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ABSTRACT

The purpose of this work was to study the effectdofing on physicochemical
properties and nutritional quality of fruits, seed®l seed kernels of two species of
pumpkin; isolate and quantify their fruit starchhacacterize the functional
properties of the seed oils and proteins; carry edemental mineral analysis and
lastly formulate a food product based on pumphkinit filour-wheat flour blend. The
investigation was done on samplesGfcurbita maximaand Cucurbita moschata.
The treatment structure involved fruits with rintdathose without rind (fruit pulp),
whole seeds and seed kernels, and raw and dry san{fiburs). Proximate
composition of rawC. moschatdruit with rind was 87.9 % moisture (fresh weight)
1.6 g/100g crude ether extract, 4.9 g/100g crudeepr, 10.9 g/100g crude fibre, 6.7
0/100g crude ash, and 76.0 g/100g nitrogen freeaex{by difference) on dry
weight basis. The corresponding values €@r maximawere 87.0 g/100g, 2.0
g/100g, and 3.9 g/100g, 9.6 g/100g, 6.9 g/100g, &h6 g/100g respectivelL.
moschatafruit with rind contained significantly (p<0.05)Jdier crude protein and
crude fibre tharC. maxima Proximate analysis of the seeds showed@hahaxima
whole seeds had significantly (p<0.05) higher most crude fat and crude protein
content tharC. moschataseeds. The results indicated that the pumpgkieds are
rich in lipids and proteins. Physicochemical anialysf oil extracted fromC.
maximaand C. moschateaseeds showed that they are highly unsaturated lifice
profile of the pumpkin seed oil indicated that thajor unsaturated fatty acids were
oleic and linoleic. Fruits and seeds contained mgryamounts of potassium (K),

phosphorus (P), magnesium (Mg), zinc (Zn), mangar{et), Iron (Fe), calcium

XV



(Ca), copper (Cu) and sodium (Na). The fresh fruitgh rind of C. maximahad
significantly (p<0.05) higher amounts of starctb(% f. w) and3-carotene (582.7 =
3.9 pg/g d.w) thail€. moschatdruit with rind that had corresponding values & 3
mg/100g and 534.5+10.2 ug/g on dry weight basigeetsvely. Emulsifying activity
of pumpkin seed proteins ranged between 42-46 %evibaming activity ranged
between 26-43 %. The cake flavour at 5% pumpkiarfleplacement level was the
most acceptable. The results show that pumpkinsseed fruits could be processed
and potentially added to various food systems tprawe nutrient content and as
functional ingredients, hence their increased pectidn, processing and utilization

should be encouraged.
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CHAPTER 1: INTRODUCTION

1.1. Background of the Study

Food and nutrition security, a situation in which @eople, at all times, have
physical and economic access to sufficient, sate rartritious food to meet their
dietary needs and food preferences for an actiathe life, is affected by a
complexity of factors. These factors include untalsocial and political
environments that preclude sustainable economiavtgrowar and civil strife,
macroeconomic imbalances in trade, natural resogasstraints, poor human
resource base, gender inequality, inadequate @adaocapoor health, natural
disasters, such as floods and locust infestatiod, the absence of good governance
(IFPRI, 2004). All these factors contribute to eithinsufficient national food

availability or insufficient access to food by hebslds and individuals.

Africa, in particular Sub-Saharan Africa, continuedag behind in making progress
in solving the food and nutrition problem due te tiigh prevalence of HIV/AIDS;

civil war, strive and poor governance; frequentugsitt and famine; and agricultural
dependency on the climate and environment. Foodriggmn the continent has
worsened since 1970 and the proportion of the maisioed population has
remained within the 33 to 35 percent range in Sabaan Africa (IFPRI, 2004).
The major challenge to food security in Africa is underdeveloped agricultural
sector that is characterized by over-reliance dmany agriculture, low fertility

soils, minimal use of external farm inputs, envir@mtal degradation, significant

food crop loss both pre- and post- harvest, miniralue addition and product



differentiation, and inadequate food storage andsqvation that result in

significant commodity price fluctuation.

Nearly half of the world's population suffers frenalnutrition and an estimated two
billion people are at risk of diseases resultimgrfrdeficiencies of the micronutrient
iron, vitamin A, and iodine (UNICEF/MI, 2004). Thesleficiencies often referred
to as ‘hidden hunger’; affect predominantly womenfants, and children in
developing countries, impairing both physical antkliectual development. Food-
based systems approaches offer sustainable sautoproblems of malnutrition,
including health problems caused by micronutriemficiencies. Food-based
approaches include all activities affecting humanrition and health, which are
associated with the production, acquisition, pneston, and utilization of food

(FAO, 1997).

Pumpkin Cucurbita sp.)is a fruit vegetable, which belongs to the family
Cucurbitaceaethat also includes gourds, melons and squashes.vahieties of
pumpkin grown widely in Kenya are of the spedizsmoschatgbutternut squash)
and C. maxima(squash pumpkin). Pumpkins are a native of Cemtraérica but
have been domesticated in several tropical andrspixal countries. In Kenya the
crop is now regarded as a traditional vegetablevéyia and Eyzaguirre, 1999) that
is grown in the high potential areas as well asatté and semi arid lands (ASALS).
In Cameroon (West Africa) the species Gucurbitaceaefamily are widely

consumed and are commonly knowregsisi(Achu et al, 2005).



The pumpkin has great economic potential for usté s a food and an industrial
crop. It is utilized for its leaves, marrow, frytlp and seeds. The stem could be
used as livestock feed. It has health enhancingepties and could also be used for
ecological balance (FAO, 2005), since it providesdygroundcover (Vodouhe and
Capo-Chichi, 1998). Its cultivation and utilizatian Kenya follows the rich
ecological, cultural and ethnic diversity of theuntry (Chweya and Eyzaguirre,
1999). Exploitation of pumpkin as a food crop hastblimited to a large extent by
lack of sufficient information on the physicochealicnutritional and functional
properties of its fruits and seeds. Just like othmditional vegetables, the pumpkin

is associated with poor rural lifestyles and loatss.

Cultural change and urbanization have led to furtheglect of this crop.
Governments tend not to include traditional vegeetapecies, including pumpkins
in their agricultural or food security policy stegly papers. They are seldom counted
in agricultural statistics (Chweya and Eyzaguit899). Studies have shown that
pumpkin fruit flesh containf-carotene in amounts ranging between 0.06- 7.4 mg /
100g. This is important in mitigating the problefvitamin A deficiency (VAD),
which is the second most deficient micronutrienterafiron that affects the
vulnerable group that includes women and childfgiurkovic et al., 2001). The
fruit also contains fibre and acetylated pectinspreé as 30% of the dry matter
(Morris et al., 1998). It contains riboflavin, vitamins C and Hjgother carotenoid
pigments. Although classified as a fruit vegetalpempkins have been found to

contain dry matter starch ranging from 3% to 60%r(iganet al.,2001).



Pumpkin fruit could be consumed as a staple, giogi substantial amounts of
carbohydrates to the human diet. Studies done ia Aave shown that pumpkin
seed kernel contains proteins (25-37%), lipids (B3%2 well as minerals such as Fe,
Zn, P, K, Mn, and Ca. (El-Adawyet al., 2001). The enormous benefits
notwithstanding, pumpkin remains an under exploitezp and it does not benefit

widely from national or international research tits (Achuet al, 2005).

Production of pumpkins has not yet reached plammtatcale, unlike in the Peoples
Republic of China where production and processsnghiout 500 tons per year and
the fruit pulp is processed into flour and inst@owder that is added to food
products in various ways (CAAMS, 2004). The pumpkamieties grown in Kenya
are similar to those grown in other parts of thelshowith minimal variation in

cultivars, therefore, they have similar potental dgro-processing and utilization.

The purpose of this work, therefore, was to stuayahemical, physical, nutritional
and functional characteristics of raw and procegaadpkin fruit and seeds of two

species grown in Kenya with a view to applying thanfood systems.

1.2. Problem Statement

Processing and utilization of pumpkin fruits an@ds in Kenya is currently low.

The pumpkin fruit is utilized in its primary formybboiling, adding to stews or

mashing with maize and beans before consumptioe. Seeds are edible though
they are not widely consumed. Agro-processing leasentrated on common foods

such as cassava, maize and recently sweet potatdeéke neglecting others



including pumpkins. Production of this crop byrfers in the region is still

minimal since it has not been promoted as an emserphat can fetch income as
well as provide family food and nutrition securitys post harvest handling and
utilization have not been given adequate atteniiprboth research and extension
organizations, despite its enormous potential. &ebehas been done extensively on
agronomic and phenotypic characteristics of pumpbirn this has not benefited the

crop since it is still a marginalized one.

1.3. Justification

Due to the nutritional quality of pumpkins in terro beta-carotene content and
minerals, there is need to process it for presemvatThe processed pumpkin
products could be applied to various foods to en&dheir nutritional quality for the

target population.

Agro-processing helps to diversify the range ofstonable farm products. There
are compelling reasons therefore for encouraging-pmpcessing.  Firstly, it

improves rural incomes by adding value to produbereby saving on transport
costs by delivering high value/ low volume produatsl creating opportunities for
the use of by-products as inputs in other farm ajp@ns such as animal feeds,
manure and fuel. Secondly, it provides an oppotyufor reducing farm losses
through the conversion of perishable commoditie® imore durable products.
Thirdly, agro-processing helps create jobs in th@lrareas, thereby contributing to

the reduction of both poverty and rural-urban nmtigra(MOA / GoK, 2004)



The successful characterization of the pumpkintfand seed kernel flours is
intended to provide information that is expectecgthance production, processing
and utilization of this crop. Adding value to thenppkin will help improve its
image because it is currently considered a minop,cwhose production statistics
are not widely documented. Substantial amount$as€ls contained in the pumpkin
fruit pulp makes it suitable for agro-processingasource of starch, alongside other
crops such as cassava and sweet potatoes whiatuaently used. The possible
outcome of this research will be more consumptibthe pumpkin fruit and seeds,
processing of the pumpkin fruit through drying, aritization of pumpkin seeds at
household level and at industrial level as funalomgredients in various food
systems. The research findings will be publishestcientific journals hence will add
to the body of knowledge especially on the nutniéilb and physicochemical
properties of the two species of pumpkin, notablymoschataandC. maximathat

would influence their utilization in food systems.

A more sustainable way to mitigate the food anditioh problem that afflicts the
population is to improve the production, processamyd utilization of locally
available resources, in the form of indigenous srdphis is a food-based approach
recommended by the Food and Agriculture Organina(lBAO) of the United

Nations (FAO, 1997).



1.4. Objectives

1.4.1. Main objective

To carry out physicochemical characterization o@iflfrom pumpkin fruit and
pumpkin seed kernels and recommend their potefotiapplication in food

systems.

1.4.2. Specific objectives

a) Assess the effect of drying on the physicochenacal nutritional properties
of fruit and seed kernel &. moschatandC. maximgumpkin species.

b) Isolate and quantify starch from the two speciegurhpkin.

C) Characterize the functional properties of proteamsl oils from the seed
kernels of the two species of pumpkin.

d) Assess the effect of pumpkin flour dhcarotene content and sensory

characteristics of cakes.

1.5. Hypothesis
The flour products of pumpkin fruit pulp and seextriel are potentially nutritious
and could be incorporated into food systems faiffoation and as functional food

ingredients.



CHAPTER 2: LITERATURE REVIEW

2.1. Crop description

The pumpkin is an angiosperm belonging to tecurbitaceaefamily that is
characterized by prostrate or climbing herbaceanssvwith tendrils and large,
fleshy fruits containing numerous seeds (Acqua@l4®2 Pumpkin of the genus.
maximais also called squash guard. The common name€lreese pumpkin or
crookneck squash and winter squash (Tindall, 1988)centre of origin is South
America, possibly Peru, now widely distributed tigbout the tropics. The areas of
cultivation are tropical Asia (India, Indonesia, lelgsia, and the Philippines),

tropical Africa, Central and South America, parkigly Mexico and the Caribbean.

Botanically the squash guard can be described asnaoal herb, rarely upright,
generally trailing, and vines up to 3 m in lengitems are slightly hairy, soft, and
cylindrical in cross-section and tendrils are blett Leaves are dark green mainly
reniform, cordate, and rarely lobed, sometimes witlite markings, 15-30 cm in
diameter. Flowers are monoecious, female floweesl&cm in diameter, yellow-
orange; male flowers are smaller, 8.5cm in diamettr long upright thin pedicels,
calyx of 5 sepals, fused at base, stamens 3, $heetd, and stigmas small and
yellow. The fruits are large, variable in shapeyn@ or oblong, covered with small
raised spots, weighing 2-5 kg. The rind may be sofhard, sometimes brightly
coloured. The flesh is yellow. Seeds are white mwn, ovoid, 1.3cm x 0.9cm,

flattened, narrow towards point of attachment, €R973; Tindall, 1983).



The environmental response of the crop is variddnt® require a fairly high
temperature, above 25%7, during the growing period with fairly low humidi
(Tindall, 1983). Soils with a high organic contemre preferable, but in general,
pumpkins are tolerant to a wide range of soil cbons. Fruits may be harvested 80-
140 days from sowing or planting. The optimum hativey stage is before the seeds
ripen and when the skin of the fruit begins to lkardMaturity indices include a well
corked stem, development of abscission layer afdleschanges in rind colour
depending on variety (Cantwell and Suslow, 2002gId¢ are 3-6 fruits per plant

and individual fruits may weigh 2-5 kg.

