude protein, crude fiber, crude fat, ash, carbohydrate and
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Figure 3 Morrge bl powder

they were placed in an
dry. Afer 42 hours, the dried samples with moisture
content of 10 removed from the trays and

ware
ground into fine powder (Figure 3) using a high speed
muttifunctional crusher machine (model 750A). Then,
they were sieved fwough a stainless steel sieve with
S00 um_ Finally, the fine powder was sealed n airtight
Zipped bags and stored for further processing (Mamun
etal, 2022)

Sample formulation and composition
The samples were combined in proporSons that met the

FADMWHO energy and micronutrient requirement for
adolescents aged 14-18 years using linear regression
method. Six samples of noodles were formulsted as
indicated in Table 1. Thus, a total of seven samples
were prepared induding 1 control sample

Dried noodie preparation

The dned noodles were prepared followng the method
described by Zua et al. (2021) as shown in Figure 4.
The obtained moringa leaf powder and wheat flour
(Figure 1C and Figure 2) were mixed in the following
proportions” 1000, 99604 §9.2:08, and 99:1. Also,
sardine powder and wheat flow were mixed in the
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Tablke 11 Compostion of noodies INCOMOeted with MoNngs sl powder

and sarane powaer (g/100g)

Whwat flour « morega leel powder WMWY
WM

— y———

wna LB
Whwat flour + sardine powder wst "6
ws2 "W
w8l L AL
T ——
Raw materials

H

Muing of
ingredients Smim

Drying 4Bhrs under
reom temperature

followng proportions 955, 0010, and 8515 They
wore measured using BOECO Germany anaiyticel
balance (Boeckel + Co BBLIT 21506710 XX43.0035)

before processi Mﬂma those proportions,
the composite fve minutes in
Amasadora Splral mmm:wrw

00mis of water, xuunoooumuwuu

sodum carbonate (baking powder) were added. They
were continuously mixed to ensure that the dough had
adequate consistency. The prepared dough was then
placed in & laboratory extruder machine (China pasta
making machine model number |T-1PA0) for the oold
extrusion of desired shape noodies Finally, the
extruded noodles were cut Ino similar slzes and
arranged on trays before diyng at room temperature for
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Crude protesn

Crude proten = the

Kieidahl meihod of 58110 (ADAC, 1958). 0Sgof the

color appeared The blank was 8150 run iliowing o he
aDove steps

The formuda used 1o calculate the crude profein contlent
of De samples was,

% crude protein = 6.25 x WN
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Crude fat

The crude fat of the sampies was determined by ether
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The percent of orude 18t was Gelermined by using the
Tollowng formula
weight of ether extract(y)

% crude fat - of dvy “)x

removal of acd from the sargie The same lechnigue
was Wited for SAak Ggeston. but instead of sulpharic
acd (H:50,), potassum hydronde (KOH) was used as

 weight of less(g)
. St = gt of dry samples ()

¢

The ash comant of Tw samples was determined
according 1o ADAC (1998)'s mehod of 52303 For the
Seterminaton of ash, clean ampty crucie was placed
" a muflie fumace at S00°C for an hour. It was cocled
1 Gesccalor and then the weaight of the srply crucbie
was noted. Five (5 grams) of sach of one sample was
taken in the crucitie. Then, the cruchie nas placed n 3
mulSe fumace at 800° C for S trs Grey whils ash
Mpeared. whch ndcates compiete cudaton of al

organic matter n the e The ashing & a
swilched of and the cruobie wih the sampie was
codked and

_I“MQ)-MMU). 100
weight of dry semples \g)

Carbobrydrate

The percentage of cartohydate was Ccaodated
s  percertage difference wing Pe formuda
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Table 2@ Prowmate composition (gri00g OM) and energy (kcal100g) of dried

powaers

Mpatanz et al

Crude
W 11,4940 13% 0.012000 1924001 1.38:0 06" T4.2740 39 360 3243 09*
waz 12.4240 08" 0.02+000 18920 08" 1,640 01 72964002 358 5040 42
] 16.3840 01° 0.02:0.00 2832007 3.18:001" 87 8120 22+ 350 8620.20"
Wws1 14 8420 03° 0.00+0.00% 1.99:0 05 1,43:0.00" 71282007 362 4120 58°
ws2 17 000 06~ 0 0020 00* 28240 0™ 1,780, 0% 67 7440 80~ 364 5342 51
ws3 21,4020 €' 0.015000" 29450 107 22840 03* 62,3150 23~ 3812940 18°

signiicant difference being determined at 3 5% level of
significance (p<0.05). All is of all irate
were sxpressed as mean : SO of duplicate values

RESULT AND DISCUSSION

Values are expressed as mean: standard deviation.
Mean values with dfferent superscript letiers along the

(p<0.05) in the protein content of the dried noodles
ameong all the samples, but it was not significantly
{(p>0.05) In the control sample (WC)
samples with 0.4% of moringa leaf powder . The proten




process, Current studies show that there was a
significant increase in the profein content of the noodies
contaning moringa leaf and fish powders. These results
support  the study conducted by Orisa and Udofla
(2019), who reported the inorease of protein content of
noodies incorporated with marnga leaf powder, cowpea
folr and acha four. The research conducted by
Manaces of 4l (2013) proved that, the protein content
of rice cracker increased after the addiwon of 1% of
monnga leal powder, Another comparable study of
Wani of ol (2013) indicated that, the substitution of

mornga leaf powder in the noodies samples Sengev ot
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al. (2013). who studied he effect of morngs leal

nersased amount of fat content from 2.12g/100g for the

10% of monnga leal powder Omeire of al (2014)
postulate that, there was an increase n fat content
(1.39-3 00%) in noodies produced with wheat, acha and
soyDeans fours, Furthermore, Chude ot al.
(2018) found an increase In fat contents in noodies with
noreased Bambara groundnut in wheat, Monteiro et al,
(2010) reported there was ncrease in fat contents in
noodies as the amount of fish increased

