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India is the one of the largest producer of banana (Musa paradisiac L.) in the
world. Banana is considered a common man’s fruit and is rightly called the dessert fruit.
Banana, being a tropical fruit, has a very short shelf life. Foam mat drying allows
dehydration of heat sensitive, high sugar content and viscous food like banana which is
difficult to dry. The foam mat dried products are cost effective and highly stable against
deteriorative microbial, chemical and biochemical reactions. The banana powder can
be used as food ingredient and natural flavouring agent in other products during off
season. This reduces the glut in the market and farmers fetch remunerative price during
harvesting season in the domestic market.

High yielding banana variety of Grand Naine which is most commonly grown
in Saurashtra region was selected for the experiment. The ripened banana (stage-5) was
procured from the local market of Junagadh, Gujarat. The experiment was carried out
in the Department of Processing and Food Engineering, College of Agricultural
Engineering and Technology, Junagadh Agricultural University, Junagadh during the
year 2018-19. Fruits having 15 £+ 1 °Brix TSS were cut into small slices of 3-5 mm and
dipped in 1% (w/w) solution of sodium meta bisulphite for 2 min and then rinsed in
water for 30 s. Blending and whipping of pulp was carried out with a portable hand
blender for proper mixing of air with the pulp. The effect of three foaming parameters
viz., foaming agent (2.5, 4.53, 7.5, 10.47 and 12.5%), foaming stabilizer (0.1, 0.18, 0.3,
0.42 and 0.5%) and whipping time (5, 9, 15, 21 and 25 min) were optimized on foam
expansion, foam stability and foam density of banana pulp using response surface
methodology. Whey protein isolate was used as foaming agent and methyl cellulose
was used as foaming stabilizer.

The optimum treatment conditions were found to be 5.35% foaming agent,
0.45% foaming stabilizer and 9.43 min whipping time with foam expansion of
138.95%, foam stability of 96.33% and foam density of 0.43 g/cc. The performance of
this model was also verified by conducting an experiment at the optimized condition.
It could reveal that the experimental value was very close to the predicted value that
confirmed the validation of derived model.

Optimized parameters for foaming properties of banana pulp were selected for
further drying of foamed banana. Drying of foamed banana pulp was carried out at four



levels of drying temperature (55, 60, 65 and 70 °C) and three levels of foam thickness
(2, 4 and 6 mm) in a tray dryer. After drying, dried sample was scrapped, grinded and
sieved through mesh no. 35 sieve. Drying characteristics viz., drying time, drying rate
and moisture ratio of foam mat drying of banana pulp were evaluated.

Maximum drying time (300 min) was observed at 55 °C drying temperature and
6 mm foam thickness while minimum drying time (120 min) was observed at 70 °C
drying temperature and 2 mm thickness. Drying time for drying temperature 60 °C and
2 mm foam thickness was recorded 180 min. Maximum drying rate (0.310 g water/g
dry matter/min) was found for 70 °C for drying temperature for 2 mm foam thickness
and minimum drying rate (0.113 g water/g dry matter/min) was recorded for 55 °C
drying temperature for 6 mm foamed thickness of banana pulp. There was rapid
decrease in moisture ratio with faster rate at initial stage of 50 to 70 min of drying in
all cases, however in later stage of drying, the decrease in moisture ratio was at slower
rate.

Quality parameters viz., physical properties, biochemical properties, functional
properties and sensory characteristics of banana powder were carried out after drying
of banana foam. Maximum recovery (37.86%), total sugars (39.25%), non-reducing
sugar (39.14%), ascorbic acid (0.89 mg/100 g), pH (4.53), water solubility index
(66.10%), water absorption index (408.48%) and minimum reducing sugar (0.11%),
titratable acidity (0.35%) of banana powder was found for treatment combination Tit;
(55 °C and 2 mm) and it was found at par with treatment combination T»t; (60 °C and
2 mm) for most of the case.

Maximum sensory score (8.2) in term of appearance, texture, flavour, taste and
overall acceptability of foam mat dried banana powder was observed in treatment
combination Tatz i.e., 60 °C drying temperature and 2 mm foam thickness.

Longer drying time (300 min), more moisture content (5.38) and low sensory
score (7.6) was found for treatment combination T1t1 (55 °C and 2 mm) while moderate
drying time (150 min), physico-chemical properties and maximum sensory score (8.2)
was found for treatment combination Tat; (60 °C and 2 mm).

From the above study, it could be concluded that treatment combination Toty,
i.e., 60 °C drying temperature and 2 mm foam thickness was found to be best among
all the treatments considering overall quality and drying time for preparation of banana
powder
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CHAPTER I

INTRODUCTION

Banana (Musa paradisiac L.) is one of the most important crops of the tropical
plants. It belongs to the family Musaceae and the genus Musa sapientum. It originated
from the tropical region of Southeast Asia, the Malay Archipelago and Australia and is
cultivated throughout the tropics today (Oladiji et al., 2010). In India, the area under
banana cultivation was 8.84 lakh hectares and annual production of 308.08 lakh MT
during 2017-18 (Anon., 2018a). The most important banana growing states in India are
Gujarat, Tamil Nadu, Maharashtra, Andhra Pradesh, Karnataka, Madhya Pradesh,
Bihar, Uttar Pradesh, West Bengal and Assam. As far as area under cultivation and
production of banana are concerned, Gujarat occupies first position in the country.
Production of banana in Gujarat was about 44.72 lakh MT over an area of 0.68 lakh
hectares during the year 2017-18 (Anon., 2018a). In Gujarat, banana is mostly grown
in the districts of Bharuch, Anand, Narmada, Surat, Vadodara, Kheda, Junagadh, Tapi,
Valsad, etc. District wise production of banana fruit in Gujarat is presented in
Appendix — A (Anon., 2018b). The Dwarf Cavendish, Grand Naine, Lacatan, Harichhal
(Lokhandi) and Gandevi Selection are the major cultivars grown in Gujarat. The Grand
Naine has become one of the most popular varieties for commercial plantations in
Guijarat. Its characteristic medium height and large fruit yields make it ideal for
commercial agriculture. It is a highly successful commercial cultivar grown extensively

for table and processing purpose (Tak et al., 2015).

Our country is exporting fresh banana fruits to United Arab Emirates, Saudi
Arabia, Iran, Kuwait, Bahrain, Qatar, Oman, Nepal, Maldives and United states. The
export performance of fresh banana has been stunning from 2014-15 to 2017-18. The
total export of banana in the year 2014-15 were 63274.39 MT of % 24,194.77 lakh which
raised in 2017-18 of about 101314.37 MT of < 34877.39 lakh (Anon., 2018a).

Banana is considered a common man’s fruit and is rightly called the ‘dessert
fruit for million” or ‘champion fruit’ or ‘poor man’s apple’. Banana is a rich source of
carbohydrate, potassium, phosphorus, calcium, magnesium and vitamins like vitamin
B. Fruit is free from fat with high calorific value (Tapas et al., 2016). It also contains

iron, niacin and antioxidants. Banana is valued for its characteristics flavour, fleshy



Chapter-I Introduction

texture as well as medicinal and nutritional qualities. It helps in reducing risk of heart
diseases when used regularly consumed and is recommended for patients suffering from
high blood pressure, arthritis, ulcer, gastroenteritis and kidney disorders (Palmei et al.,
2017). Other advantages of banana consumption include; vision improvement, stronger
bones and even weight loss. Bananas are also considered by some to be starchy foods,

which can be used to give energy.

Banana being a tropical fruit is perishable and undergoes qualitative and
quantitative losses between harvest and consumption. After ripening, banana fruit is
highly susceptible to deterioration. The fully mature fruits of cavendish banana have a
shelf life of 6-9 days depending upon the ambient temperature (Narayana, 2015).
During the market glut, the prices crash down and the farmers suffer heavy losses due
to distress sale. Due to poor transportation and storage facilities, a sizeable quantity of
this fruit is wasted due to its perishable nature. Its considerable amount is wasted due
to lack of efficient processing techniques that are unique to ripe banana. The post
harvest losses of banana in India are estimated to be more than 25% (Srivastav and
Kumar, 2002).

Harvested banana fruit is generally consumed as a fresh fruit. Very few
processed products are available in the market, primarily due to difficulty in retaining
the characteristics colour, flavour and texture during the processing of ripe banana.
Though India is the largest producer of banana, but the processing of banana is less than
2%. Banana is available throughout the year in tropical countries, like India, so there is
a vast need to utilize for proper processing techniques (Srivastav and Kumar, 2002).
Some of the processing of banana into several value added products like fig (dehydrated
banana), jam, jelly, fruit bar, wine, vinegar, puree, baby food, pickle and can be used in
formulation of health food, baby food, tonics, instant banana juice powder, breakfast
cereals and flavourings, which can fetch profit both in domestic as well as in foreign
market (Mishra et al., 2016).

