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ABSTRACT

The study was conducted in postharvest laboratory and agricultural engineering
laboratory of Sher-e-Bangla Agricultural University during September to December in
2021. This study aimed to determine drying kinetics and develop pumpkin powder
enriched cake and noodles. For this study two drying method sun drying and air oven
drying were followed and three pretreatments control, blanching and sulphitation were
used for drying of pumpkin slices. Four levels of blanched air oven dried pumpkin
powder 0%, 5%, 10%, 20% as substitute of wheat flour were used for cake and noodles
production. The experiment was conducted by Completely Randomized Design with
three replications. From the result it was found that air oven drying provided faster
drying over sun drying and through blanching pre-treatment found faster lower
moisture ratio over others. As there was no significant difference found in proximate
composition as quality analysis from pretreated and controlled sun and air oven dried
pumpkin powder, four levels of blanched air oven dried pumpkin powder substitute of
wheat flour were used for product development. From Sensory evaluation it was found
that the panelists preferred 10% wheat flour substituted pumpkin powder enriched cake
and noodles. This study revealed that drying is an effective way to preserve pumpkin
and there is an opportunity to develop different bakery items by using 10% level of

pumpkin powder as substitute of wheat flour.
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Chapter 1

Introduction

In tropical and subtropical countries, pumpkin is a widely grown vegetable (Das and
Banarjee, 2015). It is a member of the cucurbitacae family and is sometimes referred
to as aoyama, squash, or sambo. It is indigenous to South America and grows
naturally in Mesoamerica and the Southern Cone (Lorello et al., 2016). Cucurbita
maxima, Cucurbita moschata, Cucurbita pepo, and Cucurbita mixta are the four
distinct species of pumpkin. The most widely cultivated of them is Cucurbita
moschata on a global scale. (Lee et al., 2002). It is a species that has more
economical impact due to its increased output (Caili et al., 2007). A pumpkin is a
large fruit that has a solid, yellow or orange fleshy pulp that has a sweet flavor and
a hard, rigid shell. Pumpkin flesh and seeds are a good source of carbs, antioxidants,
and vitamins and minerals (Kim et al., 2012; Rahman et al., 2013).In addition to its
bright orange flesh contains a high concentration of B-carotene, an important
precursor of vitamin A (Amorim et al.,2014; Saini et al., 2015). Mainly B-carotene
which gives its yellow or orange color (Bhaskarachary et al., 2008). In terms of
nutrition, it contains a low concentration of carbs (8.8%) in comparison to other
vegetables, as well as low levels of protein (1%), fat (0.3%), and fiber (1%).
Minerals including potassium (430 mg), calcium (26 mg), and phosphorus (17 mg)
are also present.(Jaeger et al., 2012; Mi et al., 2012). According to the FAO (2018),
the total amount of pumpkin produced worldwide is around 27643932 tons, with a
harvested area of 2042955 hectares and an average yield of 13.53 t/ha. Pumpkin
output in Bangladesh increased by 3% year over year to 3.12 lac tonnes in the fiscal
year 2018-2019 from 3.03 lac tonnes the previous year.(BBS).

Due to its beneficial nutritional benefits, pumpkin has attracted a lot of attention
recently in order to meet the demands of the human body in terms of nutrition
(Djutin, 1991; Bombardelli and Morazzoni, 1997; Krokida et al., 2003). Carotene
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is thought to be present in it in good amounts (Rodriguez, 2007). Additionally,
pumpkin flesh is a delectable and well-liked ingredient in a variety of goods,
particularly for kids and adults (Carvalho et al., 2014). Its flesh is often eaten freshly
boiled, steamed, or processed in salads, soups, and curries.(Das and Banerjee,
2015). According to studies by (Ptitch-kina et al., 1997), pumpkin might potentially
be used to make bakery goods by being turned into flour. Health advantages have
prompted developing nations like Bangladesh to consume more vegetables, yet
post-harvest losses are a major issue for horticulture crops(40-50%) of horticulture
crops in underdeveloped nations are wasted before they can be consumed, primarily
as a result of inappropriate post-harvest treatment (Kader, 2005; Kitinoja and
Hassan, 2012). Although Bangladesh is an agricultural country that produces a lot
of healthy vegetables, a large portion of those items deteriorate since there aren't
enough storage and processing facilities. For instance, post-harvest vegetable losses
cost of Bangladesh is more than 2000 crore taka in 2010 (Hassan, 2012). Pumpkin
aids in the prevention of cancer, eye conditions, and skin conditions since it is a
strong source of vitamins, minerals, and antioxidants (Bendich, 1989).Adding
carotene-rich foods to the diet can effectively treat vitamin-A-related health issues
(Bertram and Bortkiewicz, 1995). At the same time like most vegetables, pumpkin
Is a perishable food. Thus, it becomes necessary to use methods that allow for
preserving its properties and prevent its post-harvest loss and try to process it into a
value-added product. However, to reduce this enormous post-harvest loss of
pumpkins. Introducing some easy user-friendly techniques to develop powder that
could be used for manufacturing diverse food products is crucial.

Fruits and vegetables can be dried and used off-season as a substitute for fresh
produce. It is among the approaches of food preservation that is most widely
utilized. Its primary goal is to remove water from the food to a degree that
considerably reduces microbial degradation and spoiling responses (Rakcejeva et
al.,2012). It assists in extending the shelf life of perishable food goods in many

forms, such as leather, flakes, or powder (Caliskan and Drim, 2017; Nanthachai et
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al.,2020). This dried product might be used for a variety of things, such as an
ingredient in bakery goods and the creation of infant meals (Roongruangsri and
Bronlend, 2015).
Drying calls for some scientific considerations because it consumes time and energy
and influences the quality of the final product (Roongruangsri and Bronlend, 2015).
Different techniques are used to dry pumpkins, including sun, freeze, oven, fluidized
bed, and hot air drying (Sojak, 1999; Alibas, 2007; Nowirska et al., 2009). Despite
the vast advancement of science, Bangladeshi farmers are still behind in modern
mechanization and food preservation facilities. Moreover, significantly less
advanced research on food preservation and processing is available in Bangladesh.
This study primarily aims to develop pumpkin powder using a user-friendly and
cost-effective method. Along with some physio-chemical properties the obtained
powder will be used to develop new food items into existing food items. With the
above view in consideration, this study has been undertaken to achieve the following
objectives:

I.  To determine the thin layer drying kinetics of pumpkin slices.

ii.  To study the effect of pre-treatments on drying of pumpkin slices and

quality of pumpkin powder.

iii.  To assess the sensory quality of prepared cake and noodles.



Chapter 2

Review of Literature

2.1 Varieties & Types of Pumpkin

According to Adam et al. 2001, the most popular vegetable in Bangladesh is pumpkin,
which is also regarded as a healthy meal on a global scale. This plant is known as
"Mistikumra" in Bangladesh.The Cucurbitaceae family includes the pumpkin or
sweet gourd, a significant vine crop farmed extensively in Bangladesh (Hoque et
al.,2015). According to a study (Amin et al., 2019), two types of pumpkin
(Cucurbita maxima) are grown and consumed extensively as food sources in
Bangladesh. These varieties are indigenous and hybrid. the Cucurbita maxima Linn.
are the kind of pumpkin that are most frequently grown in Bangladesh, the Indian
subcontinent, and other tropical areas of the world (Saha et al., 2011). Cucurbita
maxima is a berry that may be found in both native (indigenous) and hybrid variants
in Bangladesh. Due to the challenges of effective harvesting, high cultivation costs,
and low yield, indigenous cultivars are currently hard to find on the market. But
native types have higher nutritional benefits than hybrid kinds. (Amin et al., 2019).
Pumpkin is mainly classified into four species — Cucurbita maxima, Cucurbita pepo,
Cucurbita moschata, Cucurbita mixta. They are classified based on consumption,
size, shape, color, and uses (Lee et al,2002).

The biggest, occasionally excluding 300 kg, is Cucurbita maxima, often referred to
as Big Max, Big Moon, or the Atlantic Giant. After apples and Kiwifruit, this species
Is New Zealand's third-largest fresh horticultural export crop. (Nor et al., 2013). The
most widely used cultivar in Japan, China, Thailand, and other Southeast Asian
nations is Cucarbita moschata. In Austria, Slovenia, and Hungary, it is frequently

employed in the manufacturing of snack foods, salad oils, and other foods.(Nor et



al.,2013). For human consumption, it has undergone several processing steps such

as frying, freezing, drying, candied, and pickling. (Fang, 2008).

