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INTRODUCTION



. INTRODUCTION

Fruits provide energy, vitamins, minerals, and dietary fiber. Fruits are preserved
using several techniques namely drying, freezing, canning, pickling, fermenting etc.,
Processed form of fruits generally include candies, dried fruits, pasteurized mash,
concentrated pulp, nectar, jam, jelly, pickle, chutney, frozen fruit and fruit bars. When
compared to other products, fruit bars are minimally processed, have good shelf life and
does not require more ingredients. Fruit bar preparation includes variety of pulp, fresh or
dried fruit, sugar, binders, and other minor ingredients. Nutrition bars are food items
meant to be consumed in a quick sitting, or on the go (Manimegalai et al., 2001). They
contain a wide range of vital nutrients and vitamins, as well as sufficient protein and
carbohydrates to keep the body functioning. Fruit bars are made up of real fruit or fruit
juice. New trends in fruit bar processing include using gelled fruit matrices, dried gels or
sponges, and extruders. Fruit bars are best made with pulpy fruits such as banana,
mango, guava, pear, papaya, musambi, tomato, grapes, apple etc., Fruit bars are
regarded hygienic because they are manufactured mechanically. They are attractively
packaged and easily consumed. Fruit bars are beneficial to consumers, particularly
children, due to their flavour, shelf life, and nutritional value.

Plants, algae, and photosynthetic bacteria contain carotenoids as pigments. These
pigments are responsible for the vibrant yellow, red, and orange colours found in plants,
vegetables, and fruits. Carotenoids in the diet are thought to have health benefits by
lowering the risk of disease, particularly certain cancers and eye disease. Beta carotene act
as antioxidant and reduce free radicals and it has the ability to convert into vitamin A. Lutein
and zeaxanthin may be beneficial in the prevention of eye disease because they absorb
harmful blue light that enters the eye. Large doses of beta-carotene were found to have a
negative effect on the incidence of lung cancer in smokers and asbestos workers (Johnson,
2002). The sweet potato (Jpomoea batatas) is a tuber that grows underground. Sweet
potatoes are nutritious, high-fiber, filling, and delicious vegetable that can be simmered,
baked, steamed, or fried. It contains beta carotene, an antioxidant that is very effective
in increasing vitamin A in the blood, especially in children. Sweet potato is the world's
seventh most important food crop, contributing significantly to energy and

phytochemical nutrition. Sweet potato is a dicotyledonous plant with tuberous root and
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belongs to morning glory family, convolvulaceae, which is also known as bindweed and
it originates in the tropical regions of America. Tender shoots and leaves of sweet
potatoes are included in diet in the form of greens. Sweet potato is a root vegetable with
sweet taste and mostly comprises of starch (Hair and Stephen, 2014).

China is the largest producer of sweet potato which yields 56% of total production
(Ahn and Peter, 1993) in the world. There are various types of sweet potato which are
available in different colours. Its importance among the world's major crops is widely
recognised as an important food crop for humans and animals due to its desirable
starch, sugar, protein, and vitamin content (Ozturk et al., 2012). Sweet potato is also
available in other colours such as white, cream, yellow, reddish, purple and deep purple
(George et al., 2019). They can be cooked, baked or steamed and can be made into a
dish (Reid et al., 2016) and can replace a whole meal. While comparing with orange,
red, pink sweet potatoes, white and pale yellow varieties are high in moisture content
and less in sweetness.

Ipomoea Batatas are called as batata in Argentina, Brazil, Columbia, Dominican
Republic and Venezuela and as camote in Philipines, Mexico, Peru, Bolovia and Central
America and also white pulp variety is known as Maori, (Yen, 1963) orange pulp as
Beauregard, red pulp variety as Owairaka. Carotenoids in sweet potatoes might lower the
risk for cancer. Sweet potatoes can lower the LDL "bad" cholesterol, which may in turn
lower the odds of heart problems (Stephanie Booth, 2021). The DNA sequence of sweet
potato carries the genome of Rhizobium known as Agrobacterium earlier (Kyndt and
Tina, 2015). Sweet potatoes are entirely different from normal potatoes. They are
entirely from different families, (Perry, 2002) provides discrete amount of nutrients,
affect blood sugar in divergent manner. Sweet potatoes are used to remove skin
blemishes, fights aging by reducing age spots and wrinkles and helps to reduce cracked
heels, fibrocystic breasts, sallow skin, (Burtenshaw, 2009) puffy eyes, dark circles, gout,
hypokalemia etc., by combining with other herbs, it helps to prevent cancer and colic
diseases.

Sweet potatoes are a first-rate supply of fiber, in particular while devouring the skin.
Fiber is essential in digestive health, stopping constipation and critical diseases,

inclusive of colon cancer. One medium sweet potato has six grams of nutritional fiber.



They additionally incorporate resistant starch, a sort of starch that performs function in
feeding the body’s “good” bacteria. Fiber in sweet potato helps to keep up healthy body
weight by improving satiety. Additionally, it draws water to the large intestine, lubricating
the viscous movements and making them easier to pass through membranes.

More than 90 % is produced in Asia, with China accounting for 85 %. While sweet
potato production and planted area in Africa nearly doubled over the last three decades,
they still account for less than 5% and 15% of developing-country totals, respectively
(FAO 2020). Fresh sweet potatoes are chipped, dried, and ground into flour, which is
then combined with wheat flour and baked into chapattis (bread). Some Indian
communities convert between 15 and 20% of sweet potato harvest into pickles and
snack chips. In India, a portion of the tuber harvest is used as cattle fodder. Sweet
potato varieties additionally contain magnesium and dietary fibers that profit stable
blood sugar (Lebot and Vincent, 2020).

Sweet potato production in India was 1,156,000 metric tons in 2019. Sweet
potatoes were grown on an estimated 110,000.00 hectares in the country. The portion
of fruits and vegetables that is not edible after processing (waste), including peels, pods,
seeds, skins, etc., accounts for about 10-60% of the total weight of fresh produce.
Sweet potato waste was about 7% of the entire crop in 2011 (FAO, 2020). Byproducts
from the processing of the sweet potato into starch, alcoholic beverages, ethanol, flour,
purees, and other commodities currently have very little use and contribute to the waste
going into land and water bodies. In 2011, the FAO food balance sheets estimated that
53% of the world's sweet potato production (102,530 thousand metric tons) was used as
food or seed, 40% as feed, and 7% was wasted.

The apple is a Rosaceae family pome fruit, an accessory fruit formed by
enlargement of the flower receptacle. Apple is an important part of the diet and an
excellent source of nutrients and health-promoting bioactive compounds as it is
available all year (Boyer and Liu, 2004). It also contains antioxidants like vitamin E
which helps to protect the cells by reducing free radicals, vitamin B1 in apple supports
growth and development and vitamin B6 is needed for protein metabolism (Feng et al.,
2021). Malic acid in apples accounts for about 90% of total organic acid content.

Soluble fiber in apples helps to reduce the blood cholesterol levels. Aside from market



trends and needs, the apple is grown on all continents, ensuring a good supply chain
worldwide and ensuring the good potential use for developing phenolic compounds into
a bio refinery concept (Silva et al., 2021).Apple is one of the most popular fruits in the
world, with well-known nutritional properties.

Apart from being consumed fresh, it is the raw material for several food products,
the production of which generates a substantial amount of by-products. Apple
consumption may have a prebiotic effect, which could be an important mechanism for
lowering CVD risk markers. Polyphenols in apples, particularly complex polyphenols
and dietary fiber, can influence enterohepatic circulation by binding bile acids in the
intestine (Koutsos et al., 2015). Because of their high fiber and water content, apples
are particularly filling. The polyphenols may have anti-obesity properties as well.
Flavonoids in apples can help prevent heart disease by lowering blood pressure,
lowering LDL cholesterol oxidation, and lowering atherosclerosis, or the buildup of
plaque in arteries (Parmenter et al., 2020). Apple fiber improves gut-friendly bacteria,
and hence thought to help protect against chronic diseases. Apples contain antioxidant
and anti-inflammatory compounds that aid in the regulation of immune responses and
the prevention of asthma. Apples contain quercetin, which protect brain from oxidative
stress. Preserved fruit, candied fruit, fruit puree, jelly, jam, fruit skin, canned apples,
apple wine, cider, champagne, apple juice concentrate, vinegar, apple pectin, apple
powder are the processed form of apples.

Dates are excellent source of macro and micro nutrients. Dates are very sweet
and accounts for 50-88% of the total weight depending on cultivar, stage of ripening,
and water content. Sugars account for roughly two-thirds of date flesh (Mahvish and
Zahra, 2020). The remaining dates weight consists of protein, fat, crude fiber, minerals,
various vitamins (particularly vitamin B), tannins, and a variety of other components.
Dates have a high nutritional value and can help humans meet their nutritional
requirements. Fresh dates contain approximately 1570 calories per kilogram, whereas
dry dates contain more than 3000 calories per kilogram. Dates are primarily composed
of carbohydrates, which include reducing sugars such as glucose and fructose, as well
as non-reducing sugars such as sucrose and trace amounts of polysaccharides such as

cellulose and starch. According to Hegazi, (2005) polysaccharides found in date flesh



and seeds include xylose, arabinose, glucose, and galactose. Dates fruit is beneficial in
terms of glycemic control among diabetic patients; therefore, physicians may not need
to limit its use among diabetic patients. Dates contain a variety of vitamins and minerals,
as well as fiber and antioxidants. However, because they are a dried fruit, they are high
in calories.

Fresh dates are made up of soft, easily digestible flesh as well as simple sugars.
When consumed, they instantly replenish energy and revitalize the body. Dates are
chemically composed of 81-88 % sugars, primarily fructose, glucose, and sucrose, 5—
8.5 % dietary fiber, and a trace of protein, fat, ash, and high levels of phenols (Elleuch
et al., 2008). Dates are high in fiber, which may help prevent constipation and control
blood sugar levels (Rahmani et al., 2014). They also contain a variety of antioxidants
that may aid in the prevention of certain chronic illnesses such as heart disease, cancer,
Alzheimer's disease, and diabetes (Essa et al., 2016). Dates may be beneficial in
reducing inflammation and preventing plaque formation in the brain. When consumed
during the last few weeks of pregnancy, dates may promote and ease natural labour in
pregnant women (Kordi et al., 2017). Because of their sweet taste, nutrients, fiber, and
antioxidants, dates are a healthy substitute for white sugar in recipes. Dates paste,
dates powder, dates syrup, chopped dates, dark date syrup, golden date syrup, dates
sugar are some of the processed dates products.

A guava fruit usually measures between 4 and 12 cm long and is round or oval
depending on the species. It has a distinctive, characteristic scent, similar to lemon rind
but less sharp. In 2019, 55 million tons of guavas were produced worldwide, with India
producing 45% of the total (Judd et al., 2002). Botanically, guavas are berries.Guava is
widely consumed and rich in phytochemicals with medicinal value. Guava is frequently
included among super fruits due to its high nutritional value. Consumption of ripe guava
fruit with peel reduced BMI and blood pressure (p<0.05), whereas fasting blood glucose
(FPG), total cholesterol, and triglycerides were significantly increased (p<0.05). Guava
extract may help people with diabetes or those at risk of developing diabetes to control
their blood sugar levels. Guava fruit extract may benefit heart health by lowering blood
pressure, lowering bad cholesterol, and increasing good cholesterol, prevent or alleviate

diarrhoea and constipation. Guavas are high in fiber and low in calories, so they



improve digestion and lose weight. Guava's high antioxidant content aid in the
prevention of cancer cell development and growth (Ryu et al., 2012). Guavas are one of
the highest vitamin C-containing foods. It is critical to maintain adequate levels of this
vitamin in order to protect against illness and infection (Shaik et al., 2013). Guavas
contain antioxidants and vitamins that can help slow the ageing of skin, and guava leaf
extract may help treat acne (Qadan et al., 2005).

This humble fruit is extremely high in vitamin C, lycopene, and antioxidants that
are good for the skin. Guavas are also high in manganese, which aids the body's
absorption of other important nutrients from the food consumed. Guava benefits are
attributed to the presence of folate, a mineral that aids in fertility promotion. Guava has
potassium content also aids in blood pressure regulation. In fact, a banana and a guava
have nearly the same potassium content. Because it contains approximately 80% water,
it aids in keeping the skin hydrated (Teixeira, 2020). The vitamin C content of guava fruit
is four times that of oranges. Vitamin C boosts immunity and protects body from
common infections and pathogens. It also keeps the eyes healthy. Because it is high in
lycopene, guava fruit has been shown to be effective in lowering the risk of prostate
cancer and inhibiting the growth of breast cancer cells. Guavas help to prevent the
development of diabetes due to their high fiber content and low glycemic index. While
the low glycemic index prevents a sudden spike in sugar levels, the fiber content keeps
sugar levels well-regulated (Adamska et al., 2018). Guava pulp is an excellent raw
material to make numerous other guava products such as juice, blended RTS drinks,
wine, jam, toffee, cheese, ice cream topping, and nectar (Usha et al., 2017).

Banana is one of the world's most popular fruits and the fourth most important
crop produced on a global scale. Banana pulp, which is the edible part of the fruit, is
high in nutrients. Banana pulp has its use as a food additive to the extraction and
isolation of numerous health-beneficial components such as different types of starch,
cellulose, and bioactive compounds (Singh et al., 2014).Because of its high levels of
vitamin A activity and sugars, the nendran banana is a good potential fruit that could be
widely produced as a nutritional and energy food resource. According to Food and
Agriculture Organization (FAQO) statistics 2020, Asia is the world's largest banana

producer, accounting for 54.4 % of global banana production. Bioactive constituents in



bananas invariably confer a number of potential medicinal values against oxidative
damage, which aids in the prevention of genetic damage or DNA compromise, the
improvement of innate immune competence, neurological functioning, and the reduction
of the risk of cardiovascular disorder (Oyeyinka, 2020). One banana has about 112
calories and is almost entirely made up of water and carbohydrates. They contain very
little protein and no fat. Bananas contain a lot of soluble fiber. Soluble fiber dissolves in
liquid to form a gel during digestion. It is also responsible for the sponge-like texture of
bananas.

Despite their higher carbohydrate content, bananas do not cause significant
blood sugar spikes in healthy people (Lin et al., 2015). People with diabetes can eat
bananas, it is not recommended that they consume a large amount in one sitting. Fiber
in the diet has been linked to a variety of health benefits, including improved digestion.
One medium banana contains about 3 g of fiber. Pectin, a fiber found in both ripe and
unripe bananas, aid in constipation prevention and stool softening. Bananas are a
convenient source of potassium, with a medium-sized banana (126 g) providing 10% of
the Daily value (Mun et al., 2019). Bananas have 8% of the daily value for magnesium,
a mineral important for heart health. Magnesium deficiency may be associated with an
increased risk of heart disease, high blood pressure, and high fat levels in the blood.
Bananas contain a variety of powerful antioxidants, such as flavonoids and amines.
These antioxidants have been linked to a variety of health benefits, including a lower
risk of heart disease and degenerative diseases. They aid in the prevention of free
radical-caused oxidative damage to the cells. Without antioxidants, free radicals can
accumulate over time and cause harm if the level in the body became high enough
(Wang et al., 2014).

Banana’s soluble fiber may help to stay full by adding bulk to digestive system
slowing digestion. Bananas are also relatively low in calories for their size. Bananas' low
calorie and high fiber content make them a more filling snack than other foods such as
processed or sugary boxed snacks. Bananas have been renamed as the "Perfect Food
for Athletes." This is largely due to their high concentration of easily digestible
carbohydrates as well as the minerals potassium and magnesium, both of which act as

electrolytes. Resupplying the body with potassium and magnesium after sweating, by



eating a banana, may help to reduce exercise-induced muscle cramps and soreness
(Baker et al., 2020).Bananas are not only extremely healthy, but they are also one of
the most convenient snack foods available. They go well with yoghurt, cereal, and
smoothies, and they are delicious as a topping on whole grain toast with peanut butter.
Bananas are not only extremely healthy, but they are also one of the most convenient
snack foods available. Banana puree, chips, powder, wine, beer, preserve, jam, jelly,
concentrated pulp, fruit bar are processed banana products. The fruits for the present
study are selected based on the literature survey which has health potentials. Only very
few Indian studies are available in developing fruit bars in combination with sweet
potato and keeping this in mind, an attempt was made in the present study, entitled with

the following objectives to:

» development and standardization of fruit bars using sweet potato and selected

fruits
» carry out sensory evaluation of the developed fruit bars

» analyze the major nutrients and physiochemical properties of the fruit bars
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Il. REVIEW OF LITERATURE

The Review of Literature pertaining to the study “Development of Fruit Bar Rich in
Beta Carotene and Vitamin C” is presented under the following sub headings:

A. Nutritional importance of fruit bars
B. Sweet potato as a source of beta carotene and its nutritional benefits
C. Vitamin C rich fruits and human health

D. Chemical and nutritional changes in fruits on processing

A. Nutritional importance of fruit bars

Fruits are rich in vitamins, minerals, electrolytes, fiber, phytochemicals, and
antioxidants (Slavin and Lloyd, 2012). Most of the fruits are seasonal and available all
year round. India is the world's 2nd largest producer of fruits, but 20% of fruits produced
were not utilized because of post-harvest losses. New products are developed from
fruits to make them available at any season. Drying of fruits in sunlight had been
practiced for years to preserve fruits and now sun drying is replaced by electric
dehydrating machine as it takes minutes to complete the process. Canning of fruits is a
popular method of fruit preservation in which fruits are preserved in sterilized cans with
a vacuum seal. Preparation of pickles, jam and jellies are other methods of fruit
preservation which undergoes several processes and addition of preservatives.
Postharvest application of p-Anisaldehyde proved to be a credible method for controlling
postharvest decay and preserving the quality of harvested dragon fruit by increasing the
antioxidant potential of the ascorbic acid and glutathione cycle and activating an
antioxidative defense system to reduce Reactive Oxygen Species (ROS) accumulation
(Xu et al., 2021).

Due to its efficiency and low impact on juice quality and characteristics, hurdle
technology could be a useful method for the preservation of fruit juices, though all
processing parameters still need to be optimized (Putnik et al., 2020). Exogenous
application of melatonin can improve the antioxidant and defense systems of guava fruit,
thereby preserving its quality and increasing its resistance to disease (Fan et al., 2022).

Fruit bars are a traditional way of modifying fruits which are dehydrated confectionery



products that are often included as snacks or desserts and also called as fruit slabs or
fruit leather (Giacalone et al., 2019). Compared to toffees and chocolates, fruit bars are
highly nutritious, and are prepared from fresh fruits with rich pulp fruits like mango,
papaya, banana, guava, pineapple, apple, passion fruit, musambi etc., They are perfect
snacks and occupy only small space in bags, easy to carry while travelling as well as
they also possess a greater shelf life when compared to fresh fruits. Fruit bars can be
prepared using simple methods without any need for special equipment and can be
easily incorporated into the diet of an individual (Tontul et al., 2019). There are lots of
benefits in preserved fruit products. They are available in all seasons, increases the fruit
supply as there is less wastage, possess longer shelf life than normal fruits and it also
decreases the dietary inadequacies. Fruit bars can be a healthy, convenient, and
natural alternative to high-salt, high-sugar, and high-fat foods.

Fruit leather was developed with mango and natal plum fruit in 2:1 ratio which
increases the phytochemical properties and dietary intake of phytochemicals specifically
in school children and adolescents (Mphaphuli et al., 2020). During storage, water
activity of the fruit bar plays a vital role in color change. At 52.3% relative humidity
strawberry leather undergoes anthocyanin degradation that was found to be correlated
with reduction of red chromatic parameter (Raquel et al., 2022). Fruit bar has an
attractive colour, flavour, and are available in different shapes, provides nutrients equal
to half of the daily fruit intake, which is highly stable and convenient (Simao et al., 2020).
For drying small quantities of fruits, solar cabinet dryers were preferred whereas simple
sun drying is unhygienic lengthy process (Diamante, 2020). Fruit bars are prepared with
or without the addition of other ingredients but later are sticky to teeth and fingers.
Adding gums, starches, pectin and sugars helps to overcome stickiness (Harshini and
Manish, 2020).

Fruit bars were prepared by extracting the pulp and mixing with sugar or jaggery
in a ratio ranging from 1:2 to 1:4 and are dried in sun by spreading it over the bamboo
mats one by one after the first one was dried (Sathiamoorthy, 2019). Dried fruit bars
were cut into identically sized bars and wrapped in cellophane sheets to prevent the
loss of nutrients and moisture (Chavan, 2016). Mathur et al. (1972) prepared fruit bar by

combining dual fruits like mango and pineapple, papaya and guava, banana and jamun.
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Total Soluble Solids (TSS) were increased up to 30°C and 1.5% of pectin and liquid
glucose were added to the fruit pulp followed by addition of 0.1% potassium meta
bisulphite and the pH was brought to 4.2 and moisture content was maintained at 12-
16%. Mango-pineapple, jamun-banana combinations of fruit bars resulted in good
texture, flavour and stability was prepared by drying at 30-80°C for about 24 hours
(Janette, 2014). The microbial content of the fruit bar was zero at initial days and after
180 days, microbial content rose up to 4x10°cfu/g and it varied according to the
packaging material (Bhatt and Jha, 2015).

Moisture content plays an important role in processing, fruit bar becomes hard
and difficult to chew if moisture content falls below 7%. Water activity was maintained at
the safe level during storage period and no major fluctuations were reported (Shahid et
al., 2020). There was no sufficient resource on fruit bar manufacturing from clarified fruit
juices. Texture of fruit bars become hard with storage period, because of the difference
in the composition of pulp and ratio to soluble to insoluble solids (Laxman, 2017). Iron
fortified fruit bars were developed by the addition of dried fruits, dried milk powder,
quince fruit paste, and barley flour (Syeda et al., 2020). Methods were modified for the
pulp preparation and drying to enhance the taste and avoid contamination of microbes
(Rameswar, 1979). The researchers processed fruits like mango, banana, guava,
papaya for preparation of fruit bars. Mango fruit bar had bright colour, sweet taste and
fine texture and successfully commercialized (Huang et al., 2005).

Fruit bars were prepared using tropical or temperate or subtropical fruits
(Pasupuleti, 2002). In apple — black currant fruit bar, drying temperature was reduced to
maintain water activity closer to 0.60, thereby increasing moisture content resulting in
higher product yield (Busch et al., 2013). Fruit bars with enhanced sensory qualities
and shelf life was developed by extraction of pulp using conventional methods and
treating with enzymes at minimum concentration (Myers et al., 2009). Papaya and
banana pulp were taken and fruit bars were prepared in different variations with 15% of
soymilk which contains more proteins and fats when compared to fruit bars without
soymilk (Ram and Chandrika, 2004).

Apart from positive results, undesirable hard bar of papaya and banana was

obtained at ratio of 7:3, soft bar with loose texture obtained at 1.5:1.5:7 while combining
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papaya, soymilk and banana and finally the proportion of accepted fruit bar was
6.5:0.5:3. During preparation of fruit bar, 350ppm of potassium meta-bi sulphite was
added and mixture is transferred into aluminium trays usually greased with glycerine
(Ranganna, 2016). Agave fructans helps to improve the probiotic potential of the fruit
bar and lower the hardness and hence replaced for sugars in fruit bars. Increase in the
sugar content during storage of fruit bar may be due to polysaccharide hydrolysis
(Kumar, 2012). Changes in sensory characteristics and chemical composition of fruit
bar were observed when different packaging materials was used (Phimpharian et al.,
2011). Studies have reported that fruit bars developed in papaya and banana were
packed in two different packages, polyethylene bag and butter paper overwrapped with
metallic paper. Rise in reducing sugar, TSS, total sugars, acidity and fall in moisture
content, calcium, ascorbic acid and beta carotene was dominant in fruit bars packed
with polyethylene bags while comparing with butter paper wrapped with metallic paper
(Chavan et al., 2019).

By reducing the moisture content, 2.5kg of fruit bar was prepared from 10kg of
fruit pulp (Indian Council of Agricultural Research, 2021). Browning was observed in
fruit bars after few hours of preparation which was overcome by addition of citric acid or
blanching (Lee and Hsieh, 2008). Drying rate of fruit bars can be reduced by the
addition of cellulose, pectin and guar gum (Gujral and Brar, 2003). Methods of drying
fruit bars include solar drying, cabinet drying, hot air drying, microwave oven drying,
vacuum drying etc. Fruit bars were prepared not only from fresh fruits but also from
leftover ripened fruits (Laxman et al., 2017). Acceptability of fruit bars decreased after
90 days of storage in both room temperature and refrigerated temperature (Saranya et
al., 2017). Apple-apricot fruit bar was standardized by drying the sheet in steel trays
instead of aluminium trays at 85°C with 5% relative humidity for about 6 hours. This
method provides good quality product (Bains et al., 1989). Acrylic trays used for drying,
subjected to 60°C in hot air dryers were reported to reduce the moisture content to one
third within 3 hours of time (Leiva et al., 2009). Banana-pineapple-apple bar prepared in
three variations, A (20:40:40), B (60:20:20), C (40:40:20) showed that variation A has
higher moisture of 4.14%, variation B has high fiber of 12.47%, variation C has high
carbohydrate content of 84.77% (Blessing et al., 2015).