Changing consumer habits have helped to spur growth of value added food
products. The increasing demand for high quality processed food products for internal
consumption and for export has boosted the food industry. To meet the increasing

expectations of consumers, food must be safe, consistently good quality and sensory
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attributes, healthy and inexpensive and should have a good shelf life (Kilcast and
Subramaniam, 2000).

Drying is one of the most important and widely practiced methods for perishable
fruits into value added products that retain its colour, flavour and nutrients with longer
shelf life. The drying extends shelf life and reduces water activity of food products. It
prevents microbial spoilage and undesirable enzymatic reactions. It reduces bulk and
volume of product and minimizes packaging, storage and transportation costs
(Fumagalli and Silveira, 2005; Falade and Solademi, 2010). The fluid materials may be
dried by being physically supported on a tray, drum or moving belt; by being wiped on
a heated surface; or dispersed in an air stream as in spray drying (Hertzendorf et al.
1970). The problem associated in belt/tray drying method is colour change, protein
denaturation and poor rehydration quality (Sangamithra et al., 2014). Fruit powder is
highly hygroscopic in nature and undergoes colour changes during storage besides
experiences other changes in quality if proper drying is not adopted. Freeze drying of
liquid product yields excellent product quality with good rehydration and colour;
however, the higher operation and set up costs restricted the use of freeze drying for

only high quality products.

Foam mat drying is considered cheaper than vacuum, spray and freeze drying
for the production of food powders (Kadam et al., 2010a). The liquid is whipped to
form stable foam and dehydrated by thermal means. The larger surface area of the foam
accelerated the drying process for the rapid moisture removal from the high moisture
feed (Sangamithra et al., 2014). This process can be used for largescale production of
fruit powders because of its suitability for all types of juices, rapid drying at lower
temperature, retention of nutritional quality, easy reconstitution and cost effective for
producing easily reconstitutable juice powders. A high quality food powder can be
obtained by the proper selection of foaming method, foaming agents, foam stabilizers,
time taken for foaming, suitable drying method and temperature. Fruit juice powder
obtained through this process is one of the ways to add value to the product with much

longer shelf life.

Banana powder is rich in nutrient and used as food ingredient and natural
flavouring agent in other products during off season. Many processed products can be
made from banana powder i.e. infant food, noodle, and energy drink. It can be used in

3
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bakery and confectionery industries, in treatment of coaliac disease and in intestinal
disorders. Banana powder is used in cake, bread, cookies, baby food, ice-cream,
flavoured milk, shrikhand, chocolates etc. It is also used for disintegrating agents in
pharmaceutical preparation (Sahoo et al., 2014). Owing to the high health
consciousness among consumers with increasing awareness regarding the health
benefits of banana powder, it is expected that its market will grow at a rapid pace during

the forecast period.
Practical utility of the research problem

Banana, being perishable due to climacteric fruit, has a limited post-harvest
shelf life. Transportation of fresh fruit to distant places is very difficult and costly.
Preparation of good quality banana powder by drying is one of the ways to add value
to the product with longer shelf life. The simplest and most economical method of
dehydration of fruit is conventional tray drying. Major problems associated with air
dehydration are the considerable shrinkage caused by cell collapse during the water
loss, the poor rehydration characteristics of the dried product and the unfavourable
changes in colour, texture, flavour and nutritive value caused by drying (Mazza, 1983).
Due to the dense tissue structure, banana drying is one of the most critical steps as it
consumes large amount of energy which leads to poor quality of the dried products.
The most relevant method to overcome this problem is foam mat drying from fruit pulp
to produce a free flowing and fine powder which gives a good reconstitutions
characteristic (Palmei et al., 2017). Foam mat drying is relatively simple and alternative
method which facilitates the removal of water from fruit juice and vegetable puree. This
method allows the dehydration of heat sensitive, high sugar content and viscous foods,
which are difficult to dry and sticky under relatively mild conditions without change in
quality (Sangamithra et al., 2014). Foam mat drying which leads to increase of drying
rate and significant reduction in drying time; improved the sensory, nutritional and
functional properties of the product. The foam mat dried products are highly stable
against deteriorative microbial, chemical and biochemical reactions (Rajkumar and
Kailappan, 2006). Foam mat drying is an economical alternative to drum, spray and
freeze drying for the production of food powders. Banana powder is highly hygroscopic

in nature and undergoes quality changes if proper drying is not adopted. The banana
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powder can be used as food ingredient and natural flavouring agent in other products
during off season.

This study will explore the use of some foaming and stabilizing process with
proper drying conditions to retain the quality of banana powder. Looking to the above

facts, the present research work was undertaken with the following objectives.
Objectives

1. To optimize foaming and stabilizing process parameters for foam mat drying of ripe
banana pulp
2. To study the drying characteristics of ripe banana pulp by foam mat drying

3. To evaluate the quality characteristics of foam mat dried banana powder



CHAPTER 11l

REVIEW OF LITERATURE

This chapter deals with the comprehensive review of foaming and drying of
fruits and vegetables for the production of food powder by foam mat drying. The review
of research work carried out by the investigators on different foaming properties, foam
mat drying of different fruits and vegetables, drying characteristics and quality

evaluation of different fruit powders in this direction have been reported here under.

2.1 Nutritional composition of ripe banana

Aurore et al. (2008) determined the nutritional compositions of banana, viz.,
energy, water, protein, total lipids, carbohydrate, sugars, dietary fibre, minerals,
vitamins per 100 g fresh weight as shown in Table 2.1.

Table 2.1 Nutritional composition of ripened banana pulp

(Per 100 g edible portion, fresh weight)

Component (Unit) Ripe Banana Component (Unit) Ripe Banana
Energy (kcal) 89.00 Potassium (mg) 385.00
Water () 74.00 Calcium (mg) 8.00
Carbohydrates (g) 21.80 Iron (mg) 0.42
Dietary fibre (g) 2.00 Magnesium (mg) 30.00
Protein (g) 1.10 Phosphorus (mg) 22.00
Total sugars (g) 17.19 Vitamin C (mg/100 g) 11.70
Sodium (mg) 1.00 Copper (mg) 0.11

(Source: Aurore et al. (2008))

Ripe banana has antioxidant properties and is rich in potassium (342.3 mg/100
g), carotenoids (>35 mg/100 g) and ascorbic acid (12.7 mg/100 g) (Englberger et al.,
2003; Wall, 2006). It is used in treating diarrhoea and in other therapeutic purposes



Chapter-II Review of Literature

such as cardiovascular diseases (Clements et al., 1980). It also has thaumatin like
protein and lectins, which are responsible for the starch metabolism, senescence and
defence mechanism. Eating ripe banana with these immunity defending proteins can
boost immune response (Barre et al., 2000; Peumans et al., 2000; Rudiger and Gabius,
2001). Ripe banana is highly nutritive and usually consumed raw, throughout the world,

for its easy digestibility, taste and aroma (Sharrock and Lustry, 2000).

Banana is highly nutritious and easily digestible than many other fruits.
Digestion time of banana fruit is less (105 min) than apple (210 min). Ripe banana
consists of 1.1% protein, 0.3% total lipid, 21.8% carbohydrate, 68.0% [-carotene and
11.7% vitamin C whereas unripe banana contains 1.4% protein, total lipid of 0.2%,
carbohydrate of 28.7%, 31.0% vitamin C and 48.3% (-carotene. Bananas are easy to
digest and, since they are similar in chemical composition to the mucus of the stomach
lining, have a soothing effect in the treatment of gastric ulcers and diarrhoea (Anon.,
2003).

2.2 Post harvest losses of fruits and vegetables

Ghazanfar et al. (2007) assessed post-harvest losses of banana during transport
and storage. Results revealed that the total losses in banana transported from
Nawabshah, Mirpur Khas and Hyderabad to Faisalabad market in the months of
December, February and March amounted to 37, 39 and 43%, respectively.