Cucurbita moschatas closely related t&. maxima Its other names are winter
squash or butternut squash. Its origin is trop&alith or Central America. It is the
most widely grown species of the Cucurbita. Itnsaanual vine; stems grow up to 3
m. It is generally lacking in bristly hairs on lesv and stems, which mainly
distinguishes it fronC. maximaRice, 1973; Tindall, 1983). The flesh of the frigit
yellow to orange. The seeds are either white owhrim colour. The environmental
response is such th@ moschatas more tolerant than most speciesCafcurbitato
high temperatures and is well adapted to the enment of the lowland tropics. The

cultural requirements and growth period are sinidathose folC. maxima.

2.2. Importance of pumpkin in the human diet.
2.2.1. Starch content in the fruit
Although pumpkin is botanically classified as aitfreegetable, it is consumed by

many communities as a staple, providing a substa@mount of calories on



consumption. Pumpkin fruit is a storage organ aasl leen found to contain starch

in amounts that may go up to 60% (Corrigdrl.,2001).

Starch is the major carbohydrate in plant storagarts. Starch and cellulose are the
most important biopolymers on the planet. Calculae calories, starch represents
80% of the world food supply (Guaat al., 1998). Published data on the amount of
starch contained in the Kenyan varieties of pumjkitacking yet this would serve
as a basis for its inclusion in national crop stats. Currently over 30% of children
in Kenya are stunted, an indication of chronic m#ition, and a further 6% are
wasted, indicating acute malnutrition which is @&$sted with situations of hunger

and under nutrition (UNICEF, 2000).

Starch is also extensively used as animal feedasndn important industrial raw
material. Starch is produced as an end product artbaon fixation during

photosynthesis and is accumulated in storage orddost plant starches consist of
a mixture of essentially linear (amylose) and hygtdranched (amylopectin)
polymers in the ratio of approximately 1:3. The ewllar weight and degree of
branching of amylopectin vary widely and it is thé$ructural variety which

contributes to the differences in the chemical ahgsical properties of starches

from diverse plant sources (Guanal.,1998).

Starches from wheat, maize, and potato continudotainate the lucrative world
markets in food and non-food industries yet altBveastarch sources could be

explored in order to increase their potential dbntion to agricultural development
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and general economic growth. Studies have shownstiaach processing is more
profitable when conducted alongside flour procegsiwhich employs similar
equipment. Waste from starch processing could berjporated into flour. Since
margins are small, the sales of waste materiata Btarch are an important factor in
longer term sustainability of the process. In Kergyatarch factory known as Kenya
Corn Products Company (CPC) exports 20, 000 MTat y# starch products to
Uganda, and this implies that utilization of pumplstarch would diversify starch
sources. It is with this in mind that this reseaiokolved the isolation and
quantification of starch from the pumpkin fruits 6f maximaand C. moschata

species.

2.2.2. Micronutrient content in pumpkin fruit and seed kernels

2.2.2.1. Vitamins

Pumpkin fruit pulp contains beta-carotene, a ptafin A, which plays a major
role in human nutrition. Beta-carotene has beerd Use many years as a food
colouring agent, pro-vitamin A in food and animeakdl, an additive to cosmetics,
multivitamin preparations, and in the last decaatea health food product under the
claim ‘anti-oxidant’ (Ben Amotz and Fishlel997). Murkovic et al., (2001)
reported thap-carotene content in pumpkins ranged between (Wd67a4 mg per
100 g. This study aimed at analysing and quantfflre amounts of-carotene in

the two species of pumpkins.

Vitamin A occurs only in animal tissues such ah figer oil, livers of animals, milk

fat and in egg yolk (Belitz and Grosch, 1985). Baare devoid of vitamin A.
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Vitamin A in nature originates from carotenes, whiare the yellow and red
pigments responsible for colour of many vegetalded fruits. Of the 500 or so
naturally occurring carotenoids, about 60 possesvitamin A activity in varying

degrees but only 5 or 6 of these are commonly foanridod. The major carotenoids
are - carotene,a-carotene, cryptoxanthin, lutein, zeaxanthin, ayecbpene. The

most common and active of the pro-vitaminspisarotene, found in fruits and
vegetables. It exists naturally as the all-transier (Frigg, 1999). One of the most
important features of carotenoids is that they amganic compounds with long
unsaturated chains. These chains are responsibleh&r bright colour. The

unsaturated property is easily destroyed by oxdatn air or by hydrogenation

(Ihekororonye and Ngoddy, 1985).

The carotenoids yield vitamin A by cleavage of teatrally located double bond
(Belitz and Grosch, 1986). The carotenoids whictehidne unsubstitutef-ionone
ring can be cleaved oxidatively to yield retinalgéé which is reduced to retinol
(Bender, 1992). Once ingestddcarotene and other pro-vitamin A carotenoids are
cleaved in the intestinal mucosa by carotene diergge yielding retinaldehyde
(Combs, 1992). Central oxidative cleavag@-afarotene gives rise to two molecules
of retinaldehyde. The retinaldehyde is reducedetinol, which is esterified and
enters the circulation in chylomicrons. Animals ameable to biosynthesize
carotenoids, but assimilate them through their idi¢the form of vitamin A (Woolfe,

1992).
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Pro-vitamin A accounts for 60-90% of vitamin A iké& Populations depending on
it as dietary source of vitamin A are in South Easta, Africa and West Pacific,
where animal sources of vitamin A are out of redde biological value of dietary
carotene varies widely depending on the efficienfcgbsorption but it is taken as an
average of one-sixth that of all trans-retinols @N®, 1992). This disparity in
biological activity is primarily due to inefficieycof carotene absorption and
subsequent bioconversion to retinol. The bioavditahs greatly influenced by the
nature of the embedding matrix (fibre) and the cositpn of the accompanying

meal (Bender, 1992).

2.2.2.1.1. Stability of carotenoids

In general carotenoids are destroyed or alteredabigs and free halogens,
particularly in the presence of light and high temgtures (Latham, 1997). The
carotenes are easily oxidized in the presence gfeax or oxidizing agents, in

conjunction with co-oxidation of unsaturated fatjids. In foods the carotenoids are
mostly dissolved in the fat matrix where they ar@t@cted from the oxidizing action

of atmospheric oxygen by vitamin E and other artdants (Latham, 1997).

Carotenoids are susceptible to isomerization andation during processing and
storage (Rodriguez-Amaya, 2001). The practical eqnences are loss of colour
and biological activity and the formation of volaticompounds that impart
undesirable flavour in some foods, especially int$r The occurrence of oxidation
depends on the presence of oxygen, metals, untaduipids, enzymes, oxidants;

type and physical state of the carotenoid presemtlae severity of treatment during
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food preparation (Bender, 1992). Oxidation of tme-yitamin A carotenoids may
occur when the ultra structure that protects th®teaoid is destroyed, when the
surface area is increased and during heat treatnitedting promotes trargs

isomerization and therefore the duration and teatpez used in food preparation

should be controlled (Rodriguez-Amaya, 2001).

2.2.2.1.2. Role of carotenesin the diet

Some of the most severe nutritional problems thddwvaver have been caused by
the so called ‘hidden hunger. This is malnutritimaused by micronutrient
deficiencies. One such micronutrient is vitamin Kost of the vitamin A
requirements of man, which are less than a miliger day, are met in large part
by green and yellow vegetables, such as lettuéeasp, sweet potatoes, pumpkins
and carrots, which are rich in carotenes (Lenind®92). On consumption, the
carotenoids are converted to vitamin A. This vitard an essential micronutrient
for the normal functioning of the visual system,owth and development,
maintenance of the epithelial cellular integritjyniune function and reproduction
(ACC/SCN, 2000). Food-based approaches used tgatetithis problem include
diet diversification and food fortification. One portant advantage of food-based
strategies is that foods provide several essentigfronutrients, simultaneously
addressing a combination of deficiency problems. aldition, physiological
interactions between vitamins and minerals can mcééhe body’s ability to absorb

essential micronutrients.
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Promoting consumption of micronutrient- rich foddsters better overall health for
all members of the society. Most importantly, fdeased strategies promote
sustainable improvements by encouraging marketisokiand long term behaviour
change in food preference among high-risk groupss I more so because some
foods, like the pumpkin, have a sweetish tastertteat not be liked by many people.
Processing it into flour for addition to variousotb products is one way of
increasing their utilization. In addition, food ledsstrategies are often linked to

income generating activities (FAO, 1997).

2.2.2.1.3. Beta-carotene as a functional food ingredient in wheat products

Wheat is a major component of most diets of theldvarhroughout the centuries,
wheat has been used in variety of human foods asiditeads, cakes, crackers, pasta
and noodles. (Cho-Ho Le= al, 2002). In Kenya, wheat flour is consumed mainly
as bread and cake¥/heat and other grains contain a limited amounnaitirally
occurring B-carotene. In Asian countries, syntheficarotene has been used for
providing colour and vitamin A in a variety of bagroducts including sweet rolls,
Danish pastries, frozen waffles, bagels, soft ce®kind snack foods (Gordenall,
1985 and Heinoneet al, 1989). Bakery products in Kenya are colourechgisi
permitted food colourings to enhance acceptabalithout adding any nutritional or
functional value. Although pumpkin is a good souoE@-carotene and is served on
its own, it has not yet been added to cakes. Tiidyswill assess the effect that
pumpkin flour added to cake mixtures will have f3narotene content and sensory

properties of cakes.
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2.2.2.2. Minerals

The pumpkin seed and seed kernels contain sulatantounts of minerals such as
phosphorus, magnesium, potassium and calcium. @thmarals that are available in
small amounts are zinc, iron and sodium (ElI-Adag801). Minerals are important

for enzymatic activity and normal physiological &tion in the human body.

Calcium is a macro- mineral that is required in amte of more than 1mg per day.
The recommended daily allowance (RDA) is 1000-12@Dfor adults and 1300mg
for those aged between 9-18 years. Calcium is itaporin the formation and

maintenance of strong bones and teeth througheulifehcycle. It is also involved

in blood clotting and aids in nerve impulse trarssian, muscle contractions and
contributes to cell permeability (Fawzi and Hunt®998). Calcium deficiency can
cause osteoporosis. Vitamin D is needed for theylodabsorb Ca from the diet.
People most at risk of deficiencies are women. Gamdces of dietary calcium are

dairy products, fish, leafy vegetables and nuts.

Phosphorus is a micro-mineral that participatethan energy cycle that turns the
food we eat into energy in form of Adenosine Tripploate (ATP), for use by the
body. Like calcium, phosphorus is also involvedmuscle contraction and nerve
transmission, and it is needed in protein synthe8lBosphorus is part of
deoxyribonucleic acid (DNA) which controls heredifghosphorus is required for
bone and tooth strength. As part of cell membrapkesphorus plays a protective
role by regulating what comes in and goes out. RB& for phosphorus is 700 mg

for those aged above 18 and 1250 mg for those dmmdeen 9-18 years.
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Phosphorus is found in nearly all foods and diet&ficiency is unknown, though
too much phosphorus can cause calcium deficiepaglihg to osteoporosis. Besides
carbonated drinks, phosphorus is found in milk amik products, meat, fish, nuts

and legumes (Wardlaw and Kess002)

Magnesium provides bone strength and is a compookrinzymes involved in
energy production. Magnesium also helps in nenc teart function. Women and
patients on thiazide diuretics are at risk of magma deficiency. The RDA is 450
mg for men and 350 mg for women. Dietary sourcesnafnesium are whole
grains, legumes, leafy green vegetables, nuts hadotate. Deficiencies can cause
muscle spasms, tremor, convulsions and mental denaent. The mineral is not
toxic, and unlike calcium it is not given up by lesnfor all the functions it has to
perform. If it is not supplied by food or supplengethere is risk of a deficiency

state (Fawzi and Hunter, 1998).

Sodium and potassium are also macro minerals thateguired by the human body
in amounts of more than 1mg per day. They both tfancas major cations of
intracellular fluid and aid in nerve impulse transsion. They are important in
maintaining the water balance in the body and otlitg the composition of blood
and other body fluids (Gibson, 2003). Sodium cldleris present in processed foods
and in small amounts in vegetables, fruits andngracondiments, soups, sauces and
chips. The RDA of sodium is 500 mg. Deficiency le&ol muscle cramps. The RDA
of potassium is 2000 mg and deficiency leads &gufar heartbeat, loss of appetite

and muscle cramps. Foods rich in potassium inckmleach, pumpkin, bananas,
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orange juice, other vegetables and fruits, milkaméegumes and whole grains

(Gibson, 2003).

The key micro- minerals also referred to as trdements that were studied include
zinc, iron, copper and manganese. Zinc is sigmtiéa the human diet since it is
required in more than 100 enzymes involved in ghowimmunity, alcohol
metabolism, sexual development and reproductioe. Aitiman body contains 2-3 g
of zinc (Gibson, 2003). There are no specific gjeraites for zinc hence a regular
supply in the diet is required. Zinc is found ih@drts of the body, 60% is found in
muscle, 30% in bone and about 5% in our skin (Gib&®03). Particularly high
concentrations are in the prostate gland and semenRDA for zinc is 11 mg for

men and 8mg for women (Wardlaw and Kessel, 2002).

The first signs of zinc deficiency are impairmehtaste, a poor immune response
and skin problems. Other symptoms of zinc defigeinclude hair loss, diarrhoea,

fatigue, delayed wound healing, and decreased froate and mental development
in infants (Wardlaw and Kessel, 2002). Zinc supmatation can help skin

conditions such as acne and eczema, prostate prepéaorexia nervosa, alcoholics
and those suffering from trauma or post surgerypc4s present in a variety of

foods, particularly in association with protein éiso A vegetarian diet contains less
zinc than a meat based diet and so it is impofianvegetarians to eat plenty of
foods that are rich in this vital mineral (Gibs@903). Good sources of zinc for
vegetarians include dairy products, beans, sestmgls, whole grain cereals and

green vegetables. Pumpkin seeds provide one ofntig# concentrated vegetarian
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food sources of zinc. All meats and sea foodsialesources of zinc (Wardlaw and

Kessel, 2002).