12



B. Sweet potato as a source of beta carotene and its nutritional benefits

Sweet potatoes are rich in beta carotene which is the precursor of vitamin A.
Scientific name of sweet potato is Ipomoea batatas. Study by Choong (2007) proves
that 100g of sweet potato is enough to meet the daily requirement of vitamin A. Amylose
and beta carotene content of sweet potato is affected by environmental factors (Laurie
et al., 2012). Fresh sweet potatoes are commonly preserved and processed into dried
slices, flakes, and flour in many developing countries for use in a variety of formulated
foods such as noodles, soups, beverages, bakery and confectionery products, and
snacks (Yang and Gadi, 2008).Sweet potato is well suited to processing due to its high
starch content and has become a potential resource for starch and starch-derived
industrial products. Sweet potato is used to make a variety of products and ingredients,
including flour, dried chips, juice, bread, noodles, candy, and pectin. Mapping of gene
traits shows that 100g of sweet potato contains 13.83 mg of beta carotene
(Nedunchezhiyan et al., 2010). Bi parental mapping of quantitative trait loci on linkage
group 3 and 12 increases the beta carotene content in sweet potato and decreases the
starch content (Gemenet et al., 2020).Improved biochemical properties and antioxidant
properties were observed in bio-fortified sweet potato which helps to fight food
insecurity and micro nutrient deficiency (Oloniyo et al., 2021).

Effect of broiler litter manure at rate of 0.5 t ha™' treatment has highest beta
carotene content (262.0 ug/g) and forms firm sweet potato with deep orange colour and
also reduces water pollution with low cost farming activities (Gichuhi et al., 2014). Cross
between ‘New Kawogo’ x ‘Beauregard’ traits of sweet potato showed that beta carotene
content decreases and the storage yield increases along with dry matter and starch
content (Yada et al., 2017). Shredding decreases the phenolic and antioxidant activity
and pie cut improves quality by enhancing phenolic and antioxidant properties (Dovene
et al., 2019). Beta carotene in the sweet potato which is also known as pro vitamin A
helps to prevent night blindness and other symptoms of vitamin A deficiency (Van et al.,
2000). Apart from carotenoids, sweet potatoes also possess bioactive compounds that
include anthocyanins, phenolic acids, other flavonoids and vitamin C (Truong et al.,
2007). Out of all phytochemicals, flavonoids are specifically known for its anticancer and

antioxidant properties as they evince strong superoxide-radical scavenging activity (Ren
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et al., 2003). Vitamin A in sweet potatoes helps the body to build immune cells that
foreclose infections and malady and have anti-tumor effects. The total concentration of
carotenoids (provitamin A) in sweet potato varies significantly depending on plant part,
genotype or phenotype, and food processing. In general, sweet potato is regarded as a
high-quality source of provitamin A. Orange-fleshed sweet potatoes are the best source
of B- carotene and total carotenoids, and certain varietals, such as Tomlins, Owori,
Bechoff, Menya, and Westby, rank higher (20—364 g/g DW) than other recognised (-
carotene sources, such as carrots (182.5-88.4 g/g DW) or mango (Escobar et al., 2022).

Sweet potato was known to be the first example of naturally produced transgenic
crop. The extracts of sweet potato in used in the preparation of black and purple dyes,
production of ink, rubber and glue, starch and alcohol (Ember et al., 2004).Biologically
active carbohydrates, proteins, fatty acids, carotenoids, anthocyanins, conjugated
phenolic acids, and minerals are found in various parts of the sweet potato (tubers,
leaves, stems, and stalks). Sweet potatoes have distinct composition that contributes to
numerous health benefits, including anti oxidative, hepato protective, anti inflammatory,
antitumor, anti diabetic, antimicrobial, anti obesity, and anti aging properties (Wang et
al., 2016).Sweet potato processing had no effect on antioxidant or enzyme activity, but it
did cause significant changes in the colour of the juice. Ultrasound, as a processing
technology, allows for the preservation or enhancement of the quality of sweet potato
juice, and when combined with other treatments, it facilitates the development of new
products (Rios et al., 2021).

Sweet potato is 1900 times rich in vitamin A when compared to normal potato
(Huang et al., 2021). It is usually large in size and great source of beta carotene which
is the precursor of vitamin A. Foods enhanced with naturally existing carotenes are
examined, and Orange-Fleshed Sweet Potato (OFSP) stands out as being high in beta
carotene, a provitamin A carotenoid. The amount of bio accessible beta carotene in the
OFSP wheat breads, combined with altered starch digestion, emphasises their utility as
novel functional food that could address vitamin A deficiency as well as glycemic
problems, thereby improving human health (Mbogo et al., 2021). Different varieties of
sweet potato are rich in different types of phytochemicals, for example anthocyanin is

rich in purple sweet potato and possesses antioxidant properties (Fan et al., 2017).
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Anthocyanin raises blood levels of children, very effectively due to the presence of beta
carotene, which is enormously high in sweet potato.

100g of sweet potato usually contains 86 calories, 77% of water, 1.6 g of proteins,
20.1 g of carbohydrates, 4.2 g of sugar, 3 g of fiber and 0.1 g of fat (Roullier et al., 2013).
Root of sweet potato extract contains anthocyanins and flavonoids and posses
anticancer activity against breast cancer cell lines. Myricetin, quercetin, and
anthocyanin are the flavonoid compounds in sweet potato which inhibit the growth of
breast cancer cells (Ghasemzadeh et al.,, 2016). The natural bioactive compounds in
sweet potato contain anticancer and antioxidant property and are most preferable in
food. Composition of the bioactive compounds and level of antioxidant activity have to
be proven useful in standardizing sweet potato for medical applications. Methyl
Jasmonate (MeJA) treated sweet potatoes are another source that possess anticancer
activity. MeJA has high potential for enhancing health benefits of sweet potato based
functional food (Bari et al., 2009).

Naomi et al. (2021) proved that sweet potato helps in treating hyperglycemic
condition by signaling mechanism and is also capable of regulating dyslipidema.
Bioactive substances with acidic characteristics, radical scavengers and phenotypic
variability are found in abundance in sweet potato extract (Jang et al., 2019). Korean
pumpkin sweet potato (Ib2-AgNPs) had higher functional activity than Korean red skin
sweet potato (Ib1-AgNPs), which could be attributed to the greater abundance of
bioactive compounds present in Ib2 extract, also acted as reducing and capping agents
in the synthesis of Ib2-AgNPs (Das et al., 2019). Studies by Adda (2019) reported that
sweet potato contains 53% of carbohydrates from starch, 32% of carbohydrates from
simple sugars such as glucose, fructose, maltose and sucrose. Another study by Yadav
et al. (2009) revealed that sweet potatoes consist of 80% of rapidly digested starch,
11% of resistant starch, and 9% of soluble digested starch. It had high glycemic index
ranging between 44-96, hence not recommended in large amounts in a single meal for
people with type 2 diabetes.

Sweet potato is a versatile vegetable that can be used to replace medication
which is effective in the treatment of hyperglycemia, and its activity has been found to

be greater than that of diabinese, a commonly used diabetes drug (Shih et al., 2020).
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Within 8 weeks of consuming sweet potato of about 5% of daily diet, pancreatic cell
function readily increased, with reduced lipid levels, diminishing insulin resistance, and
glycemic index is lowered (He et al., 2020). As there haven't been many clinical trials on
this extract, evidence is still lacking. There is no clinical data on the use of sweet potato
in the treatment of dyslipidemia, but a Cochrane review indicates that 4 g/day is safe for
up to 5 months of hyperglycemic treatment (Drapal et al., 2019).

Caffeic acid derivatives, anthocyanosides, flavonoids, and oligosaccharides
typically extracted from Ipomeae batatas are said to be effective anti-diabetic agents
(Lee et al., 2016). Three types of sweet potato with different flesh colours (yellow,
orange, and purple) showed a significant difference in sweet potato primary metabolism.
Secondary metabolism, including phenylpropanoids and carotenoids, was used to
determine the metabolic diversity of storage roots. Short-term cold storage for 14 days
promoted accumulation of sucrose, chlorogenic acid, and amino acids with no chilling
injury development in sweet potato, had enhanced sweetness, antioxidant capacity,
nutritional value with improved palatability without compromising freshness (Zhou et al.,
2021). Sweet potato extract has shown to reduce hyperinsulinemia (high insulin levels)
by up to 50%, as well as to greatly lower insulin resistance and increase glucose
tolerance (Anoma and Joseph, 2016).

Purple-fleshed sweet potato varieties, such as YS43, YZ7, and YY153, had
higher total phenolics content, higher total antioxidant capacities, and also
transcriptional anti proliferative activities against human liver carcinoma HepG2 cells
than other varieties. However, no correlation was discovered among cytoplasmic
antioxidant capacity and total phenolic content or skin colour of sweet potatoes
(Hongnan et al., 2019). Orange-fleshed sweet potato varieties are excess in beta-
carotene, whereas purple-fleshed ones are rich in anthocyanin. These two vital
antioxidants are thought to forestall chronic heart diseases and cancer (Teow et al,,
2007). Sweet potatoes work best in fighting inflammation. One sweet potato contains
over half of suggested dietary intake of vitamin C and more than 1/ 4 of daily vitamin B6
and also contains vital levels of protein. Studies have reported that sweet potato

contains 8.41% of sugar (Lai et al., 2013). Contrastingly a study by Jessica Bruso (2018)
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has reported that only 1% of sugar is present in sweet potato. These findings supported
the studies suggesting that 4.2% of sugars are present in sweet potato (Shani, 2021).

Sweet potato contains 77-85% of insoluble fibers in forms of lignin, cellulose and
hemicellulose which helps in improving the health of the gut, lowering the risk of
diabetes and plays a vital role in incorporating macronutrients in the diet. Soluble fibers
is present up to 15-23% and mostly consists of pectin and fill satiety so that food intake
is reduced and also reduces the risk of diabetes by slowing down the digestion process.
80% of proteins in sweet potatoes are sporamins which is a unique type of protein
synthesized by plants for the purpose of healing in case of physical damage (Govender
et al., 2019).Emerging health advantages of the orange flesh sweet potato are
substantial, creating a fair lot of vital food-especially for populations in peril of deficiency
disease (Kaspar et al., 2013). The typical yield and space coverage of sweet potato is
low compared to world context. Recent study revealed that sporamin may have
antioxidant properties (Salelign et al., 2021).

Despite the sweet taste, tweaking the eating regimen with sweet potatoes can
progressively lessen LDL (Low Density Lipoprotein) level, which frequently results in
clogging up of arteries and professionals agree with that slight intake of sweet potatoes
can assist in enhancing heart health. Potassium facilitates in coping with the body’s
sodium level and wholesome stability of sodium can prevent the thickening of blood
inside the arteries (Grace et al., 2015). The proper balance of sodium in the body helps
in preserving the blood vessels dilated thereby decreasing the cholesterol levels. To
lessen the LDL levels, the National Lipid Association recommends consuming meals
which can be excessive in soluble fiber. Sweet potato is a starchy vegetable and also
high in fiber (Li et al., 2015). When boiled, sweet potatoes are low on the Glycemic
Index (Gl), i.e. they do not increase blood sugar as fast as high-Gl foods (Omoba et al.,
2020).

A research by Herawati et al. (2020) indicates that sweet potatoes can
decrease LDL level, which can additionally lower heart disease, helps to slow down
digestion, regulate blood levels, while insoluble fiber moves through the digestive
system performing more like a broom and increase stool bulk thereby prevent

constipation, hemorrhoids, diverticulosis and colorectal cancer. In addition, psyllium and
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pectin, two other forms of water-soluble fiber, are most effective in lowering Low-Density
Lipoprotein (LDL) known as the bad type, without affecting High-Density Lipoprotein
(HDL) the best type  reports nutrients (Stephanie, 2021).

A study carried by Bernhard et al. (2004) revealed beneficial effects of ciapo
(white sweet potatoes) on plasma glucose and cholesterol levels in type 2 diabetes
patients. Thirty participants who got 4 g of Caiapo on a daily basis for twelve weeks saw
a decrease in their HbA (1c) from 7.21 to 6.68 mg/ dl, fast blood glucose reduced from
143.7 to 128.5 mg/dl, and two-hour blood sugar showed variation from 193.3 to 162.8
mg/dl. Thirty-one participants who got a placebo instead of ciapo saw no such results.
Sweet potatoes are high in antioxidants that prevent free radical damage in body. One
cup of baked sweet potato contains 52% of daily need for vitamin C, which is very
important for wound healing and tissue repair (Ooi and Loke, 2013).

Phytochemical screening discovered excessive per cent of carbohydrate,
decreasing sugar and phenolics in White Flesh Sweet Potato (WFSP), while OFSP
confirmed improved stages of general protein, flavonoids, anthocyanins, and
carotenoids (Rajendran et al, 2014). The degradation rate of starch and cellulose
become discovered to be much less in OFSP for the duration of storage, indicating tight
regulation of gene(s) responsible for starch-degradation (Ayeleso et al., 2018). Diet rich
in fruits and vegetables like sweet potatoes lower the risk of cognitive decline by 13%
(Terahara et al., 2004). In addition to causing cancer, free radicals can damage cells in
the neurological system, including brain and spinal cord. Axerophthol (vitamin A) in
sweet potato protects epithelial tissue and mucous secretion integrity within the body.
Epithelium lines the outer surface of the internal organs, which protects cells from
infection (Shyur et al., 2021).

The prevalence of Bitot spot is 0.7 to 2.2 % and avitaminosis is 1.2 to 4.0 %
within the eastern region (Assam, Bihar, Orissa, West Bengal & Tripura). Beta carotene
- a necessary anti-oxidant for eye health, is extensive in OFSP (Remya and Mohanraj,
2018). Sweet potatoes conjointly contain moderate levels of zinc, another vital mineral
for eye health. The age-related disease study evaluated the effectuality of zinc in
preventing devolution (Park et al., 2018). A study have also found consumption of foods

rich in mineral considerably reduce the severity of age-related macular degeneration
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and warded off vision defect ensuing from the condition (Neela et al., 2019). High
potassium content in sweet potatoes helps body to cancel out the negative effects of
salt and aids kidneys to function more efficiently so one can flush excess sodium from
the body, lowering blood pressure naturally (Steed et al., 2008). Too much pressure on
the veins puts stress on the kidneys, increasing the risk of stroke, hypertension and
congestive heart failure and the potassium content in sweet potato helps to regulate the
blood pressure levels (Shi et al., 2021).

Anthocyanins are phenolic compounds liable for the extreme color of the many
fruits and vegetables such as red grapes, berries, red cabbages and purple sweet
potatoes (Mazza et.al., 1993). In addition to use as food colourants, anthocyanins have
incontestable nutraceutical functions and high in sweet potato. Anthocyanins might stop
multiple chronic diseases such as cardiovascular disease (Blumberg, 2007), polygenic
disease (Konishi, 2007), cancer (Wang and Stoner, 2008), and age-related
neurodegenerative decline (Senevirathna et al., 2021). Vitamin A and carotenes reduce
macular degeneration, night blindness, and strengthens vision before the age-related
degeneration from free radicals occur (Sanjeev et al., 2009).

The sweet potato can be considered as a wonderful novel supply of natural
health-promoting compounds, corresponding to carotenoid and anthocyanins, for the
functional food market. The effects of the distinctive anthocyanins within the sweet
potato on colorectal cancer hindrance and the underlying mechanisms are mostly
unknown. Anthocyanin enriched sweet potato P40 could defend against large intestine
cancer by inducement of cell cycle arrest, anti-proliferative and apoptotic mechanisms
(Chen et al., 2019). In addition to a high content of total phenolics and antioxidant
capacity, P40 possess a high content of anthocyanins. Type 2 diabetes and obesity is
reversed by anthocyanins, by altering the way of carbohydrate metabolism in large
intestine (Kilua et al., 2019). Sweet potatoes provide an upscale supply of antioxidants
with anti-cancer properties particularly within their skin. Sporamin has been studied for
anti-cancer ability and found to be effective in many disease types (Kuyu et al., 2019).
Analysis has been proven the use of sporamin to inhibit tongue, gallbladder, and
colorectal cancers and capability in deceleration of neoplastic cell growth, reducing cell

migration and invasion in pathological process cancers (Musyoka et al., 2018).
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Sweet potato peels, notably those of the purple varieties, is also particularly
powerful and is involved in cancer prevention. A study revealed in Nutrition associate
degreed Cancer in 2016 checked out the antioxidant and anti-cancer effects of an
extract from sweet potato peels and reported a promising anti-cancer activity for
cancers of the breast, colon, ovary, lung, and head/neck (Chen et al., 2008).
Researchers evaluated the effect of foods rich in this nutrition for combating lung cancer.
Study participants who often consumed sweet potato considerably reduced their risk of
developing this disease (Ku et al., 2008). Approximately around 80% of the protein in
sweet potatoes may be a sort of antiviral drug with potential anti-cancer effects (Meents
et al., 2019). Sporomins are tested against colorectal cancer cells, one of the most
common and deadly cancers, and have found to reduce the expansion of carcinoma
cells as well its migration and invasion (Yeh et al., 2016).

C. Vitamin C rich fruits and human health

Vitamin C is one of the safest and simplest nutrients and the tolerable higher intake
level is 2000 mg a day for adults (Padayatty and Levine, 2016). Recommended dietary
intake of vitamin C is 75 mg for adults. Vitamin C protect against system deficiencies,
cardiovascular disease, prenatal health problems, eye disease, and even skin wrinkling
(Yin et al., 2022). It aids in the regeneration of skin, vessels, cartilage, and connective
tissues, and it promotes collagen production in the skin. Lack of vitamin C can lead to
serious diseases such as heart disease and cancer. It can also lead to hair and skin
problems, as well as gum disease. Vitamin C detoxifies the body, lowers blood pressure,
and is a natural remedy for upper respiratory tract diseases such as colds, flu, and
colds . It prevents scurvy, lowers the risk of stroke, protects cardiovascular health, aids
in cell and tissue regeneration, and eliminates cancer-causing factors. It is effective in
the treatment of diabetes, which affects a large portion of the population. It has anti-
inflammatory properties and can be used to treat both chronic and acute infections
(Padayatty and Levine, 2016). Fruits rich in vitamin C are orange, lemon, grapes,
strawberry, kiwi, gooseberry, grapefruit, tangerine, melon, blueberry, blackcurrent,

mango, pineapple, rosehip, apple, guava, dates, nendran etc.,

The botanical name of apple is Malus Domestica. An apple contains 86% water and

14% carbohydrates, with negligible fat and protein content. A 100-gram serving of raw

20



apple with skin contains 52 calories and a moderate amount of soluble fiber (Jia et al.,
2021).Apple toffee is a traditional confectionery prepared by coating an apple in hot
toffee and cooling it. Caramel apples are coated with chilled caramel and candy apples
are coated in a hard shell of crystallized sugar syrup. Apples are used in a variety of
desserts, including apple pie, apple crumble, apple crisp, and apple cake. Apples are
also used to make apple butter and apple jelly, and cooked apples are used to make
sauce. They are frequently baked or stewed, and they are also used in some meat
dishes (Han et al., 2018). There are lot of varieties in apples such as Pink lady, Empire,
Fuji, Gala, Golden delicious, Granny smith, Honey crisp, Mcintosh, Red delicious etc.,.
While comparing these varieties red delicious and honey crisp have 12.2-12.4 mg of
vitamin C and is highest of all (Askew and Kidson, 2000).

Dried apples can be eaten whole or reconstituted by soaking them in water,
alcohol, or another liquid. Apples are milled or pressed to make apple juice, which can
be filtered or unfiltered and referred to as apple cider (Hao et al., 2017). Filtered juice is
frequently concentrated and frozen before being reconstituted and consumed. Hard
cider, ciderkin, and vinegar can all be made from apple juice that has been fermented.

By distillation of apple juice variety of alcoholic beverages, including applejack,
Calvados, and apfelwein are produced (Itai, 2015). The ascorbic acid content of apples
varied greatly depending on their types. Malic acid and sucrose are positively
correlated with altitude, while glucose is negatively correlated. Malic acid was
significantly associated with ascorbic acid and sucrose, and glucose (Li et al,
2021).Sugars and acids are the most important phytochemical components of apples,
and they have a major impact on the overall organoleptic quality of the fruits (Nour et al.,
2010).In moderation, apple juice consumption has a positive effect on markers of
cardiovascular health, which may eventually be relevant for cancer and
neurodegenerative diseases (Vallee et al., 2022).The apple peel had higher antioxidant
activity and mineral composition than the pulp, stating significant differences between
the parts of the fruit. As a result, eating apples with their peels may be recommended in

order to gain greater nutritional benefits (Manzoor et al., 2012).

The apple peel contained the most melatonin of any edible part of the apple.

Melatonin was consumed during the juicing process as a result of its interaction with the
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oxidants. The addition of melatonin significantly reduced the browning of the juice.
Melatonin scavenges free radicals, as evidenced by apical sodium bile acid transporter
analysis, thereby inhibiting the conversion of o- diphenolic compounds into quinones.
Most importantly, in apple juice, melatonin demonstrated potent anti-microorganism
activity. Melatonin's effects can help to preserve the quality and shelf life of apple juice
(Zhang et al., 2018). Carotenoid composition differed by apple variety, with yellow-
skinned apple peels having slightly higher total carotenoid content than red-skinned
varieties. The peels of red skin apples, on the other hand, had a higher total phenolic
content. Anthocyanin profile was predominated by cyanidin-3-O-galactoside. Apples
have a greater phytochemical content with diverse compositions, and they can be an
excellent source of antioxidants when consumed on a regular basis (Vasile et al., 2021).
Polyphenols found in apples, such as flavonoids, have been shown to have
antioxidant, anticancer, antibacterial, anti-inflammation, cardioprotective, and immune
modulator properties (Tungmunnithum et al., 2018).Apples contain proanthocyanidins,
which have antimicrobial, anticancer, antiproliferative, and antiangiogenic activity, as
well as antihypertensive, anti-obesity, neuroprotective, and antiaging properties
(Unusan, 2020). Furthermore, dihydrochalcones in apples have been shown to have
cardioprotective, anti-cancer, anti-obesity, anti-diabetic, antioxidant, anti-aging,
hyperglycemia, anti-microbial, and anti-inflammatory properties (Patocka et al., 2020).
Apples contain five major groups of phenolic compounds. They are
hydroxycinnamic acids, flavan-3-ols, flavonols, dihydrochalcones, and anthocyanins.
These groups of biologically active phenolic compounds determine the apple's colour
shades and sensory properties, which influence the fruit's vegetative maturity and
quality indicators (Serra et al., 2012). Apple polyphenols may also have a positive
impact on Alzheimer's disease outcomes. Apple juice may help with normal ageing
cognitive decline by suppressing the over expression of presenilin-1, which is linked to
the production of amyloid b peptide, a marker of Alzheimer's disease (Chan and Shea,
2009). The apple ethanol extracts contained the highest quantity of phenolic
compounds and flavonoids, as well as the highest antioxidant activity. The HPLC

method confirmed that phloridzin was the most abundant component in the apple
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ethanol extracts. Hyperoside, isoquercitrin, avicularin, rutin, and quercitrin were the
other quercetin glycosides discovered (Liaudanskas et al., 2014).

The botanical name of dates is Phoenix dactylifera. Varieties in dates include
Ajwa, Anbara, Safawi, Barhi, Medjool, Saghai, Khudri, Zahidi, Sukkari etc., Medjool
dates have a similar nutritional profile to Deglet Noor dates and are frequently larger in
size (Ishurd et al., 2004). Dates are high in protein, vitamins, and minerals, in addition to
tasting delicious. They also contain a lot of polyphenols (Amira et al., 2011). Dates
contain 66 calories per date, or 275 calories per 100 g. Carbohydrates account for the
majority of its calories. Dates have 98 % of carbohydrates and 2 % of protein (Haider et
al., 2013). Dates are rich in iron and contain 10.4 mg of iron per 100g (Mousavi, Rafiei
and Yoosefpour, 2014). Date fruit is a significant product in the world, and plays an
important role in the economic and political life of dates growing regions. The date palm
(Phoenix dactylifera L.) is a monocotyledon plant.

Dates are primarily composed of water, sugar, protein, fat, pectin, ash, crude
fiber, and polyphenols (Algahtani et al., 2021). Washing, grading, thermal treatment,
drying, sterilisation, irradiation, moistening, pitting, pasteurization, coating, and
packaging are all part of the date processing process. Semi-finished and ready-to-use
date products, date-derived products such as date juice, date syrup, date spread, liquid
date sugar, "Tarooneh" arrack, and sago, are examples of processed form of dates.
Dates contain sugar and phenolic compounds, and they have excellent antibacterial
activity against the maijority of the bacteria tested. They are high in potassium, selenium,
copper, phosphorus, iron, and manganese. Mannoic and lactone, two bioactive
compounds, were also found in dates. They are high in sugar, alcoholic sugar, aromatic
hydrocarbons, phenols, and esters (Alhamdan et al., 2018).