Davara and Patel (2009) assessed post-harvest losses in banana grown in
Guijarat. The effect of various ripening methods on post-harvest losses in five varieties
viz. Robusta, Grand Naine, Sona, Mahalaxmi and Shreemanthi were determined. The
study revealed that overall post-harvest loss in banana after harvesting till ripening was
found to be 15.43%, which included losses at field level (0.77%), at trader’s level
comprising of transportation and handling losses (5.86%) as well as ripening losses
(8.80%). Only negligible losses were observed during processing of banana. The
highest loss (16.00%) was observed in the case of smoking and room temperature
method of ripening, while the lowest (4.66%) was observed under ethephon and air
cooled chamber method. Ethephon and ice treatment method resulted in ripening loss
to the tune of 7.43%, but the method was most widely adopted in Gujarat owing to its

convenience and better appearance of bananas after ripening.
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Murthy et al. (2009) studied post-harvest losses in fruits, its implications on
availability and economy. At the macro level, rough estimate indicates that India
annually loses fruits worth about 313,569 crores (based on 30% loss). The reduction in
post-harvest losses is a complementary means for increasing the production, i.e., the
cost of preventing losses is less than producing the same additional quantity of fruits.
About 1.2% of agriculture GDP from 33.85 lakh tonnes in mango, 35.26 lakh tonnes in
banana and 2.12 lakh tonnes in grape are discarded every year in India as post-harvest
losses (R 7,618.77 crores).

Woldu et al. (2015) investigated to assess of banana post-harvest handling
practices and losses in Ethiopia. The farm level post-harvest handling and loss data
were collected from three major banana producing zones, 5 districts, 10 farmer villages
and 14 large-scale commercial farms. As such a total of 150 small-scale and 14 large-
scale growers, 59 wholesalers/ripeners, 53 retailers and 53 consumers were interviewed
using structured questionnaires. Secondary data was also collected from written
documents and focus group discussions (stakeholders) across the survey areas. Results
of the study indicated that the aggregate post-harvest loss of banana was estimated to
be 45.78%, of which about 15.68% was incurred at farm, 22.05% at wholesale and
8.05% at retailer or purchase to end user sale levels. Of the causes of postharvest loss
accounted during banana transport from the farm gate, impact and finger breakage
damages purely accounted to 20% while the remaining 80% also included physiological

and other mechanical damages.

Kuyu and Tola (2018) surveyed on assessment of banana fruit handling
practices in Jimma town market, southwest Ethiopia. The survey result revealed that
losses of banana fruits due to spoilage and physical injury were common problems for
all fruit vendors. A total of 48 fruits were purposively selected from open market,
wholesalers and retailers and fruit damage, disease incidence, disease severity and
identification of diseases causing fungal pathogen were conducted under laboratory.
The highest fruit damage (56.2%) was recorded in sample taken from retailers’ shop,

and the associated disease incidence and severity were 54.2% and 34%, respectively.
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2.3 Drying of fruits and vegetables
2.3.1 Foam mat drying of fruits and vegetables

2.3.1.1 Foam mat drying of banana

Sankat and Castaigne (2004) studied foaming and drying behaviour of ripe
banana. The foaming of ripe bananas and the forced air drying characteristics of banana
foam mats and developed. Fresh banana puree with a density of 0.93 g/ml was foamed
to a density of 0.50 g/ml after 12 min of whipping by the addition of 10 g/100 g soy
protein as a foam inducer. Glyceryl mono stearate (GMS) did not induce foams while
commercially available food ingredients such as dream whip and gelatine induced
foams but such foams were not stable in subsequent drying. Banana foam mats were
dried at temperatures from 45 °C to 90 °C in a forced air, cabinet dryer, to a hard, porous
and brittle solid which was amenable to grinding so as to produce a dehydrated banana
powder. The drying time was directly related to the thickness of the foam mats.
Increasing the air velocity from 0.62 to 1.03 m/s did not profoundly influence the drying

rate.

Thuwapanichayanan et al. (2008) developed the combination of foaming and
drying as an alternative method to produce crisp banana chips. They studied the
influences of whipping time and egg albumin concentration on the foam density.
Banana puree with egg albumin, which was used as the foaming agent, was foamed to
the densities of 0.3, 0.5 and 0.7 g/cm?®. Foaming agent which was added to the banana
puree were 2, 5 and 10% (wb). Banana foam mats with 5 mm thickness were then dried
at 60, 70 and 80 °C and superficial air velocity of 0.5 m/s. The experimental results
showed that the extensive porous structure of foams with lower densities resulted in
higher drying rates, moisture diffusivities and shrinkage. Dried banana foams with
lower foam densities also had lower hardness and crispness values. The drying
temperature and the egg albumin concentration did not influence the textural properties
of the final products, however to produce quality banana chips, the initial foam density
of 0.5 g/cm?® and drying temperature of 80 °C were recommended.

Falade and Okocha (2010) investigated foaming, reconstitution and sensory
attributes of foam mat dried plantain and cooking banana. Plantain and banana pastes
mixed with different concentrations (0.005, 0.01, 0.015 and 0.02%) of glyceryl mono
stearate were whipped and the resulting foams were air dried at 60, 70 and 80 °C.

9
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Higher glyceryl mono stearate concentration and longer whipping time resulted in
lower foam densities. Generally, cooking banana foams showed lower foam density
compared to plantain foam. Lower drying temperatures and concentration of glyceryl
mono stearate resulted in longer drying time. The quality attributes such as pH
(4.41-4.80), titratable acidity (0.06-0.08) and water absorption capacity
(56.75-64.02%) of the reconstituted pastes varied with commodity, drying temperature
and glyceryl mono stearate concentration. Fresh and reconstituted pastes showed
comparable physical and chemical attributes, while the taste and sensory attributes of
fresh plantain and banana pastes were significantly better than those of reconstituted

pastes.

Thuwapanichayanan et al. (2012) examined the effects of foaming agents and
foam density on drying characteristics and textural property of banana foams. The
influences of the foam density and the types of foaming agents on the moisture
diffusivity as well as the quality in terms of microstructure, texture and volatile losses
of banana foams were therefore investigated. Three foaming agents, i.e., fresh egg
albumin, soy protein isolate and whey protein concentrate were used. Foaming agent
was added to the banana puree at 2, 5 and 10% (wb). Drying thickness was taken about
5 mm on a mesh tray. Banana foams were most stable during whipping. The
experimental results showed that whey protein concentrate banana foam could retain
more open structure during drying. This morphology provided less sinkage and led to
higher values of the effective diffusivity as compared with that of soy protein isolate
and egg albumin banana foams. In terms of the textural properties, whey protein
concentrate and egg albumin banana foams were spongy and less crisp than soy protein

isolate banana foam.

Sharada (2013) determined the effect of various operating parameters and
foaming agents for drying of guava, tomato and banana with some of the commonly
used foaming agents like egg albumin and soya protein. The creation of foam resulted
increased surface area for drying with the increase in surface area exposed for drying,
increased the rate of drying. The low density foams dried at relatively low temperature
in an ordinary forced circulation drier. The drying studies were carried out in a tray
drier. The drying curves are drawn with different operating parameters and foaming
agents. Falling rate was observed for the foam at different timings. Drying rates are

10
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compared and the drying time is evaluated by drying the foam at 55 °C to 80 °C. Egg
albumin was found to be the best. The foam mat dried powders were good quality and

were highly reconstituted in water.

Palmei et al. (2018) optimized the ingredients for the production of foamed
banana powder using response surface methodology. The independent variables
selected were carboxy methyl cellulose (0.5, 1.5 and 2.5%) as foam stabilizer, egg
albumin (3, 7 and 11%) as foaming agent, temperature (60, 70 and 80 °C) and whipping
time (6, 12 and 18 min). The method of drying used for this study is foam mat drying.
The dependent variable measured were foam density, foam expansion and foam
stability. Foam density and foam expansion affected the foam mat drying of banana
powder. Optimization of ingredients obtained by optimization of responses were
carboxy methyl cellulose (X1) as 2.5%, egg albumin (X2) as 10.2%, temperature (X3)
as 80 °C and whipping time (X4) as 18 min.

2.3.1.2 Foam mat drying of mango

Rajkumar and Kailappan (2006) optimized the process parameters for foam mat
drying of Totapuri mango pulp. Mango pulp was foamed by adding egg albumin (5, 10
and 15%) and stabilized with methyl cellulose (0.5%). The foamed pulp was dried at
four drying temperatures viz. 60, 65, 70 and 75 °C in a batch type cabinet dryer by
maintaining three foam thicknesses viz. 1, 2 and 3 mm. From the drying study, it was
observed that, the drying time required for foamed mango pulp was lower than non
foamed pulp at all selected temperatures. Also, these biochemical changes were
significantly higher in 2 and 3 mm than in 1 mm thick foam dried samples. The study
also revealed that there was no significant change in other biochemical constituents
such as pH, acidity and total sugar due to the increase in drying temperature and foam
thicknesses. It was concluded that the mango pulp treated with egg albumin (10%) with
methyl cellulose (0.5%) and dried at 60 °C with one mm foam thickness retained

significantly higher quality than that of other foaming and drying treatments.