Iron is a functional component of haemoglobin atltep key compounds used in
respiration, immune function and cognitive develepin Iron plays an important
role in changes in some neurotransmitters in th@nband brain development
(Latunde-Dada, 2000). People most at risk are tafapreschool children,
adolescents and women in child bearing age (Dallh@92). The RDA for men is 8
mg and 18 mg for women Nutrient dense dietary ssiiclude meats, sea food,
broccoli, peas, pumpkin seeds, bran and enricheddst Vitamin C helps in iron
absorption. Deficiency symptoms include fatigueaBrpale, red blood cells and

low blood haemoglobin values (Levin, 1996).

The trace element copper is important in iron mataim, works with many

antioxidant enzymes and those involved in proteiataimolism and hormone
synthesis. Deficiency symptoms are anaemia, lowtembiood cell count and poor
growth. The RDA for humans is 900 ug. Dietary sesrare liver, cocoa, beans,

whole grains and dried fruits.

Manganese is a micro- mineral that is a co-factosame enzymes such as those
involved in carbohydrate metabolism. There are nown deficiency symptoms in

man. The RDA or adequate intake is 1.8-2.3 mg. Rielary sources are nuts, oats,
beans and tea. The mineral content of the frusisds and seed kernels of the two of

pumpkin species were analysed in this study. Coisparwas made between the
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elemental mineral content of fruit and seed flolarseach of the pumpkin species

(Wardlaw and Kessel, 2002).

2.2.3. Proteins and oilsin pumpkin seed kernelsand their role in human diet
Pumpkin seeds are utilized directly for human comgtion as snacks after salting
and roasting in Arabian countries (Al-Khalifa, 199%he seeds have been found to
contain high levels of protein, in amounts of 3%843and oil (50-51%) on dry
weight basis (EI- Adawy and Taha, 2001). A reviefvliterature on functional
properties of the pumpkin seed kernel proteinsciviinclude protein solubility in
distiled water, water and oil absorption capasitifoam capacity and stability
found them to be 24.3%, 2.55 g.B/g flour, 3.85 ml oil/ g flour, 18.2% volume
increase, 15.9 ml, respectively, and these valus® wxcellent when compared to
those of watermelon seed flour (El- Adawy and T&t)1), which were found to
be 23.9%, 2.51g HO, 3.89 ml oil/ g flour, 18.2% volume increase 1P and
paprika seed flour which had values of 24.9%, 23118 ,O/g flour,3.10 ml oil/ g
flour, 12.8% volume increase, and 10.1 ml respebtiv (EI- Adawy and Taha,

2001).

Flour samples of the seeds and seed kernels dmulpotentially added to food
systems such as bakery products and ground meatlions, not only as nutrient
supplements, but also as functional ingredientha@se formulations (EI-Adawy and
Taha, 2001). Pumpkin seed oil has been producddeirsouthern parts of Austria,
Slovenia and Hungary (Murkoviet al, 1996). These oils are used in cooking in

some countries of West Africa and the Middle E&ike physicochemical properties
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of these oils have been found to be comparablaéaaconventional oils frequently
consumed in the human diet. Several reports erishe nutritive values of proteins

and oils of pumpkin seeds (Al-Khalifa, 1996 and &5z1986).

However, more information needs to be reported lom physicochemical and
functional properties of pumpkin oils and seed @i because the varieties within
the pumpkin species are many and research on tlsemoti yet exhaustive.
Furthermore, no work has been reported on the pbgsemical properties of the
two species of the pumpkin studied. Characterinatd pumpkin proteins arises
from the need to develop other sources of concewtrplant proteins other than

those which are extracted from soybean, pigeorapdacowpeas.

Properties of the proteins from these cereals baen reported by Mwasaat al,

(1999). Proteins are an important component of thenan diet. They are
macromolecules made up of small units called amaitids. They are essential for
growth, tissue repair and replacement. Besides tharitional importance, proteins
can be applied in food systems as functional ingred that serve as soup

thickeners or meat replacers (EI-Adawy and Tah@10

2.3. Technology for processing fruit vegetable into powder

Drying of fruits and vegetables is important intthaeduces bulkiness, adds value,
and diversifies their utilization. The technologgr fprocessing vegetable into
powder has been developed in recent years withicapipins mainly for potatoes

(flour, flakes, granulated); carrots (powder) aratl tomatoes (powder) (FAO,
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1995). The vegetables are either dried to a firsewcontent of below 4% followed
by grinding, sieving and packing of products orytlaee transformed by boiling and
sieving into purées which are then dried on heaadaces (under vacuum
preferably) or by spraying in hot air. The pumpKmit has been found to be
suitably dried to a moisture content of 10% white tseeds are stable at final

moisture of between 5% and 6%.

2.4. Drying pre-treatments

2.4.1. Heat blanching

The pumpkin fruit is blanched before drying. Blamchis an important step which
involves exposing the vegetable very quickly toth@mound 108C) to inactivate
the naturally occurring enzymes. Exposure for di@aar vegetable should not be
too short to be ineffective or too long to softée tissue due to excessive cooking
(AVRDC, 1992). It is recommended that before drypnugmpkins, the fruits should
be cut into stripes and peeled. The peeled stapegut into slices of about 0.6cm
thick after which they are immersed in 2% commoh salution for about 10
minutes, blanched in 2% boiling common salt solufior 3 to 4 minutes and dried

(AVRDC, 1992).

Two of the more heat resistant enzymes importanteigetables are catalase and
peroxidase. If these are destroyed then the otbaifisant enzymes in vegetables
will also have been inactivated. The heat treatmintdestroy catalase and

peroxidase in different vegetables are known, amsitive chemical tests have been
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developed to detect the amounts of these enzynaartight survive a blanching
treatment (AVRDC, 1992).

2.4.2. Sulphur dioxide treatment

Sulphur dioxide may function in several ways (FA®95):

(a). Sulphur dioxide is an enzyme poison againstroon oxidising enzymes;

(b). It also has antioxidant properties; i.e.siah oxygen acceptor (as is ascorbic
acid);

(c). SGQ minimises non enzymatic maillard type browning bgating with aldehyde
groups of sugars so that they are no longer freertabine with amino acids;

(d). Sulphur dioxide inhibits microbial growth

In many processing pre-treatments two factors rnestonsidered:

Sulphur dioxide must be given time to penetrateftb# or vegetable tissues; $0O
must not be used in excess because it has a dwstctunpleasant taste, odour and
causes allergenic reactions. International foodsléiwit the SQ content of fruit
products, especially of those which are consumented (except semi-processed
products oriented to further industrial utilisafiorCommonly a 0.25% solution
(except for semi-processed fruit products whichiadeistry oriented and use a 6%
solution) of SQ or its SQ equivalent in the form of solutions of sodium stuteh

sodium bisulphite or sodium/potassium metabisuépaie used (FAO, 1995).
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CHAPTER 3: MATERIALSAND METHODS

3.1. Research design

The research involved dehydrating two species ehgkin (C. moschataand C.
maximg and grinding them into flour for physicochemiealalysis. The treatment
structure involved fresh and dry samples, fruithwitnd and without rind (pulp),
whole seeds and seed kernels. For each treatnhee& pumpkins were analyzed
each one in duplicate. A completely randomisedgite@CRD) was employed in the

study, where treatments were allocated at randoewmgerimental units.

3.2. Materials

1. Chemicals were purchased from Kobian Chemigafspliers Limited, Nairobi.
2. Pumpkins were sourced from farmers in Machds#rict Matungulu Division.
Selection of the pumpkin fruit samples was basedhaturity. Fully ripe pumpkins

were used in the study. They were stored at tertpesaof 16C before analysis.
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Plate 1:Cucurbita moschatéruits

Plate 2:Cucurbita maximdruits
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3.3. Methods

3.3.1. Proximate composition of fresh and dried pumpkin fruit.

Moisture content was determined by AOAC method.980(AOAC, 1995) total
ash by AOAC method 930.05, crude fibre by AACC moettB2-06, crude fat by
AACC method 30-25 and crude protein (N% x 6.25) A9AC method 978.04

(AACC, 1995). The carbohydrate was calculated leydifference.

3.3.2. Starch isolation and quantification in raw pumpkin fruits

Starch was isolated from the pumpkin fruits usidge tmethod reported by
Badenhuizen (1964) with slight modification (Kasemanet al.,1995). Two fruits
per species were used for starch isolation. Sgpakhwas ground in distilled water
and filtered through 106pm mesh. The starch reswiage washed three times with
distilled water, twice with ethanol then recovelsdfiltration using Whatman No.1
filter paper. Purified starch cake was dried inaémoven at 3% for 24 hours then

guantified using an analytical weighing balance.

3.3.3. Flour preparation from pumpkin fruits and seed kernels

3.3.3.1. Flour from fruits

Mature pumpkins ofC. moschataand C. maximaspecies grown in Machakos
District were used. The fruits were sourced from thrmer’s fields. Processing of
the fruits was done at Kenya Industrial Researcd &®velopment Institute
(KIRDI), Nairobi. The fresh pumpkins were cleanpégled (some fruits were not

peeled) seeds removed, and chipped into piec@som length and 0.31cm thick
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using a motorized electric chipper (Model Skymsel-7, Brazil). Different
known weights of slices were subjected to fourttreants: (blanching and treating
with 0.5% sodium metabisulfite, blanching only,fging only, and no treatment).
Drying was done using an electrical drier (KIRDID&C Division, Nairobi) to a
moisture content of 10%. This was achieved by dyyina temperature of O for

4 hours. The dried fruits were then ground intauflausing a fine mill (Model
Bauermeister, Hamburg-Altona, Germany) after whibb flour samples were

subjected to physicochemical analysis.

3.3.3.2. Flour from seed kernels

This was done according to a method described bfdalvy and Taha (2001).
Pumpkins were cut by a sharp knife and the seeu$ tallected washed with water,
then oven dried at 8@ for 12 hours using an Isuzu hot air rapid dryimgen

(Soyokaze type ASF-113S). The dried seeds werdedh® remove the kernels,
which were ground to pass through a 60 mesh (Brgiandard screen). The fine
flour of the whole seeds and seed kernels werenpan air tight jar and kept in a

refrigerator (18C) until analysis.
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3.3.4. Physicochemical analysis of fresh and processed pumpkin fruits

3.34.1. Material yield

The material (dry matter) yield was calculated iogling the weight of flour relative
to the original weight of the fruit for samples maibjected to any drying pre-

treatment; this was expressed as a percentage.

3.3.4.2. B-Carotene content in fresh and dried pumpkin fruits

This was determined by AOAC Official Methods (Meth®41.15), (AOAC, 1995)
and procedures similar to those described by Mucket al., (2002) using HPLC
and modified by (Rodriguez-Amaya and Kimura, 208¢ follows:

In the case of fresh fruits the material was finalt with a knife and ground in a
food chopper (waring blender) to achieve a homogersample. If analysis could
not be performed immediately the samples were bkahdn boiling water for 5
minutes and stored in frozen condition °G¥ . About 5g of the homogenous
representative sample was weighed in a beakeradtthen transferred to a mortar
and 3g of hyflosupercel (celite) added. The mixtwess ground with 50 ml of cold
acetone (acetone refrigerated for about 2 h). &fidtn was done with suction

through a Buchner funnel with 2 pm filter membranes

The second step after extraction is partitioningetroleum ether (PE). Twenty five
millilitres PE was put in a 500 ml separatory funhwih Teflon stop-cock and the
acetone extract added in amounts of 20 ml. Digtilater (200 ml each time) was

slowly added, letting it flow along the walls ofetfunnel. The two phases were
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allowed to separate and the lower aqueous phasarded. The washings were done

3 times to remove residual acetone.

The third step is saponification. Saponificatiorais effective means of removing
chlorophylls and unwanted lipids, which may intesfavith the chromatographic
separation and shorten the column’s life. The P&splwas collected in a volumetric
flask and an equal volume of 10% methanolic potessihydroxide added. Also

added was a few drops of 0.1% butylated hydroxgtadu(BHT) and the mixture let
to stand overnight in the dark at room temperatAfeer overnight saponification,

the solution was again washed with distilled waderemove the alkali. It was dried
with anhydrous sodium sulphate and concentratedastmade up to 100 ml volume
then it was ready for HPLC analysis. For dry sasp g of the material was
weighed and soaked in water for 30 minutes, afteickv20 ml of cold acetone

added and let to stand for 15 minutes. The sanps stere then followed as for

fresh samples before HPLC analysis.

The samples in volumes of 10 pL were injected amtoeversed phase column
(HPLC mode: Shimadzu, column packing size: 150 ch6 mm). The columns
were eluted with a mobile phase of acetonitrilelaabl/dichloromethane
(70/10/20). The flow rate was 1.0 ml per minute #mel absorption of the effluent

was monitored at a wavelength of 450 nm.

Identification of the peaks for beta-carotene wasedusing pure beta-carotene

standard that was injected into the HPLC. The tatertime for the sample was
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similar to that of the pure standard. A solutionaopure standard of beta-carotene
with concentrations ranging from O ppm to 2.5 pperevinjected into the HPLC

and from the peak areas a calibration curve wasrdiand the regression equation
calculated (Figure 1). Concentration of beta-car®tf) in ppm in the samples was

calculated by dividing the peak area (y) by theesgion constant, 41944.