Dates have proven to have enormous potential for use as a therapeutic agent for
treating mineral deficiency and for the development of antibacterial agents (Perveen
and Bokahri 2020).Date fruit consumption improves colon health by increasing useful
bacterial growth and inhibiting colon cancer cell proliferation. Dates consumption by
humans may help to maintain bowel function and even reduce the development of
colorectal cancer (Eid et al., 2014).Dates are considered as an effective treatment for

reducing risks of infertility due to their antioxidant potential.In males, the date palm has
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a powerful effect on reproductive parameters such as hormonal levels and seminal
vesicle parameters, as well as sperm motility, count, and viability; whereas in females, it
has a powerful effect on reproductive parameters such as oogenesis, oocyte
strengthening, hormone regulation, pregnancy strengthening, labour augmentation
reduction, and postpartum haemorrhage prevention (Shehzad et al., 2021).

Date fruits are one of the fruits that have been reported to have good potential in
the treatment of diabetes due to the presence of polyphenols that have strong
antioxidant properties (Peng et al., 2013). Polyphenolic compounds, which can limit
enzymes like -amylase and glucosidase, are another possible mechanism of action
(Carughi et al., 2016). Date flavonoids can stimulate beta cells by increasing the
number of islets and beta cells, convalescing endocrine pancreatic tissues, reducing
beta cell apoptosis, activating insulin receptors in response to increased insulin
secretion, and improving diabetes-related complications (Mia et al., 2020).

Date products or their polyphenol fractions appear to modulate plasma lipid
levels, indices of oxidative stress, and inflammation, all of which are associated with
improved cardiovascular health (Dashti et al., 2021). Increased serum homocysteine
levels have been linked to an increased risk of CVD. Folic acid is required for the
conversion of homocysteine to methionine. Dates are high in folic acid and vitamin C
(Kaye et al., 2020). Most date varieties are high in potassium and low in sodium, which
are both major nutritional factors in maintaining normal blood pressure (Aburto et al.,
2013). While the vitamin C content of dates is low in comparison to most citrus fruits, it
can still help to scavenge free radicals through enzymatic and non-enzymatic activities,
as well as defend lipoproteins from oxidation. Furthermore, vitamin C enhances
indicators such as arterial pressure and endothelial function and decreased serum
vitamin C concentrations have been linked to an increased risk of CVD. Oxidative
stress protection by dates was attributed to increased activity of oxidant defence
enzymes such as catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase,
glutathione reductase, and glutathione S-transferase, as well as a significant reduction

in malondialdehyde (Neweshy et al., 2013).

The botanical name of guava is Psidium guajava. This sweet, slightly acidic

variety is nutritious and has sweet and slight acidic taste. The Tropic White Guava is
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named after its white flesh. The peels of these guavas are bright yellowish green, and
the flesh is creamy white. Guava fruit is high in vitamins A and C, folic acid, fiber, and
minerals like iron, manganese, potassium, and copper (Kumar et al., 2020). A single
guava fruit contains roughly four times the amount of Vitamin C as an
orange. So, guava is known as the "poor man's apple of the tropics" (http://www.rain-
tree.com/guava.htm).The Tropic White Guava is named after its white flesh. The peels
of these guavas are bright yellowish green, and the flesh is creamy white.

Guava instant drink powder is to be obtained by using various drying techniques
that result in the preparation of dehydrating the concentrated juice of guava (Kadam, et
al., 2012). The removal of water from guava juice and conversion to powdered form
results in a significant reduction in quantity and is one of the effective methods for
extending the shelf life of fruits (Osorio, et al., 2011). Guava is preserved and processed
into jam, jelly, guava preserve, nectar, alcoholic bevereges, etc., (Ayub et al., 2005).
The thermal resistance of quality deteriorating enzyme of guava was found to be greater
than that of commonly reported harmful bacteria such as Saccharomyces cerevisiae
and Lactobacillus plantarum for processed fruit products (Lin et al., 2016). The most
thermally sensitive enzyme was aldehyde oxidase. Lycopene was found to be heat
stable, whereas alpha amylase showed less heat stability and was negatively affected
in the process of enzyme inactivation (Vishwasrao and Ananthanarayan, 2018). Guava
pulp extracts contain a wide range of constituents, the main ones are bioflavonoids.
Guava could protect against cholestatic liver injury and cell proliferation in
cholangiocarcinoma. Guava juice had 42.38 % antioxidant activity against 1,1-diphenyl-
2-picrylhydrazine (DPPH) radical and 33.45 % antioxidant activity against hydroxyl
radical. Mass spectroscopic analysis of soluble guava extract revealed the presence of
antioxidant and antimicrobial compounds such as esculin, quercetin, gallocatechin, 3-
sinapoylquinic acid, gallic acid, citric acid, and ellagic acid (Sampath et al., 2021).

Guava extract significantly reduced fasting blood sugar, total cholesterol, total
triglycerides, glycated serum protein, creatinine and malonaldehyde while exhibiting
good DPPH and 2,2'-azinobis- (3-ethylenebenzothiazoline)-6-sulfonic acid (ABTS) free-
radical scavenging abilities (Luo et al., 2019). Although guava has a variety of medicinal

qualities, it is the most popular conventional remedy for gastrointestinal infections such
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as diarrhoea, dysentry, stomach aches, and indigestion, and it is used for these
ailments all over the world (Gutierrez et al., 2008). With its multiple modes of action,
guava extract may help to reduce the development of drug resistance to
some infectious diseases (Anand et al., 2016). Guava has been shown to be effective
against gastrointestinal infections, malaria, respiratory infections, dental infections, skin
infections, diabetes, hypertension, cancer, malnutrition, women's problems, pain, fever,

liver problems, and kidney problems (Alnageeb et al., 2019).

The botanical name of nendran is Musa Paradisiaca.L. Bananas have a higher
antioxidant capacity than some berries, herbs, and vegetables due to the presence of
phytochemicals. Banana puree, concentrate, pulp, wine, beer, chips, wafers, banana
powder, and value added products are all processed forms of nendran banana. Banana
powder is a powder made from bananas that have been processed (Pommerrenig et al.,
2006). It is a component used in the production of milk shakes and baby foods. Banana
pulp is high in essential phytonutrients such as phenolic compounds and vitamins (B3,
B6, B12, C and E). Banana lectin (BanLec) is a highly stable and protease resistant
protein found in the pulp of matured nendran (Chauhan et al., 2016).BanLec can elicit
an immune response and has been shown to be a potent mitogen for murine and
human T cells and also can stimulate macrophage activity, inhibit HIV1 reverse
transcriptase activity, and suppress cancer cell proliferation. BanLec has the potential to
be a powerful protein for oral antihapten immunization in humans (Singh et al., 2014).
Bananas are high in minerals like potassium and phosphorus. The pulp and peel
contain phenolic compounds such as catechin, epicatechin, lignin, tannins,
anthocyanins, vitamins (A, B, C, and E), and carotene. Catecholamines such as
norepinephrine, tryptophan, indole compounds, pectin, dopamine, and serotonin have
been discovered in banana pulp. Banana pulp and peel contain phenols, carotenoids,
flavonoids, biogenic amines, phytosterols, and other phytochemicals (Pereira and
Maraschin, 2015). Carotenoids, flavonoids, amine compounds, and dietary fiber are
also present. The carotenoid reported in bananas was lutein, which exhibited
antioxidant properties as well as an inhibitory effect on age-related macular

degeneration (Davey et al., 2006). In an aqueous extract of unripe nendran pulp, a
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unique flavonoid known as leucocyanidin was discovered, that is now recognised to be

effective in the treatment of gastric diseases (Lewis et al., 1999).

Nendran banana (Musa paradisiaca L.) flesh and peel contain significant amounts of
moisture, fiber, carbohydrates, and low fat content, while minerals K, Mg, Ca, Na, P,
and N were significantly concentrated in the peels and pulp extracts in particular
(Bezemer et al., 2015). According to the World Health Organization, the anti-nutrients
alkaloid, oxalate, saponin, and phytate were detected in safe amounts in nendran
banana (WHO, 2017). Because of the predominance of the a-carotene and 3 -carotene,
with organic acids and sugars as the primary polar metabolites, nendran banana

contains high amounts of provitamin A carotenoids (Chandra et al., 2020).

Many phenolics were found in banana, including ferulic, sinapic, salicylic, gallic, p-
hydroxybenzoic, vanillic, syringic, gentisic, and p-coumaric acids. Nonetheless, ferulic
acid had the highest concentration of all phenolics (Russell et al., 2009). The main
flavonoids found in bananas are quercetin, myricetin, kaempferol, and cyanidin, and
provide health benefits primarily by acting as free radical scavengers (Kevers et al.,
2007). Phenolic compounds in banana have a variety of biological effects, including
antiviral, antibacterial, antiallergenic, anti-inflammatory, vasodilatory, and antithrombotic
functions. These benefits are primarily due to their action as free radical scavengers (Ali
et al., 2021). Nendran is primarily composed of starch, as well as proteins, fat, ash, and
dietary fiber. Nendrans are also high in calcium, vitamins A, B1, B2, B3, B6, C, and
minerals like potassium and phosphorus (Osundahunsi, 2009). Nendran is used in folk
medicine to treat diseases such as ulcers, wound healing, and many others due to its
anti-ulcerogenic, antimicrobial, anti-urolithiatic, and analgesic properties. For its anti-
ulcerogenic properties, the flavonoid leucocyanidin has already been recognized as the
main ingredient in nendran (Lweala et al., 2011).

D. Chemical changes and nutritional changes in fruits on processing

The macro- and micro-structural changes, moisture absorption, and acid utilization
in sweet potatoes during simulated gastric digestive processes as influenced by cooking
method were investigated, and the results show that during cooking, sweet

potato develops structural modifications, which influence its digestion behavior. Sweet
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potatoes encounter various structural changes during cooking, which influence the
cellular metabolism. Cooking method influenced changes in macro and micro structures,
moisture and acid uptake in gastric digestion. Possibility of using sweet potato
endogenous amylases to make complementary porridges with drinkable densities and
relevant macronutrient densities for kids with differing energy needs (Nabubuya et al.,
2017). Overall, the characteristics of sweet potato parenchyma cells (SPPC) could be
the outcome from perfectly preserved parenchyma cell walls surrounding clusters of
SPPC granules, and SPPC could be considered an alternative to sweet potato starch
flour (SPFL) and sweet potato starch (SPST) for expanding industrial applications
of sweet potato (Lee and Kim, 2019). Only 3.5 % of the RDA was provided by 115 g of
homemade OFSP-puree. The combination of pumpkin to OFSP had no effect on the
percentage of recommended daily allowance. Intriguingly, adding an emulsifier (egg
yolk powder) before cooking can increase the percentage of provision by a factor of 2.7.
These findings indicate that striking a balance between formulation and processing is
critical for maximizing carotenoid bioaccessibility of carotenoids in OFSP-based baby
food (Mayer et al., 2018).

The polarizability of sweet potato slices reduced as moisture content decreased.
Henderson and Pabi’s model could predict the difference in dielectric properties of
sweet potato slices and could be used to evaluate the modification in water content of
sweet potato during thermal processing (Lee et al., 2018). Sweet potato cellular
damage is caused by the activities of microbial enzymes, specifically pectinases of
organisms isolated from contaminated potato tissues, and suggests the benefits of
using iprodione as an adhesive for potato tubers prior to cooking (Oladoye et al., 2016).
Total control of process conditions and raw material configuration may allow for longer
shelf - life and potentially health improvement credentials for the product. These study
results are unique to sweet potato crisps, but they are also useful to the food industry as
a whole (Agarwal et al., 2021).

The use of anti-browning chemical agents confirmed the synergistic preservative
effect on the colour of minimally processed apples when combined with the dipping
treatment, while structural decay of fruit tissue was evident (Emiliano et al., 2006).

Cooking apples reduces their vitamin C content because this nutrient is particularly
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sensitive to heat. Most of the fiber and phytochemicals can be retained if cooked with
the skins on. Because the fiber is mostly found in the skins, peeling apples will remove
the majority of the fiber. According to the University of California, San Francisco, the
amount is about 17 to 20% of the daily recommended fiber intake and cooked apples
contain more of vitamin C (Diane, 2007). Microwaved apples contain 0.3 mg of vitamin
C per 100 g, whereas boiled apples have 0.2 mg. Cooked apples have lower levels of
thiamin, riboflavin, niacin, vitamin B-6, folate, vitamin A, and vitamin E. Polyphenols are
abundant in both raw and cooked apples, though the amount decreases when the
apples are cooked.

Polyphenols act as antioxidants in the body, aiding in the prevention of conditions
such as cardiovascular disease (Susan, 2018). The removal of the peel eliminates
much of the fiber as well as the majority of the flavonoids. Dehydrating or drying the
apples removes the vitamin C found primarily in the flesh. Clear apple juice is filtered
and pasteurized, which removes the majority of the flavonoids and fibers (Koutsos et al.,
2015). Apple juiciness was measured by assessing electrolyte release in cellular fluids
throughout compression tests. The change in mass was very small at each temperature
when compared to the sample volume. The electrical indicator LTO showed apple cell
membrane damage at 60 and 80 °C, which decreased mechanical properties but
increased juiciness. The mechanical properties and juiciness of the heated apples were
influenced by cell membrane damage (Takashi et al., 2019).

Fruit syrup prepared from guava performed best in terms of pulp and TSS in the
treatment 20% pulp and 15% brix, TSS, acidity, reducing sugar, and viscosity all
increased during storage, while all sensory characteristics decreased (Ashok and
Pradip, 2019).When the guava pulp was treated with 500 and 750 ppm of sulphur-
dioxide in the form of potassium meta-bi sulphite alone and in combination with heating
at 85°C for 5 minutes, there was an increase in acidity, total sugars non-enzymatic
browning, and a decrease in ascorbic acid and sulphur-dioxide (Harsimrat and Dawan,
2004).In terms of less browning, retention of more ascorbic acid, and good keeping
quality, potassium sorbate and potassium metabisulphite (KMS) at 0.1 percent alone
and in combination with heating at 85°C for 5 minutes in guava pulp produced better

results than potassium sorbate (Mahajan, 2011). While analysing qualitative
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characteristics flavour, taste, colour, texture, and overall acceptability and colour a* and
b* value, after the storage of 90 days they wereretained better in low temperature of
about -20°C, while adding potassium meta bi-sulphite of 0.1%, sodium benzoate
with potassium meta bi-sulphite 0.05 % each, and potassium sorbate of 0.1%. The
degradation of ascorbic acid and the production of furfural may cause flavour and taste
loss (Pilania et al., 2014). During storage, the vitamin C and acidity of the guava extract
decreased, while the pH and TSS increased. Fruit pulp discoloration and browning are
caused by a variety of reactions, including maillard condensation of hexoses and amino
components, phenolpolymerization, and pigment destruction.

Date processing includes not only processed products but also basic treatments
for hygienic and quality control purposes, as well as stabilization for a longer shelf life.
Fumigation, cleaning or washing, drying, sorting and grading, and packaging are all
basic and necessary steps. Moisture, sugars, enzymes, fibers, volatiles, minerals,
phenolics, and antioxidant activity are all intrinsic parameters that affect the quality of
fruit during processing (Salah et al., 2015). A premixed date bar (including almonds and
corn starch) supplemented with soy protein isolate, single cell protein and dry skimmed
milk produced a nutritionally balanced mixture that scored well with moderate variations
in sensory testing when compared to the control, even after prolonged storage up to 6
months at 7° C and 25° C (Barreveld, 2004).

Banana pulp had a positive relationship with the water solubility index, total
minerals, and iron content, but a negative relationship with the water absorption index
(WAI), protein, and overall acceptability. According to the response surface analysis,
yield increased with incubation time, cellulase and pectinase concentration, and
temperature, which initially increased and then decreased. The viscosity was affected in
the opposite way by the processing parameters. All processing parameters had an
effect on sugar content reduction (Handique, Bora and Sit, 2019).By combining peeled
bananas with spear grass, a mechanical juice extractor was developed. This method
reduced the time required for juice extraction, but it also had a lower yield efficiency of
47% when compared to the traditional method, which had a yield efficiency of 69

percent (Kasozi and Kasisira, 2005).
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METHODOLOGY

The methodology carried out for the study entitled "Development of Fruit bar Rich
in Beta carotene and Vitamin C" is given as follows:

EMMUOw

Selection and identification of fruits
Preparation of the juice/pulp from the selected fruits
Development and standardisation of fruit bars
Sensory evaluation of the fruit bars
Analysis of physiochemical properties of the fruit bars
Nutrient analysis of the fruit bars
Statistical analysis, interpretation of the results and ethical clearance

A. Selection and identification of fruits

Fruits are selected on the basis of their vitamin C content. The fruits selected for the
current study are apple (Malus Domestica), dates (Phoenix dactylifera), guava (Psidium
guajava), and nendran banana (Musa Paradisiaca.L).

Apple Y Guava

" Sweetpotato

Richin

Vitamin A
Calcrum
Magnesium
Iron
Potassium

’ SELECTION OF TUBER

Dates Nendran
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Figure 1

Nutrients present in the sweet potato and selected fruits

Figure 1 represents the nutrients present in the sweet potato and other fruits. Apple

is a nutrient variety dense fruit that has a generous amount of vitamin C and fiber;

guava is rich in vitamin C, calcium, potassium, and iron; dates are the best source of

potassium, magnesium, and iron; nendran banana has a generous amount of vitamin A,

C, Bs, potassium and low levels of iron and magnesium; sweet potatoes are rich in beta
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carotene, vitamin B and C, iron, calcium, zinc, magnesium, phosphorous and potassium.
All the above-mentioned fruits are combined with sweet potatoes and made into fruit bar.
Sweet potatoes and other selected fruits were purchased from the local super market
for the standardisation of the fruit bar. The red crunchy variety of apple, white coloured
guava, qyno dates and nendran variety banana was identified and purchased. White
fleshed sweet potato was identified and purchased along. The selected fruits are
available throughout the season and hence procurement was easy.
B. Preparation of the juice/pulp from the selected fruits
The fruits and sweet potato purchased was thoroughly cleaned before processing.
Fruit juice is obtained by compressing or grinding the fruit in a blender or mixer. The
seeds are removed if it is hard to grind. Fruit bars have glossy texture and extended
shelf life when prepared from juice with pulp.
Extraction of apple juice
Bright red coloured fully ripened crunchy apples with no bruises and intact were
selected and washed thoroughly by soaking in cold water for half an hour. The core and
seeds are removed carefully without edible part using knife. 150g of apple was weighed
in a weighing scale. It was blended in a mixer to a soft paste with 30ml of water, and the
juice was filtered through muslin cloth to remove the pulp. The quantity of the juice
obtained was measured using a measuring cup and the value was recorded.
Extraction of guava pulp
Half-ripened white guava was chosen and properly washed by soaking in cold
water for half an hour to remove dirt and other impurities. Fruit was cut into smaller
pieces and weighed at 150g. The pulp was grinded in a mixie to a smooth paste by
adding 50ml of water. The pulp was obtained after passing the pulp through muslin cloth
which removes the seed and hard parts. The quantity of the juice obtained was
measured using a measuring cup and the value was recorded.
Extraction of dates pulp
60g of dates was taken and washed with water and soaked in 20ml of boiled
cooled water for 2 to 3 hours. The seeds are removed and the fruit was blended in a

mixer jar with the water in which the dates was soaked. The pulp was filtered by filtering
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the mix through muslin cloth. The quantity of the pulp obtained was measured using a
measuring cup and the value was recorded.
Extraction of nendran banana pulp
Fully ripened nendran banana with bright yellow skin was selected and the peel

was removed. 150g of fruit was taken and blended with addition of 15ml of water. The
obtained pulp was used for preparation of fruit bars without straining as it had no lumps.
Extraction of sweet potato juice

White fleshed sweet potato without bruises and blemishes was selected and washed
to remove the mud and dirt. Tips are removed and the tuber was weighed for 100g. It
was cut into small pieces and ground in a mixie without any lumps with addition of 50ml
of water. The pulp was filtered through muslin cloth, and the juice was obtained to
remove any lumps.
C. Development and standardisation of fruit bars

Fruit bars were developed in step by step process by the following methods for
standardisation:
Method 1:

100g of sweet potato was boiled in 500ml water to make it tender and soft. After

boiling the peel was removed and cut into small pieces. The small pieces are blended in
the mixer to make it into a smooth paste. 100g of peeled apple was boiled in 50ml of
water and then allowed to cool. Apple was grinded into a smooth paste by adding the
water in which it was cooked. 10g of white sugar was weighed separately. The pan was
heated and 5ml of water was added along with 10g of sugar. When it reached the soft
ball stage of sugar, blended paste of sweet potato and apple was added together. The
mix was stirred continuously until it reached a thick paste consistency. It was then
poured in the coconut oil greased plate to 2 mm thickness and allowed to sun dry until it
was completely dried. The sweet potato — apple fruit bar (SPA) was then cut into
desired size. The time taken for drying was noted and recorded. Same procedure was
repeated for dates, guava and nendran banana. In this method fruit bar didn’t retain

glossy texture.
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Method 2

Sweet potato was washed thoroughly to remove the mud and dirt. It was weighed
for 100g and then chopped into small pieces. The pieces were blended in a mixer with
the addition of 50ml of water. The mix was filtered through the muslin cloth to remove
the solid parts and lumps and to obtain clear juice. In the heated pan 8g of jaggery was
weighed and added along with 5 ml of water. At the soft ball stage extract of sweet
potato was added and allowed to boil for 3 minutes. Then the prepared extracted apple
juice was added and allowed to boil until the raw flavour disappeared. The mix was
stirred continuously to attain the desired consistency. It was then poured in the coconut
oil greased plate to a 2 mm of thickness and allowed to sun dry completely. The sweet
potato — apple fruit bar (SPA) was cut into desired shapes and size. The time taken for
drying was recorded and noted. Same procedure was repeated for dates, guava and
nendran banana.
Method 3

Sweet potato was washed thoroughly to remove the mud and dirt. It was weighed
for 100g and chopped into small pieces. The pieces were blended in a mixer with the
addition of 50ml of water and the mix was filtered through the muslin cloth to remove the
solid parts and lumps and to obtain the clear juice. In a hot pan sweet potato juice was
added and allowed to boil for 3 minutes, the point at which the raw flavour disappeared.
6g of jaggery was added to the mixture and extracted apple juice was added in the pan
and heated for 2 minutes. The mix was stirred continuously until it reached the desired
consistency. It was then poured in the greased plate to 2 mm thickness and allowed to
sun dry until it was completely dried. The sweet potato — apple fruit bar (SPA) has then
cut into desired shape and size. The time taken for drying was noted and recorded.
Same procedure was repeated for all the fruits. As this method was acceptable, method
3 was further proceeded to carry out variations. The stages involved in the preparation
and standardisation of sweet potato- apple fruit bar is presented in plates 1 to 4. Plate1
shows the preparation of SPA. SPA codes for sweet potato — apple fruit bar, SPD codes
for sweet potato — dates fruit bar, SPG codes for sweet potato — guava fruit bar, SPB

codes for sweet potato — nendran banana fruit bar respectively.
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Washing Peeling and weighing

Grinding apple and Adding fruit pieces to the mixer
sweet potato separately

74

Constant stirring Sweet potato-apple fruit bar (SPA)

Plate 1
Preparation of Sweet potato- Apple fruit bar (SPA) using method
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Sweet potato — dates fruit bar (SPD)

Plate 2
Preparation of Sweet potato — Dates fruit bar (SPD) using method 3
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Sweet potato - guava fruit bar (SPG)
Plate 3
Preparation of Sweet potato- Guava fruit bar (SPG) using method
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Sweet potato — nendran banana fruit bar (SPB)
Plate 4
Preparation of Sweet potato - Nendran banana fruit bar (SPB) using method 3
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After carrying out trials for development of fruit bar, the method that gave good
results in terms of texture and consistency, taste and appearance, the best method of
preparation was identified. It was observed that method 3 was the best, variations was
tried out by varying the ratio of the fruit and by inclusion of agar agar in defined
quantities. Table 1 represents the variations used in the fruit bar preparation.

TABLE 1
VARIATIONS USED IN PREPARATION OF FRUIT BAR
Variation | Sweet potato (g) | Fruit(g) | Jaggery | Agar agar (g)

(9)

1 100 150 6 1
100 150 6 0
3 100 100 6 1
Variation 1

Method 3 was repeated with 100g of sweet potato and 150g of fruit juice. In
another vessel 1g of agar agar was added with 5ml of water. It was double boiled until
the agar agar completely dissolved and reached liquid consistency without lumps. The
liquid agar agar was added to the boiling mixture and stirred for about 1 minute. The
mixture was poured in a greased plate to 2 mm thickness and allowed to sun dry until it
was completely dried. The bar was cut into desired size and shape. Time taken for
drying was noted and measured. Same procedure was repeated for dates, guava and
nendran banana.

Variation 2

Method 3 was repeated except for varying the quantity of sweet potato and fruit. In
variation 2, 100g of sweet potato and 150g of fruit juice/ pulp was used for the
preparation of the fruit bar.