Table 2.1: Over view of the four main types of pumpkins

Name Main skin colors Sizes Main uses
) Carving, Pies,
C. pepo Orange, Green | Small & Medium Cooking
C. moschata Tan, Yellow Medium Pies, Carving
C. maxima Orange, Blue, Small to Large Carvmg,_ Winning
Blue-green prizes
. Orange, Blue, . Decorative
C. mixta Red, Multi-color Small to Medium cooking

Varieties of pumpkin-

M Saint x Baromashi
=  Source- BRAC

= Days taken to open of 1%t female flour- 60 days
= Fruit wt/fruit (kg)- 3.50

(Leeetal., 2012)

= Fruit shape- high round

= Sweetness- moderate

= Uniformity rate- good

= Reaction to disease and pests- Tolerant to major disease and pests

* Yield/ha (mt)- 22.23

(Biswas, 2018)

M MK x Baromashi

= Source- BRAC

= Days taken to open of 1% female flour-



Fruit wt/fruit (kg)- 3.50

Fruit shape- semi round

Sweetness- moderate

Uniformity rate- good

Reaction to disease and pests- Tolerant to major disease and pests
Yield/ha (mt)- 32.11

(Biswas, 2018)

M Moyuri

Source- United Seed
Days taken to open of 1%t female flour- 75
Fruit wt/fruit (kg)- 2.25
Fruit shape- round
Sweetness- moderate
Uniformity rate- good
Reaction to disease and pests- less tolerant to major disease and insects
Yield/ha (mt)- 12.35
(Biswas, 2018)

M Sweety

Source- Lal Teer Seed

Days taken to open of 1% female flour- 78
Fruit wt/fruit (kg)- 2.80

Fruit shape- round flattened

Sweetness- moderate

Uniformity rate- moderately uniform

Reaction to disease and pests- less tolerant to major disease and insects



Yield/ha (mt)- 29.64
(Biswas, 2018)

M Bangkok-1

Source- Jamalpur Seed
Days taken to open of 1% female flour- 81
Fruit wt/fruit (kg)- 2.00
Fruit shape- round flattened
Sweetness- moderate
Uniformity rate- good
Reaction to disease and pests- less tolerant to mosaic virus disease
Yield/ha (mt)- 22.23
(Biswas, 2018)

M Bangkok-2

Source- Jamalpur Seed
Days taken to open of 1% female flour- 80
Fruit wt/fruit (kg)- 1.90
Fruit shape- round flattened
Sweetness- moderate
Uniformity rate- good
Reaction to disease and pests- less tolerant to mosaic virus disease
Yield/ha (mt)- 19.76
(Biswas, 2018)



2.2 Growing Season and Production of Pumpkin

Sunlight hours and temperature play an essential role in pumpkin growing while too
much sunlight and extremely hot weather can damage some plants, pumpkins thrive
in early summers. Different varieties need various amounts of days to become
completely ripe. The best time of year to plant pumpkins is from early May through
June, but it also depends on the variety to be grown. Some varieties mature in 85

days while others may not mature for 120 days.

According to a research by Biswas, (2018) pumpkin is produced in the Rabi season,
which has somewhat shorter days, and moderate to lower temperatures are needed
to promote the most female blooming. It is also planted in Bangladesh in some areas
as a relay crop with potatoes to increase profits (BRAC Agricultural Research &

Development Centre).

Squash and pumpkins are native to South America. They may also be found in
tropical Southeast Asia, including Thailand, Indonesia, Malaysia, the Philippines,
and other countries, as well as continental Europe, Australia, New Zealand, and
India (Nor et al., 2013).

In 2012, over 1,500,00 hectares of pumpkins and squash were harvested. The
primary producers were in Asia and Europe. Together, these areas generate around
19 million tons (FAQO, 2012). According to the FAO, over the previous ten years,
global agricultural production has climbed 2.2% yearly. Between 1992 and 2012, it
was discovered that pumpkin output has climbed to 25 million tons. More pumpkins
were produced than the overall average during the last year. In Thailand,
approximately 10,000 metric tons of pumpkins were produced in 2012, pumpkins
are widely available (ACFS, 2012).

Bangladesh grows 11.90 thousand metric tons of pumpkins on 1.17 thousand
hectares of land per year, with an average output of 8.8 Mt/ha each year.r (Hoque et
al., 2015). According to FAO,( 2018) Around 27,643,932 tons of pumpkins are
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produced globally each year, with a harvest area of 2,042,955 hectares and an

average yield of 13.53 t/ha.

In Bangladesh, the output of pumpkin increased by 3% annually from 3.03 lac tons
to 3.12 lac tons in the fiscal year 2018-2019 (BBS).

In Southeast Asia, especially Thailand, specific kabocha varieties are grown. In
Australia, New Zealand, and North America, these varieties are frequently referred
to as Buttercup squash on store shelves (Loy J, 2004). Japan is the greatest consumer
of kabocha squash, while New Zealand and Mexico are now its top suppliers (Loy
J, 2004). Around 80-85,000 mt tons of New Zealand exports, produced on 6,500

hectares (Cumarasamy et al.,2002).

2.3 Nutrient Content and chemical composition of Pumpkin

Beta-carotene, which the body transforms into the essential antioxidant vitamin A,
is found in pumpkins in abundance (Turksoy, 2011). Pumpkin is regarded as a good
source of carotenoids and a very rich supply of carotene (Meleiro and Amaya,
2007), particularly carotene, which is primarily responsible for the pumpkin's
characteristic yellow or orange hue (Bhaskarachary et al., 2008). Additionally, it
contains potassium, fiber, vitamin C, and folate. Other physiologically active
substances found in pumpkin include polysaccharides, proteins, peptides, para-

aminobenzoic acid, phenolic compounds, terpenoids, and sterols (Ahmed, 2001).

Pumpkins are also thought to have active hypoglycemic characteristics by the
majority of dietitians (Ahmed, 2001).



Table 2.2: The proximate composition and bioactive components of pumpkins.

_ o Moisture | Water
_ Proximate compositions .. | Reference
Cultivar content | activity
Beta carotene-
2.43mg/100gm db
CHO-10.51%
Protein- 3.74%
Fat -1.54% Pongiont
Ash -1.26% (Pongjonta
Cucurbita Crude fiber -1.17% 84.84.2% | 0.97 etal.,
moschata Crude fiber- 1.17%
: : 2006)
Duch. ex.Poir Total carotenoids -
10.09ppm db
Total phenolics compounds
-225.22mg
Vitamin C- 20.20 mg per
100
—— CHO -62% (Dirim S,
umpkin Starch 52%
Cucurbita Sugar 10-15% 92.34% 0.69 |2012)
moschata
Ash 5-6% oy J,
squash 90.30% | 0.65
Cucurbita Other 10-16% 2004)
moschata

According to research, pumpkin seeds are a valuable source of proteins and lipids

that are high in the amino acid lysine and other necessary amino acids (ElI-Adawy,

2001).

High levels of tocopherol and unsaturated fatty acids are also present in pumpkin

seeds, which may enhance human diets' nutritional quality (Stevenson, 2007).
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Protein-rich pumpkin peel can be utilized as a thickening and gelling agent
(Saeleaw, 2011). In addition, pumpkin peel can be utilized as a food matrix

supplement for iron supplementation (Ahmed, 2014).

According to previous, the mesocarp (the solid protein remaining after the removal
of water) of kabocha squash after harvest is made up of roughly 50-70% carbs in
the form of sugars and starches and varieties with a high dry matter content (18-
26%) have superior eating qualities than those with a low dry matter content (Loy,
2004). This is because most varieties have relatively constant amounts of protein,
mineral ash, and fibrous cell wall material, and changes in solids or dry matter are
mostly caused by the accumulation of extra starch as a reserve storage source. Starch
helps the squash have a desired pasty texture after boiling and produces sugars

during enzymatic breakdown (Loy, 2004).

According to related study, Cucurbita moschata is high in carotene, vitamins,
flavonoids, minerals, and nutrients including potassium, phosphorus, magnesium,

iron, and selenium (Que, 2008).

Other pharmacological effects of pumpkin species include antioxidants, lipid-
lowering hepatoprotective activities (Makni et al., 2008), antimicrobial properties
(Park et al., 2002), anti-diabetic properties (Caili et al., 2006; Xia and Wang, 2006),
and anti-obesity properties (Lee et al., 2012).