Ash

Ash content in food refers 1o the inorganic residue left
behind after complete combustion of organic matter. it
® Mo an Indicator of the mineral slements n he
particular food sample Results of the study show that
there was no significant difference between the control
sample (100% WC), WM! (04%) ang WS1 (5%) at
p>005 degree of i In terms of their ash
content.  Also, WM2 (10) and WS2 (10%) samples
showed no significant dfference in ash content ot
p*005 There was a differance in ash
contert between sample WMJ (1%) and WS (15%) ot
p<0.05  Substitution of 04% of moringa leal powder
nto wheat flour showed no significant diferance with



the control sample at p>0 08, This might be atiributed to
the smal concentration of monnga leal powder used.
As the concentration of morings leaf powder Increased
the ash content mcraased since the noodie sample wih
1% of modnga eal powder (WM3) had higher mean
value (3.18g/100g) of ash content compared to all the
other samples. This can be due to the addtion of
mornnga leaves which are known to be rich n minerals
essential for plant growth and development, such as
calolum, potassium, magnesium. and phosphorus. Also,
noodies incorporated weh sardine powder showed an
Increase in ash cortent as the concentration of sardine
powder increased. This might be due to the presence of
Inorganic minerals In  savdines, ncluding calcium,
magnesium and potassium, which increased the overal
ash content when incorporated into wheat noodies.
These results are comparable with Effiong et al, (2018),
who reporied the ncrease in ash content in noodies
made with wheat and orange-fleshed sweet potatoes,
Chude of al (2018) reporied that the subsiituton of
fermented Bambara groundrids In wheat noodies
resuted In iIncroased ash content of noodies fom 1 80-
306% Ahmad ot al (2022) found an increass in the
ash conterd of value-added noodles produced by
fenugreek seed powder. which ranged from 0.6
3129/1009

Carbohydrmtes

It is Aurther shown that the amount of carohydrates in
the noodle samples decreased from 74 269/100g to
62.319/100g (Table 2) The control sample (WC)
comained a Ngh amount of carbalydrates compared 1o
the other samples, although the difference was not
stadstically significant in samples with 0 4% and 0.8%
of moringa lew powder at p>0.05 level of significance,

that grows naturally in the drer regions of West and
Central Africa has a wide range of uses due fo ity
medanal properties, edible frull, and flour) and monngs
leaf flour blends. A simbar decrease In carbohydrate
coments was observed in a study conducted by Hussn
el al (2020) on the effect of Inchuding Bambara

and moringa leaf powder In wheat flour for
making nootles  Handayan ot al. (2022) reported that
he ndusion of monngs el powder resulted In
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decreased carbohydrate contents of pasta

The carbohydrate contert limit set by CODEX (2008)
for  adolescents & 130p/100g, The values of
all Wn incorporated  with

The study results show that, the energy content of
noodies ranged from 358 5304 Mkoal/100g (Table 2).
The dfference in energy contents among afl the
samples was observed, but the difference was not
statistically significant at p>0.06. Noodles Inoorporated
with moninga leaf powder showed a decreass in enargy
contents compared 1o the control sample, This (s
because moringa leaves are not rich in fat contents as
well a carbohydrate contents compared to the wheat
flour, Sample (WS2) which conmsts of 10% of sardines
had the highest energy value of 304 35kcal/100g than
4l the other samples because of the high fat conte
dertved from sardines, its content was
not very low compared 1o sample (WS3) with 15% of
sardine powder. Similar results are shown by Ndife o
al. (2014), who reparted ncrease in energy content in
cookes with ncrease of full-fat soya in wheat flour
Furthermore, these results are comparable with those
of Gomaa ot al (2023), who reportad a decrease in the
energy contert of nstant noodies with ncrease in
maringa leal and mushvroom powders,

Values am expressed as meant standard deviation
Mean values with different superscript letters along the
colmn  we  sgnificantly  different @t ps0.05  The
folowing formulations were made:

WC (100% wheat), WM1 (69.0% wheat: 0 4% maoringa
eal powder), WM2 (90.2'% wheat. 0.8% meringa leaf
powder). WM3 (90'% wheat 1% moringa leal powder),
WE1 (95% wheat 5% sardne powder) WE2 (D0%
wheat: 10% sardne powder), WS3 (85% wheat! 15%
sarding powder ).

Cabcium

Acoording to AN (2023), calcium is an essential mineral
for the human bodgy. Nt plays @ crucal roke In
maintainng bone health, nerve function and muscle
function. ncorporating calclum-rch ingredents in food
products can be an effectve way to enhance the
nuiritional value of food and provide consumens with
additional health benefits (Bourassa ef al, 2022),

The findings (n Table 3 show that the calokim content of
noodles ranged from 7 30- 66.01 mg/100g. The amount
of caloum dffers significantly among all the samples at
p<0.05 For the noodies incorporated with moringa leaf
powder, the amount of calolum Increased as the
concentration of monnga leal powder Increased
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means to address nutritonal deficencies and promoting
the health and well-being of consumers,

Adopawon DH, Mdoars Al and Falade KO (2020) Q"u-&
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ABSTRACT

Noodles with varying percentages of wheat flour, moringa leaf and Sardine powders were
developed and tested for texture, cooking quality, and sensory qualties. Various formulations were
used 1o make the noodle samples. Noodies with moringa leaf powder were developed using in the
following wheat and Moringa proportions in percentage: 88.6:.04 (WM1), 89.2:08 (WM2) and 98:1
(WM3). Noodle samples containing sardne powder were created in the following ratios: 95:5
(WS1), 90:10 (WS2), 85:15 (WS3), and 100:0 wheat flour
Textural qualities of the noodle samples were measwed, nduding hardness, cohesivenass,
springiness and adhesiveness. The inclusion of moringa leal powder and sardine powder resulted
Lin a considerable reduction in hardness and cohesiveness when compared to the wheat control
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The noodies became softer and less cohesive as the concentration of mornnga leaf powder of
sardne powder increased.

The noodie samples’ cooking loss, volume increase and waler absorpbion were also measured
Higher concentrations of moringa leaf powder or sardine powder resulted in greater cooking loss
as well as lower volume and water absorption. This implies that the inclusion of these powders
atered the textre and water-holding capactty of the noodles,

Additionally, sensory evaluations were performed to determine the acceptabilty of the developed
noodles in ferms of color, aroma, texture. taste and overal acceptability The results revealed that

mewmmmmmmmmu
powder and sardine powders altered these properties with larger concentrations causing more

researchers 1o focus on the qualty Improvement  parscularly acd (EPA) and
of noodles through the incorporation of various  docosahexaenoc ackd (DHA) [10], (Chada ef
functional ingredients derived from natural  &.2019) . These fatty acids are necessary for
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Tzia et al. [14] define sensory evaluation as the
scientific discipline that uses human senses to
carefully evaluate sensory properties of
food products such as taste, color, aroma,
fexture, and appearance n a controlled
environment. Sensory quality analysis serves as
a reference for understanding deviations
from requirements and implementing necessary
remedial procedures throughout food preparation
and sthorage. It s also critical in product
development since knowledge on a products
sensory qualities supports food companies and
researchers In addressing customer demands
and offering new and improved products [15]
Many researchers employ basic approaches
such as descrptive analysis, consumer
tests, and preference mapping to complete
sensory quality analyses. Descriptive sensory
analysis is based on the perceptions of a trained
group of assessors who provide quantitative
descriptions of al food product sensory qualities.
Consumer testing determines whether
consumers like, accepl, or prefer one product
over another [16). Preference mapping describes
the features led to consumer liking through the
use of a visual representation that illustrates the
relationship between descriptive sensory data
and consumers' hedonic ranking [16]