Rajkumar et al. (2007a) studied drying charcteristics of foamed Alphanso
mango pulp in a continuous type foam mat dryer. Alphonso mango pulp was formed by
using egg albumin (5%, 10% and 15%) with methyl cellulose (0.5%) by maintaining

three foam thicknesses such as 1, 2 and 3 mm on the Teflon mat. Then the foamed pulps
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were dried at four drying air inlet temperatures of 60 °C, 65 °C, 70 °C and 75 °C in a
batch type thin layer cabinet dryer. It was observed that the foamed mango pulp using
egg albumin (10%) as foaming agent with methyl cellulose (0.5%) as stabilizing agent,
dried at 60 °C with 1 mm foam thickness was found to be the best. The drying study
showed that the time required to dry the fresh (non foamed) and foamed mango pulps
were 75 and 35 min, respectively. It was observed that the changes in quality were
comparatively lower in foam dried flakes than in non foam dried flakes using

continuous type foam mat dryer.

Rajkumar et al. (2007b) carried out an experiment on foam mat drying of
Alphonso mango pulp. The foam mat drying of Alphanso mango pulp using various
food foaming agents, namely soy protein (0.25, 0.5, 1.0 and 1.5%) with methyl
cellulose (0.5%), glycerol mono stearate (0.5, 1.0, 2.0 and 3.0%) and egg albumin (2.5,
5.0, 10 and 15%) with methyl cellulose (0.5%). Drying was carried out in a batch type
thin layer at four drying temperatures (60 °C, 65 °C, 70 °C and 75 °C) on 1, 2 or 3 mm
thickness foamed samples. The optimum concentrations of each foaming agent were
determined to be 1% soy protein, 2% glycerol mono stearate and 10% egg albumin with
25 min whipping time. Biochemical analysis showed that the foam mat dried powder
at 60 °C retained a significantly higher content of biochemical compounds than at
higher temperatures. The treatment of mango pulp with 10% egg albumin and 0.5%
methyl cellulose and drying at 60 °C of 1 mm foam thickness retained the highest

nutritional quality characteristics than the other treatments.

Rajkumar et al. (2007c) studied thin layer drying of foamed mango pulp. The
mango pulp (Totapuri) was foamed by the addition of egg albumin at different
concentrations such as 5, 10 and 15% and the foam was stabilized with the addition of
methyl cellulose at 0.5% concentration. The foamed pulp with three foam thicknesses
viz., 1, 2 and 3 mm was dried at three drying temperatures viz., 60 °C, 65 °C and 70 °C
in the batch type thin layer dryer. Thin layer drying study on foamed mango pulp
concluded that the mango pulp treated with egg albumin (10%) and methyl cellulose
(0.5%), dried at 60 °C with one mm foam thickness retained significantly higher

biochemical contents than that of other foaming and drying treatments.

Sukanya (2018) optimized of process for production of Kesar mango leather

using foam mat drying technique. The mango slices were ground in the mixer to obtain
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fresh mango pulp. It was heated at 80 °C for 5 min and then cooled up to room
temperature. Potassium meta bisulphate (0.1 g/ kg pulp) was added in to the mango
pulp. During foaming experiment, mango foam was produced by varying process
parameters as GMS concentration (0 - 4%), whipping speed (10,000 - 18,000 rpm) and
whipping time (1 - 3 min) by keeping other parameters constant i.e. sugar (added up to
30 °Brix, citric acid and methyl cellulose of 0.5% each). Produced foamed mango pulp
was analysed for its foaming properties such as foam expansion (%), foam density
(g/cc) and drainage volume (ml). The experimental data was analyzed by analysis of
variance and regression analysis using response surface methodology (RSM) for model

fitting and to determine statistical significance of the model terms.
2.3.1.3 Foam mat drying of papaya

Kandasamy et al. (2012a) studied foam mat drying of papaya using glycerol
monostearate as foaming agent. Foaming, drying, reconstitution, quality and sensory
attributes of dried papaya powder were investigated. Foams were prepared from papaya
pulp by adding different concentration of glycerol mono stearate (1, 2, 3 and 4%, w/w)
at whipping time of 5, 10 and 15 min. The foam expansion was significantly influenced
by pulp concentration and levels of the foaming agent at 1% level. The maximum stable
foam formation was 90% at 3% glycerol mono stearate with 9 °Brix pulp concentration
and whipping time of 10 min. The resulting foams were dried at air temperatures of 60,
65 and 70 °C with foam thickness of 2, 4, 6 and 8 mm in a batch type cabinet dryer
under air flow rate of 2.25 m3min. Lower drying temperature and higher foam
thickness resulted in longer drying time. Biochemical analysis results showed a
significant reduction in ascorbic acid, B-carotene and total sugars in the foamed papaya
dried product at higher foam thickness (6 and 8 mm) and temperature. There was no
significant change in other biochemical constituents such as pH and acidity. The
sensory attributes of papaya powder juice were significantly (P<0.01) influenced by
drying temperature and was compared with fresh papaya juice. The papaya powder
obtained from the foam thickness of 4 mm and dried at 60 °C was found to be optimum

to produce the foam mat dried papaya powder.

Kandasamy et al. (2012b) investigated foam mat drying of papaya pulp using
egg albumin as foaming agent. The egg albumin was incorporated into papaya pulp at
5, 10, 15 and 20% (w/w) and whipped for 5, 10, 15 and 20 min in room temperature.
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Foam expansion, foam stability and foam density were determined. The maximum
stable foam formation was 125.62% at 15% egg albumin and whipping time of 15 min.
The foam expansion was significantly influenced by levels of the egg albumin (p<0.01).
The resulting foams were dried at air temperatures of 60, 65 and 70 °C with foam
thickness of 2, 4, 6 and 8 mm under air flow rate of 2.25 m*/min. Biochemical analysis
results showed a significant (p<0.05) reduction in ascorbic acid and total sugars in the
foamed papaya dried product at higher drying temperatures (65 °C and 70 °C) and
higher foam thickness (4, 6 and 8 mm) due to destruction at higher drying temperature
and longer drying time. The sensory attributes of reconstituted papaya powder juice
showed a significant (p<0.01) reduction in colour, flavour, taste and overall
acceptability at higher temperature (65 °C and 70 °C) and significantly less as compared
to fresh papaya juice. The papaya powder obtained from the foam thickness of 2 mm
and dried at 60 °C was found to be optimum to produce the foam mat dried papaya

powder.

Kandasamy et al. (2014) optimized the process parameters for production of
papaya powder using foam mat drying. Papaya pulp was foamed by incorporating
methyl cellulose (0.25, 0.5, 0.75 and 1%, w/w), glycerol mono stearate (1, 2, 3 and 4%,
w/w) and egg white (5, 10, 15 and 20%, w/w) as foaming agents. The maximum stable
foam formation was 72, 90 and 125% at 0.75% methyl cellulose, 3% glycerol mono
stearate and 15% egg white, respectively with 9 °Brix pulp and whipping time of
20 min. The foamed pulp was dried at air temperature of 60, 65 and 70 °C with foam
thickness of 2, 4, 6, 8 and 10 mm in a batch type cabinet dryer. The drying time required
for foamed papaya pulp was lower than non foamed pulp at all selected temperatures.
Biochemical analysis results showed a significant reduction in ascorbic acid, B-carotene
and total sugars in the foamed papaya dried product at higher foam thickness (6, 8 and
10 mm) and temperature (65 °C and 70 °C). There was no significant change in other
biochemical constituents such as pH and acidity. The organoleptic and sensory
evaluation of the quality attributes of papaya powder obtained from the pulp of 9 °Brix
added with 3% glycerol mono stearate, whipped for 20 min and dried with a foam
thickness of 4 mm at a temperature of 60 °C was found to be optimum to produce the

foam mat dried papaya powder.
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2.3.1.4 Foam mat drying of tomato

Patel (1996) developed a process technology for production of tomato powder
using foam mat drying technique. The hot break extracted tomato juice was converted
into stable foam (114% volume expansion) using 2% glycerol mono stearate (total
solids basis) as foaming agent. Foam slabs of 3 mm thickness spread on aluminium
trays were dried to 3% final moisture content using air at 62-65 °C temperature,

10-15% relative humidity and 2.0 m/s velocity for 90 min.