90000 -
80000 -
70000 -
60000 -
50000 -
40000 -
30000 -
20000 ~
10000 -

O T T T T 1
0 0.5 1 15 2 2.5

Peak Area

Beta-carotene conc. (ppm)

Figure 1: Standard calibration curve fdcarotene determination in pumpkin fruit

samples
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3.3.4.3. Analysis of specific minerals

The pumpkin fruits, seeds and seed kernels wertysath for elemental mineral
content of Ca, Zn, and Fe Mg, Mn, Na, K, and Cunhgsan Atomic Absorption

Flame Emission Spectrophotometer (Shimadzu Corgagtd<Japan, Model AA-

6200) using the respective cathode lamps (AOAC5)19hile P was determined by
the Ascorbic acid method using UV-Visible spectrofgmeter. Two grams of each
of the samples were dry-ashed in a muffle furna&s€e’C for about ten hours. The
ash was dissolved in 1% HCI acid in a conical flagki made up to 100 ml mark
using a standard volumetric flask. The individuahenal element composition was
calculated from the AAS or U-Visible spectrometeadings obtained for both the

blank and the test solution. Analyses were dongplicate.

3.3.5. Extraction and char acterization of kernel oils

3.3.5.1. Lipid extraction

Crude oil extraction was done using petroleum etbeiling point 60-86C) in a
soxhlet extractor for 16 h (Pearson, 1976). Theamation of the sample for solvent
extraction involved drying followed by grinding.lt is often necessary to dry
samples prior to solvent extraction, because maggric solvents cannot easily
penetrate into foods containing water, and theeséxtraction would be inefficient.
Dried samples were then finely ground prior to salvextraction to produce a more

homogeneous sample and to increase the surfacefdipia exposed to the solvent.
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3.3.5.2. Specific gravity and refractive index

The specific gravity of the oil was determined gsin25 ml pycnometer at 18G5
while refractive index was determined using Abbé&acometer at Z&. The
specific gravity was calculated by dividing the gleiof the sample by the weight of

the equal volume of water.

3.3.5.3. Peroxide value

One of the most commonly used methods to deterpémexide value utilizes the
ability of peroxides to liberate iodine from potiass iodide (Pearson, 1976). The
lipids were dissolved in a solvent mixture of acedtid and carbon tetrachloride,
warmed with saturated potassium iodide (13 g K$aliged in 7 ml of hot water):

ROOH + Kdcess— ROH + KOH + b
Once the reaction had gone to completion, the amoluROOH that had reacted
was determined by measuring the amount of iodiaewlas formed. This was done
by titration with 0.01 N sodium thiosulphate andstarch indicator (1% starch
solution):

b + starch + 2Ng#£,03 (blue) - 2Nal + starch + N#&,0g

(colourless)
The amount of sodium thiosulphate required totgtrthe reaction is related to the

concentration of peroxides in the original sample.

32



3.3.5.4. lodine value
The iodine value is expressed as the grams ofecalosorbed per 100g of lipid. One
of the most commonly used methods for determinirggibdine value of lipids is
"Wij's method" (Pearson, 1976). The lipid to be lgmad was weighed and
dissolved in carbon tetrachloride, to which iodatdoride was added. Some of the
ICI reacted with the double bonds in the unsatdréipéds, while the rest remained:

R-CH=CH-R + |1Gkcess— R-CHI-CHCI-R + IClemaining
The amount of ICI that reacted was determined bgsueng the amount of ICI that
remained after the reaction had gone to complé&ti®heacted=IClexcess~ [Clremaining-
The amount of ICI that remained was then determimeddding excess potassium
iodide to the solution to liberate iodine, and thé@rating with a 0.1N sodium
thiosulfate (N@S;0Os) solution in the presence of starch to determihe t
concentration of iodine released:

[Clemainingt 2Kl — KCI + Kl + 1

b + starch + 2Ng£,03 (blue) - 2Nal + starch + N#&,0g

(colourless)
lodine itself has a reddish brown colour, but iki®ften not intense enough to be
used as a good indication of the end-point of gation. For this reason, starch is
usually used as an indicator because it forms a&ontdr complex with the iodine
that has a deep blue colour. Initially, starch wdded to the solution that contained
the iodine andhe solution turned dark blue. Then, the solutias titrated 0.1N

sodium thiosulphate solution.
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While there is anyzlremaining in the solution it stays blue, but oatleof the b has
been converted to it turns colourless. Thus, a change in solutippearance from
blue to colourless was used as the end-point diittiation.

The concentration of C=C in the original sample wherefore calculated by
measuring the amount of sodium thiosulphate thas waeded to complete the
titration. The higher the degree of un-saturatitie, more iodine absorbed, and the

higher the iodine value (Pearson, 1976).

3.3.5.4. Acid value

The acid value is a measure of the amount of feedsaresent in a given amount of
fat. The lipids were extracted from the food sangid then dissolved in an ethanol
solution containing a phenolphthalein indicatorisTéplution was then titrated with
alkali (0.5 N KOH) until a pinkish colour appeardthe acid value is defined as the
mg of KOH necessary to neutralize the fatty acidssent in 1g of lipid (Pearson,

1976).

3.3.5.6. Saponification value

The lipid was first extracted and then dissolvedaim ethanol solution which
contained a known excess of KOH. This solution wlen heated so that the
reaction could go to completion. The un-reacted K@&ks then determined by
adding an indicator and titrating the sample wit@lHThe saponification number
was then calculated from knowledge of the weighsample and the amount of
KOH which reacted (Pearson, 1976). The smallersdygonification number the

larger the average molecular weight of the triaglykerols present. The
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saponification value content of the oil was obtdir®y refluxing the alcoholic
potassium hydroxide solution of the oil and themated with 0.5 M HCL using

Phenolphthalein indicator (Pearson, 1976).

3.3.5.7. Fatty acid profile

The fatty acid profile of pumpkin seed oil was detmed using the Gas
Chromatograph (Shimadzu GC 9A, Kyoto, Japan). Tpiel lsample of 3 g was
pipetted into a flask. Five percent of methanokl was added and the mixture
heated under reflux for 1 hour for methylation atty acids. After cooling the
sample, it was transferred to a glass stopperezldnd methyl esters extracted with
3 portions (1 ml) of hexane. The hexane layer wash&d with 1 portion (3-4 ml) of

distilled water.

The hexane layer was transferred to a flask andsthleent evaporated with
evaporator. The residue was dissolved using a ardgxane then it was ready for
injection into the GC. A Shimadzu gas chromatograpth a flame ionization
detector was used in the presence of nitrogencasreer gas. The stationery phase
was diethylene glycosuccinate (DEGS 15%). Stantkdtd acid methyl esters were
used for identification. The area under each pea& @xpressed as a percentage in

regard to the total area as explained by El-Adamd/ Baha (1999).
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3.3.6. Extraction and Characterization of seed kernel proteins

3.3.6.1. Extraction of proteins

The protein extraction technique described by Mwasa al, (1999) and adopted
from methods described by Lopez and Ordorica- Fail¢h®86) were applied. The
protein isolates were obtained by extracting pump@ded kernel meal with 0.1 M
NaOH (1:10: meal: solvent, w/v) adjusted to pH eabf 8.5. The suspension was
homogenized (Ultra Turrax T 25 Janke and Kunkel &,CStauffen, Germany) at
8500 rpm for 30 min followed by centrifugation a0D rpm for 15 min. The
supernatant was filtered and protein precipitateddjusting the pH to 4.5 using 0.5
M HCI. The precipitated protein was recovered bgtgkiging at 1500 rpm for 10
min followed by washing three times in excess wal&e protein isolate was dried

at 50°C for 48 h and was kept in air tight jars and garated until analysis.

3.3.6.2. Water and oil absor ption capacity

This was determined by the centrifugation methotiofet al.,(1974), as explained
by Mwasaruet al, (1999). One gram of flour was mixed with 10ml ditilled
water or sunflower oil and centrifuged at 6600 rfam30 min. The volume of the
supernatant was measured. The water holding cgpaag expressed as the number
of grams of water held by 1 g of flour. The oil-tiilg capacity was expressed as the

number of ml of oil held by 1 g of flour.

3.3.6.3. Emulsifying activity and emulsion stability

Emulsifying properties were determined accordingh®e method of Sathet al.,

(1983). One hundred millilitres of 7% (w/v) flouruspension at pH 7 was
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homogenized at 11000 rpm for 30s using a warriegdkr. One hundred millilitres
of sunflower oil was then added, and homogenizedaféurther one minute. The
emulsions were centrifuged in 50 ml graduated dege tubes at 1200 x g for 5
minutes and the volume of the remaining emulsiors weeasured. Emulsifying
activity (EA) was calculated as follows:

EA% = (volume of emulsified layer / volume of wkdhayer in centrifuge tube) x
100. To determine emulsion stability (ES), emulsioorepared by the above
procedures were heated at’80for 30 min, cooled to room temperature and
centrifuged at 1200 x g for 5 min. ES was calcuase follows: ES% = (volume of

remaining emulsified layer / original volume of dsian) x 100.

3.3.6.4. Foaming capacity and foam stability

Whipping properties (foam expansion and stabilt@re determined according to
the method described by Kabirulla and Willis (1982he hundred ml of 2.5% (w/v)
flour suspension was whipped at ‘low’ speed in 8 &8 waring blender for 5 min,
and foam volumes were recorded after 30 secondamFoapacity (FC) was
expressed as percent increase in foam volume neshafter 30 seconds, and foam

stability (FS) was determined by measuring the f€r atanding for 60 min.

3.3.6.5. Gelation properties

Gelation properties were determined accordindhémethod described by Carcea
and Bencini (1986) with slight modifications. Flosuspensions of 2-20% (w/v)

were prepared in 100 ml distilled water by mixinga 250 ml waring blender

37



(Model: HPB 300 U, Waring, UK) at the ‘Hi'speed fdmin. The suspensions were
boiled in test tubes in a water bath for 1 houtlofeed by rapid cooling under
running cold tap water. The lowest concentrationwaich the gel formed was

regarded as the Least Gelation Concentration (LGC).

3.3.6.6. Nitrogen solubility

Nitrogen solubility of the flours and protein iatés in distilled water at 5% (w/v)
was determined over a pH range of 2-12 accordinthéomethod described by
Narayana and Narasinga Rao, (1982): 1 g of floas wsed with a flour or isolate:
water ratio of 1: 60 and shaking for 2 h at roormperature. The pH of the
suspension was adjusted by the addition of 2 M &t M NaOH. After extraction,
the suspension was centrifuged (Sorvall WX 80 USeaies Centrifuge, USA) for
20 min at 400 rpm at room temperature, and Nitrogerthe supernatant was
estimated by the micro-Kjeldahl method (Pearsorv,619Nitrogen extracted was
expressed as percentage of the flour or isolategah content. Analyses were done

in triplicate.

3.3.6.7. The pH of the pumpkin seed flours

The pH of the flours and protein isolates was mesab using a pH meter
(conductivity meter and pH meter, Sartorious Medrats, UK) after dispersing

the solids in water at 10% w/v.
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3.3.8. Food application potential of pumpkin flour

3.3.8.1. Cake preparation

Cakes were prepared by using the modified AACC oeeth0-90 (AACC, 1995).
Pumpkin flour was added to wheat flour at 0, 5, dfij 15% replacement levels of
wheat flour, with the control having no pumpkinutcadded (0%). Initially, 50 ml
of water was added in the first mixing stage, wétlbsequent additions being
adjusted commensurate with the percentage of pumiiéiir added. The batters
weighing between 496-606 g were scaled into eatheo0 cm diameter cake pans
and baked at 180C for 45 minutes in an electric oven. Baking triatsre replicated
two times. Cakes were cooled for 60 minutes, stamgplastic bags overnight and

evaluated the next day.

Table 1: Cake formulation

Pumpkin flour replacement level

Ingredient 0% 5% 10% 15% 20%
Wheat Flour 200g 1909 180g 170g 160g
Pumpkin flour Og 10g 20g 309 409
Suga 100c¢ 100c¢ 100c¢ 100c¢ 100c¢
Shortening(margarine) 100g 100g 100g 100g 100g
Baking powder 49 49 49 49 49
Whole eggs 2 2 2 2 2
Water 90 ml 90 ml 90 ml 90 ml 90 ml
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3.3.8.2. Beta-car otene content, colour and sensory evaluation of cake

Beta-carotene retained in the cake was analysedRtyC method 941-15 (AOAC,
1995), as detailed in section 3.3.4.2. Crumb aodtaolour measurement was done
using a Minolta Colour Difference Meter (Model C-R00, Osaka, Japan) to obtain
L, a, b values. Hue angl®, (tari* b/a) was calculated to define the actual colour for

the cakes (Leet al, 1991)

Laboratory consumer testing using a sensory paasl done using nine untrained
participants who included staff and graduate sttedl&om the Department of Food
Science and Postharvest Technology at Jomo Kenyhatiheersity of Agriculture
and Technology. The panellists were presented eatted samples of the cakes and
asked to check the category on a hedonic scalenti@ated how much they liked
the samples in terms of colour, flavour, textupearance and general acceptability
as described by Meiselman (1984) (1=dislike exttgm@=dislike very much,
3=dislike moderately, 4=dislike slightly, 5=neithigte or dislike, 6=like slightly,
7=like moderately, 8=like very much, 9=like extrdgw)e Immediately before
sensory tests, cakes were cut into 25 mm cubes S€akples were served on white
plastic plates labelled with three-digit codes framandom number table.

3.3.10. Statistical analysis

Analysis of variance (ANOVA) was done using the Get Discovery 8 edition

(Roger,et al, 2001). The level of significance was 5%.
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CHAPTER 4: RESULTS AND DISCUSSION
4.1. Proximate composition of fresh and processed pumpkin fruits and seeds
4.1.1. Moistur e content of fruitsand seedsunder different treatments
The moisture content of the fruits and seeds ustaty are presented in Table 2.
The results show that both species have high nmreistontent. One way analysis of
variance showed that there were significant (P<0dderences between moisture
levels of fruits with rind and those without rindrfboth species. The latter were

found to contain less moisture

Table 2 also presents the moisture content of seediseed kernels of pumpkins. A
one-way analysis of variance showed that there weresignificant (P<0.05)
differences between moisture levels of sun drietiseand seed kernels for tGe

moschataspecies and the inverse was true forGhenaximaspecies.