The nutritional value of pumpkin leaves per one cup serving (39g) is 15 mg of
calcium (Ca), 170 mg of potassium (K), 41 mg of phosphorus (P), 0.87 mg of iron
(Fe), and 14 mcg of folate (Lim et al., 2011).

2.4 Importance and health benefits of pumpkin

Due to its significant economic importance, high nutritional content, and health
benefits, pumpkins are one of the vegetables that are most commonly consumed
worldwide (Dina et al., 2016).
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Pumpkin contains a lot of beta-carotene. Vitamin A is mostly obtained from -

carotene, which is found in plants with a nice yellow-orange tint (Lee et al., 1983).

Carotene-rich meals can help prevent cancer, eye problems, and skin ailments.
(Bendich, 1989). Additionally, it is thought that adding -carotene-rich foods to the
diet of humans is a practical way to address health issues connected to vitamin A

deficiencies (Berteram and Bortkiewicz, 1995).

Pumpkin is one of the most popular vegetable products in many nations. In several
nations, including China, India, Yugoslavia, Argentina, Mexico, Brazil, and
America, it has a long history of usage as medicine (Jia et al., 2003; Adolfo and
Michael, 2005).

Pumpkin has a high concentration of -carotene, which is a pigment most commonly
utilized in the food business. It gives foods a consistent natural hue, improves color,
adds yellow color, and increases vitamin A activity (Gayathri and Prakash, 2003;
Lee, 1983).

According to a study, pumpkin pulp contains a lot of antioxidants and can be used
as a treatment for different cancers (Dina et al., 2016). Pumpkins are known for

their smooth texture and simple digestion (Pendong and Porajoua, 2017).

Additionally, most nutritionists believe that pumpkin contains active hypoglycemic
qualities, and it has been claimed that the fruit pulp has anti-diabetic capabilities
(Ahmed, 2014).

A diet high in pumpkin can lower blood glucose levels. This decrease in blood sugar
levels has been linked to elevated serum insulin levels that were induced by the
active polysaccharides in pumpkin fruit. It could be possible to create an anti-

diabetic medication using these active polysaccharides (Makni et al., 2011).

According to research, eating pumpkin flour powder, whether with or without sugar,

raises plasma insulin levels and lowers blood glucose levels (Ahmed J, 2014).
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Growing awareness of the health advantages of yellow vegetables is sustaining

interest in pumpkins and squash (Lenart et al., 2014).

Pumpkin seeds are an excellent source of proteins and lipids and rich in lysine and
all of the necessary amino acids ( Al-Adway, 2001). Additionally, pumpkin seeds
are rich in tocopherols and unsaturated fatty acids, which may enhance the

nutritional value of human meals (Stevenson, 2007).

According to previous studies, pumpkin seeds are gaining popularity as a source of
edible oil and a possible nutraceutical because pumpkin seed oils contain
polyphenols and some of the bioactive substances (Baiano and Nobile, 2016; Cai et
al., 2014).

Living tissue responds to damage with inflammation, which is a pathophysiological
process that causes a localized buildup of plasmatic fluid and blood cells. Numerous
ilinesses can be caused, maintained, or made worse by the intricate processes and
mediators involved in the inflammatory reaction (Sosa et al., 2002). Today, the
majority of medications contain one or more active components that are derived
from plants, usually in the form of herbal extracts. One of these is Cucurbita sp
(Ratnam et al., 2017).

According to several studies (Bhagat et al., 2011, Balestrieri et al., 2012, Asombarg
et al., 2013), ROS (Reactive Oxygen Species) are the main cause of several forms
of cancer, including colorectal, breast, and gastric cancer. Pumpkin seed also
contains mochatine, a new ribosome-inactivating protein (RIP) that potently inhibits
the development of targeted melanoma cells. Pumpkin extracts have demonstrated
significant anti-cancer action against leukemia k-562 cells. M21 (Xie, 2004; Xia et
al., 2003).

In addition, pumpkin seed oil contains a number of additional advantageous
qualities, including antibacterial, antihypertensive, anti-arthritic, anti-inflammatory,

and antidepressant effects (Yadav et al., 2010).
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Previous research emphasized the benefits of pumpkin seed oil for health against a
variety of ailments, including diabetes, hypertension, diarrhea, and severe stomach
cramps (Todar, 2007; Lim et al., 2010).

Other infectious disorders brought on by some severe E. coli bacterial strains, such
as urinary tract infections, are also well-known to be treated with pumpkin seed oil
(Nishimura et al., 2014).

Roasted pumpkin seeds are a common snack in several African nations, particularly
in Tunisia and Pumpkin seeds are also utilized in culinary activities primarily in

southern Australia, Slovenia, and Hungary. (Mankovic et al., 1996)..

In addition to stabilizing food, pumpkin peel may be used as a gelling and thickening

ingredient (Saeleaw, 2011).

In Nigeria, pumpkin is utilized as an industrial food ingredient, a fermented

flavoring ingredient, and in the soups egusi and ogiri (Bafidas,1991).

Consumption of pumpkin leaves is common in Korea, as well as the Pacific Islands,
India, and Bangladesh. It is regarded as a healthful and useful vegetable. In sub-
Saharan Africa, pumpkin leaves are crucial for improving household food security

among rural residents (Lymo et al.,1991).

In the southern African region, pumpkin leaves are used as a delicacy as part of a
diet centered on maize, or the leaves and tender shoots are added to soups and stews.
(Lim et al., 2011). A chunk of meat filling is wrapped in pumpkin leaves in Korean
cuisine (A. Jung, 2020).

2.5 Post-harvest losses of pumpkin

40% to 50% of horticultural crops in the Caribbean and other poor nations are lost

before they can be eaten, mostly as a result of high rates of physical damage, water
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loss, and subsequent deterioration during post-harvest handling (Kader, 2005;
Kitinoja and Hasaan, 2012).

Pumpkin is produced throughout the year in Trinidad and Tobago, pumpkins are
highly perishable and a major export crop and foreign exchange earner for local

producers and traders (Mohammed, 2012).

1,790 tons of product were produced in Bangladesh overall in 2012, with a market
value of US$1.3 million (Mohammed, 2012). There were 485 tons consumed
locally, costing $352,450 USD. To ethnic markets in North America, 1,287 tons of
pumpkins worth US$935,262 were reportedly shipped by sea. Field illnesses,
floods, praedial theft, and pre-harvest culls all contribute to output losses for
pumpkin (Mohammed, 2012).

Previous study found that even at room temperature and relative humidity, pumpkin
may be stored for a longer period of time than other vegetables. Under normal
circumstances, Bangladeshi producers typically keep fully ripe pumpkin fruits in
their homes for 3—4 months. According to a different study, well-matured pumpkin
fruits may be kept for two to four months in a typical household environment, which
means they can fulfill the need for vegetables during the stock season.(Yawalkar,
1985). According to earlier study, pumpkin fruit held at warmer temperatures (30—
32 °C) loses some of its nutritious content. Most physio-chemical changes in
harvested commodities during storage are due to oxidative metabolism, which is

closely connected to changes in quality and length of storage (Maiti et al., 2006).

According to another study, Bangladesh is a nation that depends heavily on
agriculture, with most of its land being devoted to this activity. The majority of
Bangladesh's land is utilized to cultivate a variety of nutrient-dense vegetables, with
pumpkin ranking as one of the most nutrient-dense foods. Due to a lack of
processing and preservation capabilities, a significant portion of those items are

unfortunately spoiling (Hassan, 2012).
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2.6 Preservation, processing and manufactured food of
pumpkin

According to pertinent study, pumpkins and squash maintain their quality after
being harvested for one to three months. However, following peeling, they are
vulnerable to moisture loss, softening, color changes, and microbial deterioration.
Drying and powdering may be acceptable methods for extending the shelf life of
pumpkin and squash since excessive moisture makes them more susceptible to
deterioration (Dirim et al., 2012).

Since pumpkin, like other vegetables, is perishable, it is vital to utilize techniques
that maintain its qualities, reduce post-harvest loss, and attempt to convert it into a

product with additional value (Guine and Barroca, 2012).

Making pumpkin powder is a method of processing that may be used as an
alternative to cereal flours in the creation of various manufactured foods, such as
bread, cakes, and cookies, as well as in soups, spices, sauces, and noodles. It has
also been suggested that pumpkin powder can be used as a natural coloring agent in
pasta and flour mixes. Its highly coveted flavor, sweetness, and vivid yellow-orange

hue all serve as reasons for its utilization (Cumarasamy et al., 2002).