Kadam and Balasubramanian (2011) determined the effect of drying air
temperature and foaming agent (egg albumin) for production of tomato powder using
foam mat drying. Samples were prepared using tomato juice (4 °Brix total soluble
solids), incorporating egg albumin as foaming agent (0, 5, 10, 15 and 20%, w/w).
Foamed tomato juice (300 £ 0.5 g) was spread on rectangular trays (2.5 mm thickness)
and kept in tray dryer at 60, 65 and 70 °C air temperature. Incorporation of 10% egg
albumin with 5 min of whipping time was found optimum for stable foam formation.
The increase in foaming agent level enhanced the drying process (up to 15% egg
albumin) and thereafter followed a decreasing trend. Foamed tomato juice can be dried
in 510 and 450 min at 60 °C and 70 °C drying air temperature, respectively with best
acceptability.

Qadri and Srivastva (2014) studied the effect of microwave power on foam mat
drying of tomato pulp. The experiments were conducted to study the effect of
microwave power on drying characteristics on quality attributes of foamed tomato pulp
egg albumin mixture in a microwave assisted foam mat drying system. Samples were
prepared using tomato pulp by incorporating 10% egg albumin as foaming agent and
whipping for 5 min. 10 mm thick layer of foamed tomato pulp was spread on a tray and
dried in the dryer at different microwave power levels (0, 480, 640 and 800 W) at an
inlet air temperature of 45 °C. The increase of microwave power accelerated the
dehydration of the foam and it was observed that the drying time reduced about
15-16 times in case of microwave assisted foam mat drying as compared to simple
foam mat drying. There was no adverse effect on colour, titratable acidity and pH of
the product and the retention of ascorbic acid, in samples dried in microwave assisted
foam mat drying and found better as compared to that in samples dried in air convection

foam mat dried system.
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2.3.1.5 Foam mat drying of other fruits

Karim and Wai (1999) studied foam mat drying of starfruit puree. Foams were
prepared from starfruit puree by adding various concentrations of methocel. Overrun
and density of the foams from various concentrations of methocel were compared.
Relative stability of the foam was determined by comparing amounts of juice separated
from foam at 70 °C. Drying rates at two drying temperatures (70 °C and 90 °C) were
also compared. Quality of the dry and reconstituted powder was evaluated with simple
sensory evaluation and Hunterlab instrument. Overrun and stability of foams increased
with increasing methocel concentration until maximum value was obtained at a
methocel concentration of 0.4% (w/w). Falling rate was observed for foam dried at both
temperatures. Drying time could be shortened by as much as 30 min when drying
temperature was increased from 70 °C to 90 °C. However, obvious colour and flavour

changes were observed in the product dried at 90 °C.

Soares et al. (2001) carried out an experiment on dehydration of acerola pulp
using foam mat drying. Several tests have been accomplished using different chemical
agents to facilitate the foam formation and an experiment was chosen that most adjusted
to the recommended density parameter (0.1 to 0.6). The pulp was then formulated and
dehydrated in a drying hot house with air circulation at a temperature of 60 °C to 70 °C
for 90 min. The product obtained was a powder with final moisture content of 7.2%.
The obtained powder was immediately afterwards analysed with the purpose of
identifying the new characteristics of the product. Analysis of the results obtained
showed that there was an increase in the basic nutrients mainly regarding to the content

of vitamin C that showed an increase 10 times higher than natural pulp.

Raharitsifa et al. (2006) studied on characterization of apple juice foams for
foam mat drying prepared with egg white protein and methylcellulose. Foams were
prepared from clarified apple juice by adding various concentrations of two foaming
agents of different nature: a protein (egg white at 0.5, 1, 2 and 3% (w/w)) and a
polysaccharide (methylcellulose at 0.1, 0.2, 0.5, 1 and 2% (w/w)) and whipping at
different times (3, 5, and 7 min). In general, egg white foams were less stable but
showed a higher degree of solidity (stronger structures), higher foaming capacity and
smaller bubble average diameter than methylcellulose foams. Foam stability increased

with increasing concentrations of either methylcellulose or egg white. Increasing
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whipping times increased the stability of egg white foams only. Optimal concentrations
to obtain the most solid foams (0.2% methylcellulose and 2% to 3% egg white,

respectively) were the same concentrations required for maximum foaming capacity.

Bag et al. (2011) optimized process parameters for foaming of bael fruit pulp.
Foams were prepared by adding different concentration of glycerol mono stearate and
methyl cellulose (MC) at different whipping time (WT). Response surface
methodology was used to predict the foam stability and expansion. Second order
polynomial equations were developed after removing insignificant terms for predicting
foam expansion (R?= 0.85) and stability (R? = 0.95). The optimum conditions achieved
after the numerical and graphical optimization for maximum foam expansion and
stability was: glycerol monostearate (3.10 @/100 g pulp), methyl cellulose
(0.32 g/100 g pulp), PC (13.2 °Brix) and whipping time (2 min). The desirability of
0.712 was achieved at this optimum point. The predicted values of foam density and
foam drainage volume were 0.658 g/cm® and 1.75 ml, respectively, at optimum
parameters while the experimental values were 0.635 + 0.02 g/cm? and 1.75 + 0.12 ml,

respectively.

Budhrani (2011) investigated thin layer drying study on foamed anola pulp.
Anola pulp was prepared and foam was produced using two foaming agents i.e.
Glycerol monostearate (5, 10 and 15%) and egg albumin (5, 10 and 15%), while
methylcellulose (0.5%) was used as a stabilizing agent up to 25 min whipping time.
Thereafter, each treatment sample was analysed for the determination of foaming
behaviour for all the treatments undertaken in terms of foam expansion, foam stability
and foam density. Among both foaming agent, GMS with 10% concentration gives
maximum foam expansion as 142.00%, after 15 min of whipping, maximum foam
density of 0.42 g/cm?® and maximum foam stability of 70.59%. Drying was carried at
50, 60, and 70 °C and 4, 6 and 8 mm thickness. Samples prepared by drying at 60 °C
with 6 and 8 mm thickness were indicating good quality powder.

Sangamithra et al. (2014) reviewed on foam mat drying of food materials. The
larger surface area of the foam accelerated the drying process for the rapid moisture
removal from the high moisture feed. A high quality food powder can be obtained by
the proper selection of foaming method, foaming agents, foam stabilizers, time taken
for foaming, suitable drying method and temperature. The basics of foam and its

17



Chapter-II Review of Literature

structure, methods of foaming, types of foaming method and stabilizing agents for the
production of stable foam have been analyzed. The influence of foaming agents and
foaming properties on the drying characteristics of fruit juices were also studied. The
application of foam drying process for different food materials, the microstructure and

the quality of powders obtained by using different foaming agents.

Shekhawat (2014) studied process parameter of foam mat drying of pineapple
juice. Foams were prepared from pineapple juice by adding foaming agent (egg albumin
or soy isolate protein) of different quantity, methyl cellulose (0.5%) and sugar
concentration of 20, 25 and 30 °Brix at air velocity of 3 m/s, whipping for 2 min at
temperature 55, 65 and 75 °C. The foam expansion was significantly influenced by
foaming agents and its quantity and sugar brix. The maximum foam expansion was
obtained as 121% for 0.5% egg albumin foaming agent for 20 °Brix sugar at 55 °C
temperature. The maximum foam stability was found to be 121% for 0.5% egg albumin
foaming agent for 20 °Brix sugar at 55 °C temperature. The minimum foam density
1.0683 g/cm?® was found for 0.25% egg albumin for 20 °Brix at 55.04 °C temperature.
The optimized solution for soy protein isolate was concluded that optimized foam
expansion 74.6944%, foam stability 80.9306% and foam density 1.13509 g/cm?® was
obtained for pineapple juice blended with 2% soy isolate protein with 20 °Brix sugar
syrup at 55 °C. The average drying time for foam mat drying was 1440 min. The final
moisture content of powdered samples was in the range of 3-11%. The sensory values
for foam mat dried pineapple powder were more than 7.5 for colour, taste, appearance

and overall acceptability, respectively.

Abbasi and Azizpour (2015) evaluated physicochemical properties of foam mat
dried sour cherry powder. In this study, the effects of egg white (1, 2 and 3 g/100 g)
and methyl cellulose (1, 1.5 and 2 g/100 g) were investigated on the density and
drainage volume of sour cherry foam. Then, foamed sour cherry juice was spread on
aluminum trays (3.0 £ 0.02 mm thickness) and put in drying chamber with the air
temperature of 50, 65 and 80 °C. Physicochemical properties such as solubility, total
anthocyanin content (TAC), pH, browning index, acidity and drying time of foam mat
dried sour cherry powder were evaluated. As the concentration of methylcellulose
increased, drainage volume, foam density, TAC, browning index and drying time were

reduced; however solubility and pH of the samples had an increasing trend. Almost all
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chemical properties (except for pH) indicated a decreasing trend with the rise in egg
white levels. Furthermore, it was observed that at the drying temperature of 65 °C, sour
cherry powder had the maximum solubility, TAC and pH. Browning index and drying
time decreased by increasing the drying temperature. Only the effect of drying
temperature on acidity was significant in a way that by the increase of drying

temperature, total acidity increased.