Variation 3

Method 3 was repeated for variation 3. In another vessel 1g of agar agar was added
with 5ml of water. It was double boiled until the agar agar reached liquid consistency
without lumps. The liquid agar agar was added to the boiling mixture and stirred for

about 1 minute. The mixture was poured in a greased plate to 2 mm of thickness and
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allowed to sun dry until it was completely dried. The bar was cut into cubes. Time taken
for drying was noted and measured. Same procedure was repeated for dates, guava
and nendran banana.

D. Sensory evaluation of the fruit bars

Sensory evaluation is a scientific method for eliciting, measuring, analysing, and
interpreting responses to products as perceived by the senses of sight, smell, touch,
taste, and sound. The sensory qualities and the overall acceptability of the formulated
fruit bars made using apple, guava, dates, and nendran banana with sweet potato were
evaluated.Sensory evaluations should be conducted in a quiet, well-lit space free of
odours. The nine-point hedonic scale is the most prevalent, scale used for evaluating a
food product with 1 indicating extreme dislike and 9 indicating extreme like. The hedonic
scale assumes that participants preferences are on a spectrum and their responses can
be classified into two categories as like and dislike. Panel members are a group of
testers who have been selected to take part in a sensory test and have been asked to
rate the food quality of the items under consideration (Adelakun et al., 2005). Thirty
semi-trained panel members who are pursuing their post-graduation from the
Departments of Food Science and Nutrition and Food Service Management and
Dietetics were involved since they have knowledge about the sensory evaluation and its
criteria to be assessed.

The fruit bars are prepared in the Foods Lab, Avinashilingam Institute for Home
Science and Higher Education for Women, which is part of the Department of Food
Science and Nutrition. Sensory evaluation was conducted in the Food Sensory
Laboratory, Avinshilingam Institute of Home Science and Higher education for women,
at a time between 10.30 am to 12 pm in the forenoon. The panel members are served
with four fruit bars separately with mango fruit bar as standard and three above
mentioned variations to taste at various times. All of the products had consistent and
uniform portion sizes. During the sensory review, each panel member was given their
own time to analyse the product. The panelists were given the fruit bars along with towel
and a glass of water. The final products are carefully organized and labelled as
Standard, Variation I, Variation Il, and Variation Il and coded respectively before being

delivered to the panel members. A pen and a score card of nine point hedonic scale
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were distributed to the panel members. The evaluation card was prepared legibly, and
the material was organised in a logical order for the examination that is required for
each test. The panel member’'s scores were used to determine the acceptability and
organoleptic scoring of the fruit bar. The results of the panel member's sensory
evaluation of the products were recorded, and the mean scores for each product were
determined. Each product's overall acceptability and mean scores were evaluated, and
the product with the highest total and mean scores were deemed to be most acceptable.
Plate 5 represents the sensory evaluation of fruit bar. The score card used for
evaluation of the fruit bar is presented in Appendix II.

Appearance

In the food industry, vision is the most widely used parameter for assessing
appearance characteristics. There is a connection between the colour and the decision
to eat or not to eat the product. Because of the complexity of the appearance properties
of foods, their heterogeneous nature, and the short-season or batch nature of
manufacture, sophisticated colour measurement and matching techniques are
frequently unnecessary, unworkable, and uneconomical (Guine et al., 2020).
Furthermore, the visual assessment is widely regarded as being simple to set up. Fruit
bars should be glossy, transparent, and have an appealing colour. The appearance of a
food surface is a property that human vision can detect (James Giese, 2013). It can be
divided into four types: diffuse reflection (shiny), specular reflection (glossy, mirror-like),
diffuse transmission (cloudy, opaque), and specular transmission (cloudy, opaque)
(translucent).Plate 5 represent the sensory evaluation of fruit bars.

Texture
The texture of the fruit bar was affected by water absorption, protein, pectin

content of fruits, moisture, and sugar. Fruit bars are transparent and neither gummy nor
sticky, usually possess characteristics like jelly, and have a firm texture, not hard,
rubbery, loose, or flowing like a liquid. Texture is assessed by its ability to stretch, break,
flow, bend, etc., In sensory evaluation, texture is evaluated by chewing the fruit bar
(Adelakun et al., 2005)
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Sensory evaluation by panel member

Analyzing the texture of sample Tasting of sample

Analyzing flavour of the sample Evaluation of the sample using score card
Plate 5

Sensory evaluation of the fruit bars with variation |, Il and Il
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Taste

Fruit bars are generally sweet with a mild sour taste due to their acidic pH. It may
be affected by the ratio of ingredients, cooking time, and sugar content of the product
(Nadeem et al., 2012).

Colour

The colour of fruit usually dominates the colour of fruit bars. It differs from one
fruit to another. Some of the fruit bars may be dominated by the type of sugar used in
their preparation (Huang et al., 2018).

Flavour

The odour evaluation, which involves smelling the food before it enters the mouth,
is performed. When the food is in the mouth, the flavour in the mouth is evaluated. Also
included is an after-taste evaluation, which describes the sensations after swallowing a
sample fruit bar. A variety of substances can alter flavour perception, allowing them to
taste differently (Chaaban et al., 2021).

E. Analysis of physicochemical properties of the fruit bars

Physicochemical properties of food samples are used to evaluate the
acceptability of food samples and help in determining the quality deterioration (AOAC,
2000). The physicochemical properties like spread ratio, total soluble solids, colour,
texture, acidity, pH and reducing sugar content are examined accordingly with the
respective equipment. All the tests were repeated until concordant values are obtained.
The physicochemical properties are presented in Plate 6.

Measurement of Spread Ratio

One of the most important properties in determining the quality of fruit bars is the
spread ratio. Higher spread ratios are ideal and indicate higher bar quality. It is defined
as the ratio of width to thickness (W/T) (Abioye et al., 2015). Thickness was measured
using the vernier caliper. Fruit bar was placed between the two jaws such that they
touch the opposite ends of each other and make sure that the fruit bar is held tightly but
not too tight. The upper jaw was inserted into the cavity and opened till they touch the
sides. The screw was tightened and the reading was noted on both the main scle and

the vernier scale and the values were added together. The width of the fruit bar was
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checked with the ruler. Now the spread ratio was calculated by the ratio of width to
thickness.
Measurement of Total Soluble Solids (TSS)

The refractive index determines the total soluble solid content of a solution. This
is measured with a refractometer and is known as the degree of brix. Refractometer is
used to calculate the percentage of total soluble solids in a pure sucrose solution based
on the relationship between refractive indices at 20°C. This determines the
concentration of solids in a sucrose-containing solution. Specifically, it is carried out to
calculate the concentration of sugar in the fruit bar mixture. At first the light source was
turned on. Initially, water is used to calibrate the instrument. Refractometer scale knob
was turned on to get the clear interface between the illuminated and dark regions. Using
the telescope scale, total soluble solids was calculated (Abbe’s Refractometer, 2020).
The liquid consistency of fruit bar was used to evaluate the TSS. The lens of the
refractometer was cleaned with tissue and the sample was taken in the sample piller
and placed in the lens of refractometer. The glass above the lens was closed gently and
the value was noted through the telescope scale with an eye view. The examined
values were noted.

Measurement of Colour

A colour reader is a device that measures the colour and whiteness of foods or
raw materials in paste, solid, or powder form. It has a large LCD screen that displays
measurement results from one of eight colour spaces/colorimetric indexes such as
L*a*b*, L*C*h, and Yxy. This instrument is used to control the colour of raw materials
during the manufacturing process. It can also quantify the impact of storage on the
whiteness of a product during transportation (Konica Milota, 2022). The colour reader
was switched on and the main page was displayed. In the main page “card search” was
selected by pressing the up and down button. On the dropdown list of colour chart,
established color library was chosen. The instrument was placed on sample and the test
button was pressed. After hearing the sound “beep” the test results of the sample will

display on the screen. It shows the closest colour number that matches the sample.
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Analysis of Texture
A Texture Analyzer is the ultimate source of objective quantification of whether the food
is crispy, firm, sticky, etc. as a result of a new technique or the addition of a specific
ingredient to the formulation. It is a texture measurement system that moves up and
down to compress or stretch a sample. Texture Analyzers give operators ultimate
control and test flexibility for measuring all types of physical/textural properties of solid
and semi-solid systems because they can accommodate a wide range of probes and
fixtures (devices to test food structure) that can be attached to the texture analyzer base
and/or arm. Testing sample was placed between the arms of the instrument. The
travelling arm is equipped with a load cell, which records the force response of the
sample to deformation. Data on force, distance, and time is collected and typically
displayed as a curve on a graph, which when analysed, indicates the texture of the
sample (Stable micro systems, 2022).
Measurement of Acidity

10ml of water was added to the fruit bar and further distilled with 25ml of water.
The acidity of fruit bar was determined by titration of the distilled fruit juice with 0.1M
sodium hydroxide (NaOH), using phenolphthalein as an indicator. The weight of acid
was determined by multiplying 0.1M NaOH, the volume of NaOH in a litre and the
molecular weight of the acid taken. Total acidity is calculated by multiplying the weight
ratio of acid to sample by 100 (AOAC, 2000).

Weight of Acid = 0.1M NaOH X NaOH volume (in litres) X 192.43

% of Acidity = (Weight of acid/ Weight of sample) X 100
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Measurement of colour using colour reader

Plate 6
Analysis of physiochemical properties

Measurement of pH

A pH meter is an instrument used to detect the pH of fruit bars. Acidic foods
contain increasing concentrations of positively charged hydrogen ions. These positive
charges are detected by a pH-sensing electrode, which sends a positive voltage (mV)
signal to the pH meter. The signal is then compared to a constant reference voltage
from the reference electrode by the sensor. 0 mV denotes a neutral solution (pH 7.0),
while positive mV values correspond to decreasing pH values (more acidic), and

negative mV values denote alkaline solutions, which are less common in foods. The
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electrode was immersed in the sample. The button was pressed which in on the top of
electrode until the beep sound is out. The displayed readings were noted after they
became staple.
Reducing sugar content

Reducing sugar content is determined using the Benedict test. 2 ml of Benedict's
reagent was taken in a test tube and 1 ml of fruit juice was added. For 3 to 5 minutes,
the test tube was heated in the boiling water bath, or it could be directly heated through
the flame. The change of colour and precipitate formation were examined to determine
the reducing sugar content.
F. Nutrient analysis of the fruit bars

The nutrients present in the fruit bars was analysed in the Nutrition Laboratory of
the Department of Food Science and Nutrition, Avinashilingam Institute for Home
Science and Higher Education for Women, Coimbatore, following the standard
procedures. They include moisture, ash, fiber, energy, vitamin C, vitamin A, beta
carotene, sodium, magnesium, potassium, phosphorous, calcium, and iron. All the tests
were done in triplicates to get concordant values. The nutrients analysed in the fruit bar
is depicted in the plate 7.
Moisture

Moisture was analysed through moisture analyser. The instrument was turned on
and the sample was placed inside the disc and then closed. Weight of the sample was
noted. Within 5 minutes the machine displays the moisture content of the sample.
Ash

The ash content of food products is an index of product quality and nutritional
value. When a high ash figure indicates the presence of an inorganic adulterant, the
acid insoluble ash should be determined. The sample was weighed in the crucible and
the crucible is heated in flame. By continuous heating, the substance gets charred
which can be used for the determination of minerals present (AOAC, 2000).
Fiber

After grinding and defatting, boiling with a sulphuric acid solution, separation and
washing of the insoluble residue, and drying of the insoluble residue, the crude fibre is a

mixture of cellulose, lignin, and pentosans, as well as sand, silica, and other mineral
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matter locked in the tissues and a little nitrogenous matter. This residue is boiled with
sodium hydroxide solution, separated, washed, and dried before the insoluble residue is
weighed. It is also noted that mass is lost during incineration. Crude fiber, the organic
residue consisting largely of cellulose, that is left after other carbohydrates and proteins
have been removed by successive treatment with boiling acids and alkalies was found
out (AOAC, 2000).
Energy

In the food industry, the Atwater system is used to calculate the total calorific
value of food using the 4-9-4 method. In this system, energy conversion factors are
applied to the macronutrients carbohydrate, fat, protein, and fiber.
Vitamin C

Redox titration was used to determine the amount of vitamin C in a sample using
the reaction between ascorbic acid and 2, 6-dichloroindophenol (DCIP). DCIP is used
as a titrant because it oxidises vitamin C and not other substances that may be present,
and act as a self-indicator during the titration. To be a self-indicator, a substance must
be one colour in the presence of excess ascorbic acid and another colour when the
analyte has all reacted. DCIP is red in acidic solutions, but if ascorbic acid is present, it
is reduced to a colourless substance. As more DCIP is added, the solution will remain
colourless until all of the vitamin C has reacted. As soon as the next drop of DCIP
solution is added, the solution will turn light red due to the excess DCIP, and the titration
will have ended.
Vitamin A

The sample is saponified with a solution of ethanolic potassium hydroxide, and
the vitamin A is juiceed with light petroleum. Evaporation is used to remove the light
petroleum, and the residue is dissolved in 2-propanol. The concentration of vitamin A in
the 2-propanol juice is determined using reverse-phase liquid chromatography under
conditions that produce a single peak for all retinol isomers (AOAC, 2000).
Beta carotene

A beta-carotene stock solution was made by dissolving 10 mg in 100 mL of n-
hexane. The stock solution had a concentration of 100 ppm. The stock solution was

diluted to various known concentrations, such as 20, 40, and 60 ppm, and dilutions
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were obtained in 5 ml of each n-hexane solution. Each working standard solution was
injected into the HPLC system when the injector was in load mode. Each sample of
beta-carotene juice in acetone was used as a standard for the HPLC assay; each
testing sample (20 I) was taken with a microliter syringe. The peak was automatically
identified and quantified by comparing the sample's retention time to the standard
retention time (AOAC, 2000).
Phosphorous

When the ash solution is treated with ammonium molybdate, phosphomolybdic
acid is formed. Phosphomolybdic acid is reduced by the addition of 1,2,4 Amino
Naphthol Sulphonic Acid reagent to produce a blue colour, which is apparently a
mixture of oxides of molybdenum. The intensity of the colour developed is a measure of
the amount of phosphorus present (AOAC, 2000).
Calcium

Calcium is determined by precipitating it as calcium oxalate and titrating the
oxalate solution in dilute sulphuric acid against standard potassium permanganate
(AOAC, 2000).
Iron

The food sample is oxidised by ignition or oxidation. Ferric iron reacts with
ammonium thiocyanate or with potassium thiocyanate to give ferric thiocyanate, which
is red in colour. The concentration of the solution is measured using the colorimeter at
540nm, which indicates the concentration of iron present in the sample (AOAC, 2000).
Sodium

The LAQUAtwin B-722 sodium ion metre is used to determine the sodium
content of foods. Prior to calibration, the device is set to two calibration points. If the
results exceeded the metre’s calibration or measurement range, the sample was diluted
with distilled or deionized water (Ehling et al., 2010).

Magnesium

Food magnesium content can be determined by using a flame atomic absorption
spectrophotometer. The magnesium absorption is measured after the concentrate is

introduced into the flame. The product was weighed for 1g before being placed in a
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digestion vessel. The samples are contained in microwave digestion vessels. The
vessels were left open for at least 30 minutes to allow gases to escape. After that, the
vessels were digested in a microwave digestion system. Spike samples were prepared
in the same way, yielding the expected spike concentration of 2 ppm. This method was
used to make the sample blanks and spikes. Unless otherwise stated, all samples were
prepared in duplicate. Following digestion, the samples were diluted further to ensure

that the expected concentration was within the calibration range (Anastasia, 2021).

Potassium

Potassium is determined by atomic absorption spectroscopy by direct aspiration
of the filtered or digested and filtered sample into an air- acetylene sample. Effluent
samples must undergo a preliminary nitric acid digestion followed by hydrochloric acid

stabilization. Plate 7 represents the nutrient analysis of the fruit bar.
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Vitamin C estimation Calcium estimation
Plate 7
Analysis of Nutrients

G. Statistical analysis and interpretation of the data
The data was consolidated, tabulated and analyzed statistically to evaluate the
sensory characteristics of the developed fruit bars. The research design of the present

study is given in Figure 2.

Ethical Clearance

The study was presented in the Institutional Human Ethics Committee,
Avinashilingam Institute for Home Science and Higher Education for Women,
Coimbatore and the approval was obtained. The human ethical clearance approval
number is AUW/ IHEC/ FSN -20-21/XPD-22 and is appended in Appendix |.
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RESULTS AND DISCUSSION



IV. RESULTS AND DISCUSSION

The Results and Discussion pertaining to the study “Development of Fruit Bar
Rich in Beta Carotene and Vitamin C” is presented under the following sub-headings:
A. Development and standardization of fruit bars
B. Sensory characteristics of the fruit bars
C. Physicochemical properties of the fruit bars
D. Nutrient content of the fruit bars
A. Development and standardization of fruit bars
The fruit bar was developed using sweet potato and respective fruit. The best
method was standardized after trying different methods of preparation of fruit bar. The
best method of preparation of fruit bar was identified and variation was prepared. Time
taken for drying each fruit bar is recorded and presented in Figure 3. The temperature
for drying ranged between 34 — 36°C. The fruit bars were allowed to dry in sunlight by
covering using a thin cloth. The fruit bar on drying reached a sheet like appearance. The
moisture present in the fruit bar was removed and also enhanced the appearance of the
fruit bar. It can be inferred that sweet potato — nendran fruit bar took maximum of 12
hours, sweet potato — guava fruit bar took 8 hours, sweet potato — apple fruit bar took 6
hours and sweet potato - dates fruit bar took 3 hours to dry. This represents the

moisture content as present in the product. Figure 3 represents the drying time for fruit

bars.
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Time taken for drying the fruit bar
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B. Sensory characteristics of the fruit bars

Sensory evaluation is a quantitative discipline that collects numerical data to
discover particular correlations between product attributes and human perception
(Lawless and Heymann, 1998). Human observer’s data is frequently highly varied, and
human panels are by definition a heterogeneous instrument for data creation. Statistics
are used to examine evaluation data to determine whether the association observed
between product attributes and sensory responses is likely to be true and not just the
consequence of uncontrolled variance in responses (Lawless and Heymann, 1998).
Sensory evaluation, like other analytical test processes, is concerned with precision,
accuracy, sensitivity, and avoiding false positive results.

Four fruit bars were developed by combining sweet potato with apple, dates, guava
and nendran banana separately. Mango fruit bar was kept as standard and four fruit
bars were standardized along with three variations |, Il, Ill. Variation | (SPA1) contains
150 g of apple, 100 g of sweet potato, 0.8 g agar agar and 6g of jaggery; variation Il i.e,
SPA2 contains 100 g of sweet potato, 150 g of apple and 6 g of jaggery; variation lll i.e,
SPA3 contains 100 g of sweet potato; 100 g of apple and 6 g of jaggery. In above
variations apple was replaced with dates, guava and nendran banana. Variations of
dates are mentioned as SPD1, SPD2, SPD3; variations of guava are mentioned as
SPG1, SPG2, SPG3; variation of nendran banana is known as SPB1, SPB2, SPB3.
Variations were compared with the standard and the results were interpreted. Table Il

denotes the variation codes of the fruit bar.

TABLE I
VARIATION CODES OF FRUIT BAR
Fruit bar - Standard Variation 1 Variation 2 Variation3
Sweet potato — apple fruit bar (SPA) SPA1 SPA2 SPA3
Sweet potato — dates fruit bar (SPD) SPD1 SPD2 SPD3
Sweet potato —guava fruit bar (SPG) SPG1 SPG2 SPG3
Sweet potato — nendran banana fruit SPB1 SPB2 SPB3
bar (SPB)
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Sensory scores of sweet potato - apple fruit bar

Table Il and Figure 4 represent the sensory evaluation of the sweet potato - apple

fruit bar.
TABLE Il
SENSORY EVALUATION OF SWEET POTATO - APPLE FRUIT BAR
N= 30
Criteria Standard SPA1 SPA2 SPA3
Appearance 8.93+ 0.24 8.74 £+ 0.44 8.09 +0.87 7.83+1.09
Colour 8.70 £ 0.64 8.25+0.50 7.64 +0.70 7.51+0.76
Flavour 8.90+0.30 8.70 £ 0.46 7.70 £ 0.97 7.38+0.88
Texture 8.96 + 0.17 8.70+£0.03 7.45+0.72 7.19+1.07
Taste 8.83+0.37 8.77 £ 0.22 7.38+0.76 7.12+0.95
Overall 838+076 | 816+020 | 7.80+060 | 7.19+0.60
acceptability
F value NS NS NS
Standard vs Variation 2.316 1.854 0.554

NS - Not Significant

Sensory evaluation of the sweet potato - apple fruit bar revealed that the mean
values for appearance for standard was 8.93which was the highest, followed by
SPA1 with 8.74; SPA2 with 8.09 and SPA3 with 7.83. The mean values for colour
were 8.70 for standard, 8.25 for SPA1, 7.64 for SPA2 and 7.51 for SPA3. The mean
values obtained for flavour ranged between 7.38 to 8.90, the maximum score
obtained for standard with the mean value of 8.90, followed by SPA1 with 8.70,
SPA2 with 7.70 and SPA3 with 7.38. With regard to texture, standard showed the
best result with a mean value of 8.96 followed by SPA1 with 8.70, SPA2 with 7.45
and SPA3 with 7.19. The taste of the standard scored maximum mean value of 8.83
followed by 8.77, 7.38 and 7.12 for SPA1, SPA2 and SPAS3 respectively. The overall
acceptability of sweet potato - apple fruit bar revealed that SPA1 had a maximum
mean score of 8.16 and was comparable with the standard of value 8.38. This was
followed by SPA2 and SPA3 with mean scores 7.80 and 7.19 respectively. The three
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variations did not show any significant difference in the overall acceptability

statistically when compared with the standard.

Sensory scores of sweet potato — dates fruit bar

Table IV and Figure 5 posturizes the sensory evaluation of sweet potato — dates fruit

bar.
TABLE IV
SENSORY EVALUATION OF SWEET POTATO - DATES FRUIT BAR
N=30
Criteria Standard SPD1 SPD2 SPD3
Appearance 8.80 £ 0.40 8.51+£0.75 7.90 £ 0.90 7.64 +£0.87
Colour 8.74 £ 0.19 8.61+ 0.60 7.67+ 0.65 7.45+0.88
Flavour 8.90+ 0.30 8.67+ 0.81 7.58+ 0.80 7.35+1.19
Texture 8.51+0.76 8.22+ 0.86 7.26 £ 0.90 7.48 £ 0.81
Taste 8.80 £ 0.47 8.61+ 0.65 7.54+0.72 7.38 £ 0.61
Overall 8.90 £ 0.30 8.35+ 0.93 7.48 £ 0.62 7.41+0.76
acceptability
F value 2.101Ns 1.975NS 0.557NS
Standard vs Variation

NS — Not significant

From Table 1V, it was found that the appearance of the sweet potato - dates fruit bar
among standard, SPD1, SPD2 and SPD3; standard scored the best result with mean
values of 8.80, SPD3 scoring a decreased score of 7.64, while SPD1 and SPD2
showed mean values of 8.51 and 7.90. In terms of colour, standard and three variations
got mean scores from 7.45 to 8.74. SPD1, SPD2, SPD3 had mean values of 8.61, 7.67,
7.45 respectively. The maximum mean score for colour was for standard with 8.74
followed by SPD1, SPD2, SPD3 with values of 8.61, 7.67, 7.45. The mean scores
obtained for flavour ranged from 7.35 to 8.90, the minimum score 7.35 for SPD3, 7.58
for SPD2 and 8.67 for SPD1 and 8.90 for standard. Regarding texture, mean scores of
standard showed a value of 8.51, SPD1 and SPD2 with 8.22, 7.26 and SPD3 with 7.48.

Taste contributed mean scores from 7.38 to 8.80.The maximum mean value obtained
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for standard was 8.80 followed by SPD1 with 8.61, SPD2 with 7.54 and SPD3 with 7.38.
The mean overall acceptability score was 8.90 for standard; 8.35 for SPD1; 7.48 for
SPD2 and 7.41 for SPD3 respectively. The F values were for SPDI, SPD2 and SPD3
are 2.101, 1.975, 0.557 respectively. The results implied that the variations were not

significant statistically.