Fruit post-harvest losses must be prevented, and the commodities must be processed
to provide a variety of value-added products (Bhat & Bhat, 2013). In addition to
being used to make processed proudcts and confections like jam, pickles, drinks,
sweets, bakery goods, and confectionery, pumpkin has a wide range of other uses
as well (Bhat and Bhat, 2013).

A study discovered that dried pumpkin powder, which offers a fresh pumpkin
substitute, can enhance the intake of pumpkin. Due to their extended shelf life, dried
pumpkin powder products are superior than fresh pumpkins for storage and transit
(Dirim, 2012).
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Frorm a study found that using pumpkin as a substitute for wheat flour in powder
form may be utilized to make instant noodles. There is now a new option for
consumers to purchase instant noodles that are more nourishing (Nanthachai et al.,
2020).

Another study found that varied amounts of pumpkin powder were employed as a

supplement to make sponge cake, a bakery item (Hosseini et al., 2017).

According to the study, Thai sweets made with 10-20% pumpkin powder instead
of wheat flour had a yellower color and had more -carotene, which would be more

appealing to customers (Pongjanta et al., 2004).

According to previous studies, several manufactured foods such sandwich bread,
sweet bread, butter cake, chiffon cake, and cookies were prepared using varied
amounts of pumpkin powder as a supplement as fortified foods(Pongjanta et al.,
2006).

In earlier studies, researchers also discovered powdered cake and pumpkin jam. In
order to reduce post-harvest loss and create a product with additional value,

pumpkin might be preserved as jam or powder (Awad et al., 2018)

Pumpkin flesh has historically been eaten freshly boiled and steamed or in prepared
soup and salad since it is a tasty component in many different culinary preparations
for both children and adults (Das and Banerjee, 2015).

Also, pumpkin fruits mainly are processed to obtain juice, pomade, and pickles
(Nawirska et al., 2009). Pumpkin could also be processed into flour for

diversification in the production of bakery products (Ptitchkina et al., 1998)
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2.7 Different drying methods for pumpkin powder production

Drying enables the use of fresh fruits and vegetables during the off-season and
provides an alternative to their consumption. It is one of the most popular techniques
for food preservation, and its goal is to reduce the water content of the food to a
point where microbial degradation and spoiling responses are drastically reduced.
Agricultural products can be dried in enclosed machinery (such as solar or

commercial dryers) to ensure the quality of the final product (Doymaz, 2007).

According to previous research, fruits and vegetables are dried using a variety of

techniques, including sun, air, microwave, vacuum, spray, etc (Guinea et al., 2011).

According to a study, air drying is the most popular technique despite having some
significant drawbacks. Due to the lengthy drying time and high temperature, this
drying method can significantly degrade the quality of the dehydrated product,
resulting in harms like deteriorating flavor, color, and nutritional value, decreasing
density, decreasing water absorption capacity, and shifting solutes from the internal
part of the drying material to the surface. Furthermore, it consumes a lot of energy
and is long-lasting (Alibas, 2007).

The provision of heat through infrared radiation is a method of drying. Their
efficiency ranges from 80% to 90%; the radiation they emit has a limited wavelength
range, and they have been downsized (Sandu, 1986; Sakai and Hanzawa, 1994). The
benefits of infrared radiation over convection heating include high heat transfer
coefficients, accelerated processing times, and lower energy expenditures (Nowak
and Lewicki, 2004).

Sequential infrared and freeze-drying (SIRFD) creates dried food of a high caliber
at a lower cost. When compared to items produced using conventional freeze drying,
those dried utilizing SIRFD had less rehydration tendency, more shrinkage, and
better color (Wang et al., 2015).
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A study found that combined the infrared vacuum drying method with an increase
in infrared radiation power from 204 to 272 watts revealed that the amount of beta-

carotene in pumpkin flesh decreased (Hosseini et al., 2016).

According to a pertinent study, the vacuum drying method is used to produce
pumpkin powder. Pumpkin cubes were vacuum dried at 80 degrees Celsius at a

vacuum pressure of 700 mm Hg (Kulkarni et al., 2013).

The use of these items as a functional and nutritious alternative in the infiltration of
food matrices, including as bread goods, dairy products, soups, sauces, and infant
meals, was shown to reduce dehydration through forced convection (Gutierrez,
2018)

One of the earliest techniques for food preservation is drying. Convective drying
was discovered to be one type of pumpkin drying technique in various tests (Que et
al.,2008), freeze-drying (Que et al.,2008; Nawirska et al.,2009), microwave drying
(Alibas et al., 2007), vacuum drying (Nawirska et al., 2009), osmotic dehydration
(Gracia et al, 2007; Mayor et al., 2011), microwave air drying (Alibas, 2007) and

vacuum-microwave drying (Nawirska et al.,2009).

According to previous research, pumpkin pulp may be dried using freeze drying to
produce a powder that can be added to foods to flavor them and boost their nutritious
content (Dirim , 2012).

In a different study carried out in China, pumpkin slices were freeze-dried using a
vacuum freeze drier at minus fifty to minus forty-five degrees Celsius and 2.3 m.
bar, which helps to prevent discoloration and keep the redness of pumpkin powder
(Que et al., 2008).

According to a study, pumpkin was dried by convection at various air temperatures,
ranging from thirty to seventy degrees Celsius, and the chemical makeup of the
dried pumpkin powder was noted. A thirty-degree Celsius temperature causes a drop

of 14% in proteins, 65% in total carbohydrates, and 36% in fiber, according to the
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results of this experiment. Additionally, the results for drying at 30 degrees Celsius
and 70 degrees Celsius are quite comparable, suggesting that the drying temperature
has little to no impact on the nutritional qualities of the pumpkin (Guinea et al.,
2011).

Pumpkin is widely used as an important food source. Moreover, it is gaining the
attention of healthcare consumers due to its nutritional and medicinal properties.
Pumpkin powder is an alternative way to increase its consumption in all seasons and
helps in fulfilling the demand for some important nutrient components such as
vitamin A, vitamin C, minerals, phenolic compounds, and so on. Overall, it acts as
a nutrient reservoir. But pumpkin has high water content (>80%) which makes it
extremely perishable and difficult to be stored for a prolonged time. For this shake,
sound knowledge is required of the processes for drying and powdering pumpkin.
In Bangladesh, there is not followed any type of processing to preserve the pumpkin
or to reduce its losses. If we can appropriately maintain the drying process, it helps
in preventing the post-harvest losses of pumpkin and also supporting the

Bangladeshi people by supplying the essential nutrient content all year round.
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Chapter 3
Materials and Methods

3.1 Raw Materials

For this study, fresh pumpkins (Sweety variety) were utilized, which were
purchased from the nearby market at Sher-e-Bangla Agricultural University.The
pumpkins were mature, not over-ripened, disease free, and without any injury. Other
materials were potassium metabisulphite (K2S20s), mashing and sieving devices,

knife, cutter, grinders, blanching materials, packaging materials, etc.

3.2 Preparation of slices

The pumpkins were washed in clean water. They were peeled with a knife, and the
seeds were removed. The peeled pumpkins were chopped manually into 3

millimeter a cube shape. The chopping was done by using a sharp knife.

3.3 Pre-treatments

Sliced pumpkins were washed and subjected to pre-treatments, blanching, and
sulphitation. In blanching, pumpkin slices were soaked in boiling water (90°C) for
two minutes and then strained excess water. In sulphitation, the pumpkin slices were
sulfated with 0.2% Potassium Metabisulfite (K2S20s) solution in a jar with a
perforated plate at the top. Fresh-cut pumpkin slices without any pre-treatment were

served as control.
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3.4 Drying Experiments

Cleaned and pretreated slices were allowed to sun drying and hot air oven (at 65°C)

until the expected dried product was obtained.

Since food dehydration is thought to occur by diffusion, Fick's second law of
diffusion was utilized to describe mass transfer during drying. For one-dimensional
transport, Fick's law was described as follows (Adedeji et al., 2008; Gupta et al.,
2012):

MR = 2 ¢—mt
m
Where,
MR = Moisture content at time,t(M¢) = moisture ratio

Initial moisture content (My)

2Dy _
2

m = drying rate constant

L= sample thickness

D= Effective diffusion coefficient. Higher D, indicates faster separation of water
molecules from each other. Moisture diffusivity depends on the moisture gradient

within the product, product structure, method, drying temperature, etc.