Auisakchaiyoung and Rojanakorn (2015) determined the effect of foam mat
drying conditions on quality of dried gac fruit aril. The effect of foam mat drying
conditions on physico-chemical and antioxidant properties of the dried product was also
investigated. Gac fruit aril mixed with methylcellulose at a respective mass
concentration of 1.0, 1.5 and 2.0% was whipped for 0, 10, 20 and 25 min. The gac fruit
aril foam mats (1, 2 and 3 mm thick) were dried at 60, 70 and 80 °C with a constant air
velocity of 0.5 m/s. The optimum condition for forming foam was 1.5% methylcellulose
after 25 min whipping. Gac fruit aril foam (1 mm thick) dried at 70 °C for 60 min
exhibited the greatest amount of lycopene, -carotene and total phenolic compounds as

well as antioxidant.

Chandrasekar et al. (2015) studied the effect of foaming agent concentration
and drying temperature on physio-chemical and antimicrobial properties of foam mat
dried powder. Mixed vegetable juice powder was produced by foam mat drying method
by varying foaming agent concentration and drying temperature. Foam properties of
mixed vegetable juice, phytochemical and antimicrobial properties of powder were
analysed. The foam expansion, foam stability and solubility index were increased from
79.2 to 104%, 68.7 to 97% and 79 to 92%, respectively. Foam density decreased from
0.2 to 0.17 g/cm?. Total phenol and beta-carotene content varied from 13.4 to 8.6 mg/g

and 3.86 to 2.45 mg/qg, respectively.

Durge et al. (2015) analyzed foaming behaviour of sapota pulp. Sapota pulp
was formed by foaming device at various levels of pectin and egg albumin as 0.1% to
2% at 0.1% interval and 1-5% of methyl cellulose as stabilizer. The influences of pectin,
egg albumin and methyl cellulose concentration on the foaming characteristics in terms
of foam expansion and foam stability were subsequently evaluated. Sapota pulp foam
was spread on each aluminium tray with a foam mat thickness of 2 mm and 3 mm and

dried in tray dryer. The drying temperature in dryer was fixed at 50 °C as air at very
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high temperatures and velocity resulted in collapse of the foam. The maximum foam
expansion of 65.23% and foam stability of 80% was obtained at 2.5% pectin and 3%

methyl cellulose level, respectively.

Sangamithra et al. (2015) optimized the foaming properties and foam mat
drying of muskmelon using soy protein. The effect of concentration of soy protein
isolate, carboxy methyl cellulose and whipping time on foaming properties of
muskmelon pulp was investigated. The optimum conditions for foaming process were
found to be 8.71% of SPI concentration, 0.54% of carboxy methyl cellulose
concentration and a whipping time of 5.7 min. The muskmelon foamed at optimum
conditions was dried using hot air dryer at 50, 60 and 70 °C. The drying rate was found
to be high at 70 °C. The effective moisture diffusivity of foamed muskmelon pulp was
determined and compared with the unfoamed muskmelon pulp.

Franco et al. (2016) conducted a study to develop yacon juice powder using
foam-mat drying technique. Two yacon juice concentration (8 °Brix and 24 °Brix) were
foamed by egg albumin and dried at different temperature (50 °C, 60 °C and 70 °C) and
different sheet thickness (0.5 cm, 1.0 cm and 1.5 cm) in drying trays. Powders were
analyzed for different physicochemical analysis. Density, solubility index and
microstructure of powders were not affected by drying conditions while water activity
and moisture content reduced. Increase in temperature and reduction in sheet thickness

were found best for good quality powder.

Khodifad (2017) optimized foam mat drying of custard apple pulp. The foaming
properties (foam expansion, foam density and foam stability) of custard apple pulp were
carried out at concentration of egg albumin (0, 5, 10, 15 and 20%, w/w) with
concentration of methyl cellulose (0.0, 0.125, 0.25, 0.375 and 0.50%, w/w) and
whipping time (5, 10, 15, 20 and 25 min). The drying experiments of optimized foamed
custard apple pulp were carried out at temperature 60, 65, 70 and 75 °C and at drying
thickness of 2, 4, 6 and 8 mm. The different biochemical parameters, powder recovery
and sensory evaluation of different drying treatments were observed during the
experimental work. The compromised optimum condition for maximum expansion,
stability and minimum density was obtained at egg albumin concentration, methyl
cellulose concentration and whipping time of 15%, 0.37% and 17.32 min, respectively.
The drying time to reach final moisture content for custard apple pulp were 90 to 140
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min, 120 to 210 min, 150 to 290 min and 180 to 370 min at drying thickness of 2, 4, 6
and 8 mm, respectively for selected temperature range (60-75 °C). The maximum
ascorbic acid and total sugar were 11.36 mg/100 g and 10.53 g/100 g observed at 60 °C
and 65 °C with thickness of 2 and 4 mm and maximum sensory evaluation 8.25 was

observed at 65 °C at thickness of 4 mm.

Qadri and Srivastava (2017) investigated microwave assisted foam mat drying
of guava pulp, its drying kinetics and effect on quality parameters. The drying kinetics
and quality of microwave foam mat dried guava powder was carried out using 8% egg
albumin as the foaming agent. The foamed guava pulp was dried at microwave power
of 480, 560, 640, 720 and 800 W; foam thickness of 3, 5 and 7 mm and inlet air
temperature of 40 °C and 50 °C. Reduction in drying time was observed with increase
in microwave power and decrease in foam thickness. Powdered samples were analyzed
for various physico-chemical quality parameters viz. acidity, pH, total soluble solids
(TSS), colour change and ascorbic acid content. Statistical analysis using three way
analysis of variance revealed that sample of 5 mm foam thickness dried at 800 W and
50 °C was the best with 0.3584% total acid, 3.98 pH, 14 min drying time, 8 °Brix TSS,
3.263 colour change and 154.762 mg/100 g ascorbic acid content.

Rathi (2017) studied on effect of foam mat drying conditions on quality of
tomato powder. For this study methylcellulose was added at concentration 0.50, 0.75
and 1.00% into tomato puree, whipped for 1, 2.5 and 5 min to produce tomato foam.
Foam was categorized into 3 levels of foam density viz. low, medium and high for each
level of methylcellulose concentration and spread on tray at foam layer thickness 3, 6
and 9 mm and dried in tray dry at air drying temperature 55, 65 and 75 °C. The study
shows that foam density of the tomato ranges from 0.413 g/cm? to 0.740 g/cm? for
methylcellulose concentration 0.50% and 1.00% respectively. Maximum expansion in
foam was 125%. The minimum value of flowability was 9.814 s and maximum value
14.662 s. Solubility of tomato powder was found in the range of 13.218 to 23.60%. The
hygroscopicity of tomato powder was found in the range of 3.149 to 7.081%. Maximum
value of degree of caking 8.3% and minimum value 1.835%. Acidity of tomato powder
varied from 0.256 to 0.410%. The maximum retention of ascorbic acid was found at
0.50% methylcellulose concentration, 0.413 g/cm?® had foam layer thickness 3 mm dried
at 65 °C temperature.
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Djaeni et al. (2018) optimized foam mat drying of roselle extract. In this study,
foaming condition of roselle was optimized using response surface methodology
(RSM) and the effect of drying characteristic was investigated. Roselle extract was
foamed by addition of 1-5% w/w foaming agents (ovalbumin). The foaming stabilizer,
glycerol mono stearate (0-1% w/w) was used to remain mechanic and thermodynamic
stability of foam. As the response foam density and drainage volume was determined.
The optimum foam variable was then dried at various drying temperatures (50-70 °C).
Result showed that optimum formulation was 3.31% egg albumin and 1% GMS. The
constant rate of the foam mat drying (temperature 50 °C) was 3 times higher than non
foam mat drying. Higher drying temperature can speed up the driving force but lead to

color degradation.

Javed et al. (2018) reviewed on foam mat drying of fruits and vegetables to
develop powders. Foam-mat drying is a new drying technique for foods which are
highly heat sensitive and very sticky to dry. Foods contain a lot of compounds which
are very sensitive to high temperature for long time. By using this drying technique
product is dried in a very short time with minimum quality changes. Fruits and
vegetables pastes are mixed with different foaming agents (egg albumin, soy protein,
egg white, Lecithin etc.) and foam stabilizers (carboxy methyl cellulose, pectin etc.) in
different concentration to introduce stable foams. Foams are dried in trays by
application of hot air and milled to develop free flowing powders. Powders developed
by this drying technique have maximum preservation of the compounds which are very

heat sensitive.