The purpose of this study was to investigate the
effect of varying concentrations of Moringa
oleffera leaf and sardine powders on fextural
profile, cooking quality, and sensory evaluation of
dried noodles,

2. MATERIALS AND METHODS

2.1 Samples Collection

Moringa leaves were collected from Frida home
steady farms located in Morogoro region where
as dried sardines . cooking ofl, salt, wheat fiour
and baking powder (sodium carbonate) were
collected from chief Kingalu market at Morogoro
region, Tanzania

2.2 Sample Preparation

2.2.1 Preparation of moringa leaf powder

Moringa leaf powder was made according to
Orisa and Udofia [18], Kumar [19] with minor
changes. Moringa leaves were collected from the
farm and sorted, with healthy leaves being
chosen for further processing and damaged
leaves being discarded. Selected leaves were
washed with distilled water to remove all det and
dust. The leaves were placed on perforated frays
and widely spread for 20 minutes o drain excess
water. After 20 minutes, trays were arranged on
laboratory tables and dried for 4 days under
shade until the moisture content reaches 7%,
After drying, the leaves were ground into a fine
powder with a high speed multifunctional crusher
machine (Model 750A), then sieved through a
stainless steel sieve with 500 ym. Then powder
was packed in aidight zipped bag to avoid
absorption of the surrounding moisture which
may degrade its quality and nutrients for further
processes,

Fig. 1. Moringa oleifera leaves
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2.2.2 Preparation of sardine powder

Dried Sardine heads were removed, and the
remaining parts were washed with portable
water ©© remove sand and other foreign matter
Sardines were spread on oven trays after being
washed, then placed on oven set at 60°C ready
for the drying process. After 42 hours, dned
samples with mosture content of 10% were
removed from the trays and ground into fine

sieving through a stainless steel sieve with 500

aiight  zipped bags and stored for further
processing [20)

2.2.3 Sample formulation and composition

The samples were combined In proportions
that meet the energy and micronutnent
requirement of adolescents aged 14-19 years
as suggested by WHO [21] using linear
regreasion method. Six samples of noodles were
formulated as indicated in the Table 1 therefore
2 total of seven samples were prepared Including

ym  Finally, the fine powder was sealed in contral
Table 1. Composition of noodles incorporated with Moringa Leal Powder and Sardine Powder

(p'100g)
_Ingredients Formulation Name Ratios
_Wheat fiour WC 1000
Wheat flour + moringa leaf powder WM 90604
w2 00208
Wheat flowr + sardine powder WS1 955

Fig. 3. Dried noodle samples packed in zipped bags

B
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Source: Modifed from Oriae and Udofe. (18]
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2.3 Cooking Quality of Dried Noodles
2.3.1 Cooking loss

The amount of sohd substance lost in cooking
water is referred 10 as cooking loss It was
determined according to procedures explained
by Kumar [18). Pakhare ef al [25] During the
determinaton, 10 g of noodle sample was
measured using a BOECO analytical
balance (Boeckel + Co BBLI1 21505716 XX43-
0035). 1t was then transferred to a conical flask
and 250 mi of distilled water was added. The

Walght ol (ol noefle el ght of b werodle
Weght of unt oveed noode x 100 (“)

2.3.3 Volume increase

Vidumie o sebied smofle vl e of o sube d condie
Valeaue of Ul ket Honde

x 100 (W)

2.4 Sensory Evaluation
2.4.1 Quantitative descriptive analysis

the intensity of product sensory attributes, with
the lefl side of the scale the lowes!

numbers, and then were served 10 each
panelist at random. Panelist responses were
obtained and used in both wunivarate and
muitivariate analysis.
2A.2 Hedonic test
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Table 2. Attributes, references and scales developed in quantitative descriptive analysis panel
training

Attributes  Description Reference Scale ranges
Color Charactenstic of wisual perception -Moringa leaf 1-not at all

described through color categories -sardine powder ___5-extremely colourfull
Salsness Thcqmlayofbu\gsdty 1% Table salt (Naci) 1- Notat ail

S-extremely salty

Hardness deMuwsmLuu 1-yery hard

percewed for the first teeth bite S-extreme soft
Aroma Component of odour caused by a -Movmbafpowd« 1-not at all

product identified by the sense of smeil  _sardines S-extreme smed
2.4.3 Cooking of noodles presented the textural properbes of

Cooking procedures were followed with minor
modifications as described by Zula et al. [22]
Noodle samples were cooked in baifing water for
9-11 minutes in a small stainless steel source
pan. Te keep the samples from sticking together,
they were stimed with a wooden kitchen spoon.
After cooking, the sample was stramed and
washed with cold running water then 2mis of
cooking oil was added to a source pan, followed
by noodies, and cooked for 2 minutes for sensory
evaluation

2.4 4 Stanustical data analysis

Statistical data analysis were perfomed by using
SPSS (Statistical Package for the Social
Socences Version 26.0, SPSS Inc.. Chicago, IL,
USA), using the one-way analysis of
varniance (one-way ANOVA) and post hoc
Tukey's Honestly Significant Difference (HSD)
test at a significance level p < 0.05. All the data
were reported using mean values of
determinatons * standard dewviation. Principle
component analysis (PCA) was done by R
software (R Core Team) to assess the

was performed
version 10.4 to check the relationship between
quantitative descriptive data and consumer data.