Exponential fitting of MR versus drying time, t (h) will provide the drying model
equation which will be directly used for drying prediction (depending on the
coefficient of determination, R2 value). The slope of the obtained model equation
is drying rate constant, m (h't). Converting the unit of drying Exponential fitting of
MR versus drying time, t (h) will provide the drying model equation which will be
directly used for drying prediction (depending on the coefficient of determination,
R2 value). The slope of the obtained model equation is drying rate constant, m (h-

1). Converting the unit of drying rate constant (into s-1) and then using equation 2
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diffusion co-efficient (unit: mm?/hr) can be obtained, rate constant (into s-1) and

then using equation 2 diffusion co-efficient (unit: mm?/hr) can be obtained.

3.5 Preparation of Pumpkin Powder

Dried pumpkin slices were ground in the grinder to obtain a powder. The ground
powder was sieved, packed, and stored for further use. The powder obtained from
different pre-treatments and drying methods was packaged in plastic bags and stored

in a refrigerator for future use.
3.6 Treatments of the Experiment
The experiment consisted two factors, which were as follows:
3.6.1 Factor A: Drying
1. Sun drying (Control, Blanching, Sulphitation)
2.Air-oven drying (Control, Blanching, Sulphitation)
3.6.2 Factor B: Pumpkin powder (%0)
1. C (0% PP for product development)
2. S1 (5% PP for product development)
3. S2(10% PP for product development)
4. S3(20% PP for product development)
3.7 Designe of the Experiment

The experiment was conducted by Completely randomized Design with three

replications.
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3.8 Composition Analysis

The proximate composition (moisture, fat, protein, ash, and fibre) of fresh-cut
pumpkin slices and dried powder were determined by AOAC methods (Tasnim et
al., 2020) . All the chemicals used in the present research work were of analytical
grade. The total carbohydrates were computed approximately by deducting the

measured protein, moisture, fat, and ash from 100g (Hossain et al., 2022).

3.8.1 Moisture Content

Moister content was determined adopting AOAC method (2004). Before taking
sample in crucible, the crucible must weight, clean and dry. The crucible with
sample was kept in a electrical oven at a temperature 100-105 degree centigrade for
overnight (24hours).After over night, the crucible with sample was kept in
desiccators and it remain for 30 min. After cooling the sample with crucible was
weighed carefully. The process was repeated to obtain a constant weight of dry
matters. The percent of moisture in the fresh and powder was calculated as follows
(Hossain et al., 2022) :

Loss of weight
59 of Wetght_ 100
Weight of sample

% moisture =

3.8.2 Ash Content

A five-gram sample was carefully weighed in a dry, spotless porcelain plate. The
moisture was removed using the hot air oven technique. An electric heater was then
used to burn the sample. This was done in order to prevent sample loss at higher
temperatures in the muffle furnace. The sample was then put into the muffle furnace,

where it burnt for 4 to 6 hours at 550°C and was ignited until light gray ash was
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produced (or until it reached a consistent weight). After cooling in desiccators, the

sample was weighed (Hossain et al., 2022). The ash content is expressed as:

% Ash = Weight of residuex 100

weight of sample

3.8.3 Protein

Protein content was determined using AOAC (2004) method. The method was as
follows:

Reagents required

1. Concentrated H2SO4 (Nitrogen free)

2. Digestion mixture: Potassium sulfate (100g) + Copper sulfate (10g) + Selenium
dioxide (2.59)

3. Boric acid solution= 2% solution in water.
4. Alkali solution = 400g sodium hydroxide in water and diluted to 1 liter.

5. Mixed indicator solution= Bromocresol green (0.1g) and Methyl red (0.29)
dissolved in 250 ml ethyl alcohol.

6. Standard HCI = 0.1N

Procedure

Five (5) gm sample was taken in a 250 ml Kjeldahl flask. Two (2) g of digestion
mixture was added to the sample. Twenty Five (25) ml of concentrated sulfuric acid
was added to the flask for oxidation. The flask was placed in an inclined position on

the stand in digestion chamber, heated continuously until frothing ceased and then
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simmered briskly. The solution became clean in 15-20 min., continued heating for
45 min. After cooling, 100 ml water was added and transferred quantitatively to a 1
liter round bottom flask; the final volume was about 500 ml. Added gently down the
side enough NaOH solution to forma precipitate of cupric hydroxide and
immediately connected the flask to steam-trap and condenser. To a 500 ml conical
receiving flask 50 ml of boric acid solution, 50 ml distilled water and 5 drops of
indicator solution were added. Positioning the condenser distillation was carried out
for 40 to 45 minutes or until about 250 ml of distillate was obtained. The contents
of the receiving flask was filtrated with hydrochloric acid, the end point was marked
by a pink color. A reagent blank was also determined and deducted from the
titration.

One ml of 0.1N hydrochloric acid is equivalent to 0.00148 of N2. A protein
conversion factor of 6.25 was used to calculate the percent of protein from nitrogen
determination. Percentage of nitrogen and protein were calculated by the following

equation (Hossain et al., 2022) :

(Ts—Tb)xNof acid xmeq of N2

, x 100
Weight of sample (gm)

% Nitrogen=

Where,

Ts = Titer volume of the sample (ml)
Tb = Titer volume of the blank (ml)
meq. of N2 = 0.014

Therefore,

% Protein = % Nitrogen x 6.25

3.8.4 Fat

After determining its moisture content, a thimble was used to transfer the dried

sample. The fat extraction tube of a sox let equipment received the thimble and
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placed it within. The extraction tube's bottom was connected to a soxhlet flask.
Anhydrous petroleum ether was added to the flask, passing through the sample in
an amount of at least 75 ml. The condenser was connected to the extraction tube's
top. The material was extracted in a water bath for 16 hours. In order to minimize
petroleum ether loss, the water bath should be properly adjusted. When the tube was
almost filled, petroleum ether was poured off. The petroleum ether and fat flask
were heated to 100 degrees centigrade, and the following equation was used
(Hossain et al., 2022).

Weight of fat soluble materials
% of fat= 29"t /S x 100

weight of sample

3.8.5 Fiber

Crude fiber content was determined using AOAC (2000). Method the accepted
methods are as follows:

Reagents required:

0.255 N sulfuric acid solutions (i.e. 1.25g H2S04/100 ml water); 0.313 N sodium
hydroxide solutions (i.e. 1.25g NaOH/100 ml water); 10.0% potassium sulfate

solution; Asbestos Gooch grade.

Procedure:

Two gm sample remaining after crude fat determination was taken. Then transferred
the residue (approximately 0.5 gm of asbestos) to the digestion flask. Added 200 ml
of the boiling sulfuric acid solution and immediately connected the digestion flask
with condenser and heated. (Contents of the flask must come to boiling within 1 min

and boiling must continue briskly for exactly 30 min.) Rotated the flask frequently
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rotated until the sample is thoroughly wetted. During digestion care should be taken
to keep the material from remaining on the side of the ingestion flask without contact
with the solution. After 30 minutes the flask was removed and filtered through
filtering cloth in a fluted funnel. Washed with boiling water until the washing are
no longer acid. Heated sodium hydroxide solution was boiling under reflux
condenser. Washed the residue from acid digestion back into the flask with 200 ml
of boiling sodium hydroxide solution, connected the flask with reflex condenser and
boiled for exactly 30 min. After 30 min of boiling removed the flask and
immediately filters through filtering cloth in a fluted funnel washed with water. For
materials it is difficult to filter. Filter through filtering cloth in a fluted funnel using
vacuum and wash with 10% potassium sulfate solution. The potassium sulfate
solution may be added during filtration, whenever it becomes difficult. Returned the
residue to the digestion flask thorough washing all residues from cloth with hot
water. Filtered into the Gooch crucible prepare with thin but a packed layer of
ignited asbestos. After thorough washing of the residue in the Gooch crucible with
boiling water, washed with approximately 15 ml of alcohol. The crucible was dried
and the contents at 110°C to constant weight. Cooled in a desiccators’ and weighed.
Ignited the contents of crucible in an electric muffle furnace or over a burner at dull
red heat 35 until carbonaceous matter is destroyed (aooroximately 20 min). Cooled

in desiccators and weighted. The loss in weight represents crude fiber.

Calculation

Loss in weight

% Crude fiber= x 100

weight of sample taken

3.9 Pumpkin powder for cake And noodles production: As there

was no significant difference between two pre treated & controlled of both dried
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(sun & air oven dry) pumpkin powder in proximate composition, we used blanched
air oven dried pumpkin powder as a substitute of wheat flour at the level of 0%, 5%,
10%, 20%.