Khamjae and Rojanakorn (2018) determined the effect of methyl cellulose
concentration and whipping time on the properties of passion fruit aril foam. The effect
of foam mat drying conditions on moisture diffusivity, physicochemical,
microbiological and antioxidant properties of the dried product was also investigated.
Passion fruit aril incorporated with methylcellulose at a mass concentration of 0.75, 1.5,
2.25 and 3.0% was whipped for 0, 10, 20 and 25 min. The passion fruit aril foam mats
(1, 2 and 3 mm thick) were dried at 60, 70 and 80 °C with a constant air velocity of
0.5 m/s. The optimum condition for forming foam was 2.25% methylcellulose after
25 min whipping as it provided the highest foam expansion (187.25%) and stability as
well as the lowest foam density (0.41 g/ml). Drying the passion fruit aril foam chiefly
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occurred in the falling rate period. Effective moisture diffusivity increased with
increasing temperature and foam thickness. This value ranged from 1.06 x 107 m?/s to
1.01 x 10® m?%/s. Passion fruit aril foam (1 mm thick) dried at 70 °C for 90 min showed
the highest amount of ascorbic acid and f-carotene as well as antioxidant activity.
Based on microbial counts, freshly prepared foam mat dried passion fruit aril samples

were considered safe.

Ng and Sulaiman (2018) developed beetroot powder using foam mat drying.
The objectives of this research was to determine the effect of types (egg albumen and
fish gelatine) and different concentrations of foaming agents on foam properties of
foam mat drying beetroot, to evaluate the physicochemical properties (colour, pH, Brix,
bulk density, water activity, hygroscopicity and moisture content) of foam dried
beetroot powder, and to determine the effect of temperature on rehydration ratio and
colour changes of rehydrated foam mat dried beetroot powder. Beetroot foam was
spread at 3 mm thickness and hot air dried at 50 °C for 6 h in cabinet dryer. Beetroot
pulp can be successfully foamed using egg alboumen and fish gelatine as foaming agents,
further hot air dried and grinded into powder. In this experiment, beetroot powder after
foam mat drying was considered as hygroscopic food and resulted in lighter and reddish
in colour. After rehydrating foam mat dried beetroot powder, L* value decreased but
a* and b* values increased. Generally, sample beetroot with fish gelatine had good

foam expansion, foam density, hygroscopicity, water activity, and red colour’s powder.
2.3.2 Different drying methods of fruits and vegetables

Maskan (2000) studied the microwave finish drying of banana. Banana samples
(4.3 +£0.177, 7.4 £ 0.251 and 14 + 0.492 mm thick) were dried using the following
drying regimes; convection (60 °C at 1.45 m/s); microwave (350, 490 and 700 W
power) and convection followed by microwave (at 350 W, 4.3 mm thick sample) finish
drying. The drying of banana slices took place in the falling rate drying period with
convection drying taking the longest time. Higher drying rates were observed with the
higher power level. Microwave finish drying reduced the convection drying time by
about 64.3%. Microwave finish dried banana was lighter in colour and had the highest

rehydration value.
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Smitabhindu et al. (2007) carried out a study on drying of banana in solar-
assisted forced convection drying system. The drying experiments were carried out at
60 °C temperature and time interval of 9 h for three days. The experimental results were
compared with simulated results. The measured collector outlet air temperatures and
moisture contents of bananas showed that the simulated temperatures, moisture
contents agreed well with the experimental results. The optimum values of the solar

collector area and the recycle factor were found to be 26 m? and 90%, respectively.

Wang et al. (2007) compared the volatiles of banana powder dehydrated by
vacuum belt drying, freeze drying and air drying. Volatiles were extracted from dried
banana powder with solid phase micro extraction (SPME), and separated and identified
by gas chromatography mass spectrometry (GC—MS). The main components detected
in banana powder responsible for its fruity odour were 3-methylbutanoic acid 3-
methylbutyl ester, 3-methylbutyl acetate and butanoic acid 3-methylbutyl ester. Basing
on the principal component analysis of statistical analysis system, it can be inferred that
the preferred method for producing banana powder with the optimum aroma was freeze
drying, followed by vacuum belt drying and then air drying.

Hassanain (2009) investigated simple solar drying system for banana fruit. For
experiments, ripe banana was cut to slices of 5-10 mm. Horizontal and vertical two
types of drying chambers were used. The horizontal dryer chamber was speeding
banana drying over the vertical one for both of the active and passive modes. Drying
system efficiency for the forced convection was higher for the first day comparing with

the following days due to the fast drying in the moisture falling stage.

Antala (2011) determined the effect of osmotic-air dehydration on quality of
guava powder. Guava powder was prepared by partial osmotic dehydration followed
by tray drying. Guava slices (10 mm thickness) were pretreated with 0.1% potassium
meta bisulphite and 0.1% citric acid solution. Guava slices were immersed into sucrose
solution of 50, 60 and 70 °Brix with sample to solution ratio of 1:5 (w/w). The prepared
samples were kept at room temperature and 50 °C temperature in the B.O.D. incubator
for 6 h and 12 h without any agitation. The highest water loss to solid gain ratio
(5.28%) of guava slices during osmotic dehydration was found in treatment 60 °Brix
sucrose solution + 6 h immersion time + 50 °C process temperature. All the samples of

osmotic dehydrated guava slices were further dehydrated in a tray dryer at 60 + 2 °C
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and 2.5 m/s air velocity up to 4-5% (db) moisture content. The powder was prepared
by grinding guava slices and sieved using 300 mesh sieve size. The results revealed that
water solubility index (86.68%), water absorption index (516.63%), titratable acidity
(0.26%), ascorbic acid (146.17 mg/100 g) and overall acceptability (8.4) were found
maximum for guava slices immersed in 60 °Brix sucrose solution for 6 h immersion

time at 50 °C process temperature which required 6 h for tray drying.

Cholera and Patel (2016) prepared sapota powder by osmo freeze drying.
Osmotic dehydration of 4 mm sapota slices was carried out at different osmotic
variables, viz., osmotic solution concentration (60 °Brix and 70°Brix,), immersion time
(5 and 10 h), process temperature (30, 40 and 50 °C) and sample to solution ratio (1:5).
Osmotically dehydrated sapota slices were freeze dried at -20 °C and -40 °C
temperature at a constant vacuum pressure of 1 torr using freeze dryer. The powder was
prepared by grinding sapota slices and sieved using 100y sieve size. The highest values
of rehydration ratio (4.56), water solubility index (89.15%), water absorption index
(701.82%), titratable acidity (0.26%), ascorbic acid content (54.66 mg/100 g), overall
acceptability (8.33) as well as lowest non-enzymatic browning (0.040 OD) were
obtained in treatment having 60 °Brix osmotic solution + 5 h immersion time + 50 °C
process temperature -40 °C freeze drying temperature which required 34 h freeze drying

time.
2.4 Drying characteristics of fruits and vegetables

Kudra and Ratti (2006) analysed energy and cost of foam mat drying.
Convective drying of both foamed and non foamed apple juice dried in a 19 mm layer
at 55 °C has indicated higher drying rates for foamed juice which resulted in reduced
drying time from 500 to 200 min. The energy consumption for drying of foamed apple
juice was found to be 0.2 of that for drying of non foamed juice. The dryer throughput
was calculated as 0.83 and 0.68 kg/m?h, respectively. Because of higher throughput and
shorter drying time, the foam mat dryer can be smaller which would reduce capital costs
by about 11% for a belt conveyor dryer and by 10% for a drum dryer.

Kadam et al. (2012a) investigated foam mat drying characteristics of mango
pulp. Mango pulp from Dussehri variety was foam mat dried using 0, 3, 5, 7, and 9%

egg white as foaming agent and then dried at air drying temperature of 65, 75 and
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85 °C. Weight loss was used to estimate change in moisture ratio with respect to time
and effective diffusivity. Seven thin layer drying models were fitted to get the best fit
model, which was selected on the basis of various statistical parameters. Wang and
Singh model was found to be best in almost all cases. Nutritional status in terms of total
carotenes was estimated and it was observed that there was significant effect of drying
temperatures and egg white concentration. Based on above parameters it was resolved
that foam mat drying using 3% egg white at 65°C air drying temperature was the best

combination.