3. RESULTS AND DISCUSSION
3.1 Textural Characteristics of Noodles

basis of final consumer acceptance Table 3

The force needed 1o compress or bite through 3
food sample is referred to as hardness. The
results demonstrate that as the amount of
moringa and sardine powder was increased, the
hardness of the noodles diminished, All samples
of noodies varied significantly in terms of
hardness (p<0.05), as shown n Table 3. The
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Table 3. Textural properties of cooked noodles

!lmb __ Hardness{g) Cohesiveness Springiness{mm) __ Adhesiveness(mJ)
64722 50 08400" 2.120.2% 0.320Y

WM1 452419 0.7¢0.0" 1.8:01" 02407

WM2 26.820.3° 06201 1.620 1™ 0.210.1'

WM3 203213 051000 1.540.0™ 0.120.7

ws1 137815 0640 1™ 1.140 3 0240 v

ws2 9.5¢0 82 042014 0.820 6 02107

Ws3 8818 0410 0" 0.840 17 0.1200

Vaives ae expressed a3 meant standard deviation Muu::::ommmmmmma

WC (100% Wheat). WMT (96.8%wheat: 0.4% Ll

WM3 (99%wheat. 1% Moringa Jeaf powder). W51 (

powder), MMWMWMM}
Nwheat. 5% Sarcine powder), W52

powder), WSJ (85%wheat 15% Sardine powder)

3.3 Cohesiveness

A signficamt dfference In cohesiveness was
observed among all noodle samples (p <
0.05).The control sample (WC) exhibled the
highest cohesiveness value, indicating excellent
structural integnty and a strong ability of the
noodies to stick together. However, as the
amount of moringa powder increased in WM1,
WM2 and WM3 a slight decrease In
cohesiveness was observed. This suggested that
the addition of moringa may have influenced the
bindng properties of the noodles, resulting In a
menor reduction In their ability to stick together.
The observed decrease n noodle cohesiveness
with the addition of moringa powder can be
attributed 1o two potential mechanisms. changes
In starch behavior and particle distribution,
Noodles typically contain  starch, which
contributes to their lexiure and cohesiveness,
Moringa powder may nteract with the starch
molecules, potensally interfering with ther
gelatinization process and leading 0 a less
cohesive noodle texture. Furthermore, moringa
powder consist of fne particle that can be
unevenly distributed throughout the noodies so
these particles disrupt the alignment and
Interaction of the noodle strands, thereby
reducing their cohesiveness.

Additionally, the results presented in Table 3
showed the decrease of cohesiveness in WS1,
WS2. and WS3 compared to control sample
(WC). The observed decrease in cohesiveness in
ihe experimental groups Imples a potential
negative impact of sardine powder on the
structural Integrity of noodies as the presence of
sardine powder can disrupl the protein network
and impalr gluten formation by interfering with
the proper bonding of gluten hence compromise
the cohesive properties of noodlies, making them

more fragle and prone to breakage. These
results abide with those of Coello ef o/ (23] on
pasta products enriched with moringa sprout
powder as nuintive dense foods with bioactive
potental  who  observed  decrease  in
cohesiveness as moringa sprout  powder
ncreases. Khatkar and Kaur [32] researched on
the effect of protein incomporation on functional,
thermal, textural and  overall  quality
characteristics of Instant noodles and cbserved
the decrease of cohesiveness as well. According
10 the study of Ainsa ef al, (33}, there was a
decrease In cohesiveness of noodles
ncorporated with different concentration of fish-
by product,

3.4 Springiness

Springiness refers 1o the abllity of the noodle to
regain its original shape afler deformation,
Pasqualone ef al. (34), postulate that springiness
measures the extent of recovery that occurs
when a compressive force (s removed. Results
demonstrate significant difference in springiness
among all formulated noodle samples (p<0.05),
The control sample (WC) had the highest
springiness value which indicate good elasticity,
and this could be atirbuted by the gluten protein
content In wheat flour which was not substituted
with sardne powder and moringa leal powder,
As the amount of moringa and sardine powder
ncreases, the springiness decreases gradually in
WM, WM2, WM3, WS1, WS2 and WS3. This
decrease n springiness could be due to the
alteration of the gluten network in the noodles
caused by the supplemen! materals (moringa
leal and sardine powders) because gluten is the
type of protein responsible for the elasticity of
products which contain wheat flowr, Including
noodies Also, the increase in  concentration of
supplements reduces the degree of elasticity In
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of volume increase during boiling of the noodies
could be caused by starch gelatinization and
protein hydration related to the size of the starch
. Furthermore, Moringa leaf powder has the
w»mm.mmwwb-
decrease in the volume increase of noodles
during the cooking process. Also as the powder
absorbs moisture from the dough, It can affect
the hydration level and raduce the expansion of
the noodles. Apart from the above reasons, also

- EH

Table 4. Cooking quality of noodles incoporated with moringa and sardines powders

Sample Cooking Loss% Volume Increase% Water Absorption%
wC 7 62047 694 8:59 318.3:3F

WM 16.0:06° 4335813 2828412

WM2 17.5¢1.4° 37112390 2731207

WM3 18841 2~ 203767 2517202

WSt 20 7+0.4° 256.3£29 9 2047247

ws2 25.2+08° 226.5:56" 259 421.0°

Ws3 31410 20542188 248 275"

"Values are expressed as meant stancard cevialion. I4ean vaiLes wih Gierent suparscrpt etters along He coumn are

dWerent at (£<0.05)

WC (100% Wheat), WMT (B9 E5wheat 0.4% Morngs keal powder). W2 (28 2%mwheat 0.8% Monnga aaf powder),
mmmwum WSIMS?WM WS2 (30%wheat. 1 0% Sardine
WSJ (85%uwheal 15% Sardine

Table 5. Consumer acceptability of noodles incoporated with moringa and sardine powders

_Sample Color Aroma Mouth Feel Taste
wc 64s16° 612 1" 58422 6122 6% 6027
WM1 622 % 8422 57s2.2% 52423 6.5:2 2
W2 57826 6.2:2.1" 56:2.3" 62223 6.2:23"
WM3 4822 2% 54£23% 54s25¢ 57s28% 5622 3%
Ws1 5922 2 45+28% 4727 4 5s209™ 5402 86%
Ws2 51227 30:26% 4528 39s207 L4827
wSs3 36220 29222 43827 35227 3024

Valuesz are exprossed as mean: stancard deviation (m=60) Mean valies with dferent superscripd lettevs along fhe
colurmn are significantty different at (ps0 05).
wcummm wvmmawwm&mwnmu

WS (B%aneat 1% Mornga isef o

3, ws'f’h‘

PONTr),
P WS2 (90%wheat 10% Saraine

W53 (85%wheat 15% Sardne powder)

10
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product development because clor differences

;
hii

i

Also,

i
{

accaptance.
color of the powder, the panedists disiked
the color of the noodles mxed with 150g (WS3)
sardine powder. This results support the study