These values for dry seeds are similar to thoseimdd by Kershaw and Hackett
(1987) for other edible oilseeds such as cottors€@d6%), peanuts (4.58%), palm
kernel (5.31%), sesame (4.60%), and sunflower s@e88%). They are lower than
those of soybean (11.07%) and coconut seeds, 14FBR@, 1982). The low

moisture levels of pumpkin seeds enable them forégerved for long periods.
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Table 2: Moisture content of fruit vegetables aedds of two pumpkin species

(% d.w)

Treatment C. moschata C. maxima
Fruit with rind 87.¢+0.C° 87.1:0.2°
Fruit without rind 89.5+ 0.%F 88.240.4
Whole seed ( fresh) 33.2+0.4 34.1+0.1
Seed kernel ( fresh) 28.5+8.9 30.9+0.F
Whole seed (sun dried) 5.7+0.4 6.1+0.F
Seed kernel (sun drie 5.6+0.C° 5.540.%°
L.S.D. (P<0.0t 09 04

Values are mean £ S.D,n=3
#" values in the same column with different supepsrare significantly different at

5% level.

Moisture levels of food products have a bearingtlogir dry matter content. The
higher the moisture content the lower the dry magield on drying. Therefore
information on moisture content would help the fgdcessors make decisions on

the economics of thermal processing of the foods.

4.1.2. Comparison of moisture content in fruits of two pumpkin species
Relative amounts of moisture in the fruits and seafcthe two pumpkin species are
presented in Figure 2. It was observed that thestuna levels of fruits and seeds of

the two pumpkin species are similar. We therefoferred that differences in the
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physicochemical properties of the samples analyzede not dependent on the

moisture levels.

100 -
80 4 [l == B C. moschata
b C. maxima
60

Moisture content (%0 1

20 1

Fruit with ~ Fruit pulp  Whole seed Seed kerneWhole seed Seed kernel
rind (fresh) (fresh)  (sundried) (sun dried)

Figure 2: Moisture content of fruits and seedsaaf pumpkin species. Vertical bars

are Mean £S.D

4.1.3. Crude protein content of raw and dried pumpkin fruits and seeds

The protein content of fruits and seeds of pumpktaslied are presented in Table 3.
One way ANOVA showed that no significant (P<0.0%fedences exist between
protein contents of raw and dry samples for fruithwind of the C. moschata
species. For the other treatments it was found tinging and grinding either
reduced or increased the protein content of thepkean Seed kernels contained
significantly (p<0.05) higher protein than see@s.maximaseed kernels contained
higher protein tharC. moschateernels. The values obtained for whole seeds are
similar to those of Achet al., (2005), who found them to contain 29-35%. Martin
(1998) got 35%, which was higher than cashew i22s800) and sesame (18.8%).
The fluted pumpkin Telfairia occidentali¥ seed was found to contain 30.1g/100g

protein (Asiegbu, 1987).
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Table 3: Crude protein content of raw and prosg@samples of fruits and seeds of

two species of pumpkins (g/100g d.w)

Treatment Raw samples Dry samples L.S.D.
C. moschata C. maxima C.moschata C.maxima P<0.05
Fruit with rind 4.9+0.2 3.9+0.7 4.9+0.6 4.0+0.0 0.1
Fruit without rinc 4.C+0.1° 3.6+0.C° 4.2+0.C° 3.7£0.C° 01
Whole see 36.2+0.%F 35.6+0.1° 35.40.F 36.3+0.2° 0.2
Seed kernel 37.7+G3 39.5+0.2 37.4+0.2 40.3+0.3 0.4

Values are mean +S.D,n=3

#dyalues in the same row with different superscrats significantly different at 5% level.

An adult male of about 70 kg body weight requirésg3of protein daily, therefore,
only 98.93 g ofC. moschataseed would be required to provide the minimumydail
protein need. However, 122 g should be consumeaddet the requirement; if an
allowance of 25% is made to take care of digestjbdnd the limiting sulphur

amino acid (Fagbemi and Oshodi, 1991).

The proteins are of the globulin type and are dksfiicin lysine and sulphur bearing
amino acids (Vodouhe and Capo-Chichi, 1998). Tlelte show that these Kenyan
species of pumpkins are rich in proteins hence gooahildren, lactating mothers
and old people who need more proteins for growtintenance and repair of worn
out tissues. These substantial amounts of protethss further to extract them and
subject them to analysis of their functional prajesrwhich are important in their

utilization in food systems.
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4.1.4. Comparison of crude protein content in different parts of pumpkin fruit

The levels of crude protein contained in the déferparts of pumpkin fruit of the
two varieties is shown in Figure 3 below. Analysif variance showed that
significant differences existed between the différuit parts. Highly significant
differences (P<0.05) were observed between fruitd aeeds, with the latter
containing higher amounts of crude protein. BotWw &end dry samples showed a
similar trend in the amounts of the crude protantained in the different parts of

the pumpkin fruit.

m Fruit with rind
B Fruit without ring
Whole seed

B Seed kernel

—
C. moschata C. maxima

Figure 3: Crude protein content in different paftpumpkin fruit

These results show that pumpkin fruits contain Es®unts of crude protein than

the seeds and seed kernels. A review of existiegaliure does not show any work

that has involved comparison of nutritional conteetween different plant parts.
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4.1.5. Crude fat content of raw and processed pumpkin fruits and seeds

The crude fat content of the pumpkins under stsdyreésented in Table 4. One way
ANOVA showed that there were no significant (P<(.@bferences between crude
fat levels of fruits of the two species and betwé®sn fresh and dry samples. Both
species contain low levels of crude fat. Generfulljts and vegetables contain low

levels of lipids except avocado that contains 2M04taipe stage.

Table 4: Crude fat content of raw and processedpinrfruits and seeds (g/100g

d.w)
Treatment Raw Samples Dry samples L.S.D.
C. moschata C. maxima C. moschata C. maximgP<0.05)
Fruit with rinc ~ 1.6+0.C° 2.0+0.C° 1.4+0.1° 1.7+0.C° 0.1

Fruit without

rind 1.5+0.6 2.3+0.f 1.5+0.¢ 1.9 +0.0° 0.1
Whole seed 34.7+0°0  36.6+0.9 35.1+0.4 36.9+0.8 0.6
Seed kernel 44.4+F1  48.3+0.2 44.4+0.3 48.4+0.7F 0.4

Values are mean £ S.D,n =3
%%/alues in the same row with different superscrimts significantly different at 5%

level.

The results in Table 4 also show the crude fateslior seeds and seed kernels.
From analysis of variance, no significant differesiavere observed between raw
and dry seeds and seed kernels (P<0.05). For petties the seed kernels contain

significantly (p<0.05) higher crude fat than thealhseedsC. maximaseeds and
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seed kernels contain significantly higher (p<0.@3)ude fat than those of.

moschataOn average, the seed kernels contain high lipil$e{46.3%).

These values are close to those obtained by Elwpadd al., (2001) forC. pepo
seeds with oil content of 51.01%. Martin (1998) rfducucurbit seeds to contain
50% lipids while Achuet al, (2005) found the seeds to contain 41-54 % lipids
These lipid values are similar to those of sunflowkb.6%), sesame (53.5%), and
peanuts (47.5%) (FAO, 1982), but lower than those $oybean 19.1%

(Oyenuga,1968).These seeds can be considered goas of vegetable oils.

Fats provide more energy than proteins and carbalgst they make a meal more
satisfying, enrich its flavor and delay onset ohger, and more importantly, are a
medium of fat soluble vitamins (A, D, E, K) and aesource of antioxidants and
bioactive compounds. Fats are also incorporatedtrastural components of the

brain and cell membranes (Wardlaw and Kessel, 2002)

4.1.6. Comparison of crude fat content in different parts of pumpkin fruit

The crude fat content in fruits and seeds of pumpg&irepresented in Figure 4
below. The trend is similar to what was observed daude protein. The fruits
contained significantly lower (p<0.05) amounts nfde fat than the seeds. The raw
and dry samples both exhibited the same trend iouats of the crude fat in the
different treatments of the pumpkin fruit partsuis and vegetables have been

found to contain less fat than nutty seeds (Wardlad Kessel, 2002).
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C. moschata C. maxima

Figure 4: Comparison between crude fat conteniffardnt pumpkin fruit parts

4.1.7. Crude ash content of raw and processed pumpkin fruits and seeds

The total ash content of the fruits and seeds ustdely are presented in Table 5.

No significant differences were observed betweatigs and between raw and dry
samples of whole seeds and seed kernels. Thedfitfes observed between fresh
and dry samples of fruits could be attributed talgircal error. Fruits were found to
have significantly (p<0.05) higher crude ash contlan the seeds and seed kernels.
Fruit with rind had significantly higher crude astntent than the fruit pulp.

Values for seeds and kernels are similar to tludgeined by Achtet al, (2005)
which ranged from 3.5-5.3%. These values are sirtoléhose of soybean (5.06 %),

cottonseed (4%), sesame (3.8%), and sunflower(getth) (FAO, 1982).
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Table 5: Crude ash content of raw and processdts famd seeds of pumpkin

(9/100g d.w)
Treatment Raw Samples Flour Samples L.S.D.
C. moschat C. maxim C. moschat C. maximi (P<0.05
Fruit with rind  6.7+0.F 6.9+0.3" 7.1+0.2° 6.8+0.1¢ 0.3
Fruit pulp 5.9+0.1 6.5+0. 5.6+0.4 5.9+0.F 0.2
Whole see  4.0+0.1° 3.740.F 4.1+0.F 3.740.4° 0.2
Seed kernel  4.420°4 4.120.T 4.4 0.2 4.320.1" 0.2

Values are mean +S.D,n=3

#%/alues in the same row with different superscrassssignificantly different at 5% level.

4.1.8. Comparison of crude ash content in different fruit parts

The crude ash content in the different parts of gkimfruit is presented in figure 5
below. The fruit with rind had the highest amowftcrude ash while whole seed
contained the lowest amounts. The fruit with rindntained significantly higher
(p<0.05) amounts of crude ash than the fruit p@pnversely, the seed kernels
contained higher amounts of crude ash than theendedd. This trend implies that the
rind of pumpkin fruit contains mineral elements lghithe seed hull does not contain
significant levels of minerals. A review of litesaé does not find any work done to
compare amounts of ash in the pumpkin rind as coedp@ the respective levels in the
fruit pulp. The seed kernels of pumpkin have bemmé to contain more crude ash

levels than the whole seed (Acétal.,2005)
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Figure 5: Crude ash content in different partswhpkin fruit

4.1.9. Crude fibre content of fruits and seeds of raw and processed pumpkins

The results of values of total fibre content ofsfréraw) and dry pumpkin fruits and
seeds are presented in Table 6. One way analysariaince showed that there were
no significant (P<0.05) differences between fresth dry samples for the fruits with
rind for both species. Fruit with rind had signéitly (p<0.05) higher crude fibre
content than fruit pulp. Whole seeds had signifitya(p<0.05) higher crude fibre
content than seed kernels. Values for seed kewesls similar to those obtained by
El-Adawy et al, (2001). Crude fibre made up of cellulose, pectand
hemicelluloses form bulk in the intestines and stolm which stimulates peristalsis
and thus preventing constipation. Dietary fibreerefto cell wall components that
are not digestible by human or any other mammaligastive enzymes. According

to Dietary Reference Intake tables, the daily rememded intakes of dietary fibre
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for individuals range between 25-38 g per day ddpgnon age or sex with males

and pregnant females requiring more (Institute eflMine, 2005).

Table 6: Crude fibre content of raw and processedgkin fruits and seeds (g/100g

d.w)
Raw Sample Dry sample L.S.D.

Treatment C. moschata C. maxima C. moschat@ maxima (P<0.05)
Fruit with rind ~ 10.9+0.1 9.6+0.2 10.3+0.1 9.1+0.F 1.8
Fruit without

rind 9.4+0.3 8.2+0.F 9.4+0.7F 8.0+0.F 0.2
Whole seed 12.6+0°1 12.0+0.3 12.6+0.7 11.9+0.7 0.2
Seed kern 4.240.1° 3.¢+0.2° 4.240.4° 3.¢+0.7° 0.1

Values are mean +S.D,n=3

#byalues in the same row with different superscrigts significantly different at 5% level.

The Dietary Reference Intakes have been continyalesleloped since 1996 by the

Food and Nutrition Board, Commission on Life Scisic National Research

Council, to replace the Recommended Dietary Allovesn According to institute of

Medicine, (2005), the total fibre content in g/108gfresh weight basis of selected

fruits and vegetables is as follows: watermeloh, @hango, 1.8; fresh pineapple,

1.2; banana, 2.4; apple with skin, 2.7; French bgari; potato, 3.2; carrot, 5.7; and

bitter gourd, 16.6. Fibre content of vegetablesegaowing to many factors which

include growth condition (climate, soil), time ofarfvest or species (Ozcan and

Haydar (2004).
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Fibre is determined as material insoluble in @éilatid and dilute alkali. Crude fibre
is a useful parameter in food and feed analysis. dommonly used as an index of
the feeding value of poultry and stock feeds; séedl in crude fibre content are
low in nutritional value. A determination of crudibre is used in evaluating the
efficiency of milling and separating bran from tiarchy endosperm. It is a more
direct index of flour purity than colour or ash €f&jahu, 1994). Crude fibre is also
useful in the chemical determination of succuleatdresh fruits and vegetables.

Over mature products have increased levels of.fibre

4.1.10. Crudefibre content in different fruit and seed parts

Different parts of the pumpkin species were fouadcontain different levels of

crude fibre as shown in Figure 6. Of all the frpairts, that is, fruit with rind, fruit

pulp, whole seed and seed kernel, the whole seedauad to contain the highest
amount of crude fiber, followed by fruit with rindhen fruit pulp, with the seed

kernel having the least amount.