Sensory scores of sweet potato — guava fruit bar

Table V and Figure 6 represents the sensory evaluation of sweet potato - guava

fruit bar.
TABLE -V
SENSORY EVALUATION OF SWEET POTATO - GUAVA FRUIT BAR
N=30
Criteria Standard SPG1 SPG2 SPG3
Appearance 8.96 + 0.17 8.61+£0.76 7.96+ 0.78 7.70 £ 0.90
Colour 8.74 £ 0.57 8.35+£0.60 7.96 £ 0.82 7.83+£0.82
Flavour 8.80 £ 0.60 8.64 + 0.60 7.61+1.03 7.41+£1.02
Texture 8.74 £ 0.57 8.58 £ 0.62 7.54 £ 0.83 7.41+£0.80
Taste 8.83 £ 0.52 8.22£0.88 7.80+0.77 7.58+ 0.99
Overall 8.96 + 0.17 8.77 £ 0.42 7.67 £0.77 7.45+0.76
acceptability
F value 1.635NS 1.102NS 0.785NS
Standard vs Variation

NS _ Not significant

From Table V, it is clear that the appearance of standard was maximum with mean
value of 8.96 followed by SPG1 with 8.61, SPG2 with 7.96 and SPG3 with 7.70 for
sweet potato - guava fruit bar. Colour contributed mean scores from 7.83 to 8.74. The
maximum mean scores for colour obtained for standard was 8.74 followed by 8.35, 7.96
and 7.83 for SPG1, SPG2 and SPG3 respectively. In terms of flavour and texture,
standard got mean value of 8.80 and 8.74 respectively, SPG1 got 8.64 and 8.58
respectively, SPG2 got 7.61 and 7.54 respectively and SPG3 got 7.41 in both
respectively. The taste of the standard, SPG1, SPG2 and SPG3 secured a mean value
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of 8.83, 8.22, 7.80 and 7.58 correspondingly. Overall acceptability of standard was 8.96,
SPG1 was 8.77, SPG2 was 7.67 and SPG3 was 7.45 respectively. The overall mean
acceptability was analyzed statistically using F test comparing standards with SPG1,
SPG2 and SPG3. The F values were for SPGI, SPG2 and SPG3 are 1.635, 1.102,
0.785 respectively. The results implied that the variations were not significant

statistically.
Sensory scores of sweet potato — nendran banana fruit bar

Table VI and Figure 7 reveals the sensory evaluation of sweet potato — nendran

banana fruit bar.

TABLE - VI
SENSORY EVALUATION OF SWEET POTATO — NENDRAN BANANA FREI'I;EAR
Criteria Standard SPB1 SPB2 SPB3
Appearance 8.93+0.24 8.35+0.91 7.96£0.73 7.87 £0.88
Colour 8.74 + 0.51 8.09+0.74 7.61+0.65 7.19 £ 0.60
Flavour 8.48 + 0.67 8.25+0.89 7.90 £ 0.89 7.35+0.55
Texture 8.35+0.79 8.12+0.95 7.61+0.79 7.29+0.64
Taste 8.41+0.67 8.22+0.95 7.70+0.77 7.64 £ 0.60
Overall 8.67 £ 0.54 8.38+0.88 7.67 £0.69 7.54 +£0.80
acceptability
F value 0.054Ns 1.325NS 0.026Ns
Standard vs Variation

NS _ Not significant

Table VI and Figure 7 shows the results of sensory evaluation of sweet potato -
nendran banana fruit bar. In terms of appearance, standard scored best with a mean
score of 8.93 followed by SPB1 with 8.35, SPB2 with 7.96 and SPB3 with 7.87. In terms
of colour, SPB3 had minimum score of 7.19 followed by SPB2 with 7.61, SPB1 with
8.09 and standard with 8.74. The mean scores obtained for the flavour in sweet

potato — nendran fruit bar ranged from 7.35 to 8.48, the maximum obtained by standard
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with a mean of 8.48 followed by 8.25, 7.90 and 7.35 for SPB1, SPB2 and SPB3
respectively. Regarding texture, mean scores of standard showed a maximum value of
8.35 followed by SPB1 with 8.12, SPB2 with 7.61 and SPB3 with 7.29 respectively.
Taste is an important attribute. Taste contributes mean scores from 7.64 to 8.41 and
maximum being in standard with 8.41 followed by SPB1 with 8.22, SPB2 with 7.70 and
SPB3 with 7.64. In terms of overall acceptability, standard obtained 8.67 followed by
SPB1 with 8.38 mean score; SPB2 with 7.67 and SPB3 with 7.54 respectively. The
overall acceptability was analyzed statistically using F test comparing standards with
SPB1, SPB2 and SPB3. The F values were for SPB1, SPB2 and SPB3 are 0.054, 1.325
and 0.026 respectively. The results revealed that the variations are not significant
statistically. Comparing variations in fruit bar with standard showed that variation |
scored the maximum values in terms of appearance, colour, flavour, texture, taste and
overall acceptability for all the four fruit bars which was prepared using apple, dates,
guava and nendran banana in combination with sweet potato. Hence the
physiochemical properties and nutrient contents was analyzed for variation | (SPA1,
SPD1, SPG1, SPB1) of fruit bars.
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C. Physicochemical properties of the fruit bars

Physicochemical properties play an important role in the quality of food products
due to their significant impact on bioactive potential and sensory attributes. Biological
raw materials have inherent physicochemical properties that can be altered during
processing, resulting in changes within or specific functions of the resulting food
products. The modification of physicochemical properties of biological
materials includes structural changes and changes in chemical composition caused by
external factors such as temperature, pressure, and a variety of treatments such as
microwaving or chemical fortification. Variation | was highly accepted by the panel
members. Hence the physicochemical properties of fruit bars namely SPA1, SPD1,
SPG1 and SPB1 was evaluated and is presented in Table VII.

TABLE VII

PHYSICOCHEMICAL PROPERTIES OF FRUIT BARS

Fruit Spread Total Colour Acidity pH Reducing
bar Ratio Soluble (L*a*b) (%) sugar (mg/qg)
(%) Solids (%)
SPA1 1288+026 | 9.20+0.03 54.05*16.62*45.69 0812+026 | 45 | 39051064
SPD1 11458032 | 11.2310.25 63.02*14.66*35.21 0958046 | 27 44.0640.12
SPG1 | 12.251061 | 7.80+056 | 56.02*12.98*32.54 | 0.704+0.09 | 3.8 | 42.3610.11
SPB1 | 10.70+0.26 | 10.0840.62 | 59.03*14.88*36.02 | 0.583+0.09 | 6.3 | 56.0940.33

Spread ratio of the fruit bars

Spread ratio is used to measure the quality of fruit bars. In terms of spread ratio
SPA1 scored the best with a mean score of 12.88% followed by SPG1 with 12.25%,
SPD1 with 11.45% and SPB1 with 10.7%. Spread ratio of SPB1 is low when compared
to the SPA1, SPD1, SPG1 because nendran banana has more starch, less water and
the pulp is used directly in the preparation of fruit bar. Due to its high solid particles,
SPD1 had thick consistency on comparing with SPA1, SPD1 and SPG1. Apple has high

fiber and water than dates, guava and banana, because of the high water content SPA1
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had easy spread ratio (12.88 %) than other three fruits and fiber contributes to the stable
texture and consistency. Fruit bars with thick consistency have low spread ratio and fruit
bars with watery consistency have high spread ratio. Spread ratio of cactus pear fruit
bar was found to be 15.61% (Maryna et al., 2014). This value is nearest to the values
determined in the present study.
Total soluble solids of the fruit bars

Total soluble solids play an important role in fruit maturation and the acceptance
of rich nutrients. In terms of total soluble solids, as measured with refractometerSPG1
had minimum score of 7.80% followed by SPA1 with 9.2%, SPB1 with 10.08% and
SPD1 with 11.23%. Guava is less in sweet when compared to apple, dates and nendran
banana, hence the TSS of SPG1 is lower (7.80%) than other three fruits. Dates are high
in fructose, and during processing dates lost their moisture which makes them more
concentrated, so the TSS of SPD1 is higher (11.23%) than SPA1, SPG1 and SPB1.
Apple and banana have high fructose than guava, and better moisture than dates. Thus
the TSS of SPA1 (9.20%)and SPB1 (10.08%) is higher than guava and less than dates.
The TSS content of the fruit is typically determined by determining the degree Brix of
the fruit. The TSS, or sugar content, of a fruit measures and includes its carbohydrates,
organic acids, proteins, fats, and minerals. It accounts for 10-20% of the fresh weight of
the fruit and increases as the fruit matures to produce a less acidic, sweeter fruit
(Natalia et al., 2012).
Colour of the fruit bars

Colour determines the palatability of the food. Colour of the fruit bar were
measured in L*a*b where L* represents black or white, a* represents red or green and
b* represents yellow or green. Colour values of SPA1, SPD1, SPG1 and SPB1 are
54.05*16.62*45.69, 63.0214.66*35.21,56.02*12.98*32.54, 59.03*14.88*36.02 respectively.
Colour of the fruit generally dominates the colour of the fruit bar. Apple, guava and
banana are white in colour but the extract of sweet potato turns brown due to their
reaction of iron with atmospheric oxygen. As a result sweet potato dominates the colour
in all four fruit bars. Sunlight also affects the colour of the fruit bar as all the bars were
sun dried. Before drying SPB1 which was mild yellow in colour turned to a tint of yellow

shade after drying. This is due to the loss in moisture content of the fruit bar which
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enhances the storage period. SPD1 is more dark than SPA1, SPG1 and SPBH1,
because dates itself is brown in colour. Due to the browning reaction, apple juice turned
mild brown and when combined with sweet potato extract in preparation of fruit bar,
colour changed further. SPA1 had mild reddish brown colour and SPD1 had dark brown
colour. As guava was processed along with peel the fruit bar had shade of olive green.
SPG1 had pale green colour and SPB1 had mild yellow colour. Colour value L, a, b of
SPA1, SPD1, SPG1 and SPB1 represents that all the four fruit bars were more inclined
towards black colour with a shade of red and yellow colour.
Acidity of the fruit bars

Almost all fruits are acidic due to their high sugar content. The mean scores
obtained for the acidity of fruit bars ranged from 0.58% to 0.95%, the maximum value
was obtained by SPD1 with a mean value of 0.95% followed by 0.81%, 0.70% and
0.58% for SPA1, SPG1, SPB1 respectively. High acidity (0.958%) in SPD1 is due to the
high sugar content. Guava and apple are high in acid content particularly due to the
presence of malic and citric acid. Nendran banana is more in sweet but less in acid
content. Hence obtained low value of 0.58% when compared with other fruit bars.
During the cooking process, acid aids in the extraction of pectin from the fruit. This
helps in the formation of a gel. This will not occur unless the fruit is fairly acidic. The
acidity of different samples ranges from 0.64-0.32 %, and the ascorbic acid content of
different fruit bars increases as the guava concentration in the fruit bars increases
(Aanchal et al., 2019). The range of acidity obtained was similar to the above study.
pH of the fruit bars

pH is a measure of hydrogen ion concentration, which indicates whether a
solution is acidic or alkaline. The pH scale is typically O to 14. Foods with a pH above 7
are considered alkaline, per the United States Environmental Protection Agency (EPA),
whereas those that are below 7 are acidic. Lower the pH, the higher the level of acidity.
Regarding pH, mean scores of SPB1 showed a maximum value of 6.3 followed by
SPA1 with 4.5, SPB1 with 3.8 and SPD1 with 2.7 respectively. The pH of SPD1 is low
as dates are sweeter, followed by SPG1 and SPA1 which contains acid in respective
fruit. Nendran banana is sweet, and has high (6.3) pH while comparing other three fruits.

Fruits with high acidity level help to actually lower blood acidity because they contain
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alkaline-forming compounds. Fruits increase blood alkalinity and help to prevent calcium
loss and promote bone health.
Reducing sugar of the fruit bars

A reducing sugar is any sugar that acts as a reducing agent because it contains
either an aldehyde group (-CHO) or a ketone group (-CO-). Reducing sugar content
contributes mean scores from 56.09 to 39.05 and maximum being in SPB1 with
56.09mg/g followed by SPD1 with 44.06mg/g, SPG1 with 42.36mg/g and SPA1 with
39.05mg/g. In terms of reducing sugar content SPB1 scored the maximum (56.09mg/qg)
due to its high carbohydrate content. Reducing sugar content carbohydrate or natural
sugar and its percentage increases over ripening period. Hence in the present study
sweet potato - banana fruit bar had high (56.09mg/g) reducing sugar. At low pH, sugars
behave differently. In basic aqueous solution, it can be oxidised by a weak oxidising
agent such as tollen's reagent. They produce one or more compounds containing an
aldehyde or ketone group in aqueous solution. They cause other substances to be
reduced after oxidation. Maltose, which contains a hemiacetal group, for example,
reacts with water to form an open-chain containing an aldehyde group. Furthermore, the
majority of these are monosaccharides such as glucose, fructose, and galactose, or

disaccharides such as lactose and maltose (Paradkat et al., 2013).
Texture of fruit bars

Texture is a major determinant of food acceptance. Table VIII and Figure 8

indicates the texture of the fruit bar.

TABLE VI
TEXTURE OF FRUIT BARS
Fruit bar Test Speed Test type Hardness Adhesiveness
mode (N) (MPa)
SPA1 Texture 1mm/sec | Compression 12. 9928 0.01086
SPD1 Texture 1mm/sec | Compression 14.6234 0.01062
SPG1 Texture 1mm/sec | Compression 9.1091 0.01024
SPB1 Texture 1mm/sec | Compression 11.7526 0.01093

65




Hardness is a textural characteristic that is estimated during the first ingestion;
strength is applied to the food product in an approximately linear manner and can be
reproduced satisfactorily (Monaco et al.,, 2008). SPD1 had more hardness of 14.62N
followed by SPA1, SPB1 and SPG1 with the values of 12.99N, 11.75N, 9.10N
respectively. SPD1 had more hardness than other three fruit bars. This may be due to
the dense biopolymer network and reduced pore size. High springiness and larger
pores made the SPA1 softer than SPD1, SPG1 and SPB1. SPD1 has biting consistency,
glossy appearance and the texture was fine, not hard; SPA1 was glossy in texture,
rubbery and had good sheeting than other fruit bars; SPB1 took time to chew as it had
low moisture content and high in carbohydrates and solid particles; SPG1 had softer
texture, not watery but easy to bite, opaque when compared to SPA1 and SPD1. Agar
agar contributed to the perfect texture of prepared fruit bars.

The work required to remove food that adheres to the mouth (generally the
palate) during the normal swallowing process is defined as adhesiveness, and
cohesiveness is defined as the strength of internal bonds that make up the body of the
food(Monaco et al., 2008).The adhesiveness of the fruit bar ranged from 0.01024 to
0.01093MPa. SPB had the maximum adhesiveness with the value of 0.01093MPa,
followed by 0.01086MPa, 0.01062MPa, 0.01024MPa for SPA1, SPD1, SPG1
respectively. Fruit bars were rubbery and stick to palate of mouth and relieved after

passing the tongue through bottom of it and slowly got soluble in saliva.
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D. Nutrient content of the fruit bars

Table IX and Figure 9 represents the nutrient content of the fruit bars.

TABLE IX
NUTRIENT CONTENT OF FRUIT BARS
Nutrients SPA1 SPD1 SPG1 SPB1
Moisture (%) 8.10+0.16 540+0.22 11.00+£0.12 1210%£1.2
Ash (g) 6.80%0.71 446+0.34 543+0.04 6.28+0.25
Fiber (g) 6.70+0.01 569+12 590+0.23 520+02
Energy (kcal) 289+ 102 325+14.87 264+12.34 31411862
Vitamin C (mg) 510+ 055 320102 15.60%0.18 10.09+0.85
Vitamin A (mg) 350108 2901015 420+0.2 326+16
Beta Carotene (ug) 32.00+84 19.80+0.28 1210+£0.32 932+0.87
Sodium (mg) 1060+ 2.32 6411147 925+0.38 1340%11
Magnesium (mg) 9.00+043 8.00+0.33 19.00+0.24 11.26£0.54
Potassium (mg) 419+ 12.04 489+ 14.32 522+13.27 581+13.6
Phosphorous (mg) 151237 12+164 3210.79 23+1.33
Calcium (mg) 61+32 55+247 25+0.54 4950+2.1
Iron (mg) 270058 5.20+0.38 110+ 0.01 167+0.03
Moisture

From Table IX, it is clear that the moisture of SPB was maximum with mean
value of 12.10% followed by SPG1 with 11%, SPA1 with 8.10% and SPD1 with 5.40%
fordeveloped fruit bars. A moisture range of 11 to 15% for guava bar and 10 to 15% for
mango bar was found to be safe for product storage (Vijayanand et al., 2000). The
moisture content (11.00%) of SPG1 is almost similar to the value derived in the study.
Higher the moisture content, lower will be the shelf life of the fruit bars. Hence the
moisture content was removed by sun drying. Drying time of each fruit bar varied
because of the different moisture content. Dried fruit bars do not stick to hand and teeth
and easy to cut into desired shapes. If the fruit bar contains excess moisture, fungus will

develop over and spoils the product.
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Ash

The amount of inorganic noncombustible material in a sample is measured by its
ash content.It is a component of proximate analysis for nutritional assessment. The first
step in preparing a food sample for elemental analysis is ashing. In contrast to the ash
left over from incomplete combustion, the residues after a sample is completely burned
typically consist of oxides of the inorganic elements present in the original sample. Ash
contributed mean scores from 4.4g to 6.89g. The maximum mean scores for ash
obtained was, for SPA1 with 6.8g followed by 6.2g, 5.4g and 4.4g for SPB1, SPG1 and
SPD1 respectively.
Fiber

Fiber acts as prebiotic in human metabolism. In terms of fiber, SPA1 had mean
value of 6.7g, SPD1 had 5.6g, SPG1 had 5.9g and SPB1had 5.2g. Apples are known
for their fiber content, thus SPA had more fiber than SPD1, SPG1 and SPB1. Green
ripened guava utilized in preparation of fruit bar is good source of fiber and SPG1 had
second most fiber content; followed by SPD1 with 5.69g. Fresh dates are found to be
rich in fiber than dried dates. Banana was rich in carbohydrates and minerals than fiber,
hence SPB1 scored the least with 5.2g of fiber.
Energy

In terms of energy SPD1 got the maximum mean value 325 kcal, followed by
SPB1 with 314 kcal; SPA1 with 289kcal; SPG1 with 264kcal. Dates are high in sugar
and carbohydrates and had higher energy value, hence SPD1 scored the highest in
mean values of energy followed by SPB1, as nendran banana is also sweeter and rich
source of carbohydrates. It is a dense fruit and sometimes replaces a whole meal when
combined with milk. SPA1 ranged third in mean values of energy due to less
carbohydrates and sugar of apple, while comparing with dates and nendran. SPG1 has
the lowest value as guava is high in citric acid, less in sweet and low level of
carbohydrates.
Vitamin C

Vitamin C helps in boosting immunity. Vitamin C of the SPA1, SPD1, SPG1,
SPB1 secured a mean value of 5.1mg, 3.2 mg, 15.6mg, 10.09mg correspondingly.

Vitamin C in dates is solubilised when soaked in water before grinding, so SPD1 had
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less vitamin C. This vitamin is not heat stable and cannot withstand the temperature
above 86°F and destroys when exposed to air. Daily intake of vitamin C for an individual
is 40 mg. Loss of vitamin in fruit bar can be overcome by cooking the fruit or vegetable
as fast as possible with less heat and small amount of water. As SPB1 took less time to
cook than SPA1 and SPD1, it retained a vitamin C content of 10.09mg. Guava is
generally high in vitamin C, hence even after exposing to heat for 5 minutes SPG1 still
contains 15.6mg. After processing SPA1 retained 5.1mg of vitamin C.
Vitamin A

Vitamin A is a fat soluble vitamin and precursor of beta carotene. It mainly
contributes to vision, immune system and reproduction. Vitamin A of SPA1 was 3.5mg,
SPD1 was 2.9mg, SPG1 was 4.2mg and SPB1 was 3.26mg. Vitamin A of SPG1 is
higher than SPD1, SPA1 and SPB1. The variation is due to the vitamin content of the
fruit and loss of vitamins in processing. Vitamin A does not destroy easily in heat but
readily oxidized in atmospheric oxygen. SPD1 has the less value of vitamin A as dates
are already processed from fresh form to dried from and further undergoes processing
in preparation of fruit bar.
Beta carotene

Beta carotene is a provitamin A carotenoid, which means it is easily converted by
the body into vitamin A. It is an important flavonoid compound, has powerful antioxidant
functions that help the body scavenge free radicals, limiting damage to cell membranes,
DNA, and protein structures in the tissues. The mean scores obtained for the beta
carotene of fruit bars ranged from 9ug to 32ug, the maximum obtained by SPA1 with a
mean of 32ug followed by 19.8ug, 12.1ug, 9.3ug for SPD, SPG1, SPB1 respectively.
The level of beta carotene obtained in fruit bars is not sufficient to meet daily
requirements of beta carotene which is 10800ug per day. The loss of beta carotene can
be prevented by using the fruit pulp without straining and reducing constant exposure to
atmosphere. SPB1 has low beta carotene due to the reduction in cooking time. Beta
carotene generally does not destroy during application of heat but it further increases
due to the breakdown of plant cell walls. Degradation occurs in high humidity and high
temperature. SPA1 has more beta carotene than SPD1, SPG1 and SPB1. The lower

value of SPD1 is due to the poor beta carotene value of dates.
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Sodium

Sodium controls blood pressure and regulates the functions of nerves and
muscles. It regulates the total amount of water in the body, and sodium transmission
into and out of individual cells is also important for critical body functions. Many bodily
processes, particularly those in the brain, nervous system, and muscles, rely on
electrical signals for communication. Regarding sodium, mean scores of SPB1 showed
a maximum value of 13.40 mg followed by SPA1 with 10.60mg, SPG1 with 9.20mg and
SPD1 with 6.40mg. SPB1 had the highest value as nendran banana is a great source of
sodium. SPD1 scored the least due to less sodium content in dates. The values of
SPA1 and SPG1 do not differ much as both fruits contain sodium to a significant level.
Figure 10 represents the macro minerals in fruit bar.
Potassium

Potassium is an essential mineral for human body. It is essential to the body's
normal functioning, aids in the maintenance of acidity and blood pressure and required
for electrical signals to be transmitted from nerves to cells and vice versa. Potassium
contributes mean scores from 581mg to 419mg and maximum being in SPB1 with
581mg followed by SPG1 with 522mg, SPD1 with 489mg and SPA1 with 419mg. SPB1
scored the best due to the enriched potassium in nendran banana. SPG1 has the
second maximum potassium value as guava is enriched with potassium which makes it
more available than SPD1 and SPA1. SPA1 scored the least because of low potassium
level in apple.
Phosphorous

Phosphorus collaborates with calcium to aid in bone formation. For bone health,
the right amount of calcium and phosphorus are required. Phosphorus is also important
in the structure of nucleic acids and cell membranes. Phosphorous contributed mean
scores from 12mg to 32mg. The maximum mean scores for phosphorous obtained for
SPG1 with 32mg followed by 23mg, 15mg,12 mg for SPB1, SPA1 and SPD1
respectively. Guava is rich in phosphorous and SPG1 scored the maximum mean value;
SPB1 scored the next highest value as nendran banana is rich source of minerals.
SPA1 and SPD1 have low phosphorous level, as the fruits are not good sources of

phosphorous.
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Calcium

Calcium salts play an important role in bone and tooth development. Calcium
ions are required for blood clotting and control nerve excitability by regulating
membrane permeability; Calcium ions act as a cofactor or activator of certain enzymes.
In terms of calcium, SPA1 got mean value of 61 mg, SPD1 got 55mg, SPG1 got 25mg
and SPB1 got 49.5mg. Calcium content of the SPA1 was the highest when compared to
SPD1, SPG1 and SPB1. The level of calcium depends upon the way of cooking of the
product. SPD1 has good amount of calcium as it retains 55mg. As like phosphorous
SPB1 is enriched with calcium. Heating reduces soluble calcium content because ionic
calcium combines with phosphates or denatured protein converts to colloidal calcium
form, thus SPG1 has less amount of calcium as it takes bit longer to reach desired
consistency.
Iron

Iron contributed mean scores from 1.1mg to 5.2 mg. SPG1 got minimum mean
value of 1.10 mg followed by SPB1 with 1.67 mg; SPA1 with 2.7mg and SPD1 with
5.2mg. SPD1 scored the maximum as dates are known for its iron content. SPA1 was
the second highest as apple contain good amount of iron than guava and nendran
banana. SPG1 scored the least, but guava contains more vitamin C that enhances the

iron absorption in body.
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SPA1 costs Rs.8, SPD1 costs Rs.5, SPG1 costs Rs.5 and SPB1 costs Rs.7. In
sensory evaluation variation | scored the best for all fruit bars (SPA, SPD, SPG and
SPB). Results of physiochemical properties indicate that SPA1 has higher spread
ratio(12.88 %), SPD1 has highest TSS (11.23%) and acidity of SPD1 has higher value
(0.958%) than SPA1, SPG1 and SPB1. SPB1 has more pH (6.3) than other three fruit
bars. Colour value L, a, b SPA1 (54.051662*45.69), SPD1 (63.02*14.66*35.21), SPG1
(56.02%12.98*32.54) and SPB1 (59.03*14.88%36.02) represents that all the four fruit
bars were more inclined towards black colour with red and yellow colour. Reducing
sugar of SPB1 is more (56.09mg/g) when compared to SPA1, SPG1 and SPD1. Results
of texture reveal that SPD1 has more hardness (14.6234N) than other three fruit bars
and adhesiveness of SPB1 is greater (0.01093Mpa) than SPA1, SPD1and SPG1.