3.10 Preparation of Pumpkin Powder-Enriched Cake

The basic formulation of the control cakes were wheat flour (100 g), water (40 g),
sugar (20 g), oil (20 g), baking powder (2 g) and eggs (25 g). The replacements of
wheat flour in the formulations were made with 0%, 5%, 10% and 20% pumpkin
powder which were recognized as C=control cake (without pumpkin powder),
Si=cake containing 5% pumpkin powder, Sz=cake containing 10% pumpkin powder
and Ss=cake containing 20% pumpkin powder. Dry ingredients (wheat flour,
pumpkin powder and others) for each cake were weighed accurately, followed by
mixing while the sugar and shortening were mixed in a mixing machine for 20
minutes to produce a cream. In later stages, half of the water, egg and other
ingredients and finally the mixed flours were mixed using a mixer at low speed (145
rpm) for 10 minutes to ensure even distribution of the components. The bowl was
scrapped and the batter was mixed for an additional two minutes at medium speed
(250 rpm). The remaining water was added, and the batter was mixed at low speed

for two minutes. All cakes were baked in the air oven for 40 minutes at 170°C.

3.11 Basic formulation for preparing pumpkin powder-enriched

noodles

The basic formulation for preparing noodles were 1 gm salt, 1 gm sodium
bicarbonate, 2gm starch, 0.1 gm citric acid, 1ml zinger juice, 0.5gm onion powder,
0.5 gm garlic powder, 0.5 gm cumin powder, 10 ml soybean oil and 20 ml fresh egg
per 100 g composite flours. ). The replacements of wheat flour in the formulations

were made with 0%, 5%, 10% and 20% pumpkin powder which were recognized as
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C=control noodles (without pumpkin powder), S1= noodles containing 5% pumpkin
powder, S;=noodles containing 10% pumpkin powder and Ss=noodles containing

20% pumpkin powder.

The boiling water required for preparing dough was 10 ml per 100 g composite
flour. All the ingredients were mixed with boiled water and kneaded for 10 minutes
to prepare dough.The dough was transferred to a noodles making machine.The
prepared raw noodles were then steamed at 100 degree celcious for 2 minutes.The
noodles were then dried in a hot air oven dryer. The cooled and dried noodles were
packed in polythene bags of 100 g noodles and kept in dry and cool place until

further use.

3.12 Sensory Evaluation

The consumer acceptability of cake and noodles enriched with pumpkin powder was
evaluated by panel testing. The hedonic rating test was used to determine the
acceptability. The semi-trained panelists were chosen randomly and asked to rate
numerically coded samples. The panelists rated their acceptability of the product on
a 1-9 points hedonic scale.The scale was arranged such that 9= like extremely, 8=
like very much, 7= like moderately, 6= like slightly, 5= neither like nor dislike, 4=
dislike slightly, 3= dislike moderately, 2= dislike very much, 1= dislike extremely.

3.13 Statistical analysis

The sensory assessment data was evaluated using two-way analysis of variance
(ANOVA) and the SAS (Statistical Analysis System) mean technique. Duncan's
New Multiple Range Test (DMRT) was used to obtain mean differences. Statistical
analyses were performed using the WASP2 statistical online package software and
STAR (Statistical Tools for Agricultural Research).
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Chapter 4

Results and Discussion

4.1 Drying Kinetics of Pumpkin

The drying behaviour of 3 mm thick pumpkin slices was determined from moisture

evaporation during open sun drying and mechanical (air oven at 65 °C) drying.

1.0

—o—Sun drying —e—Oven drying

Moisture ratio

Time (h)

Figure 4.1 : Drying kinetics of 3mm sliced pumpkin at different drying methods

Fig.4.1 showed that there is a drastic impact of drying methods on moisture

evaporation from pumpkin slices. For example- after 3h of oven drying product is
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almost dried (moisture ratio, MR<0.2), whereas in the sun drying, it had enough
moisture (MR>0.4). Previous studies also reported a similar drying trend for other
vegetables (Khatoon et al., 2015; Roongruangsri and Bronlund, 2015). A constant
temperature (65°C) through a hot air oven helps quickly reduce the product's
moisture. While through sun drying, it is pretty impossible to get a constant

temperature for a prolonged time as it is a natural method of drying.
Using experimental data following drying models were obtained:
For sun drying,

MR = 1.1373¢~0429¢ (R2 =0.95)

For oven drying,

MR = 0.6262¢~0-508¢ (R? =0.92)

The higher co-efficient of determination value in sun drying (R? =0.95) indicates
better prediction of obtained data. However, higher drying rate constant in oven

drying (m=-0.508/hr) indicates faster drying in oven drying method.
For sun drying,

De =1.09x10"* mm?/hr
For oven drying

De =1.29%x10"* mm?/hr

Moisture diffusion is an important factor in describing the mass transfer of moisture
during drying (Higher De indicates the faster separation of water molecules). The
calculated effective diffusion co-efficient (De) values for sun drying and oven drying
were 1.09x10* and 1.29x10* mm?/hr. This result further confirmed our previous
results that mechanical drying provides higher moisture diffusivity, mainly

responsible for a faster drying rate.
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4.2 Effect of Pre-treatments during Drying

4.2.1 Pre-treatments during Sun Drying

Pumpkin slices were pretreated (blanching and sulphation) and dried in open sun
drying. The plot of moisture ratio (MR) against time is presented in Figure 2. It was
observed that blanching and sulphition affected MR reduction. However, blanching
provided the highest moisture loss, followed by 0.2% KMS treatment. Another
study also reported a significant influence of blanching during sliced pumpkin

drying (Kowalska et al., 2008).
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Figure 4.2: Effect of blanching and sulphitation pre-treatments during open sun

drying of sliced pumpkin
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Generally, blanching leads to faster drying since heat treatment can reduce the
compactness of product structures, making them more porous. This increased
porosity allows water to evaporate more quickly, leading to a faster moisture
reduction. In addition, heat can also increase the permeability of materials, allowing
water to move more easily through the material and evaporate more quickly. That’s
why blanching can cause the product to expand slightly, creating tiny pores or

channels that allow water to escape more easily (Orikasa et al., 2018)

Figure 4.2 shows that KMS treatment gave faster moisture removal than control
treatment. Studies reported that KMS treatment can increase the drying rate of
materials as the treatment can alter the material's surface properties (Jadhav et al.,
(2010).
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4.2.2 Pre-treatments during Air Oven Drying

The effect of pre-treatments during oven drying of the pumpkin slice is presented in
Figure 3. It can be seen that, similar to open drying method, blanching gives faster
moisture evaporation in oven drying. However, unlike the open sun drying method,

the MR reduction rate is not that drastic in oven drying.
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Figure 4.3: Effect of blanching and sulphitation pre-treatments during air oven

drying of sliced pumpkin
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Blanching treatment softened the surface of the sample and made injury to the cell
membrane. For this reason, the drying rate of the pumpkin sample became
increasing. A previous study found a similar result for paprika (Orikasa et al.,
2018).
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4.3 Proximate composition of pumpkin powder

There was not found any significant difference from pre-treated and controlled sun
and air-oven dried pumpkin powder in proximate composition.

Table 4.1: Proximate composition of pumpkin powder

Composition Amount
Moisture (%w.b) 6.25 £ 0.54
Protein (%) 3.68 +0.28
Fat (%) 1.27 +£0.19
Crude fibre (%) 2.84 £ 0.65
Ash (%) 7.35+1.10
Total Carbohydrate (%) 78.61

The moisture and proximate composition of dried pumpkin powder is given in Table
4.1. Pumpkin contained 6.25% moisture, 3.68% protein, 1.27% fat, 2.84% crude
fiber, 7.35% ash, and 78.61% total carbohydrate.

This study suggests that pumpkin powder is a good protein and crude fiber source.

4.3.1 Moisture Content

From table 4.1, we found 6.25% moisture content in pumpkin powder.The lower

MC (moisture content) indicates the better storage stability of the pumpkin powder
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under proper packaging and storage conditions. The combined pre-treatment and
drying reduce the MC of samples (Mohammed et al., 2022). The previous study
found the moisture content of salt pretreated pumpkin pulp powder was 7.4%
(Mohammed et al., 2022). Previous study reported that the moisture content of
pumpkin powder was 10.96% (See et al., 2007). 6.01% moisture content was found
in pumpkin powder which was reported by (Pongjanta et al., 2006). The deviation
of MC in this study may be due to differences in drying conditions, variety, and

cultivation season.