Both pumpkin species exhibited a similar trend ie amounts of crude fibre in
these fruit parts. Fibre rich foods are usuallyoramended to diabetics since they
are supposed to reduce glycaemic response to dleaiod consequently reduce the
need for insulin (Guillon and Champ, 2000). Diverseurces of fibre are
recommended for the young population to avoid insudsistance syndrome and to
decrease the incidence of other metabolic disesmeh as obesity and
cardiovascular disease (Guillon and Champ, 200Bgré&fore the whole pumpkin

seed could serve as a good source of dietary fibre.
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Figure 6: Crude fibre in different fruit and seeattp of pumpkin

4.1.11. Carbohydrate content of raw and dry pumpkin fruits and seeds

The results for carbohydrate content of fruits aeeds of raw and dry pumpkins are
presented in Table 7. To obtain these values, tieuats of crude protein, fat fiber
and ash were subtracted from one hundred for eaakmient. Analysis of variance
showed that on dry weight basis the pumpkin fruitppcontained significantly
(p<0.05) higher carbohydrate than fruit with rind. htle seed contained

significantly (p<0.05) higher carbohydrate than skeahels for both species.

The values for whole seeds are similar to thoserteg by Platt (1962), 10%, and
lower than for peanuts (18.6 %), sesame (20.2 %P(FL982). The carbohydrate is
made up of monosaccharide (glucose and fructoségosaccharides and
polysaccharides (starch, glycogen). The carbohgdiat divided into structural

polysaccharides, which are mechanical structureplamts, and these include
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cellulose, hemicellulose and lignin. The nutrientysaccharides include starch and

glycogen that are metabolic reserves in plantsaanuals (Southgate, 1991).

Table 7: Carbohydrate content of raw and procepsatpkin fruits and seeds

(9/1009)
Raw sample Dry Sample L.S.D.

Treatment  C. moschata C. maxima C. moschata  C. maxima (P<0.05)
Fruit with

rind 76.0+0.9 77.6+0.7 76.3+1.4 78.3+0.8 0.5

Fruit pulg 79.1£2.3 79.540.7° 79.240.7 80.4+0.¢° 04
Whole seed 12.6+0°9 11.8+0.5" 12.9+0.9 11.3+0.8 1.0
Seed kernel 9.4+0°7 4.2+0.7 9.610.9 3.1+0.5 0.7

Values are mean +S.D.n=3

*byalues in the same row with different superscripes significantly different at 5% level.

The results show that pumpkins can potentially d@dgsources of carbohydrates in

the human nutrition continuum.
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4.1.12. Carbohydrate content in different parts of pumpkin fruit

The carbohydrate content in the different fruittpas represented in Figure 7. The
fruit pulp of both pumpkin species contained siguaifitly higher amounts of

carbohydrates than either the whole seed or see@lkd his could be attributed to
the fact that the whole seeds and seed kernelsrtain higher amounts of crude fat

than the either the fruit pulp or fruit with rind.
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C. moschata . maxima

Fruit pulp
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Figure 7: Carbohydrate content in different paftpuompkin fruits. Vertical bars are

mean + S.D.

4.2. Hunter (L", a, b") colour and hue angle values for pumpkin fruit flours

The Hunter (L, a, b) colour values for pumpkin fruit pulp that was gétated and
ground into flour are presented in Table 8. Dryimg-treatments had varying effects
on the final colour of the pumpkin flour. The tneaints of blanching resulted in
significantly (p<0.05) lower chromatic lvalues than the control. The flour samples

from fruit pulp that was not subjected to any dgypre-treatment had significantly
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(p<0.05) high chromatic ‘Lvalues for both species. This implies that the gam
lost their pigment to become lighter. Blanchingaisheat treatment commonly
applied to tissue systems prior to freezing, dryamgcanning. Blanching prior to

dehydration is done primarily to inactivate enzymes

Table 8: Hunter (L, a, b) colour and hue angle values of pumpkin fruit fou

Hue
Species/pre-treatment L a b’ Angle ©
C. moschat no treatmen 74.(+0.6° 13.6+0.€° 64.2+ 0.2 77.€
C. moschat blanchec 48.¢+0.1° 15.140.4° 29.1+0.€° 62.5°
C. maximano treatment 77.1x0.2 5.4+0.5 41.1+0.4 82.5
C. maximablanched 39.7+0% 9.9+0.7 24.4+0.6 67.7
L.S.D (P<0.05) 1.2 0.8 0.7 3.5

Values are Mean+ S.D, n =3
#9values in the same column with different superssrgpe significantly different

(p< 0.05)

Un-blanched dried foods exhibit rapid changes ichsproperties as colour, flavour
and nutritive value as a result of enzyme activitythe present study it can be seen
from Table 8 that un-blanched samples lost thdmuwaupon drying, as indicated by
the high L values and high hue angle values. There was etdioerelation between
the chromatic L values and the hue angle values. Where the huewalere high,

the corresponding Lvalues were also high and vice versa.
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The chromatic L value is an indication of brightness, the higltes £ value, the

brighter the samples. The samples that were urcbh&hdepicted high hue angle
values, implying that they lost some of their oeglour to become more brightly
yellow and less orange. Hue is the characteristo@ated with the conventionally

perceived colour. An angle of 9epresents yellow hue.

Objects with a higher hue angle are greener whibsd with a lower hue angle are
more red -orange (Francis, 1980). The chromaticakies represent redness. The
higher the avalues the more red the samples are. The chroimatialue represents
yellowness. The higher the alue, the more yellow the sample is. The results
showed that the blanched samples had significdp#{.05) higher avalues than
the un-blanched samples. This shows that the bé@hcdamples retained their
colour. The un-blanched samples had significanily0(05) lower b values than
the blanched ones, which means that the latter lgeseyellow (more orange) since

the blanching helped them retain their colour.

Blanching may provoke some loses of carotenoidstHaiinactivation of oxidative
enzymes that occurs in this type of heat treatmeatents further and greater losses
of carotenoids during holding before thermal preoeg slow processing and

storage ( Rodriguez-Amaya and Kimu2804).

Two of the more heat-resistant and widely distelduenzymes in plant tissues are
peroxidase and catalase. Activity of these enzyntlestefore, can be used to

evaluate the effectiveness of a blanching treatnieboth are inactivated then it can
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be assumed that other significant enzymes alsanaeivated. In this study the
peroxidase test was done and between the blantimeg of O, 2, 4, 5, 6, 8; and 10
minutes, the peroxidase test was negative at 5tespat which time there was no
colour change in the solution. Below 5 minutesreheas a deep pink—brown colour
in the resulting solution. Therefore 5 minuteshis most efficient blanching time at

a temperature of 86 for pumpkin slices of 12 cm length and 1.5 crekhess.

4.3. Beta-car otene content in raw and dried pumpkin fruits

4.3.1. Beta-carotene content in raw pumpkins

The B-carotene content in the two species of pumpkidistlis presented in Table
9. The results show that fresh fruits with rind @f maximacontain significantly
(p<0.05) higher beta-carotene th@nmoschataFor both species generally the fruit

with rind contains more beta-carotene than the fruip.

Table 9: Beta-carotene content in raw pumpkin $r(jitg/g d.w)

Variety/treatmer B-carotene conte
C. maximawith rind 582.7+3.9

C. maximapulp 538.0 +1.7

C. moschat with rind 534.5+10.2°

C. moschat pulp 518.7+6.9°

L.S.D. (P<0.05) 18.5

Values are mean £ S.D,n=3
#“Values in the same column with different superssrigye significantly different at

5% level
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A review of literature does not find any valuesbeta-carotene for fruits with rind.

Pumpkins are potentially good sourcespafarotene, especially if their worldwide
availability, ease of production, and long shele liare considered. In some
countries, including Kenya, the flowers and leavkthese fruit vegetables are also

consumed (Peppirgt al, 1998).

Data from Tee and Lim (1991) show tifacarotene (from 0.5 to 15 pg/g) contents
of squashes and pumpkins to be very low to low]evdbme studies show moderate
to highp-carotene levels in these fruit vegetables. Studéesed out by Arima and
Rodriqguez-Amaya (1988) on four commercial Brazil@rcurbits by open column
chromatography found that the nat@emoschatgpresented the highest mean levels

of a-carotene (23 pg/g) arfdcarotene (39 pg/g) at the mature stage.

In the United States, some samples of pumpkin aedlypy HPLC contained 24 to
84 ug/g ofp-carotene (Bushway 1986; Quackenbush 1987; Khaahik Beecher
1987).The varied differences in thHecarotene amounts in pumpkins may be
attributed to the long period during which thesatfvegetables can be harvested,
and to their extended shelf life. Some of the I@wels reported may be due to
analyses of immature pumpkins Rodriguez-Amaya (L99e values in this study
were obtained from mature pumpkin fruits. Since ftlés with rind contain more
beta-carotene than the fruit pulp, people coulémsuraged to eat whole pumpkins
without peeling after boiling. The fruit slices ¢dwalso be dried without peeling in

order to maximize on the contentftarotene.
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4.3.2. Beta car otene content of floursfrom blanched and un-blanched dried
pumpkin fruits

The values fof-carotene content in dried pumpkin fruit pulp sabgel to blanching
and those not blanched are presented in TableH®blanched samples depicted a
significantly (p<0.05) higher content d¢f-carotene than the un-blanched ones.
Blanching is an important thermal treatment thattivates oxidative enzymes that
would degrade carotenoids (Rodriguez-Amaya and KamR004). This drying pre-
treatment also preserves colour of the tissuess WMais observed in the results of
colour presented earlier in Table 8. If processahgpumpkins by drying is to be
adopted both at cottage and industrial level therould be important to incorporate

this thermal procedure.

The results in Table 10 also show that without angr treatment, flours from
fruits with rind had significantly (p< 0.05) highdreta-carotene levels than the
respective pulp. This trend was also observed ezaftir fresh fruits. Some
investigations have shown that carotenoids, indgdhe provitamin A, are more
concentrated in the peel than in the pulp of sornésf (Gross, 1987). Thus, the
peeling of fruits and vegetables can reduce tha-ta&totene content considerably.
In paired samples of immatuf@. pepoandC. moschatathe whole fruits had-
carotene content five times greater than the pesgletples (1.5 compared to 0.3 and
1.0 compared to 0.2 pg/g, respectively (Arima andrigjuez-Amaya, 1988).

The peel of the cucurbit hybrid Tetsukabuto hasnbeund to contain 101 pgfg
carotene while the pulp had only 16u@fgarotene (Rodriguez-Amaya and Kimura,

2004). In this study, the rind (peel) was not apatlyseparately from the pulp but it
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was never the less observed that the fruits witti contained mor@-carotene than
the pulp. The flour fron€. maximacontained significantly mor@-carotene than the
flour from C. moschatafruits. This difference could be due to the specie

differences since the period of analysis after éstrwas the same.

Comparison of th@-carotene levels of raw fruits (Table 9) and thiatioed fruit
(flours) in Tablel0, shows that thermal processihghe pumpkin fruit vegetables
caused substantial loss of thearotene (61.0% fo€. moschatand 44.3% forC.
maximg. This notwithstanding, the retention levels aé fh—carotene in the flours
would still be sufficient to make the products gamilirces of pro-vitamin because

the raw material used was mature enough to prdvigle amounts of-carotene.

Table 10: Beta-carotene content in pumpkin fratfs (ug/g d.w)

Treatment Variety
C. moschata C. maxima
Fruit pulp no treatment 244.1+8.8 252.6+2.6
Fruit with rinc no tred’'nt 289.2+7.° 362.743.5°
Fruit pulp blanched 262.2+45 299.7+0.%
Fruit with rind blanched 315.8+7.2 492.8+6.8
L.S.D. (P<0.05) 8.7 5.8

Values are mean £ S.D,n =3
adyalues in the same column with different superdsrige significantly different at

5% level.
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The major cause of carotenoid destruction durimggssing and storage of foods is
enzymatic or non-enzymatic oxidation. Isomerizatbtrans-carotenoids to theis-
isomers, particularly during heat treatment, altdrgir biological activity and
discolors foods, but not to the same extent asabxid. Enzymatic degradation of
carotenoids may be a more serious problem tham#dedecomposition in many

foods (Rodriguez-Amaya, 2001).

In a study by Arimeet al, (1988) canned sweeten€d moschatgpumpkin, which

was subjected to drastic processing conditionsnfiiiste blanching, disintegrating,
thermal processing in an open steam jacketed Kettld0 minutes, and immersion
of filled and sealed cans in boiling water for 1@hutes), thep-carotene content
decreased by 35%. Therefore, thermal processintyl dmiused to add value and

diversify the utilization of pumpkins.

4.4. Star ch content in pumpkin fruits

Starch was isolated from the two species of pummid quantified using an
analytical weighing balance. The results obtaineo\ed thatC. maximayielded
significantly (p<0.05) higher starch content (9.2 %) thanC. moschatg3.8 +
1.4 %). The results agree with those reported hyiganet al., (2001) and Hurset
al., (1995) who reported that the fruit dry mattearsh content may range from <
3% to > 60 % respectively. Studies have shown thrargolant food materials like
partly ripe bananas contain 8.8% starch while frestm and white sweet potatoes
contain about 15% starch (Yeshajaiwal, 1994). TheC. maximaspecies can be a

potential source of starch especially in considenatof its high yields of
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approximately 22 tons per acre. Starch is an imapbrbiopolymer that has found
various applications in the food and non-food indaksector as a raw material. As
mentioned earlier, starch, calculated as calor@sesents 80 % of the woddood

supply (Guaret al, 1998).