Nutrient content of fruit bar reveals that moisture content is high (1210 % ) in
SPB1, ash (6.80g) and fiber (6.70g) content is higher in SPA1 than SPD1, SPG1 and
SPB1. Energy value of SPD1 is maximum (325kcal) among four fruit bars. SPG1
dominates the vitamin A (15.60 mg) and C (4.20 mg) content while comparing with other
three fruit bars. SPA1 contributes to higher beta carotene (32 .00 ug) than SPD1, SPG1
and SPB1. Sodium content is high (1340 mg) in SPB1 and magnesium is maximum
(19.00mgq) in SPB1. Potassium is high (581mg) in SPB1. SPG1 scored the maximum
(32mg) in phosphorous and SPA1scored highest (61mg) for calcium. Iron content of
SPD1 is greater (6.20mg) than SPA1, SPG1 and SPB1.
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SUMMARY AND CONCLUSION



V. SUMMARY AND CONCLUSION

Fruits are good source of vitamins and minerals. Seasonal fruits are not available
throughout the year and also have less shelf life. Fruits are processed in many forms to
make it available all time. Some of the processed forms of fruits are squash, jam, jelly,
concentrated beverages, candies, dried fruits, fruit bar, fruit preserves, canned fruits etc.
Fruit bars generally do not require more processing and have better shelf life. Fruit bars
are generally made using pulp or extract of the fruit and are rich in nutrients. They
contain a variety of essential nutrients and vitamins, as well as enough protein and
carbohydrates to keep the body running. Fruit bars contain real fruit or fruit juice. Gelled
fruit matrices, dried gels or sponges, and extruders are examples of new trends in fruit
bar processing. Pulp rich fruits like mango, banana, apple, grapes, papaya, tomato,

apple are generally used in the preparation of fruit bar.

Sweet potato contain high amount of starch and pulp and also rich in beta
carotene. Carotenoids in sweet potatoes might lower the risk for cancer.lt is a staple food,
high in fiber, calcium, magnesium, iron, potassium and phytochemicals. Sweet potatoes
are a first-rate supply of fiber, in particular while devouring the skin.

Apple is rich in vitamin C, B1, B6, polyphenols and fiber. It also contains
antioxidants like vitamin E which helps to protect the cells by reducing free radicals,
vitamin B1 in apple supports growth and development and vitamin B6 is needed for
protein metabolism.Because of their high fiber and water content, apples are particularly
filling. Flavonoids in apples can help prevent heart disease by lowering blood pressure,
lowering LDL cholesterol oxidation, and lowering atherosclerosis, or the buildup of
plaque in arteries.

Dates are rich in vitamin C, potassium, magnesium and iron. Dates consists of
protein, fat, crude fiber, minerals, various vitamins, tannins, and a variety of other
components. Dates have a high nutritional value and can help humans meet their
nutritional requirements.

Guava is a good source of vitamin C, calcium, potassium an iron. Botanically,
guavas are berries.Guava is widely consumed and rich in phytochemicals with
medicinal value. Guava is frequently included among super fruits due to its high

nutritional value. Consumption of ripe guava fruit with peel reduced BMI and blood
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pressure (p<0.05), whereas fasting blood glucose (FPG), total cholesterol, and
triglycerides were significantly increased (p<0.05).

Nendran banana is rich in Vitamin A, C, B6 and potassium. Because of its high
levels of vitamin A activity and sugars, the nendran banana is a good potential fruit that
could be widely produced as a nutritional and energy food resource.People with
diabetes can eat bananas, it is not recommended that they consume a large amount in
one sitting.

The present study entitled “Development of Fruit Bar Rich in Beta Carotene
and Vitamin C” was aimed at developing fruit bar of apple, dates, guava and nendran
banana in combination with sweet potato and evaluation of sensory qualities,
physicochemical properties and nutrients. Fruit bars were developed based on trial and
error method. After carrying our trials using different methods, best method was
identified to bring out variations.

Juice was extracted from 100g of sweet potato and 150g of fruit was grinded to
obtain juice/pulp. In hot pan sweet potato extract was added and allowed to cook till raw
flavour disappears and then juice/pulp of respective fruit was added and heated for 2
minutes. In another vessel 1g of agar agar was double boiled and added to the fruit
mixture in liquid consistency. It is continuously stirred until became thick and then
poured in greased plate to 2mm of thickness and allowed to sun dry.

The developed fruit bars were subjected to sensory evaluation by 30 semi —
trained panel members along with standard and three different variations of respective
fruits (SPA1, SPA2,SPA3, SPD1, SPD2, SPD3, SPG1, SPG2, SPG3, SPB1, SPB2,
SPB3) with the help of score card (9 point hedonic scale). The evaluation was done in
terms of the attributes like appearance, colour, flavour, texture, taste and overall
acceptability of the fruit bars by rating from like extremely to dislike extremely in the 9

point hedonic scale rating.

The analysis of physicochemical properties includes spread ratio, total soluble
solids, colour, texture, acidity, pH and reducing sugar content. Nutrient analysis of
moisture, ash, fiber, energy, vitamin C, vitamin A, beta carotene, sodium, magnesium,
potassium, phosphorous, calcium and iron were conducted.Only very few Indian studies

are available in developing fruit bars in combination with sweet potato and keeping this
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in mind, an attempt was made in the present study, entitled with the following objectives

to:

» development and standardization of fruit bars using sweet potato and selected
fruits

» carry out sensory evaluation of the developed fruit bars
» analyze the major nutrients and physiochemical properties of the fruit bars

The salient findings of the study are summarised below:

v' Sensory evaluation of the sweet potato - apple fruit bar revealed that the mean
values for appearance for standard was 8.93which was the highest, followed by
SPA1 with 8.74; SPA2 with 8.09 and SPA3 with 7.83. The mean values for colour
were 8.70 for standard, 8.25 for SPA1, 7.64 for SPA2 and 7.51 for SPA3. The
mean values obtained for flavour ranged between 7.38 and 8.90, the maximum
score obtained for standard with the mean value of 8.90, followed by SPA1 with
8.70, SPA2 with 7.70 and SPA3 with 7.38. With regard to texture, standard
showed the best result with a mean value of 8.96 followed by SPA1 with 8.70,
SPA2 with 7.45 and SPA3 with 7.19. The taste of the standard scored maximum
mean value of 8.83 followed by 8.77, 7.38 and 7.12 for SPA1, SPA2 and SPA3
respectively. The overall acceptability of sweet potato - apple fruit bar revealed
that SPA1 had a maximum mean score of 8.16 and was comparable with the
standard of value 8.38. This was followed by SPA2 and SPA3 with mean scores
7.80 and 7.19 respectively. The three variations did not show any significant
difference in the overall acceptability statistically when compared with the
standard.

v' Sensory evaluation of the sweet potato - dates fruit bar showed that, in terms
of appearance standard scored the best result with mean values of 8.80, SPD3
scoring a decreased score of 7.64, while SPD1 and SPD2 showed mean values
of 8.51 and 7.90. In terms of colour, standard and three variations got mean
scores from 7.45 to 8.74. SPD1, SPD2, SPD3 had mean values of 8.61, 7.67,
7.45 respectively. The maximum mean score for colour was for standard with
8.74 followed by SPD1, SPD2, SPD3 with values of 8.61, 7.67, 7.45. The mean
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scores obtained for flavour ranged from 7.35 to 8.90, the minimum score 7.35 for
SPD3, 7.58 for SPD2 and 8.67 for SPD1 and 8.90 for standard. Regarding
texture, mean scores of standard showed a value of 8.51, SPD1 and SPD2 with
8.22, 7.26 and SPD3 with 7.48. Taste contributed mean scores from 7.38 to
8.80.The maximum mean value obtained for standard was 8.80 followed by
SPD1 with 8.61, SPD2 with 7.54 and SPD3 with 7.38. The mean overall
acceptability score was 8.90 for standard; 8.35 for SPD1; 7.48 for SPD2 and 7.41
for SPD3 respectively. The F values were for SPDI, SPD2 and SPD3 are 2.101,
1.975, 0.557respectively. The results implied that the variations were not
significant statistically.

Sensory evaluation of the sweet potato - guava fruit bar showed that, in terms
of appearance standard scored best with a mean score of 8.93 followed by SPB1
with 8.35, SPB2 with 7.96 and SPB3 with 7.87. In terms of colour, SPB3 had
minimum score of 7.19 followed by SPB2 with 7.61, SPB1 with 8.09 and
standard with 8.74. The mean scores obtained for the flavour in sweet
potato - nendran fruit bar ranged from 7.35 to 8.48, the maximum obtained by
standard with a mean of 8.48 followed by 8.25, 7.90 and 7.35 for SPB1, SPB2
and SPB3 respectively. Regarding texture, mean scores of standard showed a
maximum value of 8.35 followed by SPB1 with 8.12, SPB2 with 7.61 and SPB3
with 7.29 respectively. Taste is an important attribute. Taste contributes mean
scores from 7.64 to 8.41 and maximum being in standard with 8.41 followed by
SPB1 with 8.22, SPB2 with 7.70 and SPB3 with 7.64. In terms of overall
acceptability, standard obtained 8.67 followed by SPB1 with 8.38 mean score;
SPB2 with 7.67 and SPB3 with 7.54 respectively. The overall acceptability was
analyzed statistically using F test comparing standards with SPB1, SPB2 and
SPB3.

Sensory evaluation of sweet potato - nendran banana fruit bar showed that, in
terms of appearance, standard scored best with a mean score of 8.93 followed
by SPB1 with 8.35, SPB2 with 7.96 and SPB3 with 7.87. In terms of colour,
SPB3 had minimum score of 7.19 followed by SPB2 with 7.61, SPB1 with 8.09

and standard with 8.74. The mean scores obtained for the flavour in nendran

77



sweet potato fruit bar ranged from 7.35 to 8.48, the maximum obtained by
standard with a mean of 8.48 followed by 8.25, 7.90 and 7.35 for SPB1, SPB2
and SPB3 respectively. Regarding texture, mean scores of standard showed a
maximum value of 8.35 followed by SPB1 with 8.12, SPB2 with 7.61 and SPB3
with 7.29 respectively. Taste is an important attribute. Taste contributes mean
scores from 7.64 to 8.41 and maximum being in standard with 8.41 followed by
SPB1 with 8.22, SPB2 with 7.70 and SPB3 with 7.64. In terms of overall
acceptability, standard obtained 8.67 followed by SPB1 with 8.38 mean score;
SPB2 with 7.67 and SPB3 with 7.54 respectively. The overall acceptability was
analyzed statistically using F test comparing standards with SPB1, SPB2 and
SPB3. The F values were for SPB1, SPB2 and SPB3 are 0.054, 1.325 and 0.026
respectively. The results revealed that the variations are not significant
statistically.

Comparing variations of the fruit bar with standard showed that variation |
scored the maximum values in terms of appearance, colour, flavour, texture,
taste and overall acceptability for all the four fruit bars which was prepared using
apple, dates, guava and nendran in combination with sweet potato.

Sweet potato - apple fruit bar- SPA1 has 12.88% spread ratio, 9.20% total
soluble solids, 54.05*16.62*45.69 ofL*a*b which indicates colour, 0.812% of acidity,
pH of 4.5 and 39.05mg/g of reducing sugar. Hardness of SPA1 was 12.99 N and
adhesiveness was 0.01086 Mpa. Moisture of SPA1 was 8.10%, ash was 6.80%,
fiber was 6.70%, energy was 289kcal, vitamin C was 5.10mg, vitamin A was
3.50mg, beta carotene was 32.00 pg, sodium was 10.60mg, magnesium was
9.00mg, potassium was 419mg, phosphorous was 15mg, calcium was 61mg and
iron was 2.70mg.

Sweet potato - dates fruit bar- SPD1 has 11.45% spread ratio, 11.23% total
soluble solids, 63.02*14.66*35.21 ofL*a®b which indicates colour, 0.958% of acidity,
pH of 2.7, 44.06mg/g of reducing sugar. Hardness of SPD1 was 14.62 N and
adhesiveness was 0.01062 Mpa. Moisture of SPD1 was 5.40%, ash was 4.46%,
fiber was 5.69%, energy was 325kcal, vitamin C was 3.20mg, vitamin A was

2.90mg, beta carotene was 19.80 ug, sodium was 6.41mg, magnesium was
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8.00mg, potassium was 489mg, phosphorous was 12mg, calcium was 55mg and

iron was 5.20mg.

v Sweet potato - guava fruit bar-SPG1 has 12.25% spread ratio, 7.80% total
soluble solids, 56.02*12.98* 32.54 ofL*a*b which indicates colour, 0.704% of acidity,
pH of 3.8, 42.36mg/g of reducing sugar. Hardness of SPG1 was 9.10 N and
adhesiveness was 0.01024 Mpa. Moisture of SPG1 was 11.00%, ash was 5.43%,
fiber was 5.90%, energy was 264kcal, vitamin C was 15.60mg, vitamin A was
4.20mg, beta carotene was 12.10 pg, sodium was 9.25mg, magnesium was
19.00mg, potassium was 522mg, phosphorous was 32mg, calcium was 25mg
and iron was 1.10mg.

v Sweet potato - nendran banana fruit bar- SPB1 has 10.70% spread ratio,
10.08% total soluble solids, 59.03*14.88*36.02 of L*a*b which indicates colour,
0.583% of acidity, pH of 6.3, 56.09mg/g of reducing sugar. Hardness of SPB1
was 11.75 N and adhesiveness was 0.01093 Mpa. Moisture of SPB1 was
12.10%, ash was 6.28%, fiber was 5.20%, energy was 314kcal, vitamin C was
10.09mg, vitamin A was 3.26mg, beta carotene was 9.32 ug, sodium was
13.40mg, magnesium was 11.26mg, potassium was 581mg, phosphorous was
23mg, calcium was 49.50mg and iron was 1.67mg.

According to the findings of this study, variant | scored the highest for all fruit
bars (SPA, SPD, SPG and SPB). Physiochemical properties show that SPA1 has a
higher spread ratio (12.88%), SPD1 has the greatest TSS (11.23%), and SPD1 has
a higher acidity value (0.958%) than SPA1, SPG1, and SPB1. The pH of SPB1 is
higher (6.3) than another three fruit bars. Colour value L, a, b SPA1
(54.05%16.62*45.69), SPD1 (63.02*14.66*35.21), SPG1 (56.02*12.98*32.54), and
SPB1 (59.03*14.88*36.02) indicate that all four fruit bars were more oriented toward
black with red and yellow. When compared to SPA1, SPG1, and SPD1, SPB1 has a
higher reducing sugar (56.09mg/g).The texture results show that SPD1 has a higher
hardness (14.6234N) than the other three fruit bars, and SPB1 has a higher
adhesiveness (0.01093Mpa) than SPA1, SPD1, and SPG1. The nutrient
composition of fruit bars demonstrates that SPA1 has a greater moisture content
(12.10 percent), ash (6.80g), and fiber (6.70g) content than SPD1, SPG1, and SPB1.

79



Among the four fruit bars, SPD1 has the highest energy value (325kcal). When
compared to the other three fruit bars, SPG1 has the highest vitamin A (15.60 mg)
and vitamin C (4.20 mg) content. SPD1, SPG1, and SPB1 all contribute less beta
carotene than SPA1 (32.00ug). SPB1 has a high sodium level (13.40 mg) and a high
magnesium content (19.00 mg).SPB1 has a lot of potassium (581mg). SPG1 had
the greatest phosphorus score (32 mg) and the highest calcium score (61 mg).
SPD1 has a higher iron concentration (5.20mg) than SPA1, SPG1, and SPB1.

SPD1 is rich in iron and highly recommended for adolescent girls as it may
reduce the risk of anaemia. SPB1 serves as a good energy source before workout.
Vitamin A and C is rich in SPG1 and helps to improve vision and develop immunity.
SPA1 is high in fiber and beta carotene, so it reduces constipation and improve the
vitamin A level. These fruit bars serve as a excellent snack for people of all age
goups. It reduces sweet cravings. It is the easiest way to incorporate fruits in daily
meal as children mostly refuse to take it and it is a best replacement for chocolates.

The study was presented in the Institutional Human Ethics Committee,

Avinashilingam Institute for Home Science and Higher Education for Women,
Coimbatore and the approval was obtained. The human ethical clearance approval
number is AUW/ IHEC/ FSN -20-21/XPD-22 and is appended in Appendix I.

Recommendations for further research:
» Development of fruit bar with other fruits like tomato, papaya, gooseberry and
pear in combination with sweet potato.
Identification of phytochemicals present in the fruit bar
Fortification of fruit bar with vitamins and minerals

Clinical trials on fruit bar on people with vitamin A and vitamin C deficiency

YV V V V

Commercialisation of fruit bar in markets and online.

80



BIBLIOGRAPHY



VI. BIBLIOGRAPHY

1. (http://www.rain-tree.com/guava.htm)

2. Aanchal Srivastava, Deepika Kohli, Sanjay Kumar, Richa Badola. Quality evaluation
of prepared guava-orange fruit bar. National Institute of dairy technology. 2019. Pg
no — 12-14.

3. Abbe’s Refractometer. 2020.

4. Aburto N.J., Hanson S., Gutierrez H., Hooper L., Elliott P., Cappuccio F.P. Effect of

increased potassium intake on cardiovascular risk factors and disease: Systematic
review and meta-analyses. Bio Medical Journal. 2013;346

5. Adamska-Patruno E., Billing-Marczak K., Orlowski M., Gorska M., Krotkiewski M.,
Kretowski A. A Synergistic Formulation of Plant Extracts Decreases Postprandial
Glucose and Insulin Peaks: Results from Two Randomized, Controlled, Cross-Over
Studies Using Real-World Meals. Nutrients. 2018.

6. Adda Bjarnadottir, MS, RDN (Ice) . Sweet Potatoes 101: Nutrition Facts and Health
Benefits.Nutrition. Food Chemistry. 2019; 6(2): 58-69.

7. Adelakun, O.E. Adelakun, J.A. Adejuyitan, J.O. Olajide, B.K. Alabi. Effect of soybean
substitution on some physical, compositional and sensory properties of Kokoro (a
local maize snack). European Food Research and Technology, 2005; 220 pp. 79-82.

8. Agarwal D, Mui L, Aldridge E, McKinney J, Hewson L , Fisk ID . The progression of
lipid oxidation, B-carotenes degradation and sensory perception of batch-fried sliced
sweet potato crisps during storage. Journal of Food Function. 2021; 12(10):4535-
4543.

9. Ahn, Peter. Tropical soils and fertilizer use for well growth of crops. Intermediate
Tropical Agriculture Series, UK: Longman Scientific and Technical Limited, 1993.

10. Alhamdan A, Hassan B, Alkahtani H, Abdelkarim D, Younis M. Freezing of
fresh Barhi dates for quality preservation during frozen storage. Saudi Journal of
Biology Science. 2018; 25(8):1552-1561

11. Ali A., Ponnampalam E.N., Pushpakumara G., Cottrell J.J., Suleria H.A.R., Dunshea
F.R. Cinnamon: A natural feed additive for poultry health and production—A
review. Animals. 2021; 6(2): 321-333.

12. Alnageeb M, Mansor KA, Mallah EM, Ghanim BY, Idkaidek N, Qinna NA. Critical
pharmacokinetic and pharmacodynamic drug-herb interactions in rats between
warfarin and pomegranate peel or guava leaves extracts. BMC Complementary and
Alternative Medicine. 2019; 19(1):29-35.

13. Algahtani N, Mohammed M, EI-Shafie H. Development and Evaluation of an
Ultrasonic Humidifier to Control Humidity in a Cold Storage Room for Postharvest
Quality Management of Dates. Foods. 2021; 10(5):949.

14. Amira E, Flamini G, Behija SE, Manel |, Nesrine Z, Ali F, et al. Chemical and aroma
volatile compositions of date palm (Phoenix dactylifera L.) fruits at three maturation
stages. Food Chemistry. 2011; 127(4):1744-54.

15. Anand V, Kumar V, Kumar S, Hedina A. Phytopharmacological overview of Psidium
guajava Linn. Pharmacogn Journal. 2016; 8(2): 55-59.

81



16. Anoma Chandrasekara and Thamilini Josheph Kumar.Roots and Tuber Crops as
Functional Foods: A Review on Phytochemical Constituents and Their Potential
Health Benefits./International Journal of Food science. 2016.

17. AOAC. Approved Methods of Analysis. Pasta and Noodle Cooking Quality-Firmness;
Cereals & Grains Association: St. Paul, MN, USA, 2000; 11th Ed.pp.1-3.

18. Ashok Senapati, Pradip Pandit. Studies on Standardization of Nectar with
Respective Pulp Percentage and Total Soluble Solids from Guava (Psidium Guajava
L.) cv. Lalit during Storage. Research gate.2019; 4(2): 214-219.

19. Askew and Kidson. Changes in Vitamin C Content and Acidity of Apples during Cool
Storage. NZ. Journal of Science and Technology. 2000; Vol. 28, No.5

20. Ayeleso TB, Ramachela K ,Lee Chang, Mukwevho E. Aqueous-Methanol Extracts
of Orange-Fleshed Sweet Potato (/pomoeabatatas) Ameliorate Oxidative Stress and
Modulate Type 2 Diabetes Associated Genes in Insulin Resistant C2C12 Cells.
Molecular Biology. 2018; 23(8):2058

21. Ayub, M., A. Zeb, J. Ullah and M.M.A.K. Khattak. Effect of Various Sweeteners on
Chemical Composition of Guava Slices. Sarhad Journal of Agriculture. 2005; 21 (1):
131-134

22. B.V.C. Mahajan. Effect of chemical preservatives and heating on preservation of
guava pulp at low temperature. Research gate. 2011; 4(2): 877-898.

23. Bains MS, Ramaswamy HS, Lo KV. Tray drying of apple puree. Journal of Food
Engineering.1989 9(3):195-201.

24. Baker LB, Wolfe AS. Physiological mechanisms determining eccrine sweat
composition. European Journal of Applied physiology. 2020; 120(4):719-752.

25. Bari R. Role of plant hormones in plant defence responses. Plant Molecular
Biology. 2009; 69(4):473-88

26. Bernhard Ludvik, Beatrice Neuffer, Giovanni Pacini; Efficacy of Ipomoea
batatas (Caiapo) on Diabetes Control in Type 2 Diabetic Subjects Treated with Diet.
Diabetes Care. 2004; 27 (2): 436—440.

27. Bezemer TM, Wang M, van der Putten WH, Biere A. Effects of the Timing of
Herbivory on Plant Defense Induction and Insect Performance in Ribwort Plantain
(Plantago lanceolata L.) Depend on Plant Mycorrhizal Status. Journal of Chemistry
and Ecology. 2015; 41(11):1006-17.

28. Bhatt DA, Jha AA. Study of incorporation of therapeutic values of wood apple in fruit
bar. International Journal of Pharmaceutical Sciences and Research. 2015
6(10):4398-4405.

29. Blessing I, Offia - Olua OA, Ekwunife. Production and evaluation of physio-chemical
and sensory qualities of mixed fruit leather and cakes produced from apple, banana
and pine apple. Department of Food Science and Technology 2015;33:22-28.

30. Blumberg JB. Cranberries (Vaccinium macrocarpon) and cardiovascular disease
risk factors, Nutritional Reviews. 2007; 65(11):490-502.

31. Boyer J., Liu R.H. Apple phytochemicals and their health benefits. Nutrition
Journal. 2004;3:5.

32. Burtenshaw, M. . "A guide to growing pre-European Maori kumara" (PDF). The
Open Polytechnic of New Zealand, 2009; 5: 233-246.

82



33. Busch J, Li S, Xu Q. Effects of Apple Juice Concentrate, Blackcurrant Concentrate
and Pectin Levels on Selected Qualities of Apple-Blackcurrant Fruit Leather. Foods.
2013 2(3):430-443.

34. Carughi A, Feeney MJ, Kris-Etherton P, Fulgoni V 3rd, Kendall CW, Bull6 M, Webb
D. Pairing nuts and dried fruit for cardiometabolic health. Nutrition Journal. 2016;
15:23.

35. Chaaban N, Hoier ATZB, Andersen BV. A Detailed Characterisation of Appetite,
Sensory Perceptional, and Eating-Behavioural Effects of COVID-19: Self-Reports
from the Acute and Post-Acute Phase of Disease. Foods. 2021; 10(4):892.

36. Chan A., Shea T. Dietary supplementation with apple juice decreases endogenous
amyloid-beta levels in murine brain. Journal of Alzheimer’s Diseases. 2009;16:167—
171

37.Chandra RD, Siswanti CA, Prihastyanti MNU, Heriyanto, Limantara L,
Brotosudarmo THP. Evaluating Provitamin A Carotenoids and Polar Metabolite
Compositions during the Ripening Stages of the Agung Semeru Banana (Musa
paradisiaca L. AAB). International Journal of Food Science. 2020; 152-156.

38. Chauhan, A, Nagar, A, Bala, K & Sharma, Y. Comparative study of different parts of
fruits of Musa sp. On the basis of their antioxidant activity. Der Pharmacia Lettre,
2016; 8(15), 88-100.

39. Chavan RF, Jadhao VG, Sakhale BK. Studies on preparation of mango-sapota,
mixed fruit bar. Journal of Food Technology and Environment. 2016 2(2):361-365.
40. Chen CC, Lin C, Chen MH, Chiang PY. Stability and Quality of Anthocyanin in

Purple Sweet Potato Extracts. Foods. 2019 6; 8(9):393.

41. Chen YC, Siems WF, Pearce G, Ryan CA. Six peptide wound signals derived from
a single precursor protein in Ipomoea batatas leaves activate the expression of the
defense gene sporamin. Journal of Biological Chemistry. 2008; 283(17):11469-76.