4.3.2 Ash Content

From table 4.1, we found the ash content was 7.35%.Ash refers to the inorganic
residue remaining after the complete oxidation of organic matter. It is a critical
quality attribute correlated with the mineral contents of the food and is an important
attribute for some food ingredients (Ismail, 2017). From previous study we found
the total ash content of pumpkin pulp powder was 5.6% (Mohammed et al., 2022)
and 4.7% as reported by Baltacioglu and Ulker (2017). In the published literature,
the Ash content of pumpkin powder was reported to be 5.37% (See et al., 2022) and
7.24% (Pongjanta et al., 2006). This study's slight deviation of ash content may be

due to differences in drying conditions, variety, and cultivation season.

4.3.3 Crude Fat

From table 4.1, we found the fat content of pumpkin powder was 1.27%.Crude fat
IS an important component due to the contribution of fatty acids. Previous work
found that drying temperatures from 55°C to 70°C showed no significant effect
(Carlos et al., 2021). According to previous work we found the fat content of
pumpkin powder was 1.03% (Carlos et al., 2021). From other studies we found the
fat content of pumpkin powder were 0.80% (See et al., 2022) and 1.34%

39



(Pongjantaet al., 2006).The dissimilarities were due to genetic variation, varietal

causes, season etc
4.3.4 Crude Fiber

From table 4.1, we found 2.84% fiber in pumpkin powder.Dietary fiber has recently
gained more importance because it has a lot of medicinal value (Mohammed et al.,
2022).WHO recommends that ingest 22-23 g of fiber for every 1000 K. cal. Of diet
(Kanwar and Shah, 1997). From previous work we obtained the value of crude fiber
of pre-treated pumkin pulp were 5.98% (Mohammed et al., 2022), 0.81% (See et
al., 2022) and 1.34% (Pongjanta et al., 2006). The difference was due to genetic

variation, varietal causes, season of cultivation, etc.

4.3.5 Crude Protein

From table 4.1, we found 3.68% protein in pumpkin powder. According to a recently
conducted study, drying showed no significant effect on pumpkin powder (Carlos
et al., 2021). From previous studies we found the protein content of dried pumpkin
powder were 4.23% (Mohammed et al., 2006), 9.65% (See et al., 2022) and 3.74%
(Pongjanta et al., 2006). In this study we found 3.68%. The difference was due to
variation in genetic makeup, pre-drying treatments, drying method and conditions

applied etc.

4.3.6 Carbohydrate

From Table 4.1, we found the value of carbohydrate content in the dried powder of
pumpkin was 78.61% . From previous findings we got the CHO were 78.77%
(Pongjanta et al., 2006), 72.41% (See et al., 2022) and 78.8% (Mohammed et al.,
2006). The dissimilarities were due to genetic constituents, culture of production,

management practices, different drying methods etc.
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4.4 Pumpkin Powder Incorporated Cake

Plate 2: (a)Cake having 5% pumpkin powder, (b)Cake having 10% pumpkin
powder, (c)Cake having 20% pumpkin powder.
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Plate 2 (a) showed a light brown color cake made by 5%bsubstituted pumpkin
powder. The color was not so much attractive. Its flavour was well when it was
tasted by consumers (The panelists) and freed from bitterness and bad odor. Its
texture was soft and smooth and there was no crack due to its good cohesiveness. It
was sticky when it was chewed. In the nutritional aspect, 5% substitution was

insufficient to fulfil the requirement. The overall appearance was not up to the mark.

Plate 2 (b) indicated a brown cake made with 10% substituted pumpkin powder.
The color was so much attractive. Its flavor was very well when it was tasted by the
consumer (The panelists) and had not any bitterness or bad odor. Its texture was soft
and smooth but slightly less than 5% substituted pumpkin powder cake. But it was
not sticky when the consumer chewed it. Its appearance was up to the mark and
enriched with more nutrition than the previous one (5% substituted pumpkin

powder).

Plate 2 (c) showed a dark brown color cake made with a 20% substitution of
pumpkin powder. Its flavor was good when it was tasted. Its texture was hard and
coarse due to containing more pumpkin powder. Its smell was moderately good.
Oveall its appearance was not up to the mark and failed to get acceptance by the

panelists.
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4.5 Sensory Evaluation of Pumpkin Powder Enriched Cake

Table 4.2.1 : Sensory attributes- appearance and color of pumpkin powder

enriched cake at different levels of wheat flour substituted pumpkin powder

Mean Scores
Sample

Appearance Color

C 6.26" 6.46"

S1 7.402 7.40%

Sz 8.00? 7.66°

S3 6.50P 7.23%

LSD (0.05) 0.672 0.93

CV% 4.78% 6.54%

(Scale: 9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1=dislike extremely )

(C= Control, S1= 5% wheat flour substituted plain cake, S2= 10% wheat flour
substituted plain cake, S3= 20% wheat flour substituted cake)

Appearance
From table 4.2.1, the highest score of appearance was 8.00 in S2 and lowest score
was obtained 6.26 in C.There was a significant difference of S1 and S2 with other

samples.Between S1 and S2 there was no significant difference.

Color

From table 4.2.1, the highest score of color was in sample S2 (7.66) and lowest
score of color was in control (6.46).There was significant diffirance found of S2,
S1 and S3 with the sample C.
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Table 4.2.2 : Sensory attributes- taste and texture of pumpkin powder enriched

cake at different levels of wheat flour substituted pumpkin powder

Mean Scores
Sample
Taste Texture
C 6.20° 6.06"
Si 7.23 7.632
Sz 8.102 8.002
S3 6.90° 6.06"
LSD (0.05) 0.568 0.89
CV% 4.00% 6.38%

(Scale: 9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1=dislike extremely )

(C= Control, S1= 5% wheat flour substituted plain cake, S2= 10% wheat flour
substituted plain cake, S3= 20% wheat flour substituted cake)

Taste

From table 4.2.2, the highest score of taste was obtained 8.10 in S2 and lowest score

was obtained 6.20 in C.There was significant difference of S2 with other samples.

Texture

From table 4.2.2, the highest score of texture was found in sample S2 (8.00) and the

lowest score was in control and S3.There was significant difference of S2 and S1

with other samples.
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Table 4.2.3 : Sensory attributes- flavor and aroma of pumpkin powder enriched cake

at different levels of wheat flour substituted pumpkin powder

Mean Scores
Sample

Flavor Aroma

C 6.20° 6.53"

St 7.482 7.06°

Sz 7.732 7.932

S3 6.40P 6.76°

LSD (0.05) 0.71 0.66
CV% 5.12% 4.71%

(Scale: 9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1=dislike extremely )

(C= Control, S1= 5% wheat flour substituted plain cake, S2= 10% wheat flour
substituted plain cake, S3= 20% wheat flour substituted cake)

Flavor

From table 4.2.3, the score for the flavor of all pumpkin powder enriched cakes are
higher than the control. The cake containing 10% (S2) pumpkin powder was given
the highest score (7.73) and lowest score was found from control (6.20).There was
no significant difference between S1 and S2.There was significant difference of S1

and S2 with other sample.
Aroma

From table 4.2.3, the highest score was obtained 7.93 in S2 and lowest score was

obtained 6.53 in C.There was significant difference of S2 with other

45



Aroma

From table 4.2.3, the highest score of aroma was obtained 7.93 in S2 and lowest
score was obtained 6.53 in C.There was significant difference of S2 with other

samples.
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Table 4.2.4 : Overall observation and overall acceptability of pumpkin powder

enriched cake at different levels of wheat flour substituted pumpkin powder

Mean Scores
Sample
Overall Observation Overall Acceptability

C 6.26° 6.36°

St 7.16° 7.00P

S2 8.002 7.702

S3 6.53" 6.55°
LSD (0.05) 0.724 0.874
CV% 5.18% 6.29%

(Scale: 9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1=dislike extremely )

(C= Control, S1= 5% wheat flour substituted plain cake, S2= 10% wheat flour

substituted plain cake, S3= 20% wheat flour substituted cake)

Overall observation

From table 4.2.4, the highest score of overall observation was 8.00 in S2 and the

lowest score was 6.26 in C.There was a significant difference of sample S2 with

others.

4.2.4 Overall acceptability

From table 4.2.4, the highest score of overall acceptability was 7.70 in S2 and the

lowest score was 6.36 in C.There was a significant difference of sample S2 with
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others. Overall acceptability was scored considering the overall condition of color,
flavor, appearance, aroma,taste, texture and overall observation. Sample S2 is the
best one which is prepared with the incorporation of 10% wheat flour substituted by

pumpkin powder
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4.6 Pumpkin Powder Incorporated Noodles

Plate 3: (a) Noodles with 5% substitution of pumpkin powder, (b) Noodles with

20% substitution of pumpkin powder, (c) Noodles with 20% substitution of

pumpkin powder.
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Plate 3 (a) showed a light-yellow color noodle which had been made by 5%
substituted with pumpkin powder. The color was moderately attractive. Its flavor
was good after cooking. No bitterness or bad odor was found. The texture was good
and the gluten content was less than the control. Overall, its appearance was

moderately good.