4.5. Elemental mineral content of pumpkin fruit and seed flours

4.5.1. Mineral content of pumpkin fruit and seed floursof C. moschata

The results for mineral composition of fruits amdds under various treatments for
dry samples are presented in Table 11. The fruid seeds ofC. moschata
contained significantly (p<0.05) higher levels ofk®,Mg and Na than Fe, Zn, Cu
and Mn. The fruits and seeds can be good sourcedl dhe essential minerals
required by human beings for a healthy and actige Generally, it can be observed
from the results that seeds flours contain sigaifity (p< 0.05) higher amounts of

minerals than the fruit flours.

The seed kernels contained significantly (p<0.0ghér amounts of minerals than
the seeds. This could imply that the hull contdéss minerals and this is similar to
the trend observed for crude ash values. This tiendnsistent with studies done on
C. maximaby Alfawaz (2004) who also found that the seedstained less crude

ash than the seed kernels (4.59% as compared 360%.Of all the nine elements
studied, copper was in the smallest amounts, exoepite C. moschatdruit pulp in

which manganese was in the smallest amount.
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Table 11: Mineral composition of fruit and seedufl® of C. moschata(mg/100g

d.w)

Value

C. moschat fruit flours C. moschat seed flour L.S.D.
Element Fruit pulp Fruit with rind whole seed seed kernel <05
Copper 0902 0.9+0.F 1.5+0.2 1.6+0.7 0.3
zZinc 3.620.4 5.3+0.2° 8.1+0.4° 11.1+0.% 0.€
Manganes 0.7+0.7° 2.10.1° 3.120.1° 3.¢+0.1° 0.1
Magnesium 68.4 +1.1 159.3+2.% 318.4+2.9 537.8+2.7 4.7
Sodium 40.9+0.8 61.2+0.8 24.2+0.4 22.8+1.1 1.8

Potassium  1040.9+13.6 1253.8+11.9 417.3+6.9 493.6+17.% 175

Phosphort  562.642.€ 714.944.8° 928.941.¢° 980.6+4.4° 8.1
Iron 5.4+0.7° 9.3+0.4° 7.4+0.1° 13.640.¢° 1.2
Calcium 6.3+0.2 9.3+0.4 5.0+0.2 2.4+0.F 0.5

Values are Mean £ S.D,n =3
%Yvalues in the same row with different superscrimis significantly different at 5%

level

The major minerals required in the diet are sodicacium, magnesium, potassium,
phosphorus, chlorine, and sulphur. The latter wepe not analyzed in this study.
Other minerals that are required in only micro ditees (less than 100 mg/day) are
called trace elements and they include iron, zZiopper, selenium, iodide, fluoride,
chromium, manganese and molybdenum. Out of thexeethnalyzed in this study

were zinc, copper, manganese and iron.
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4.5.2. Mineral composition of pumpkin fruit and seed floursof C. maxima

The composition of minerals in the fruit and seledrfs of theC. maximaspecies of
pumpkin is presented in Table 12. In the seed antffours, levels of P, K, and Mg
were significantly (p<0.05) higher than the othezneénts. For most elements the
seed kernels contain higher amounts than wholess@éue:se results are consistent
with those reported by EI-Adawst al, (2001). This can be explained by the fact
that the hull of the seeds does contain low leeélmineral elements if any, thus
lowering the overall content of the minerals in thieole seed. Pumpkin seeds are
rich plant source of the mineral zinc which hasrbesported to be good for the male
prostate gland and for body immune system. Zincah@sge of functions. It plays a
crucial role in growth and cell division where #& iequired for protein and DNA
synthesis, in insulin activity, in the metabolisirtlee ovaries and testes and in liver
function. It is a component of many enzymes thatiavolved in the metabolism of
proteins, carbohydrates, lipids and energy. Thial viole of zinc makes infants,
children, adolescents and pregnant women espeatligk for an inadequate zinc
intake (Docrep, 2003).Consumption of pumpkin sebgsall age groups should

therefore be encouraged through nutrition programs.
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Table 12: Mineral composition of fruit and seedifto of C. maximamg/100g d. w)

Value
C. maxim: fruit flours C. maxim: seed flour L.S.D.
Elemen Fruit pulg Fruit with rinc whole see seed kernt  P<0.0¢
Copper 0.47+04 0.5+0.3 2.4+0.1F 1.9+0.F 0.1
Zinc 2.4+0.2 4.0+0.2 8.7+0.3 7.620.4 0.6
Manganes 0.2+0.7° 1.2¢0.2° 3.1+0.7° 3.1+0.7° 0.2
Magnesium  35.9+1.7 15.2+0.3 286.0+4.4 399.4+2.7 6.3
Sodium 41.3x05 64.4+0.4 17.8+0.2 20.6+0.2 0.8
Potassium  981.8+4°3  1148.7+3.1 351.6+7.2 399.6+9.8  13.9
Phosphorus  239.6+7.2  440.5+7.2 824.8+5.9 776.9+2.8 8.3
Iron 1.1+0.2° 5.1+0.1° 6.120.¢° 12.640.4° 0.
Calcium 12.3+0.9 15.2+0.1 3.3x0.2 2.1+0.2 0.5

Values are mean +S.D,n=3

*dyalues in the same row with different superscrigts significantly different at 5% level.

There is still lack of quantitative estimates omyaience of zinc deficiencies globally,

hence policy makers are unable to address theguro{Brownet al, 2001).

4.5.3. Relative mineral content in fruit flours of C. moschata and C. maxima

45.3.1. Macro-mineralsin fruit flours

The macro-minerals, namely magnesium, sodium, pofies phosphorus and

calcium contained in the fruits of the two pumpkpecies are illustrated in Figure

8. Comparatively, for magnesium tli&2 maximafruit pulp contained the highest
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levels. In the case of potassium and phosph@usmoschatafruit with rind
contained higher amounts th& maximafruit with rind. Both species are good

sources of the macro minerals.
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Figure 8: Macro-minerals i@. moschatandC maximaflours
Legend: 1 - Cmoschatdruit pulp, 2 -C. maximafruit pulp, 3 -C. moschatdruit

with rind, 4 -C. maximdruit with rind

45.3.2. Micro-mineralsin fruit flours

Figure 9 is an illustration of the comparative @mttof micro-minerals copper, zinc,
Iron and manganese in the fruit flours of the tyweses of pumpkin. It is evident
that both species contain appreciable amountsoof &nd zincC. moschatawith

rind contains more of each of the micro-minera#mtthe corresponding. maxima
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Figure 9: Micro-minerals i€. moschatandC. maximafruit flours
Legend: 1 -C. moschatdruit pulp, 2 -C. maximafruit pulp, 3 -C. moschatdruit

with rind, 4 -C. maximdruit with rind.

45.4. Mineral content in seed flours of C. moschata and C. maxima

45.4.1. Macro-mineralsin seed flours

The macro-mineral content in seed flours of botmpkin species are illustrated in
Figure 10. Both species contained significantlyhkig amounts of magnesium,
potassium and phosphorus than calcium and sodiurmoschataseed kernel was
found to contain higher amounts of each of the wmacinerals than its
corresponding whole seeds and the seed kernelgvholeé seeds of. maxima.A
review of literature has not found any work thas l@mpared the amounts of

minerals in whole seeds and seed kernels of pungiamy other nuts.
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Figure 10: Macro-minerals i@. moschatandC. maximaseed flours.
Legend: 1 C. moschatavhole seed, 2€. maximawhole seed, 3€. moschata

seed kernel, 4C€. maximaseed kernel.

45.4.2. Micro-mineralsin seed flours

A comparison between mineral content in whole sesdkseed kernels of the two
species of pumpkin are illustrated in Figure 11wd#s found that both seeds and
seed kernels contained almost equal amounts of eopper and manganese. In the
case of IrorC. maximawhole seed contained the lowest amounts wdilmoschata

seed kernel contained the highest amounts of tlceormineral. From these results

it can be seen th&. moschatas superior in terms of micro-mineral content.
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Figure 11: Micro-minerals i€. moschatandC. maximaseed flours

Legend: 1 C. moschatdruit pulp, 2 -C. maximdruit pulp, 3 -C. moschatdruit

with rind, 4 -C. maxim&fruit with rind

4.6. Char acteristics of pumpkin seed oils

4.6.1. Physicochemical properties of pumpkin seed ail

The results of values for the physicochemical pridg® of pumpkin seed oils of the
two species of pumpkin under study are presentéichbie 13. A one way analysis
of variance showed that there were no signific@®0(05) differences in specific
values of the oils of the two species, except fd aalue in whichC. maximaoil
had a significantly (p<0.05) higher amount. Sapeaiion value gives an indication
of molecular weight. The smaller the saponificattarmber the larger the average
molecular weight of the triacylglycerols presertteThigh iodine values indicate that
the oil contains unsaturated fatty acids. Kinkdl@90) reported tha€ucurbitaceae
seed oils contain 68.5% linoleic acid. The oils Idobe used as drying oil for

manufacture of cosmetics, oil paints and varnishi€@doemelam, 2005).
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Saponification is the process of breaking down atnaé fat into glycerol and fatty
acids by treatment with alkali:

Triacylglycerol + 3 KOH-» Glycerol + 3 Fatty acid salts of potassium
The saponification number is defined as the mg @HKrequired to saponify one

gram of fat.

Table 13: Physicochemical characteristics of pumgkied oil

L.S.D.

Property C. moschata C. maxima (P<0.05)
Refractive index (2%) 1.520.0 1.5+0.0 0.0
Specific gravity (15.5) 0.9+0.6 0.9+0.6 0.0
Saponification value 201.9+4.9 205.4+3.9 10.2
Wij's lodine value 109.7#1.7° 112.2+1.6€° 3.2

Acid value 1.2+0.0 2.7+0.F 0.1
Peroxide value 3.5+0°2 3.8+0.3 0.5

Values are mean +S.D,n=3

*d/alues in the same row with different superscripts significantly different at 5% level.

4.6.2. Fatty acid profile of pumpkin seed ail

The fatty acid composition of lipids from the seed<C. moschataandC. maxima

are presented in Figure 12. There were wide variatin the contents of palmitic,
Stearic, oleic and linoleic acids of the seed dilse C. maximaseed oil contained

higher percentages linoleic acid th@anmoschatail.
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The major unsaturated fatty acids in both oils wereleic (9, 12-octadecadienoic
acid) acid followed by oleic acid (9-octadecenomda The presence of high
amounts of the essential linoleic acid suggeststtiese oils are highly nutritious,
due to their ability to reduce the serum cholestdBoth oils could be utilized as
edible cooking or salad oils or for margarine mawtidre owing to their rich content
of both oleic and linoleic acids. The major satedafatty acids in both oils were
palmitic acid (hexadecanoic acid) and stearic émitdadecanoic acid). These results

are consistent with the findings of Al-Khalifa ()%nd Tarelet al (2001).
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Figure 12: Fatty acid content @ maximaandC. moschataeed oil

The comparative content of different fatty acidstie two species of pumpkin

analyzed showed th&. maximaseed oil contained more stearic and linoleic fatty
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acids thanC. moschataseed oil, while palmitic and oleic acids were iigher

amounts irC. moschatahanC. maxima.

4.7. Functional properties of pumpkin seed floursand protein isolates

4.7.1. Protein solubility profile

Protein solubility characteristics are influencedféactors such as origin, processing
conditions, pH, ionic strength and the presencattoér ingredients (Kinsella, 1981).
The protein solubility profiles at various pH vaduef protein isolates and defatted

flours of two species of pumpkin are illustratedrigure 13.

From the results it was found that nitrogen soltypiwas pH —dependent. Minimum
solubilities were observed at pH 4 which is called isoelectric point (pl). At this
point there was a sharp increase in nitrogen ddlulain either side. The pl of a
protein is the pH at which the protein has an equahber of positive and negative
charges; it is the pH at which the protein carnes net charge. The pl is of
significance in protein purification because ithe pH at which solubility is often
minimal and at which mobility in an electro- focugisystem is zero (and therefore
the point at which the protein will accumulate) deds water interacts with the

protein (Vojdani, 1996).
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Figure 13: Protein solubility profiles of proteisolates and defatted flours of
pumpkin seeds.
Legend: 1 C. moschatdlour, 2 -C. moschatarotein isolate, 3 €. maximaflour,

4 - C. maximaprotein isolate.

The protein isolates were more soluble than thd Hears due to the differences in
the total protein content. In general, proteinsdufse functionality are required to
have high solubility, in order to provide good esioh, foam, gelation and
whipping properties. The pumpkin seed flours amdates depicted high solubility
of over 80% at pH values above 9. This shows thaty tcould find useful

application in various food systems.
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4.7.2. pH values of pumpkin seed kernel floursand protein isolates

The pH values of the flours and protein are prexkmt Table 14. The protein

isolates were found to be more acidic than therfikamples due to their higher
concentration of protein. The acidity of these si@®was in general agreement with

pH values of many legume flours, including soyb#anr (Sosulskiet al, 1976).

4.7.3. Water - and oil-holding capacity

The water- and oil —holding capacities of the fand protein isolates are shown in
Table 14. For both species the protein isolates thgder water holding capacity
than the respective flour samples. This could bated to the amount of protein

available in the samples.

Water holding capacity as an index of the amounivafer retained within the
protein matrix shows the functional capacity of #eed protein in thickening and

food formulations.