42. Choong C Teow.Antioxidant activities, phenolic and B-carotene contents of sweet
potato genotypes with varying flesh colours. Food Chemistry. 2007103(3). Pages
829-838.

43. Das G, Patra JK, Basavegowda N, Vishnuprasad CN, Shin HS. Comparative study
on antidiabetic, cytotoxicity, antioxidant and antibacterial properties of
biosynthesized silver nanoparticles using outer peels of two varieties of Ipomoea
batatas (L.) Lam. International Journal of Nano medicine. 2019; 5(2): 365-369.

44. Dashti YA, Holt RR, Keen CL, Hackman RM. Date Palm Fruit (Phoenix dactylifera):
Effects on Vascular Health and Future Research Directions. International Journal of
Molecular Science. 2021; 22(9):4665.

45. Davey MW, Keulemans J, Swennen R. Methods for the efficient quantification of
fruit provitamin A contents. Journal of Chromatography. 2006; 1136: 176—184.

46. Diamante LM , Effective methods of processing and drying of Fruit Products.
International.Journal of Current Microbiology and Applied Sciences (2020) 9(5): 773-
778

47. Diane M Barrett. Maximizing the nutritional value of fruits and vegetables. Food
technology magazine.2007; 4(2): 25-30.

48. Dovene AK, Wang L, Bokhary SUF, Madebo MP, Yonghua Z, Jin P. Effect of
Cutting Styles on Quality and Antioxidant Activity of Stored Fresh-Cut Sweet Potato
(Ipomoea batatasL.) Cultivars. Foods. 2019; 2; 8(12):674.

83



49. Dr Anastasia Gadzhieva, Iron and Magnesium Determination in Meat using Flame
Atomic Absorption Spectroscopy, AA Applications Chemist, Thermo Fisher Scientific,
Cambridge, UK. 2021.

50. Drapal M, Rossel G, Heider B, Fraser PD. Metabolic diversity in sweet potato
(Ipomoea batatas, Lam.) leaves and storage roots. Horticulture research. 2019; 2-12

51. Ehling S, Tefera S, Earl R, Cole S. Comparison of analytical methods to determine
sodium content of low-sodium foods. J AOAC Int. 2010 Mar-Apr;93(2):628-637.

52. Eid N, Enani S, Walton G, Corona G, Costabile A, Gibson G, Rowland |, Spencer JP.
The impact of date palm fruits and their component polyphenols, on gut microbial
ecology, bacterial metabolites and colon cancer cell proliferation. Journal of
Nutritional Science. 2014; 3-7

53. Elleuch M, Besbes S, Roiseux O, Blecker C, Deroanne C, Drira N, Attia H. Date
flesh: Chemical composition and characteristics of the dietary fiber. Food
Chemistry. 2008;111:676—682

54. EI-Neweshy M.S., EI-Maddawy Z.K., EI-Sayed Y.S. Therapeutic effects of date palm
(Phoenix dactylifera L.) pollen extract on cadmium-induced testicular
toxicity. Andrologia. 2013; 456-469

55. Ember, Carol R.; Ember, Melvin, eds. "Cultures". Encyclopedia of Medical
Anthropology. Springer. p. 2004; 596-605.

56. Emiliano Cocci, Pietro Rocculi, Santina Romani, Marco Dalla Rosa.Changes in
nutritional properties of minimally processed apples during storage. Post harvest
biology and technology. Volume 39, Issue 3, March 2006, 265-271.

57. Escobar-Puentes AA, Palomo |, Rodriguez L, Fuentes E, Villegas-Ochoa MA,
Gonzalez-Aguilar GA, Olivas-Aguirre FJ, Wall-Medrano A. Sweet Potato (I[pomoea
batatas L.) Phenotypes: Agro industry to Health Effects. Foods. 2022; 11(7):1058.

58. Essa MM, Akbar M, Khan MA. Beneficial effects of date palm fruits on
neurodegenerative diseases. Neural Regen Research Gate. 2016; 11(7):1071-2.

59. Fan S, Xiong T, Lei Q, Tan Q, Cai J, Song Z, Yang M, Chen W, Li X, Zhu X.
Melatonin Treatment Improves Postharvest Preservation and Resistance of Guava
Fruit (Psidium guajava L.). Foods. 2022; 11(3):262-265.

60. Fan W, Wang H, Wu Y, Yang N, Yang J, Zhang P. H* -pyrophosphatase |1bVP1
promotes efficient iron use in sweet potato [I[pomoea batatas (L.) Lam.]. Plant
Biotechnology Journal. 2017;15(6):698-712.

61. Food and Agriculture Organisation. 2020

62.Feng S, Yi J, Li X, Wu X, Zhao Y, Ma Y, Bi J. Systematic Review of Phenolic
Compounds in Apple Fruits: Compositions, Distribution, Absorption, Metabolism, and
Processing Stability. Journal of Agricultural Food Chemistry. 2021; 69(1):7-27.

63. Gemenet DC, da Silva Pereira G, De Boeck B, Wood JC, Mollinari M, Olukolu BA,
Diaz F, Mosquera V, Ssali RT, David M, Kitavi MN, Burgos G. Quantitative trait loci
and differential gene expression analyses reveal the genetic basis for negatively
associated B-carotene and starch content in hexaploid sweetpotato [Ipomoea
batatas (L.) Lam.]. Theory of Apple Genetics. 2020; 133(1):23-36.

64. Ghasemzadeh A, Talei D, Jaafar HZ, Juraimi AS, Mohamed MT, Puteh A, Halim MR.
Plant-growth regulators alter phytochemical constituents and pharmaceutical quality
in Sweet potato (lpomoea batatas L.). BMC Complementary and Alternative
Medicine. 2016 28;16:152

84


https://www.sciencedirect.com/science/article/abs/pii/S0925521405002632
https://www.sciencedirect.com/science/article/abs/pii/S0925521405002632
https://www.sciencedirect.com/author/7006795539/santina-romani
https://www.sciencedirect.com/author/57191104940/marco-dalla-rosa

65. Giacalone G., Da Silva T.M., Peano C., Giuggioli N.R. Development of fruit leather
from Actinidia arguta by-product: Quality assessment and shelf life studies. lfalian
Journal of food science. 2019; 31:470-486

66. Gichuhi PN, Kpomblekou-A K, Bovell-Benjamin AC. Nutritional and physical
properties of organic Beauregard sweet potato [I[pomoea batatas (L.)] as influenced
by broiler litter application rate. Food Science and Nutrition. 2014; 2(4):332-340.

67. Govender L, Pillay K, Siwela M, Modi AT, Mabhaudhi T. Consumer Perceptions and
Acceptability of Traditional Dishes Prepared with Provitamin A-Biofortified Maize and
Sweet Potato. Nutrients. Journal of food Engineering. 2019; 11(7): 236-240.

68. Grace MH, Truong AN, Truong VD, Raskin I, Lila MA. Novel value-added uses for
sweet potato juice and flour in polyphenol- and protein-enriched functional food
ingredients. Food Science and Nutrition. 2015; 3(5):415-24.

69. Guine RPF, Florenca SG, Barroca MJ, Anjos O. The Link between the Consumer
and the Innovations in Food Product Development. Foods. 2020; 9(9):1317.

70. Gujral HS, Brar SS. Effects of hydrocolloids on dehydration of kinetics, colour and
texture of mango leather. International Journal of Food Science. 2003 6(3): 269-
279.

71. Gutierrez RM, Mitchell S, Solis RV. Psidium guajava: A review of its traditional uses,
phytochemistry and pharmacology. Journal of Ethnopharmacol. 2008; 56(42): 1365-
1369.

72. Haider MS, Khan IA, Naqvi SA, Jaskani MJ, Khan RW, Nafees M, et al. Fruit
Developmental Stages Effects on Biochemical Attributes in Date Palm. Pakistan
Journal of Agricultural Science. 2013; 50(4):577-83.

73.Han Z, Hu 'Y, Lv Y, Rose JKC, Sun Y, Shen F, Wang Y, Zhang X, Xu X, Wu T, Han
Z. Natural Variation Underlies Differences in ETHYLENE RESPONSE FACTOR17
Activity in Fruit Peel Degreening. Plant Physiology. 2018; 176(3):2292-2304.

74. Handique J, Bora SJ, Sit N. Optimization of banana juice extraction using
combination of enzymes. Journal of Food Science Technology. 2019; 3(2): 546-580.

75.Hao S, Ma Y, Zhao S, Ji Q, Zhang K, Yang M, Yao Y. McWRI1, a transcription
factor of the AP2/SHEN family, regulates the biosynthesis of the cuticular waxes on
the apple fruit surface under low temperature. PLoS Biomedical science. 2017;
12(10):e0186996.

76. Harshini Bandaru and Manish Bakshi. Fruit Leather: Preparation, packaging and its
effect on sensorial and physico-chemical properties. Journal of Pharmacognosy and
Phytochemistry 2020 9(6): 169-170

77. Harsimrat Kaur BonsS.S. Dhawan. Studies on the Preservation and Keeping Quality
of Guava Pulp. Research gate. 2004; 5(3): 333-354.

78. He J, Qin L, Yen B. Growth and photosynthetic characteristics of sweet potato
(Ipomoea batatas) leaves grown under natural sunlight with supplemental LED
lighting in a tropical greenhouse. Journal of Plant Physiology. 2020;252:153239

79. Herawati ERN, Santosa U, Sentana S, Ariani D. Protective Effects of Anthocyanin
Extract from Purple Sweet Potato (Ipomoea batatas L.) on Blood MDA Levels, Liver
and Renal Activity, and Blood Pressure of Hyperglycemic Rats. Prevention of
Nutrition Food Science. 2020; 25(4):375-379.

80. Hongnan Sun, Taihua Mu, Lisha Xi, Miao Zhang. Sweet potatoes leaves as
nutritional and functional foods. Food chemistry. 2019; 15(6):380-389.

85



81. Huang X., Hsieh F.-H. Physical properties, sensory attributes, and consumer
preference of pear fruit leather. Journal of Food Science. 2005 3(2): 56-68

82. Huang Z, Wang Z, Li X, He S, Liu Q, Zhai H, Zhao N, Gao S, Zhang H. Genome-
Wide Identification and Expression Analysis of JAZ Family Involved in Hormone and
Abiotic Stress in Sweet Potato and Its Two Diploid Relatives. International Journal of
Molecular biology. 2021; 22(18):9786.

83. Huang, Z, Liu, Q, Westland, S orcid et al. (3 more authors) Light dominates colour
preference when correlated colour temperature differs. Lighting Research &
Technology, 2018; 50 (7). pp. 995-1012. ISSN 1477-1535.

84. Indian Council of Agricultural Research. Papaya fruit bar. Agricultural Knowledge
Management Unit Bangalore. 2021 6(2): 78-79.

85. Ishurd O, Zahid M, Xiao P, Pan YJ. Protein and amino acids contents of Libyan
dates at three stages of development. Journal of Food science and
Agriculture. 2004; 84(5):481-4.

86. Itai A. Abiotic Stress Biology in Horticultural Plants. Springer; Tokyo, Japan. Water
core in fruits. Food Science and Nutrition. 2015; 127-145.

87. James Giese. Colour Measurements in foods. Food technology magazine. 2013;
50(12): 57-69.

88. Janette Busch. Fruit Leathers: Method of Preparation and Effect of Different
Conditions on Qualities. Hindawi, 2014 6(2): 69-73

89. Jang Y, Mascow. D, Koh E. Antioxidant content and activity in leaves and petioles of
six sweet potato (/[pomoea batatas L.) and antioxidant properties of blanched
leaves. Food Science and Biotechnology. 2019; 28:337-345

90. Jessica Bruso.The Natural Sugar Concentration in Potatoes. SF gate, 2018

91. Jia D, Wu P, Shen F, Li W, Zheng X, Wang Y, Yuan Y, Zhang X, Han Z. Genetic
variation in the promoter of an R2R3-MYB transcription factor determines fruit
malate content in apple (Malus domestica Borkh.). Plant Physiology. 2021;
186(1):549-568.

92. Johnson EJ. The role of carotenoids in human health. Nutritional Clinical Care. 2002
Mar-Apr;5(2):56-65.

93. Judd WS, Campbell CS, Kellong EA, Stevens PF, Donoghue MJ. Plant systematic,
a phylogenetic approach. Sinnauer Associates. 2002 Inc pp. 398-399

94. K. Usha Kumari, G. Rishitha, K. Rajendra Prasad and P.Suresh Kumar. Value
added products of guava. Agricultural update. 2017; 12(5): 2171-2177.

95. Kadam, D.M., P. Kaushik and R. Kumar. Evaluation of guava products quality.
International Journal of Food Science and Nutrition Engineering. 2012; 6(1):7-11

96. Kasozi G, Kasisira LL. Design and performance of a banana juice extractor. In:
African crop science conference proceedings. Journal of food Science and Nutrition.
2005; vol 7, no. pt. 03 of 03, pp 1381-1384.

97. Kaspar K. L., J. S. Park, C. R. Brown, K. Weller, C. F. Ross, B. D. Mathison and B.
P. Chew. Sensory evaluation of pigmented flesh potatoes (Solanum tuberosum L.).
Food Nutrition Science. 2013 4 (1):77-81.

98. Kaye, Christina E. Wierenga, Laura.A, Berner. Neural insensitivity to the effect of
hunger in women remitted from Anorexia nervosa. International Journal of Food
Science and Nutrition. 2020; 7(5): 212-215.

86



99. Kevers C., Falkowski M., Tabart J., Defraigne J.-O., Dommes J., Pincemail J.
Evolution of antioxidant capacity during storage of selected fruits and
vegetables. Journal of Agricultural Food Chemistry. 2007; 8(4): 36-39.

100. Kilua A, Nomata R, Nagata R, Fukuma N, Shimada K, Han KH, Fukushima M.
Purple Sweet Potato Polyphenols Differentially Influence the Microbial Composition
Depending on the Fermentability of Dietary Fiber in a Mixed Culture of Swine Fecal
Bacteria. Nutrients. 2019; 11(7):1495.

101. Konica Minolta. Colour Reader CR- 20. 2022.

102. Konishi T. Anthocyanins and anthocyanin-rich extracts: role in diabetes and eye
function. Asia Pac Journal of clinical Nutrition; 2007 16(2):200-208.

103. Kordi M, Meybodi FA, Tara F, Fakari FR, Nemati M, Shakeri M. Effect of Dates in
Late Pregnancy on the Duration of Labor in Nulliparous Women. Iran Journal of
Nursing and Midwifery Research. 2017; 22(5):383-387.

104. Koutsos A, Tuohy KM, Lovegrove JA. Apples and cardiovascular health—is the gut
microbiota a core consideration? Nutrients. 2015; 7(6):3959

105. Ku AT, Huang YS, Wang YS, Ma D, Yeh KW. IbMADS1 (Ipomoea batatas MADS-
box 1 gene) is involved in tuberous root initiation in sweet potato (Ipomoea batatas).
Annals of Botany. 2008; 102(1):57-67.

106. Kumar C, Kumar R, Singh SK, Goswami AK, Nagaraja A, Paliwal R, Singh R.
Development of novel g-SSR markers in guava (Psidium guajava L.) cv. Allahabad
Safeda and their application in genetic diversity, population structure and cross
species transferability studies. Food Chemistry. 2020 17; 15(8):e0237538.

107. Kumar R. Evaluation of guava product quality. International Journal of Food
Science and Nutrition Engineering. 2012; 2(1):7-11

108. Kuyu CG, Tola YB, Mohammed A, Ramaswamy HS. Determination of citric acid
pretreatment effect on nutrient content, bioactive components, and total antioxidant
capacity of dried sweet potato flour. Food Science and Nutrition. 2019; 2(7): 6-10.

109. Kyndt, Tina. "The genome of cultivated sweet potato contains Agrobacterium T-
DNAs with expressed genes: An example of a naturally transgenic food crop.
Research Gate. 2015; 8(5): 258-268.

110. L. George, Averre, Charles W; Wilson. "Sweet potato — Why one word?”. NCSU
Plant Pathology. North Carolina State University Department of Plant Pathology,
2019.

111. Lai YC, Huang CL, Chan CF, Lien CY, Liao WC. Studies of sugar composition and
starch morphology of baked sweet potatoes (Ipomoea batatas (L.) Lam). Journal of
Food Science and Nutrition 2013; 50(6):1193-1199.

112. Laurie S. M., Faber M., van Jaarsveld P. J., Laurie R. N., du Plooya C. P.,
Modisane P. C. Beta carotene yield and productivity of orange-fleshed sweet potato
(Ipomoea batatas L. Lam.) as influenced by irrigation and fertilizer application
treatments. Science of Hortiulture. 2012 142: 180-184.

113. Lawless and Heymann. Sensory evaluation of food. Food science text series 1998.
2; 499- 524,

114. Laxman KA, Madhumathi C, Syed S, Latha P. Quality evaluation and storage study
of papaya guava fruit bar. Journal of Pharmacognosy and Phytochemistry. 2017
6(4):2082-2087

87


https://www.mdpi.com/2072-6643/7/6/3959

115. Lebot, Vincent. Tropical Root and Tuber Crops : Cassava, Sweet Potato, Yams
And Aroids. Centre for Agriculture and Bioscience International. 2020; p. 541.

116. Lee .H, Kim HS. Isolation and physicochemical property of individual parenchyma
cells from mealy sweet potato. Food Science and Biotechnology. 2019; 29(4):521-
529.

117. Lee C.-L., Lee S.-L., Chen C.-J., Chen H.-C., Kao M.-C., Liu C.-H., Chen J.-Y., Lai
Y.-T., Wu Y.-C. Characterization of Secondary Metabolites from Purple Ipomoea
batatas Leaves and Their Effects on Glucose Uptake. Molecules. 2016; 721:745

118. Lee D, Mo C, Lee CJ, Lee SH. Change in dielectric properties of sweet potato
during microwave drying. Food Science Biotechnology. 2018; 28(3):731-739

119. Lee G., Hsieh F. Thin-layer drying kinetics of strawberry fruit leather. Journal of the
ASABE. 2008 8(4): 352-355

120. Leiva D1az E, Giannuzzi L, Giner SA. “Apple pectin gel produced by dehydration,”
Food and Bioprocess Technology. 2009 2(2):194-207.

121. Lewis DA, Fields WN, Shaw GP. A natural flavonoid present in unripe nendran
banana pulp (Musa sapientum L. var. paradisiaca) protects the gastric mucosa from
aspirin-induced erosions. Journal of Ethnopharmacol. 1999; 65:283—288.

122. Li R, Zhai H, Kang C, Liu D, He S, Liu Q. De Novo Transcriptome Sequencing of
the Orange-Fleshed Sweet Potato and Analysis of Differentially Expressed Genes
Related to Carotenoid Biosynthesis. International Journal of Genomics. 2015.

123.Li Y, Sun H, Li J, Qin S, Yang W, Ma X, Qiao X, Yang B. Effects of Genetic
Background and Altitude on Sugars, Malic Acid and Ascorbic Acid in Fruits of Wild
and Cultivated Apples (Malus sp.). Foods. 2021; 10(12):2950.

124. Liaudanskas M, Viskelis P, Raudonis R, Kviklys D, Uselis N, Janulis V. Phenolic
composition and antioxidant activity of Malus domestica leaves. Scientific World
Journal. 2014; 54-58

125. Lin CF, Kuo YT, Chen TY, Chien CT. Quercetin-Rich Guava (Psidium guajava)
Juice in Combination with Trehalose Reduces Autophagy, Apoptosis and Pyroptosis
Formation in the Kidney and Pancreas of Type |l Diabetic Rats. Molecules. 2016
Mar 10; 21(3):334.

126. Lin Y, Huybrechts |, Vereecken C, Mouratidou T, Valtuefia J, Kersting M,
Gonzalez-Gross M, Bolca S, Warnberg J, Cuenca-Garcia M, Gottrand F, Toti E,
Gomez-Martinez S, Grammatikaki E, Labayen |, Moreno LA, Sjostrétm M, Van Camp
J, Roccaldo R, Patterson E, Manios Y, Molnar D, Kafatos A, Widhalm K, De Henauw
S. Dietary fiber intake and its association with indicators of adiposity and serum
biomarkers in European adolescents: the HELENA study. European Journal of
Nutrition. 2015; 54(5):771-82.

127. Luo Y, Peng B, Wei W, Tian X, Wu Z. Antioxidant and Anti-Diabetic Activities of
Polysaccharides from Guava Leaves. Molecules. Journal of Food Medicine. 2019;
24(7):1343.

128. Lweala EAA, Obichi IC, Omotosho OE. Biochemical and Histological responses of
hepatoxic rat fed Musa paradisiaca L. supplemented diet. Introduction of
Pharmacol. 2011;7(4):471-477.

129. M.M. Paradkat, S. Sivakesava, J. lrudayaraj. Reducing Sugar— Definition and
Comparison with Nonreducing Sugar. Journal of Agriculture. Food Chemistry, 2013. 83:
714.

88



130. Manimegalai G, Krishnaveni A, Saravana KR. Processing and preservation of
jackfruit (Artocarpus heterophyllus L.) bar (thandra). Journal of Food Science
and Technology 2001; 38:529-531.

131. Manzoor M, Anwar F, Saari N, Ashraf M. Variations of antioxidant characteristics
and mineral contents in pulp and peel of different apple (Malus domestica Borkh.)
cultivars from Pakistan. Molecules. 2012; 17(1):390-407.

132. Maryna de Wit, C. Bothma, P. Swart. Thermal treatment, Jelly processing and
sensory evaluation of cactus pear fruit juice. Journal of the Professional Association
for Cactus Development. 2014. 16:1-14

133. Mathur, Klerfi .M., Barico.S. Devlopment of Fruit Bar and evaluation of their
physiochemical properties. Indian Food Packer, 1972 9(4). 17-24

134. Mayer C, Servent A, Messan C, Achir N, Dornier M, Mendoza Y. Bioaccessibility of
Biofortified Sweet Potato Carotenoids in Baby Food: Impact of Manufacturing
Process. Front Nutrition. 2018; 5:98

135. Mazza G, Miniati E. Anthocyanins in fruits, vegetables, and grains. CRC press;
Boca Raton: 1993; 3(2): 55-59.

136. Mbogo D., Muzhingi T., Janaswamy S. Starch digestibility and [p-carotene
bioaccessibility in the orange-fleshed sweet potato puree-wheat bread. Journal of
Food Science. 2021; 86:901-906.

137. Meents AK, Chen SP, Reichelt M, Lu HH, Bartram S, Yeh KW, Mithofer A. Volatile
DMNT systemically induces jasmonate-independent direct anti-herbivore defense in
leaves of sweet potato (Ipomoea batatas) plants. Scientific Reports. 2019; 22;9(1)

138. Mia MA, Mosaib MG, Khalil MI, Islam MA, Gan SH. Potentials and Safety of Date
Palm Fruit against Diabetes: A Critical Review. Foods. 2020 Oct 28;9(11):1557.

139. Mohanraj, Remya. Sweet Potato: Bioactive Compounds and Health
Benefits.Bioactive Molecules in Food 2018; (pp.1-16)

140. Mousavi T, Rafiei A, Yoosefpour M. Nutritional value and health benefits of dates
according to Islamic recourses and traditional medicine. Journal of Mazandaran
University of Medical Science. 2014; 24 (117): 247-265.

141. Mphaphuli T, Manhivi VE, Slabbert R, Sultanbawa Y, Sivakumar D. Enrichment of
Mango Fruit Leathers with Natal Plum (Carissa macrocarpa) Improves Their
Phytochemical Content and Antioxidant Properties. Foods. 2020 Apr 4;9(4):431-439

142. Mun KH, Yu GI, Choi BY, Kim MK, Shin MH, Shin DH. Association of Dietary
Potassium Intake with the Development of Chronic Kidney Disease and Renal
Function in Patients with Mildly Decreased Kidney Function: The Korean Multi-Rural
Communities Cohort Study. Med Sci Monit. 2019 Feb 8;25:1061-1070.

143. Musyoka JN, Abong' GO, Mbogo DM, Fuchs R, Low J, Heck S, Muzhingi T. Effects
of Acidification and Preservatives on Microbial Growth during Storage of Orange
Fleshed Sweet Potato Puree. International Journal of Food Science. 2018; 6(2):
856-866.

144. Myers R.H., Montgomery D.C., Anderson-Cook C.M. Response Surface
Methodology: Process and Product Optimization Using Designed Experiments. John
Wiley & Sons, Inc.; Hoboken. Nutritional Journal. 2009; 7(4): 552 — 555

145. Nabubuya A, Namutebi A, Byaruhanga Y, Schuller RB, Narvhus J, Wicklund T.
Viscoelastic properties of sweet potato complementary porridges as influenced by
endogenous amylases. Food Science and Nutrition. 2017; 5(6):1072-1078

89



146. Nadeem M, Salim-ur-Rehman, Muhammad Anjum F, Murtaza MA, Mueen-ud-Din
G. Development, characterization, and optimization of protein level in date bars
using response surface methodology. Scientific World Journal. 2012; 518702.