R

shows that there was a significant difference in
aroma between samples p<0 05 which means
aroma of noode samples were ikad differently.
The aroma of WM1, WM2 and WC was slighty

which fall in "nesther tke nor dishke “category.
This decrease could be attrbuted

g
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004% monnga leaf powder differs signfficantly
(p<0.05) fom samples contanng 0.08% and 1%
moringa leaf powder. This result could be due to
diluting the gluten component found in wheat
flowr, which affects the texture {mouthfeel) of

recognized as the concentration of mornnga
increases. might be atirbuted 10 the decrease In
consumer preference. Prayitno eof al  [45)
demonsirated that increasing the concentration
of moringa cledera flour has an aftertaste effect
on noodie products. Noodles incarporated with
sardine powder WS1, W52 and WS3 were not

sardine

liked by panelists and the means scores of the noodies. The resulls rovealed some
decreased as the sardine powder increases  notable differences among the samples
Table 6. Quantitative descriptive analysis results of noodle samples

_Sample Color Aroma Saltiness Hardness
wC 21811 24812 25015 36210
W1 31210* 2821.2% 27218 3307
W2 32¢08% 26213" 2518 kRFSRL
W3 34219% 28:00 20£00" 33205
ws1 2421 4% 3407 2307 35:1.0'
ws2 30813~ g0y 22801 3110
WS3 4309 4307 21213 30s1.1*

Valuez are expressed as meant standard ceviafon (n®

10) Mean vaives with dferent superacrpt leffers along the

column are signiicantly differert af ps0 05
WC (100% Wheat), WMT(SS O%aheat0 4% Morings leal powder), WMR (95 2%whest 0. 8% Moringa leaf powder),
WM (S9%ahent. 1'% Moringa leal powder). WST (S5%nhest 5% Sardine powder), WS2 (S0Nwheat 10% Sacine
ponder), WSS (85%uheat 15% Sardine powder)

12
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Regarding color, there was a significant
difference in color intensity between control
sample (WC) and samples with sardine powder
(WS1, WS2, WS3) as wel as samples with
moringa leal (WM1, WM2, WM3) p<0.05. Also,
samples made with moringa leaf powder showed
no significant dfference in color intensity among
themselves p>0.05 as |t is shown in Table 6
where by the use of small concentration of
moringa leaf powder might be the reason. As the
concentration of supplements Increases also the
mean color intensity increases from the control
sample. Samples made with 15% of sardine
powder possess higher color intensity, This might
be due to higher concentration of sardine powder
used

Results on Table 6 shows that there was a
significant difference in aroma intensity between
control sample and the supplemented noodles
with maringa leaf and sardine powders p<005
The increase in aroma intensity of the noodles as
the concentration increase from the control was
influenced by the addition of both monnga leaf
powder and sardine powder. Samples with 10%
and 15% of sardine powder were higher in aroma
intensity.

In terms of saltiness, the quanttative descriptive
analysis &d not reveal significant differences
between the control noodies (WC) and those with
added ingredients (moringa leaf and sardine

Sar, vol 15 no 10, pp. 1-20, 2023, Aticke 1o ESNFS. 1IM585

powders) p>0.05. The intensity of salfiness
remained relatively consistent across all the
samples.

On the aspect of hardness, results shows that
there was no significant difference in hardiness
intensity between control sample and samples
incorporated with moringa and sardine powders
p>0.05. All the noodles, including the control and
those with added ingredients, displayed similar in
hardness Intensity, This suggests that the
incorporation of moringa leaf powder and sardine
powder did not significantly affect the texture or
firmness of the noodles.

3.15 PCA Bi-plot

The bi-plat of principle component analysis (Fig.
5) shows that Dim1 explains 37 1% of the
variation while Dim2 accounts for 31.2% of the
variation. Noodles with 15% of sardine powder
(WS3) were cosely associated with aroma and
color attributes as shown in the diagram followed
by noodles incorporated with 10% of sardine
powder (WS2). Noodles with 0.8% of moringa
leaf powder (WM2) were associated with
hardness, saltiness, color and aroma aftributes
as the efipse representing It is located at the
centre. The control sample (WC) of noodles
show a slight asscclation with hardiness but no
association with color, aroma and saitiness.

SCA - St

D V23N

Ut (37 19

Fig. 5. Bi- plot of PCA showing association between attributes and sample

13
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3.16 Relationship between Quantitative of sardine and moringa leal powders are

Regression noodie lking Hardness, color #1
aoma ®1, mouthfeel taste, and salliness ai
The score plot (Fig. 8) and correlation contrbuted to sample acceptance. Athough the

.-
.
-
-
"
-

B A @ MR A M s A e

Fig. 6. Score plot from a partial least squares regression of noodles incorporated with sardine
mmummmwm.xmmmmn

:: ‘///', S
==

.
S

Cm—— b b o
———

Fig. 7. Correlation loadings from a partial least squares regression of noodles incorporated
with sardine and moringa leaf powders samples with descriptive data as X variables and
hedonic rating as Y variables

-
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APPENDICES
Appendix 1: Hedonic test
Hedonic test sensory evaluation form
Name of panelist
Age . . LR S R L Sex
Paper number
[ R, ) HITIPCO PRI (S

You are prowided with seven (7) dnied noodle sampies, please evaluate each coded sampie provided
and indicate how much you ke or disike each afiribute of the sample by putting the most approprate
number (1-9) in the column against each attrbute (Table 1) by using hedonic scale provided below

—
-
e

indicate your degree of liking in the Table 1 below:

Table 1. Hedonic test
Sample code
Atrbuts 345 290 425 135 820 721 515
Calor
Aroma
, mouthfeel
Taste
__Overall acceptabiity
Ofher recommendations
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You are provided with seven coded samples of dried noodles, please kindly evaluate the samples and
indicate the intensity of each attribute as provided in the Table 2 below using the line scale provided.

color

Not at all 1 2 3 K 5 exiremely colofuly
Aroma
Not at all 1 2 3 4 5 extremely smell
Saltiness
| I N —
[ A R [
Not at all 1 2 3 B 5 extreme salty
Hardness
| E S | |-
Tl A (i
Very hard 1 2 3 4 5 extreme soft

135 721 345 820 515 290 425

Attribute
color
aroma
saltiness
hardness

use, and repe m any L

© 2023 Mookwizy af 8l This 12 v Open Aocess article disbibifed under e ferms of 1he Greafive Commons Aauton
(hitp A oyl 0), which ”
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CHAPTER FOUR

4.0 GENERAL DISCUSSION

4.1 Nutritional Composition of Noodles

This study aimed to determine the effect of Moringa oleifera leaf and
sardine powders on the nutritional composition of noodles, including
crude protein, carbohydrate, crude fibre, crude fat, ash, energy, as
well as minerals such as calcium, magnesium, iron and zinc. The
results show that incorporating sardine and moringa leaf powders
into wheat noodles affects their nutritional compaosition, particularly
protein and mineral content. The crude protein content increased
with increasing levels of sardine and moringa leaf powders, with the
highest value observed in a sample containing 15% sardine powder
(WS3), indicating that sardine and moringa leaf powders are good
protein sources. The crude fat content also increased with
increasing levels of sardine powder, which is rich in fat. The crude
fibore content decreased with increasing levels of sardine and
moringa leaf powders, which might be due to the dilution effect of
the added powders.