Mwasaruet al, (1999) studied the effect of extraction pH oe thater and olil

holding capacity, but in this study the proteinsravall extracted at pH 8.5. The
values for oil absorption indicate that proteinslases had significantly (p<0.05)
higher oil holding capacity than the flour sampl@sl absorption is attributed to
physical entrapment of oil and is important in @av retention and mouth feel of

foods (Mwasaret al, 1999).
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Table 14: Functional properties of seed flours piradein isolates of pumpkin seeds

C. maxima C.maxima C. moschata C. moschataS.D.

Functional properties flour protein Flour Protein P<0.05

Pr 6.60.7 59+0.”  6.3+0.F 5.6+0.7 0.1
Water holding capacit

(mg/g) 22402 27+0.f 19zx0.7F 2.4+072 0.2
Oil holding capacity (ml/g) 1.7+0°1 2.2+0f 15=+0.f 2.0+0.f 0.2
Emulsifying activity (%) 441402 47.0£2.0  42.1+0.7  46.2+0.6 1.9
Emulsifying stability (% 55.24¢0.¢  60.620.¢ 52.0+0.° 57.2+0.€ 1.2

Foaming activity (% 26.24¢0.2 31.3x0.% 38.4+0.¢ 43.0+0.¢ 0.¢

Foaming stability (%) 60.0+1°0 65.3+1.5  39.2+0.83  44.6+0.8 1.8

Values are Mean + S.D, n=3
*Yvalues in the same row with different superscrimis significantly different at 5%

level.

4.7.4. Emulsifying activity and emulsion stability

The values of emulsifying activity and stabilityr feeed flours and protein isolates
for the two pumpkin species are presented in TadleThe analyses were done
without modifying the pH of the solution. There wesignificant differences
between the emulsifying capacities and emulsiohbilgias of the flours and protein

isolates, with flours having lower values of eachperty tested (p<0.05).
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The ability of proteins to aid in the formation asthbilization of emulsions is

important in applications in food systems suchlaspped, comminuted meats, cake
batters, coffee creamers, mayonnaise, salad dgssaird frozen desserts (Kinsella,
1981). It has also been reported that emulsifyiraperties can be manipulated by

enhancing their solubility properties since the fwoperties are inter related.

4.7.5. Whipping properties

The foam expansion and foam stability profiles lofufs and protein isolates of
pumpkin seeds are presented in Table 14. The seshlow that there were

significant differences (p<0.05) between whippingparties of the flours and

isolates, with the latter depicting higher valugbe foam stability values were

higher than the respective values for foam expansikhe foaming power of

proteins can be enhanced by partial hydrolysis iHiowever, results in decreased
foam stability, thus a compromise has to be madedmn foamability and foam

stability depending on the application (Mwasatal, 1999).

The foaming property is important in the manufaetof foods such as whipped
toppings, fudges, chiffon desserts and angel caResteins stabilize foams by
forming a cohesive but deformable film which idgalésists excessive localized
thinning (Kinsella, 1981). It can be seen that pnenpkin proteins can be ideal for

these food applications.
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4.7.6. Gelation Properties

The least gelation concentration (LGC) of seedrand protein isolates of the two
pumpkin species are given in Table 15. The flonngas of both seeds had an LGC
of 8% while the protein isolates had LGC of 6%. Maue for the flours is in
agreement with the value of 8% obtained for deflatempkin flours foIC. maxima

(Lazos, 1992).

Table 15: Gelation properties of seed flours ardgin isolates of pumpkin seeds

Flour and protein isolate C. moschata
concentration C. maxima C. maxima C. moschata Protein
% (W/V) Flour Protein isolate Flour isolate isolate
2 _ _ _ _
4 _ + _ +
6 + + + +
8 + + + +
10 + + + +
12 + + + +
14 + + + +
16 + + + +
18 + + + +
20 + + + +

_,Not gelled; +, gelled slightly; +, gelled
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A commercial soy protein isolate required a minimeoncentration of 12% to form
a stable gel (Mwasaret al, 1999). Previous workers have reported LGC off8f6
soy isolate (Kinsella, 1981), 10% for mung bearlsatric protein isolate (Coffman

and Garcia, 1977).

Proteins are composed of three dimensional matcasetworks of intertwined,
partially associated polypeptides in which wateeigrapped. Proteins are able to
form gels and provide a structural matrix for hotgliwater, flavours, sugars and
other ingredients and based on this they play apoitant role in many food
applications in particular comminuted sausage et and tofu (Fleminget

al.,1975).

4.8. Food application potential of pumpkin fruit flour

4.8.1. Colour of pumpkin flour-wheat flour cakes

The ingredients of the cakes made with additiopwhpkin powder are presented in
Table 1 in chapter 3. The amounts of sugar, shimgemaking powder water and

whole eggs were constant for all samples.

The mean values for crumb and crust cake coloargigen in Table 16. The results
show significant differences (p<0.05) between thed, and b values at all levels
of pumpkin powder replacement. The crust and crwhlthe cakes became
significantly darker (more orange) than the conivith subsequent replacements of

the wheat flour with the pumpkin flour.
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Table 16: Mean values for crust and crumb colotirsaies prepared with various

levels of pumpkin flour replacing wheat flour

% pumpkin powder replacement L.S.D.
Colour values 0 5 10 15 20 P<0.05
Crust colou
L 58.1+ 0.£ 55.3+0. 46.2+0.° 43.3x0.° 42.9+0.7 0.€
a 10.5£0.2 11.2#0.6 14.3x0.6 154+0.2 16.8t04 0.9
b 31.840.2 37.2#0.7 36.40.1" 35.3+0.5 29.4+x083 0.6
e 71.8 73.3 68.6 66.5 60.3 g
Crumb colou
L’ 66.3x0.° 65.1+0.° 60.1:0.1° 60.2+0.° 58.4+0.¢ 0.7
a 14.120.f 17.5+0.f 22.020.6 32.0+0.08 38.0+0.6° 0.1
b’ 42.2+ 0.3 45.3+0.4 52.3+04 56.4+0.7 57.9+02 0.6
o 74.0 68.9 67.2 60.4 56.7 1.5

Values are Mean + S.D
#dyvalues in the same row with different superscrigts significantly different at 5%

level ©: Hue angle = tahb'/a

This is evident from the values of the hue anglees which became subsequently
lower with increasing amount of pumpkin powder atidéisually, this can be seen
from pictures of the cakes (plates 3 and 4). Thesalts are similar with the
findings by Leeet al, (1993) who found that on substituting egg witlvine plasma
product the cake crust and crumb colours becanfisantly darker and tanner

than those for the control when 25% or more ofethyg was replaced by plasma.
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In the present study colour changes were obsewveddur from the addition level
of 5%. Colour as a physical property of food is aripnt in consumer acceptability
of food products. The yellow colour is appealingbiwth adults and children and

would influence the purchasing choice (leteal, 1999).
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Plate 3: Effect of pumpkin flour addition on cakadaur from left to right: control,

5%, 10%, 15%, and 20%.

Plate 4: A cross ;ection of cakes with added pumpgkiur from left to right:

control, 5%, 10%.15%, and 20%.
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4.8.2. Beta-car otene content in cakes with blending of pumpkin flour with

wheat flour

The effect of pumpkin flour replacements on cakeshiown in figure 14. It was
observed that the beta carotene content increaskedwbsequent increase in the

percentage of pumpkin flour added.

14 4

12 -
10 -

Beta-carotene 8 1
conc. (mg/100g); -

0 5 10 15 20
% pumpkin flour added

Figure 14: Beta-carotene concentration in cakiéfs various additions of pumpkin
powder

Beta-carotene, alpha carotene and beta-cryptoxandne carotenes that are

converted to vitamin A in the body. About 300 caratids have been isolated from

natural sources (Ong and Tee, 1992). The most iraposources for carotenoids are

plants, where often the brilliant colours of theotanoids are covered by the green

chlorophillic pigments. Most yellow and orange agked fruits and vegetables

contain carotenoids.
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In human beings, carotenoids can serve several riamgofunctions. The most
widely studied and well understood nutritional roté carotenoids is their
provitamin A activity. Deficiency of vitamin A is major cause of premature death
in developing nations, particularly among childré&he vitamin A can be produced
within the body from beta-carotene (Brittehal, 1995; Pattort al, 1990). Dietary
beta-carotene is obtained from a number of fruitd @egetables, such as carrots,

pumpkins, spinach, sweet potatoes (Mangekl, 1993).

Fortification of foods with products rich in betarotene would go a long way in
reducing health problems like low body immunity anidght blindness that are
associated with deficiency of vitamin A. In a studgnducted by Abebet al.,
(2006) in Ethiopia it was found that the use of pim improved the vitamin A
density of corn: kidney bean: pumpkin (CBP) died &ncho: kidney bean: pumpkin
(KBP) diet. Compared with the un-supplemented camd kocho diet, the
improvement in the vitamin A value was more tharf@8 in CBP and more than
180-fold in KBP. The amounts of vitamin A requiréa prevent night blindness
were evaluated by the Food and Nutrition Board 2Ghd an Estimated Average

Requirement (EAR) of 112 ug/day.

4.8.3. Sensory Evaluation of cakes

Sensory rating of cakes is presented in Table &8UE rating was lowest (5.44) for
the control (0% pumpkin flour addition) as compatethe colour rating of 7.78 at

5% pumpkin flour addition to the wheat flour. Thentrol cake was white in colour

while addition of pumpkin flour gave the cakes gellcolouration which appealed
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to the panellists. The lowest score (5.78) for gainecceptability was observed at
20% pumpkin flour addition compared to 7.89 scamre5% pumpkin flour

replacement level.

Tablel7: Sensory evaluation scores of cakes made ffumpkin-wheat flour blends

Propert % Pumpkin powder add

0 5 10 15 20 LSD
Colour 5.4+1.0  7.8#0.7 7.1+x1.5 7.4+09 7.0¢#1.0 0.9
Flavour 6.8+1.3 8.1+0.9 7.7+0.9° 7.1+x1.6° 6.8t1.4 0.9
Texture 7.2¢1% 7.7+#1.2 7.1x1.8 7312 56£1.47 1.1
Appearance 6.2+1%8 7.8+1.5 6.9+1.76 7.2+1.7 6.6+x1.8 1.3
Genera
acceptability 6.6£0% 7.9+0.9 7.3+1.3 7.2+138° 58#26F 1

Values are mean +S.D, n=9
#%alues in the same column with different superssrgre significantly different at

5% level.

The cake flavour at 5% replacement level attratiiechighest score (8.1), while 0%
(control) and 20% attracted the lowest rating (6@gnerally, replacing the wheat
flour in cake formulations improved their sensaaying. The most acceptable flour

combination was 10g pumpkin flour (5% of mixtur@pal90g wheat flour.
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

51. Conclusion

From this study, it can be concluded that both iggeof pumpkins contain high
moisture levels, with fruits yielding a dry mattef approximately 12% on
dehydration. Conversely, the pumpkin seeds contain moisture levels (5.7%-
6.1%). Therefore the seeds can be stored overgerigds of time, owing to their

low moisture levels.

The pumpkin seeds are better sources of protein tha pumpkin fruits, since
pumpkin fruits were found to contain relatively lamounts of proteins (4-4.9%),
as compared to the seeds (35-40%). The pumpkirnsfreontained negligible
amounts of crude fat (1-2 %) as compared to sesdlse@ed kernels which contained
relatively high amounts of crude fat (34-48%). Téfere pumpkin seeds can

contribute substantially to the dietary fat in hummatrition.

The crude ash content of pumpkin fruits was foumdbeé higher than that for the
seeds, with fruits ranging between 5-7% while se@@s4.4%, therefore mineral
intake in the diet can be enhanced by increasesucoption of pumpkin fruits. The
crude fiber content of pumpkin fruits ranged betweé®10.4%. Fruits with rind
contained more crude fiber than fruit pulp. Whokeds contained crude fiber
ranging between 11-12.6%, while seed kernels hegkfeamounts of 3.8-4.2%. The
whole seeds contain half the amount of fiber aarsesseeds per 100g. These results

show that consumption of whole pumpkin fruits withgeeling can enhance the
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amounts of fibre consumed, also the seeds coutbsumed without de-hulling in

order to ensure adequate intake of dietary fibre.

From this study it can be seen that both raw andgesed pumpkin fruits contained
substantial amounts of Beta-carotene which rangedden 518.7-582.7ug/g for
raw fruits and 244-492.8 ug/g for processed froitglry weight basis. The pumpkin
fruits and seeds contained substantial amountdl ahiaerals analyzed. Zinc and
Iron were more in the seeds than in the respeftiives. Therefore processing of the
fruits by drying should be encouraged in orderdduce bulkiness since this does

not affect their nutritive value.

This study also showed that the oils are nutritiduge to their ability to reduce
serum cholesterol and could be utilized as edildeking or salad oils or for
margarine manufacture The physicochemical progedieseed lipids showed them
to be desirable since the iodine value was 109¢.1200g oil, acid value 1.2-
2.7mg/KOH /g oil and peroxide value 3.5-3.7 Mgsikkg sample. The high iodine
value gave an indication of highly unsaturatedyfaitids. This was confirmed by
the analysis of fatty acid profile that found ti@ds to contain 43.4-54.9 % linoleic
acid which is a poly- unsaturated fatty acid. Thene consumption of pumpkin oil
in the diet as cooking oil, margarine or salad sireswould improve the nutritional

status of the most vulnerable in the population.

Owing to their high protein content, the seed pnsteould be used in various food

systems such as sausages and comminuted foods tiagehave desirable
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functional properties. The pumpkin fruit flour wdube used in flour fortification in
order to enhance their beta-carotene content, dlaand colour of resulting food
products. From this study, it can be concluded @amaximaspecies is a better
species thalC. moschatawing to its nutritional composition and physiceatical

properties.

This study proves to be true the hypothesis trafalr products of pumpkin fruits
and seeds are potentially nutritious and couldnberporated into food systems for
fortification and as functional food ingredientsuripkins therefore have good

potential for increased production, processingaiiation.

5.2. Recommendations

It is recommended that further studies be condutdezptimize blanching methods
to ensure minimal losses of beta-carotene. Stushesld also be done with more
possible types of foods that can be made with pam@tion of pumpkin seed and

fruit flours.

Future work should involve the study of influenciestorage conditions on beta
carotene content and colour of the processed punipkis. It is also recommended
that the drying kinetics of the pumpkin fruits Hdedied in order to come up with

information on the optimal drying conditions.
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