147. Naomi R, Bahari H, Yazid MD, Othman F, Zakaria ZA, Hussain MK. Potential
Effects of Sweet Potato (Jpomoea batatas) in Hyperglycemia and Dyslipidemia-A
Systematic Review in Diabetic Retinopathy Context. International Journal of
Molecular Science. 2021 6; 22(19):10816.

148. Natalia AQ, Ruiz M, Silvana J, Demarchi F, Massolo M, Luis, Rodoni A, Sergio,
Giner. Evaluation of quality during storage of apple leather. Food Science and
Technology. 2012; 47:485-492.

149. Nedunchezhiyan M., Byju G., Dash S. N. Effects of organic production of orange
fleshed sweet potato (Ipomoea batatas L.) on root yield, quality and soil biological
health. International Research Journal of Plant Science. 2010:1, 136—143.

150. Neela S, Fanta SW. Review on nutritional composition of orange-fleshed sweet
potato and its role in management of vitamin A deficiency. Food Science of Nutrition
2019; 7(6): 36-66.

151. Nour V., Trandafir I., lonica M.E. Compositional characteristics of fruits of several
apple (Malus domestica Borkh.) cultivars. Not. Bot. Horti Agrobo. 2010;38:228-233.

152. O'Hair, Stephen K. "Tropical root and tuber crops". In Janick, J.; Simon, J.E.
(eds.). Advances in New Crops. Portland, OR: Timber Press. 2014; pp. 424-428.
Retrieved 26 September 2014.

153. Oladoye CO, Connerton IF, Kayode RMO, Omojasola PF, Kayode IB.
Biomolecular characterization, identification, enzyme activities of molds and
physiological changes in sweet potatoes (Ipomea batatas) stored under controlled
atmospheric conditions. J Zhejiang. University of Biological Science.
2016;17(4):317-32.

154. Oloniyo RO, Omoba OS, Awolu OO. Biochemical and antioxidant properties of
cream and orange-fleshed sweet potato. Heliyon. 2021;7(3): 546-551

155. Omoba OS, Oyewole GO, Oloniyo RO. Chemical Compositions and Antioxidant
Properties of Orange Fleshed Sweet Potato Leaves and the Consumer Acceptability
in Vegetable Soup. Prevention of Nutrition Food Science. 2020; 25(3):293-300.

156. Ooi CP, Loke SC. Sweet potato for type 2 diabetes mellitus. Cochrane Database
Systemic Reviews. 2013; 23(9): 523-533.

157. Osorio, C., Forero, D. P., & Carriazo, J. G. Characterization and performance
assessment of guava (Psidium guajava L.) microencapsulates obtained by spray-
drying. Food Research International. 2011; 5(3):44(5), 1174-1181.

158. Osundahunsi OT. Scanning electron microscope study and pasting properties of
ripe and unripe nendran. Journal of Food Agricultural Environment. 2009;
7(3&4):182—-186.

159. Oyeyinka BO. Potentials of Musa Species Fruits against Oxidative Stress-Induced
and Diet-Linked Chronic Diseases. Research Gate. 2020 30;25(21):5036.

160. Ozturk, G., F. Nil and A. Zihin. "Field Performance of In Vitro Sweet Potato
(lpomoea BatatasL., Lam.) Plantlets Derived from Seedstocks. Turkish Journal of
Field Crops. 2012; 17:1-4

90



161. P.Vijayanand, A.R.Yadav, N.Balasubramanyam, P.Narasimham. Storage Stability
of Guava Fruit Bar Prepared Using a New Process. Food Science and Technology.
Volume 33, Issue 2, March 2000, Pages 132-137.

162. Padayatty SJ, Levine M. Vitamin C: the known and the unknown and Goldilocks.
Oral Diseases. 2016; 22(6): 463-93.

163. Park JH, Lee JH, Velmurugan P, Chang WS, Park YJ, Oh BT. Photo-fermentation
of purple sweet potato (lpomoea batatas L.) using probiotic bacteria and LED lights
to yield functionalized bioactive compounds. Food and Biotechnology. 2018;
8(7):300-305.

164. Parmenter BH, Croft KD, Hodgson JM, Dalgaard F, Bondonno CP, Lewis JR,
Cassidy A, Scalbert A, Bondonno NP. An overview and update on the epidemiology
of flavonoid intake and cardiovascular disease risk. Food Functions. 2020;
11(8):6777-6806.

165. Pasupuleti Vijayanand. A process for preparation of fruit bar from tropical/sub
tropical/temperate fruits./ndian Patent. 2002 6(5): 147-158.

166. Patocka J., Bhardwaj K., Klimova B., Nepovimova E., Wu Q., Landi M., Kuca K.,
Valis M., Wu W. Malus Domestica: A Review on Nutritional Features, Chemical
Composition, Traditional and Medicinal Value. Plants. 2020

167. Peng J, Yue C, Qiu K, Chen J, Aller MA, Ko KS, Yang H. Protective Effects of
Guava Pulp on Cholestatic Liver Injury. ISRN Hepatol. 2013; 9(5):601071

168. Pereira, Maraschin, Sri Ranvesh B, Girisala. Detrmination of nutrients in different
varieties of banana. Journal of Food Chemistry. 2015. 8(3): 136-150.

169. Perry, L. "Starch granule size and the domestication of manioc (Manihot esculenta)
and Sweet potato (Ipomoea batatas)". Economic Botany. 2002.56 (4): 345-349

170. Perveen K, Bokahri NA. Comparative analysis of chemical, mineral and in-vitro
antibacterial activity of different varieties of date fruits from Saudi Arabia. Saudi
Journal of biological Science. 2020 ;27(8): 321-334.

171. Phimpharian C., Jangchud A., Jangchud K., Therdthai N., Prinyawiwatkul W., No
H.K. Physicochemical characteristics and sensory optimisation of pineapple leather
snack as affected by glucose syrup and pectin concentrations. International Journal
of Food Science and Technology. 2011; 46:972—-981.

172. Pilania J.S. Gora and D.K. Singh Suman K. Yadav, D.K. Sarolia, S. Organoleptic
evaluation of preserved guava pulp during storage. Journal of Food Science. 2014;
3(3): 211-215.

173. Pommerrenig B, Barth I, Niedermeier M, Kopp S, Schmid J, Dwyer RA, McNair RJ,
Klebl F, Sauer N. Common plantain. A collection of expressed sequence tags from
vascular tissue and a simple and efficient transformation method. Plant Physiology.
2006; 142(4):1427-41.

174. Putnik P, Pavlic B, Sojic B, Zavadlav S, Zuntar |, Kao L, Kitonic D, Kovacevic DB.
Innovative Hurdle Technologies for the Preservation of Functional Fruit Juices.
Foods. 2020; 9(6):699.

175. Qadan F, Thewaini AJ, Ali DA, Afifi R, Elkhawad A, Matalka KZ. The antimicrobial
activities of Psidium guajava and Juglans regia leaf extracts to acne-developing
organisms. American Journal of Chinese Medicine. 2005; 33(2):197-204.

91


https://www.sciencedirect.com/science/article/abs/pii/S0023643899906278
https://www.sciencedirect.com/science/article/abs/pii/S0023643899906278
https://www.sciencedirect.com/science/article/abs/pii/S0023643899906278
https://www.sciencedirect.com/science/article/abs/pii/S0023643899906278

176. R. Di Monaco, S. Cavella, P. Masi. Predicting sensory cohesiveness, hardness
and springiness of solid foods from instrumental measurements. Journal of texture
studies. 2008. 21: 126-12

177. Rahmani AH, Aly SM, Ali H, Babiker AY, Srikar S, Khan AA. Therapeutic effects of
date fruits (Phoenix dactylifera) in the prevention of diseases via modulation of anti-
inflammatory, anti-oxidant and anti-tumour activity. International Journal of Clinical
Experimental Medicine. 2014; 5: 357-378.

178. Rajendran S, Lin IW, Chen MJ, Chen CY, Yeh KW. Differential activation of
sporamin expression in response to abiotic mechanical wounding and biotic
herbivore attack in the sweet potato. BMC Plant Biology. 2014. 28(5): 55-58.

179. Ram and Chandrika. Studies on preparation of fruit bars and candies. Indira
Gandhi Krishi Vishwavidyalaya Journal. 2004; 3(2): 265 - 269

180. Rameswar.A. Studies on mango fruit bar preparation./ndian Food Packer. 1979 pp.
32-33

181. Ranganna S. Standardisation of fruit bars by varying constituents. Handbook of
Analysis and Quality Control for Fruit and Vegetable Products. 2016; 6(5): 87 - 89

182. Raquel Simao, Jaqueline Oliveira, de Moraes, Julia Beims Lopes, Ana Caroline,
Carciofi. Survival Analysis to Predict How Color Influences the Shelf Life of
Strawberry Leather. Foods. 2022 11(2):218.

183. Reid RW, Luo Y, Yan S, Miller TE, Song BH. Transcriptome dataset of halophyte
beach morning glory, a close wild relative of sweet potato. Front Plant Science 2016;
7:1267.

184. Ren W, Qiao Z, Wang H, Zhu L, Zhang L. Flavonoids: promising anticancer
agents. Medical Research Reviews. 2003; 23(4):519-534.

185. Rios-Romero E.A., Ochoa-Martinez L.A., Bello-Pérez L.A., Morales-Castro J.,
Quintero-Ramos A., Gallegos-Infante J.A. Effect of ultrasound and steam treatments
on bioaccessibility of B-carotene and physicochemical parameters in orange-fleshed
sweet potato juice. Heliyon. 2021;8(5):835-839.

186. Roullier C, Duputié A, Wennekes P, Benoit L, Fernandez Bringas VM, Rossel G,
Tay D, McKey D, Lebot V. Disentangling the origins of cultivated sweet potato
(lpomoea batatas (L.) Lam.). PLoS One. 2013 27; 8(5).

187. Russell W.R., Labat A., Scobbie L., Duncan G.J., Duthie G.G. Phenolic acid
content of fruits commonly consumed and locally produced in scotland. Food
Chemistry. 2009.

188. Ryu NH, Park KR, Kim SM, Yun HM, Nam D, Lee SG, Jang HJ, Ahn KS, Kim SH,
Shim BS, Choi SH, Mosaddik A, Cho SK, Ahn KS. A hexane fraction of guava
Leaves (Psidium guajava L.) induces anticancer activity by suppressing
AKT/mammalian target of rapamycin/ribosomal p70 S6 kinase in human prostate
cancer cells. Journal of Medicine and Food. 2012; 15(3):231-41.

189. S.A.;Hegazi, S.M.Chemical composition of the Egyptian dry dates. Journal of Food
Science and Agriculture. 2005; 5(5): 632—633.

190. Salah M. Aleid, Jameel M. Al-Khayri, Abdulaziz M. Al-Bahrany, Date Palm Status
and Perspective in Saudi Arabia, Date Palm Genetic Resources and Utilization.
Research Gate. 2015; 4(2):123-136.

92



191. Salelign K, Duraisamy R. Sugar and ethanol production potential of sweet potato
(Ipomoea batatas) as an alternative energy feedstock: processing and
physicochemical characterizations. Heliyon. 2021; 7(11): 66-78.

192. Sampath Kumar NS, Sarbon NM, Rana SS, Chintagunta AD, Prathibha S, Ingilala
SK, Jeevan Kumar SP, Sai Anvesh B, Dirisala VR. Extraction of bioactive
compounds from Psidium guajava leaves and its utilization in preparation of jellies.
AMB Express. 2021; 11(1):36.

193. Sanjeev Rastogi, Shobhit Chawla, R.P. Singh. Ayurvedic Management of
Unilateral Loss of Vision Following a Blunt Injury to Eye: A Case Report. 2009; 5(3):
53-56.

194. Saranya V, Uma Devi K, Jessie Suneetha W, Suneetha KB. Development and
shelf life study of papaya fruit rollups. Journal of Pharmacognosy and
Phytochemistry. 2017; 6(6):1420-1424

195. Sathiamoorthy.S. How to prepare fruits and vegetables. Journal of Food and
Nutrition.2019 7(3): 112-115

196. Senevirathna SSJ, Ramli NS, Azman EM, Juhari NH, Karim R. Optimization of the
Drum Drying Parameters and Citric Acid Level to Produce Purple Sweet Potato
(Ipomoea batatas L.) Powder Using Response Surface Methodology. Foods. 2021
15;10(6):1378

197. Serra A.T, Rocha J, Sepodesc B., Matiasa A.A., Feliciano R.P., de Carvalho A.,
Bronze M.R., Duarte C.M., Figueira M.E. Evaluation of cardiovascular protective
effect of different apple varieties—Correlation of response with composition. Food
Chemistry. 2012; 135: 2378-2383.

198. Shahid Mahmood. Proximate estimation and organoleptic characterization of fruit
bar. International Network for National Sciences 2020 5(2):56-59

199. Shaik-Dasthagirisaheb YB, Varvara G, Murmura G, Saggini A, Caraffa A, Antinolfi
P, Tete' S, Tripodi D, Conti F, Cianchetti E, Toniato E, Rosati M, Speranza L,
Pantalone A, Saggini R, Tei M, Speziali A, Conti P, Theoharides TC, Pandolfi F.
Role of vitamins D, E and C in immunity and inflammation. Journal of Biologically
Regulated Homeostatic Agents. 2013; 27(2):291-5.

200. Shani Liyanage. Sweet Potatoes and Diabetes — Is Sweet Potato Good for
Diabetics?Journal of Food Science Technology. 2021; 23(5): 547-558.

201. Shehzad M, Rasheed H, Naqvi SA, Al-Khayri JM, Lorenzo JM, Alaghbari MA,
Manzoor MF, Aadil RM. Therapeutic Potential of Date Palm against Human Infertility:
A Review. Metabolites. 2021; 11(6): 536-539

202. Shi L, Li Y, Lin L, Bian X, Wei C. Effects of Variety on Physicochemical Properties
of Starch from Sweet Potato Root Tuber. Molecules. 2021; 26(23):7137

203. Shih C.K., Chen C.M., Varga V., Shih L.C., Chen P.R., Lo S.F., Shyur L.F., Li S.C.
White sweet potato ameliorates hyperglycemia and regenerates pancreatic islets in
diabetic mice. Food Nutrition and Research. 2020; 64:1-11.

204. Shyur LF, Varga V, Chen CM, Mu SC, Chang YC, Li SC. Extract of white sweet
potato tuber against TNF-a-induced insulin resistance by activating the PI3K/Akt
pathway in C2C12 myotubes. Botanical Study. 2021; 62(1):71-75.

205. Silva LC, Viganoé J, de Souza Mesquita LM, Dias ALB, de Souza MC, Sanches VL,
Chaves JO, Pizani RS, Contieri LS, Rostagno MA. Recent advances and trends in

93



extraction techniques to recover polyphenols compounds from apple by-products.
Food Chemistry. 2021;12.

206. Simao R.S., Moraes J.O., Carciofi B.A.M., Laurindo J.B. Recent advances in the
production of fruit leathers. Food Engineering Reviews. 2020; 12:68-82.

207. Singh S., Devi S, & Ng, T. Banana lectin: A brief review. Molecules, 2014; 19(11):
18817-18827.

208. Slavin JL,Lloyd B. Health benefits of fruitsand vegetables. Advances in Nutrition.
2012; 3(4):506-16.

209. Stable micro systems. 2022

210. Steed LE, Truong VD. Anthocyanin content, antioxidant activity, and selected
physical properties of flowable purple-fleshed sweet potato purees.Journal of Food
Science. 2008; 73(5):S215-21

211. Stephanie Booth. Benefits of fruits and vegetables. Journal of Food and Nutrition.
2021; 5(3): 521-525.

212. Susan Paretts. Nutrition of Cooked Apples. Healthy eating of SF gate. 2018;
3(2): 369-384.

213. Syeda Mahvish Zahra. Shelf stable iron fortified fruit bar's development.
International journal of Biosciences. 2020 16(4), 111-135

214. Takashi Watan, Yasum, Nobutaka, Nakamura Takahiro, Orikas TakeoShiina,
Masayasu Nagata. Electric and mechanical detection of changes in heated apple
flesh. Journal of food engineering. 2019; 5(2): 26-31.

215. Teixeira D.A.G.H. Controlled and Modified Atmospheres for Fresh and Fresh-Cut
Produce. Academic Press, Subtropical fruits: Guavas; Food journal. 2020; pp. 435—
445,

216. Teow, C. C., V. D. Truong, R. F. Mc Feeters, R. L. Thompson, K.V. Pecota and G.
C. Yencho. Antioxidant activities, phenolic and b-carotene contents of sweet potato
genotypes with varying flesh colors. Food Chemistry. 2007; 10(3): 829—-838.

217. Terahara N, Konczak I, Ono H, Yoshimoto M, Yamakawa O. Characterization of
Acylated Anthocyanins in Callus Induced From Storage Root of Purple-Fleshed
Sweet Potato, Ipomoea batatas L. Journal of Biomedical Biotechnology. 2004;
(5):279-286

218. Tontul ., Topuz A. Storage stability of bioactive compounds of pomegranate
leather (pestil) produced by refractance window drying. Journal of Food process
Engineering. 2019; 42: 124-128

219. Truong VD, Mc Feeters R, Thompson R, Dean L, Shofran B. Phenolic acid content
& composition in leaves and roots of common commercial sweet potato cultivars in
the United States. Journal of Food Science. 2007; 72(6): 352-355.

220. Tungmunnithum D., Thongboonyou A., Pholboon A., Yangsabai A. Flavonoids and
Other Phenolic Compounds from Medicinal Plants for Pharmaceutical and Medical
Aspects: An Overview. Medicines. 2018; 9(4): 485-488.

221. U. D. Chavan, Bosto. R, Clavin. D. Studies on preparation of fruit bar from papaya
and guava.Journal of Pharmacognosy and Phytochemistry 2019 8(4): 3219-3223
222. Unusan N. Proanthocyanidins in Grape Seeds: An Updated Review of Their Health

Benefits and Potential Uses in the Food Industry. Journal of Functional Foods. 2020.

223.V. Abioye, B. Olanipekun, O. Omotosho. Effect of varieties on the proximate,

nutritional and anti-nutritional composition of nine variants of AYB seeds

94



(Sphenostylis  stenocarpa) Donnish  Journal of Food Science and
Technology, 1 (2015), pp. 17-21

224. Vallee Marcotte B, Verheyde M, Pomerleau S, Doyen A, Couillard C. Health
Benefits of Apple Juice Consumption: A Review of Interventional Trials on Humans.
Nutrients. 2022; 14(4):821.

225. Van den Berg H, Faulks R, Granado HF, Hirschberg J, Sandmann G, Southon S,
Stahl W. The potential for the improvement of carotenoid levels in foods and the
likely systemic effects. Journal of Science Food Agriculture. 2000; 80(7): 55-59.

226. Vasile M, Bunea A, loan CR, loan BC, Socaci S, Viorel M. Phytochemical Content
and Antioxidant Activity of Malus domestica Borkh Peel Extracts. Molecules. 2021,
26(24):7636

227. Vishwasrao C, Ananthanarayan L. Kinetics of inactivation of quality-deteriorating
enzymes and degradation of selective phytoconstituents in pink guava pulp during
thermal processing. Journal of Food Science and Technology. 2018; 55(8):3273-
3280.

228. W.H. Barreveld. Date palm products. Food and Agriculture Organization of the
United Nations. International Journal of Medicine. 2004; 2(3): 456-459.

229. Wang LS, Stoner GD. Anthocyanins and their role in cancer prevention. Journal of
Biomedical sciences. 2008; 269(2): 281-290

230. Wang S., Nie S., Zhu F. Chemical constituents and health effects of sweet
potato. Food Research Inernational. 2016; 89:90-116.

231. Wang X, Ouyang YY, Liu J, Zhao G. Flavonoid intake and risk of CVD: a
systematic review and meta-analysis of prospective cohort studies. British Journal of
Nutrition. 2014 Jan 14; 111(1):1-11

232. XuY, CaiZ,Bal,QinY, Su X, Luo D, Shan W, Kuang J, Lu W, Li L, Chen J, Zhao
Y. Maintenance of Postharvest Quality and Reactive Oxygen Species Homeostasis
of Pitaya Fruit by Essential Oil p-Anisaldehyde Treatment. Foods. 2021; 10(10):2434.

233. Yada B, Brown-Guedira G, Alajo A, Ssemakula GN, Owusu-Mensah E, Carey EE,
Mwanga ROM, Yencho GC. Genetic analysis and association of simple sequence
repeat markers with storage root yield, dry matter, starch and B-carotene content in
sweetpotato. Breed Science. 2017; 67(2):140-150.

234. Yadav BS, Sharma A, Yadav RB. Studies on effect of multiple heating/cooling
cycles on the resistant starch formation in cereals, legumes and tubers. International
Journal of Food science and Nutrition. 2009; 5(1): 654-690.

235.Yang J, Gadi RL. Effects of steaming and dehydration on anthocyanins,
antioxidant activity, total phenols and color characteristics of purple-fleshed sweet
potatoes (Ipomoea batatas) American Journal of Food Technology. 2008; 3:224—-234.

236. Yeh KW, Chen SP, Kuo CH, Lu HH, Lo HS. The Sweet Potato NAC-Domain
Transcription Factor IbNAC1 Is Dynamically Coordinated by the Activator IbbHLH3
and the Repressor IbbHLH4 to Reprogram the Defense Mechanism against
Wounding. PLoS Genetics. 2016 25; 12(10): 36-38.

237.Yen, D. E. "The New Zealand Kumara or Sweet Potato". Economic Botany. 17 (1):
31-45, 1963

238.Yin X, Chen K, Cheng H, Chen X, Feng S, Song Y, Liang L. Chemical Stability of
Ascorbic Acid Integrated into Commercial Products: A Review on Bioactivity and
Delivery Technology. Antioxidants (Basel). 2022 13; 11(1):153.

95



239. Zhang H, Liu X, Chen T, Ji Y, Shi K, Wang L, Zheng X, Kong J. Melatonin in
Apples and Juice: Inhibition of Browning and Microorganism Growth in Apple Juice.
Molecules. 2018; 23(3):521

240. Zhou S, Chen L, Chen G, Li Y, Yang H. Molecular Mechanisms through Which
Short-Term Cold Storage Improves the Nutritional Quality and Sensory

Characteristics of Postharvest Sweet Potato Tuberous Roots: A Transcriptomic
Study. Foods. 2021; 10(9): 147-149.

96



APPENDICES



SECEIBTRE

VIl. APPENDIX |

INSTITUTIONAL HUMAN ETHICS COMMITTEE

Savk and Yo Shall Flad

Avinashilingam

Institute for Home Science and Higher Education for Women
(Deemed to be University under Category 'A' by MHRD, Estd. u/s 3
of UGC Act 1956) Re-accredited with 'A++' Grade by
NAAC.Recognised by UGC Under Scction 12 B

Coimbatore-641 043, Tamil Nadu, India

Chairman

Dr.Sudha Ramalingam
Director-Research & Innovation,
Professor-Community Medicine,
PSG Institute of Medical Sciences
& Research, Coimbatore

Member Secretary
Dr.S.Uma Mageshwari
Professor and Head,
Department of Food Service
Management & Dietetics

Members

Mr.K.Arunmoli (Legal Expert)
Dr.Subhashini K. Sripathi
Dr.A.Saraswathy (Medical Officer)
Ms.D.Kavitha
Dr.A.R.SudamaniRamasamy
Dr.G.Victoria Naomi

Dr. Judith Justin

Dr.AnithaSubash

08™March 2022

To

Ms.Shobana.K

Department of Food Science and Nutrition
Avinashilingam Institute for Home Science and
Higher Education for Women

Coimbatore — 641 043

Dear Shobanak,

Ref: Your proposal No. IHEC/21-22/FSN-22 entitled
“Development of Fruit Bar Rich in Beta Carotene and Vitamin C”
resubmitted for approval to IHEC on 02.03.2021.

The Institutional Human Ethics Committee of our University
hereby grants approval to your research proposal No. IHEC/21-22/
FSN-22 entitled “Development of Fruit Bar Rich in Beta Carotene
and Vitamin C” resubmitted by you. The Approval number for the
same is AUW/[HEC/FSN-21-22/XPD-22.

‘We wish you all the best in your research endeavours.
Regards,

V UWmo. Meptnh
Dr.S.Uma Mages%ﬁ:ari
Member Secretary

97

o




APPENDIX Il
SCORE CARD FOR SENSORY EVALUATION
Name
Class
Date

Sweet potato — apple fruit bar (SPA)

Code Appearance Colour Flavour Texture Taste Overall
/mouthfeel Acceptabililty

Standard

SPA1

SPA2

SPA3

Sweet potato — dates fruit bar (SPD)

Code Appearance Colour Flavour Texture Taste Overall
/mouthfeel Acceptabililty

Standard

SPD1

SPD2

SPD3

Sweet potato — guava fruit bar (SPG)

Code Appearance Colour Flavour Texture Taste Overall
/mouthfeel Acceptabililty

Standard

SPG1

SPG2

SPG3

Sweet potato — nendran fruit bar (SPB)

Code Appearance Colour Flavour Texture Taste Overall
/mouthfeel Acceptabililty

Standard

SPB1

SPB2

SPB3

Hedonic Rating Scores:
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

Signature
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