Additionally, ash content increased with increasing levels of sardine
and moringa leaf powders, as sardines are rich in minerals such as
calcium and iron. On the other hand, the carbohydrate content
decreased with increasing levels of sardine and moringa leaf
powders, likely due to the dilution effect of the added powders. The
inclusion of moringa and sardine powders did not significantly
increase in energy compared to the control sample. These results
are in line with the study conducted by Zula et al. (2021) on the
proximate composition, antinutritional content, microbial load, and
sensory acceptability of noodles formulated from moringa (Moringa
oleifera) leaf powder and wheat flour blend.

Furthermore, incorporating sardine and moringa leaf powders into
wheat noodles affects their mineral content. Results show that
calcium (Ca), iron (Fe), magnesium (Mg), and zinc (Zn) content
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increased with increasing levels of sardine and moringa leaf
powders, with the highest values observed in the sample with 15%
of sardine (WS3) and the sample with 1% of moringa leaf powder
(WM3), respectively. Such an increase can be due to the large
amount of minerals in sardine and moringa leaf powders, especially
iron, calcium, zinc, and magnesium. These results are similar to a
study by Moxness Reksten et al. (2020); Rao and Annadana,
(2017), who found an increase in nutritional content in the use of
marine fish in staple food crops.

The increase in mineral content is particularly important as these
minerals are essential for various physiological functions in the body.
Additionally, iron is essential for preventing anaemia and adolescent
girls who lose a lot of iron during their menstruation period.

4.2 Textural Properties of Noodles

Incorporating texture analysis in this study was crucial as it sheds
light on the physical attributes of the noodles. Texture greatly
influences sensory perception, hence understanding its impact is
necessary. Results demonstrate how the incorporation of moringa
and sardine powders affects not just texture but potentially sensory
attributes as well, which needs further investigation on these
effects.

Generally, results showed that the incorporation of moringa leaf and
sardine powders affects the textural properties of noodles. As the
percentage of moringa leaf powder or sardine powder increased, the
hardness of the noodles decreased, which is consistent with other
studies showing that the addition of non-wheat ingredients to
noodles can result in softer textures (Kang et al., 2017; Herawati et
al.,, 2017). The cohesiveness of the noodles also decreased as the
percentage of moringa leaf powder or sardine powder increased,
likely due to the lack of gluten-forming properties of these
ingredients (Zhang et al., 2010). The springiness of the noodles
decreased along the same trend as the hardness, while the
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adhesiveness of the noodles remained relatively constant. The
results are similar to those of other studies investigating the textural
properties of noodles made with non-wheat ingredients. For
example, a study on noodles made with sweet potato composite
flour found that as the percentage of sweet potato flour increased,
the hardness and cohesiveness of the noodles decreased (Kang et
al., 2017).

4.3 Cooking Quality of Noodles

The study investigated the cooking quality of noodles with moringa
and sardine powders. The results showed that the cooking loss,
volume increase, and water absorption of the noodles increased with
the addition of moringa and sardines powders. The trend was
significant with higher concentrations of moringa leaf powder or
sardine powder, resulting in greater cooking loss and lower volume
and water absorption. This is similar to a previous study that
investigated the effect of Moringa oleifera leaf powder on the
physical quality, nutritional composition, and consumer acceptability
of white and brown bread. It found that adding Moringa oleifera leaf
powder significantly increased cooking loss and decreased loaf
volume (Govender and Siwela, 2020). Also, similar results were
found in line with the results of Offiah et al. (2019), which found an
increase in cooking loss, a decrease in volume, and water
absorption of noodles incorporated with fish.

Generally, for consumers, understanding the impact of these
supplements on cooking loss is crucial, as it directly influences the
yield and texture of the final product they consume. Additionally, the
observed decrease in volume increase and water absorption
suggests potential alterations in the sensory attributes of the
noodles, which consumers often associate with quality. For
processors, these findings provide valuable insights into the
formulation of noodle products enriched with moringa and sardine
powders. By recognizing the effect of supplementation ratios on
cooking loss and other parameters, processors can fine-tune their
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production processes to optimize product quality and ensure
consistency. Furthermore, this understanding enables processors to
effectively communicate the benefits of these enriched noodles to
consumers, emphasizing aspects such as nutritional value and
potential health benefits associated with the incorporation of moringa
and sardine powders.

4.4 Sensory properties of composite Noodles

4.4.1 Consumer acceptability

The consumer acceptability evaluation of noodles incorporated with
moringa and sardine powders revealed significant variations in the
products' sensory attributes and overall acceptability. Notably, the
control sample (100% wheat- WC) demonstrated the highest scores
in colour, aroma, mouthfeel, taste and overall acceptability,
indicating a preference for traditional wheat-based noodles. As the
incorporation of moringa and sardine powders increased in the
samples, a general trend of decreasing acceptability was observed,
suggesting that higher concentrations of these ingredients negatively
impacted the sensory attributes. Specifically, samples WM3, WS1,
WS2, and WSS, which contained higher proportions of moringa and
sardine powders, exhibited the lowest scores in colour, aroma,
mouthfeel, taste, and overall acceptability. These findings indicate
that the sensory profile of noodles is adversely affected as the
percentage of these unconventional ingredients increases, which is
essential to consider when developing products and anticipating
consumer acceptance. Nonetheless, the study emphasizes the
potential for enhancing the nutritional value of noodles by
incorporating moringa and sardine powders, and further research
and product optimization may be necessary to find a balance
between sensory appeal and nutritional enrichment to meet
consumer preferences and dietary needs. These results abide with
the study done by Pathak and Kochhar, (2018), who reported that
the inclusion of moringa leaf powder in snacks altered the sensory
characteristics, including colour and aroma, as well as general
acceptability as the concentration increased.
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4.4.2 Quantitative Descriptive Analysis of Noodles