Plate 3 (b) showed a nice yellow noodle made by 10% substituted with pumpkin
powder. The color was more attractive. Its flavor was so much good than the control
and 5% was substituted with pumpkin powders noodles after cooking. No bitterness
or bad odor was found. The texture was good enough. Overall its appearance was

very good.

Plate 3 (c) showed dark brownish-yellow color noodles which had been made by
20% substituted with pumpkin powder. The color was less attractive with compare
to 5% and 10% substituted with pumpkin powder enriched noodles. Its flavor was
moderately good after cooking. No bitterness or bad odor was found. The texture
was slightly coarse. Overall its appearance was less than 5% and 10% substituted

with pumpkin powder enriched noodles.
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4.7 Sensory Evaluation of Pumpkin Powder-Enriched Noodles

Table 4.3.1 : Sensory attributes- appearance and color of pumpkin powder

enriched noodles at different levels wheat flour substituted pumpkin powder

Mean Scores
Sample

Appearance Color

C 6.13° 6.20°

St 7.10P 6.76"

S2 7.862 7.732

S3 6.66" 7.00P
LSD(<0.05) 0.638 0.60
CVv 4.61% 4.4%

(Scale: 9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1=dislike extremely )

(C= Control, S1= 5% wheat flour substituted noodles, S2= 10% wheat flour

substituted noodles, S3= 20% wheat flour substituted noodles)

Appearance
From table 4.3.1, the highest score of appearance was 7.86 in S2 and lowest score

was obtained 6.13 in C.There was significant difference of S2 with other samples.
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Color
From table 4.3.1, the highest score of color was in sample S2 (7.73), and the lowest
score of color was in C (6.20) . There was significant difference of S2 with other

samples.
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Table 4.3.2 : Sensory attributes-taste and texture of pumpkin powder enriched

noodles at different levels wheat flour substituted pumpkin powder

Mean Scores
Sample
Taste Texture
C 6.20° 6.25"
St 7.46° 6.70°
Sz 8.20? 7.962
S3 7.00P 6.50P
LSD (0.05) 0.618 1.01
CV% 4.29% 7.45%

(Scale: 9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1=dislike extremely )

(C= Control, S1= 5% wheat flour substituted noodles, S2= 10% wheat flour

substituted noodles, S3= 20% wheat flour substituted noodles)

Taste
From table 4.3.2, the highest score of taste was obtained 8.20 in S2 and lowest score

was obtained 6.20 in C.There was significant difference of S2 with other samples.

Texture
From table 4.3.2, the highest score of texture was obtained in sample S2 (7.96) &
the lowest score was in sample C (6.25). There was a significant difference of S2

with other samples.
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Table 4.3.3 : Sensory attributes- flavor and aroma of pumpkin powder enriched

noodles at different levels of wheat flour substituted pumpkin powder

Mean Scores
Sample

Flavour Aroma

C 6.10° 6.63°

S1 6.83° 7.16"

Sz 7.702 8.002

Ss 6.40° 6.86°
LSD (0.05) 0.90 0.548
CV% 6.67% 4.08%

(Scale: 9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1=dislike extremely )

(C= Control, S1= 5% wheat flour substituted noodles, S2= 10% wheat flour

substituted noodles, S3= 20% wheat flour substituted noodles)

Flavor
From table 4.3.3, the highest score of flavor was obtained in sample S2 (7.70) and
lowest score was in control (6.10).There was significant difference of S2 with other

samples.

Aroma

From table 4.3.3, the highest score of aroma was obtained 8.00 in S2 and lowest
score was obtained 6.63 in C. There was significant difference of S2 with other

samples.
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Table 4.3.4 : Overall observation and overall acceptability of pumpkin powder enriched

noodles at different levels of wheat flour substituted pumpkin powder

Mean Scores
Sample
Overall Observation Overall Acceptability

C 6.20° 6.16"

S1 7.03° 7.0020

S2 8.00? 7.802

Ss 6.46" 6.45P
LSD (0.05) 0.742 0.90
CV% 5.37% 6.61%

(Scale: 9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1=dislike extremely )

(C= Control, S1= 5% wheat flour substituted noodles, S2= 10% wheat flour

substituted noodles, S3= 20% wheat flour substituted noodles)

Overall observation

From table 4.3.4, the highest score of overall obsrervations was 8.00 in S2 and the
lowest score was 6.20 in C.There was a significant difference of sample S2 with

others.

Overall acceptability
From table 4.3.4, the highest score of overall acceptability was 7.80 in S2 and the
lowest score was 6.16 in C. There was a significant difference of S2 with others.

Overall acceptability was scored considering the overall condition of color, flavor,
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aroma, appearance, taste, texture and overall observation. Sample S2 is the best one
which was prepared with incorporation of 10% wheat flour substituted pumpkin

powder.
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Chapter 5

Summary and Conclusion

The study was conducted in the Postharvest Laboratory and Agricultural
Engineering Laboratory of Sher-e-Bangla Agricultural University, Dhaka. The
current study was conducted on thin layer drying of pumpkin and development of
pumpkin powder enriched bakery items. Pumpkin is a yellowish orange colored
vegetable, grows all around the year and available everywhere in the world. The
color of the pumpkin may be used in food products which will be salubrious than

other synthetic food color.

The pumpkin was cut into thin layer and after that the slices were blanched and the
sulphitation was applied. After that two drying method was used to dry the slices.
The drying methods are sun and hot air oven drying respectively. The hot air oven
used 65°C for 24 hours to dry the slices and the sun drying took comparatively more

time (approximately 48 hours) because of temperature variation of sunlight.

Then the dried slices were turned into powder. From chemical analysis it was found
that there was no significant difference between two pre-treated and controlled sun
dried and air oven dried pumpkin powder. The chemical analysis of the pumpkin
powder provided that the moisture content was 6.25%, protein content 3.68%, fat
1.27%, crude fiber 2.84%, ash content 7.35%, total carbohydrate 78.61%. The
blanched air oven dried powder was used as the substitution of flour for making two
kind of food items: (i) Cake & (ii) Noodles.

5%, 10% and 20% pumpkin powder substitution were used to make both cake and
noodles. After preparing cakes and noodles those were tasted by consumers in
Bangladesh and the consumers were provided a sensory evolution form to fill. The
10% substitution of pumpkin powder was appreciated by the panelists both for cake

and noodles according to the consumers opinion in the sensory evaluation form.
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This study revealed that drying sliced pumpkin followed by grinding is a user
friendly and cost-effective technique to produce pumpkin powder and avoid post-
harvest loss of raw pumpkin. Based on our study following conclusion may be

drawn:

o Air oven drying gave faster drying than open sun drying. There was no

significant difference found in two dried powder from two sources.

o Blanching and 0.2% KMS treatment positively impacted moisture
evaporation during drying but in both drying methods, blanching gave the

lowest moisture ratio over other treatments.

o  The panellist preferred 10% pumpkin powder substituted cake and noodles

considering the sensory attributes.
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APPENDICES

Appendix |

Pictorial view of pumpkin

(b)

Plate 3: (a) Selective pumpkin for powder production

(b) Pumpkin flesh for powder production.
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Appendix 11

Machinery and applied product
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(b)

Plate 4: (a) Hot air oven,

(b) Excessive heat produced caramel
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Appendix 11

Pictorial view of flour composite cake and noodles

@)

Plate 5: (a) Cake without pumpkin powder substitution, (b) Noodles without
pumpkin powder substitution
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Appendix IV

Treated pumpkin slice

Plate 6: KMS treated pumpkin slices
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Appendix V

Sensory evaluation form provided to consumers

Sensory Evaluation Form

Evaluator Name:

Dear Evaluator,

Please provide your sensory score.

Sample | Color Flavor Texture | Appearance | Aroma | Taste
code

Scoring:

9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1= dislike
extremely.
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Sample Code Overall Overall Comments
Observations Acceptability

Scoring:

9= like extremely, 8= like very much, 7= like moderately, 6= like slightly, 5= neither like
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike very much, 1= dislike
extremely.

Thank you.
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