The Quantitative Descriptive Analysis (QDA) results provide
valuable insights into the sensory attributes of the noodles, both with
and without the inclusion of moringa leaf and sardine powders.
Notable differences were observed across the samples, particularly
in colour and aroma. Significantly higher colour intensity was
observed in samples with sardine powder, with the intensity
increasing as the concentration of sardine powder rose. Meanwhile,
adding moringa leaf powder, even at varying concentrations, did not
significantly alter colour intensity. Aroma intensity significantly
increased by incorporating both moringa and sardine powders,
especially in samples with higher sardine powder content. However,
saltiness remained consistent across all samples, indicating that the
supplements did not impact saltiness perception. Lastly, there were
no significant differences in hardness between the control and
supplemented noodles, suggesting that the texture remained
unchanged despite the additions. These results emphasize the
potential for adjusting colour and aroma attributes through the
judicious use of these additives, while saltiness and hardness are
less affected by their incorporation. Results are similar to the study
of Kamble et al. (2018) on the effect of incorporating drumstick leaf
powder and defatted soybean flour on the texture, colour and
organoleptic evaluation of instant noodles.

4.4.3 Preference Mapping

PCA bi-plot analysis reveals how the various concentrations of
sardine and moringa powders interact with the sensory properties of
the noodles, emphasizing the importance of concentration in
influencing aroma and colour, with sardine powder playing a
particularly important role. Dimension 1 (Diml) explains 37.1% of
the overall variation, while Dimension 2 (Dim2) accounts for 31.2%.

The close relationship between noodles containing 15% sardine
powder (WS3) and specific sensory characteristics, notably aroma
and colour, is an important finding from this study, suggesting that
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higher sardine powder concentrations have a significant impact on
these two characteristics, potentially resulting in a stronger fishy
aroma and a distinctive colour. The link between aroma and colour
also appears to be present in noodles containing 10% sardine
powder (WS2), supporting the idea that the amount of sardine
powder significantly affects these sensory qualities. On the other
hand, noodles containing 0.8% moringa leaf powder (WM2) are
positioned in the middle of the bi-plot, indicating a balanced and
neutral sensory profile. The fact that the ellipse for WM2 is in the
centre, showing weak associations with any particular sensory
characteristics, further suggests that a moderate amount of moringa
leaf powder has a less significant effect on individual attributes.
However, the lack of associations with other attributes implies that
WC remains unchanged mainly in colour, aroma, and saltiness
compared to the supplemented noodles. These results abide with
the study of Jadhav and Anal, (2018) on biochemical, microbial and
sensory properties of Nile tilapia (Oreochromis niloticus) treated with
moringa (Moringa oleifera) leaves powder.

4.4.4 Partial Least Square Regression (PLSR)

The application of Partial Least Squares Regression (PLSR) to
explore the relationship between quantitative data and consumer
hedonic liking ratings has yielded significant insights, as illustrated in
Figures 6 and 7 The first factor component, accounting for 35% of
the overall variation in the data, primarily directed consumer
preferences toward the horizontal X-axis, corresponding to noodle
liking. Notably, noodles made with 100% wheat flour and those with
minimal amounts of sardine and moringa leaf powders stood out as
prominent choices in terms of consumer liking. This finding
underscores the importance of traditional ingredients and the
preference for noodles that stay close to the baseline formulation.

The correlation loading plot explores the attributes that affect noodle
liking. Hardness, colour #1, aroma #1, mouthfeel, taste, and
saltiness were identified as contributing to consumer acceptability.
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These findings suggest that noodles that are perceived to have the
right texture (hardness), attractive colour (colour #1), and pleasant
aroma (aroma #1) are more likely to be well-liked by consumers.
Mouthfeel, taste, and saltiness are important in determining
consumer preferences. Interestingly, colour #2 and aroma #2 seem
to have a negative impact on sample acceptability, indicating that
certain deviations in colour and aroma profiles may diversely affect
consumer liking.

The results of this study align with previous research conducted by
Mongi et al. (2013) and Mongi and Gomezulu, (2022), who
emphasized the importance of product appearance, colour, texture,
and flavour in determining intrinsic quality and their significant
influence on customer acceptance and consumption. This reinforces
the idea that consumers are influenced by sensory attributes such
as colour, aroma, and taste when forming their opinions. In the
context of noodle products, these findings highlight the importance
of optimizing these sensory attributes to ensure consumer
satisfaction and acceptance. By focusing on attributes that have the
greatest impact on liking, product developers can effectively tailor
their formulations to meet consumer preferences.

4.5 Mechanism behind the changes occurred through
incorporation of moringa and sardine powders at
molecular level

Protein: Moringa leaf powder is rich in proteins, particularly

essential amino acids. The addition of moringa powder increases the

protein content of noodles. At a molecular level, the proteins from
moringa and sardine interact with the wheat gluten during dough
formation, altering the protein network and enhancing the protein

content of the final product (Gulzar et al., 2022).

Fat: Sardine powder contributes healthy fats, including omega-3
fatty acids. According to Yang et al. (2021), these fats can interact
with the lipid components in the noodles, potentially altering the lipid
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matrix and influencing the overall fat content. At a molecular level,
lipids from sardine powder may form complexes with starch
molecules, affecting the texture and lipid composition of the noodles.
Fiber: Moringa leaf powder contains dietary fiber, which can
influence the texture and cooking properties of noodles. At a
molecular level, fiber interacts with water and other components in
the dough, affecting its rheological properties and contributing to the
overall structure and texture of the noodles (Giuberti et al., 2021).

Minerals: Both moringa leaf and sardine powders are rich sources
of minerals such as calcium, iron, and potassium. These minerals
can interact with various components in the noodle matrix,
influencing its nutritional profile and sensory attributes. At a
molecular level, mineral ions may participate in enzymatic reactions
during dough formation and cooking, impacting the texture, color,
and flavor of the noodles (Kraithong et al., 2023).

Hardness and Cooking Loss: The addition of moringa and sardine
powders can affect the textural properties of noodles, including
hardness and cooking loss. Gong et al. (2024), revealed that at a
molecular level, interactions between proteins, lipids, and
carbohydrates during dough formation and cooking can influence the
structural integrity and water-binding capacity of the noodles,
thereby affecting their texture and cooking properties.

Aroma and Color: Moringa leaf and sardine powders contribute
unique aroma compounds and pigments to the noodles, influencing
their sensory characteristics. At a molecular level, volatile aroma
compounds from moringa and sardine interact with other
components in the noodles, contributing to their aroma profile.
Similarly, pigments such as chlorophyll from moringa and
carotenoids from sardine can impart characteristic colors to the
noodles through molecular interactions with starch and protein
molecules (Rao and Annadana, 2017). .
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4.6 Rationale of the Study

The study on enhancing the nutritional content of noodles produced
by small-scale processors in Tanzania through the incorporation of
moringa and sardine powders fills several existing research gaps
and addresses specific nutritional challenges faced by Tanzanian
consumers. Firstly, it addresses the lack of research on innovative
strategies to fortify staple foods like noodles with locally available
nutrient-rich ingredients. By incorporating moringa and sardine
powders, which are abundant in Tanzania, the study offers a cost-
effective and sustainable approach to improving the nutritional
quality of noodles. Additionally, the research contributes to
addressing the prevalent deficiencies in essential nutrients, such as
protein, vitamins, and minerals, in Tanzanian diets, particularly
among vulnerable populations like children and adolescents.
Through sensory evaluation and nutritional analysis, the study aims
to provide evidence-based insights into the acceptability and
nutritional benefits of fortified noodles, thus informing future
interventions aimed at combating malnutrition and improving public
health outcomes in Tanzania

4.7 Limitation of the study
i.  Availability of Limited number of panelists participated on
consumer test which could have been influence the results
(sample size)

ii. The use of moringa and sardine powders were very new to
the panelists and color and aroma resulted to poor sensory
acceptability of noodles by consumers as the concentration
of moringa and sardine powders increased

iii. No shelf- life study was conducted for the developed
noodles while it is a very important aspect to be assessed for
the developed product to understand its stability
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CHAPTER FIVE

5.0 GENERAL CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

In the pursuit of enhancing the nutritional content of noodles, the
incorporation of moringa and sardine powders is being explored.
The concentration of these additives plays a crucial role in
determining the sensory characteristics of the fortified noodles.
Different concentrations have distinct effects on colour, aroma, and
overall preference. A balanced sensory profile was achieved when
moringa leaf powder was incorporated at lower levels, specifically at
0.8%. This suggests that a moderate amount of moringa powder can
be added without overpowering the product's sensory qualities.

On the other hand, higher concentrations of sardine powder had a
significant impact on aroma and colour. This indicates that a
stronger sardine flavour and colour can be achieved, which may
appeal to a specific consumer segment with a preference for these
characteristics.

Overall, this research offers valuable insights for product developers
and food manufacturers interested in enhancing the nutritional
components of noodles with moringa and sardine powders. By
carefully adjusting the concentrations of these additives, they can
create products that cater to different consumer preferences and
potentially tap into new market segments. Additionally,
understanding which sensory attributes have the most significant
impact on consumer acceptance can guide product development
and marketing strategies.

5.2 Recommendations

Further studies are recommended to optimize and standardize
cooking techniques that could not affect the texture and cooking
guality of the developed noodles.
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The use of alternative ingredients rich in nutrients is recommended
to mask the effect of colour and aroma and achieve the
recommended dietary intake of adolescents via the consumption of
noodles.

Further research could be done to explore novel ingredient
combinations beyond moringa and sardine powders to maximize
nutritional enrichment while maintaining sensory appeal

Noodle manufacturers are recommended to use a formulation
containing 0.4% moringa leaf powder for 1 kg of wheat flour as they
do not provide a colour and aroma effect.

Furthermore, conducting studies to evaluate consumer preferences
across diverse demographic groups, including age, socioeconomic
status, and geographical location, would provide valuable insights
into the acceptability and market potential of fortified noodle
products
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APPENDICES

Appendix 1: Consumer acceptability sensory evaluation
questioner
Name of panelist........ccoviiiiiiiii

You are provided with seven (7) dried noodle samples, please
evaluate each coded sample provided and indicate how much you
like or dislike each attribute of the sample by putting the most
appropriate number (1-9) in the column against each attribute (Table
1.1) by using hedonic scale provided below

Hedonic scale

KEY: 1- Dislike extremely, 2-Dislike very much, 3-Dislike
moderately, 4-Dislike slightly, 5- Neither like nor dislike, 6-Like
slightly, 7-Like moderately, 8-Like very much, 9-Like extremely.
Indicate your degree of liking below

Sample code

Attribute 345 290 | 425 135 | 820 721 515

Color

Aroma

mouthfeel

Taste

Overall
acceptability

Other recommendations

Thank you
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Appendix 2: Quantitative Descriptive sensory evaluation form

You are provided with seven coded samples of dried noodles,
please kindly evaluate the samples and indicate the intensity of each
attribute as provided in the table 1.2 below using the line scale
provided.

Color

Not at all 1 2 3 4 5
extremely colorfully

Aroma

Not at all 1 2 3 4
5 extremely smell

Saltiness

Not at all 1 2 3 4 5
extreme salty



Hardness

Very hard

65

5

extreme soft

Sample code

Attribute

135

721

345 820

515

290

425

color

aroma

saltiness

hardness

Thank you
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Appendix 3: Letter of clearance from SUA.
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Tasnifu Hii

Kuhusu

Utafiti huu unalenga kushughulikia wasiwasi wa upungufu wa
virutubishi unaosababishwa na matumizi ya tambi nchini Tanzania,
ambayo yamekuwa maarufu kutokana na urahisi wa bei. Matumizi
ya tambi yameongezeka kwa kasi, lakini bidhaa nyingi za tambi
hazina virutubishi muhimu kama vitamini, madini, na protini ambayo
husababisha upungufu wa lishe na matatizo ya afya. Utafiti huu
unaangazia suluhisho kwa kuboresha tambi kwa kuongeza unga wa
majani ya Mlonge na unga wa dagaa na kuzilenga kwa wazalishaji
wadogo wa tambi. Matokeo ya utafiti huu yanaonyesha kuwa
kuongeza unga wa majani ya Mlonge na unga wa dagaa kwenye
tambi inaweza kuwa njia nzuri ya kuboresha muundo wao wa lishe.
Hata hivyo, inasisitizwa kuzingatia usawa kati ya lishe na hisia za
watumiaji. Kwa wazalishaji wa kiwango kidogo, utafiti huu unaweza
kuwa chanzo cha ufahamu wa kuboresha tambi si tu kwa lishe bora
bali pia kwa kuvutia kwa watumiaji, na hivyo kusaidia kuboresha
chaguzi za chakula na kutatua changamoto za lishe. Kwa ujumla,
utafiti huu unatoa ufahamu muhimu katika njia inayofaa ya
kuboresha ubora wa lishe ya vyakula vya kawaida vinavyotumiwa
nchini Tanzania na kuleta manufaa kwa tasnia ya chakula na
watumiaji.