Kabiru et al. (2013) determined the effect of slice thickness and temperature on
the drying kinetics of mango. Mangoes were dried at 60 °C, 70 °C and 80 °C at constant
thickness of 3 mm and then 3, 6 and 9 mm slice thick mangos were dried at constant
drying air temperature of 70 °C. Drying information was fitted into four drying models
namely: Newton, Page, Modified Page and Henderson and Pabis. The drying was
discovered to have taken place during the falling rate period and Page model described
the drying behaviour of the mango slices satisfactorily with R? of 0.990. The effective
moisture diffusivity coefficients increased with increasing temperature ranging

between were 3.89 and 6.99 x 10°%° with activation energy of 28.95 kJ/mol.

Jethva et al. (2015) studied drying characteristics of custard apple. The custard
apple pulp was dried in a tray dryer 60, 65, 70, 75 and 80 °C. The average elapsed
drying time to remove first half moisture was decreased by 15.52, 10.20, 9.09 and
7.50% for temperature from 60-65 °C, 65-70 °C, 70-75 °C, 75-80 °C, respectively. The
average drying rates for custard apple were 0.18, 0.20, 0.23, 0.24 and 0.25 g water/g
dry matter/min for temperatures of 60, 65, 70, 75 and 80 °C, respectively. Two Term
model reasonably suited to the thin layer drying of ripe custard apple. Estimated values
for effective diffusivities for the custard apple pulp drying were 2.13 x 107,
2.54 x 10, 2.94 x 10°°, 3.25 x 10° and 3.45 x 10° m?/s at the temperatures of 60, 65,
70, 75 and 80 °C. The activation energy was 31.92 kJ/mol. The carbohydrate content,
fat content, energy from carbohydrate and fat, pH and ash content of dried pulp varied
from 75.39-79.68 g /100g, 0.2-0.4 ¢g/100 g, 481.55-678.73 kcal, 4.9-6.1, and 1-2%,
respectively. Custard apple dried at 60 °C obtained the highest sensory score within the

experimental range of temperature.
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Salahi et al. (2015) studied foam mat drying of cantaloupe, optimization of
foaming parameters and investigating drying characteristics. Foaming conditions,
namely amount of egg white powder, xanthan gum and whipping time,optimized using
response surface methodology for minimizing foam density and drainage volume.
Drying was carried out in a batch type thin layer dryer at three drying temperatures
(40, 55 and 70 °C) on 3 and 5 mm thicknesses. Based on the statistic tests performed,
Weibull distribution model can describe drying behavior of foams for all drying
processes. Moreover, Fick’s second law was employed to calculate the effective
moisture diffusivity that varied from 3.283 x 107° to 9.483 x 107° m?/s and from
4,053 x 10° to 1.216 x 108 m?s with activation energy values of 31.714 and

33.043 kJ/mol for foam thicknesses of 3 and 5 mm, respectively.

Branco et al. (2016) studied drying Kinetics and quality of uvaia powder
obtained by foam mat drying. Two formulations were developed (one with 3.5%
albumin, 0.25% carboxy methyl cellulose and 0.25% xanthan gum, and the other
containing only 7% albumin) and dried at 60 °C and 70 °C. Drying kinetics showed
only a falling rate at both temperatures and formulations. Mathematical models were
fitted to the experimental data to describe the drying kinetics. The Page model provided
the best description of the foams. The higher temperatures reduced the drying time and
increased the effective diffusivity. Compared with the fresh pulp, the uvaia powder at

70 °C exhibited decreased antioxidant activity, total phenolics and carotenoids contents.

Chauhan and Jethva (2016) studied drying characteristics of banana powder by
tray drying. Carbohydrate content of dehydrated the banana powder after dehydration
in tray dryer with perforated plates possessed significantly higher amount (78%) at
80 °C temperature for 7 mm slices. The fat content was highest in the tray dryer with
solid plates at 80 °C temperature for 7 mm slices. Ash content of the eighteen samples
was in the range of 4.1 to 5.12%. The ash content was highest in the oven at 80 °C for
7 mm slices and tray dried at 75 °C for 7 mm slices samples. The 7 mm slices dried at
75 °C in multipurpose tray dryer have obtained the highest sensory score within the
experimental range of different dryers. It can be concluded from the study that
multipurpose tray dryer best suitable for drying of banana slices to get good quality

powder.
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2.5 Quality of fruit powder

Silva et al. (2008) carried out studies on dehydration of tamarind pulp through
the foam mat drying method. The foam mat drying process was studied for the tamarind
pulp at 50, 60, 70 and 80 °C and the temperature effect on the tamarind powder were
evaluated as regards to ascorbic acid content, total titratable acidity and colour. The
best results for ascorbic acid content, titritable acidity and colour were obtained at the
temperatures of 60 °C and 70 °C.

Kadam et al. (2010b) evaluated the biological properties of foam mat dried
mango powder. The impact of drying air temperature (65, 75 and 85 °C) and milk as
foaming agent in different concentration levels (0, 10, 15, 20 and 25%) were
investigated on the chemical properties of foam mat dried mango juice powder.
Chemical properties such as total sugars, ascorbic acid, total carotenes, minerals, total
acid, pH, total soluble solids (TSS) and microbial load (fungal and bacterial) of foam
mat dried mango powder were determined. Almost all chemical properties showed
decreasing trend with increase in drying air temperature. Microbial load was not
detected in foam mat dried mango powder. It was found that addition of 10% milk as

foaming agent and drying at 65 °C temperature gave better results.

Kadam et al. (2012b) evaluated physicochemical and microbial quality of foam
mat-dried pineapple powder. Pineapple pulp was foamed using two foaming agents, tri
calcium phosphate (0, 0.25, 0.50, 0.75, and 1.0%) and egg white (0, 0.50, 1.0, 1.50, and
2.0%). Carboxy methyl cellulose (0.25%) was used as foam stabilizer and drying was
carried out at 65, 75, and 85 °C in tray drier followed by pulverising the dried foam
mats in to fine powder. Powdered samples were analysed for various physicochemical
quality parameters viz. total sugars, reducing sugars, ascorbic acid, total acid, pH, iron,
phosphorus and calcium content and bacterial and fungal load. Statistical analysis
revealed that sample dried using 1% tricalcium phosphate at 65 °C was the best with
4.60% total sugars, 2.71% reducing sugars, 4.05 mg/100 g ascorbic acid, 0.35% total
acid, 0.29 mg/100 g iron, 2.24 mg/100 g phosphorous and 6.58 g/100 g calcium and

zero bacterial and fungal growth.

Chaves et al. (2013) characterised physico-chemical and sensory properties of

purple brazilian cherry foams. The foams of purple brazilian cherry pulp made with
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different additives. Characterisation was made through analyses of moisture, pH,
acidity, soluble solids, density, water activity, colour, total and reducing sugars, protein
and ashes. Drying was done at 55 °C for 2 h. Dried brazilian cherry juice powder was
rehydrated for acceptance test. It was concluded that the physico-chemical
characteristic was satisfactory and was in accordance with the Brazilian standards for
agro-industrial products. Albumin was the best foaming agent that produced a good
quality powder in a short period. The foam mat drying of brazilian cherry pulp using
albumin and superliga as foaming agents produced a powder with good physico-

chemical properties and sensory quality.

Adubofuor et al. (2016) evaluated nutrient composition and sensory evaluation
of ripe banana slices and bread prepared from ripe banana and wheat composite flours.
Two varieties of ripe banana (Gros Michel and Medium Cavendish) were sliced, pre-
treated with 2% citric acid for 2 min and dried at 60 °C for 72 h using an oven dryer to
obtain dry banana slices. Part of the oven dried ripe banana slices were milled using a
hammer mill and sieved through a 250 microns mesh sieve to obtain flour. The ripe
banana flour was incorporated into bread and studied sensory properties such as colour,
aroma, mouthfeel and overall acceptability of the oven dried ripe banana slices and the
bread substituted with flour. Results from the study revealed that, apart from colour,
there was no significant difference between the other sensory attributes of the oven
dried ripe banana. In conclusion, bread formulated from ripe banana and wheat flour

had a higher nutritional value when compared with bread from all purpose flour.

Roongruangsri and Bronlund (2016) examined the use of hot-air drying in the
preparation of pumpkin powder. The drying temperature was varied (50, 60 and
70 °C) to determine the effect of temperature on physicochemical properties, powder
properties and sorption characteristics of pumpkin powders. The results showed that a
drying temperature of 70 °C removes moisture from pumpkin slices faster than the
lower drying temperatures of 50 and 60 °C. Pumpkin powder dried at 70 °C exhibited
the darkest yellow color, while pumpkin powders dried at 50 and 60 °C were lighter.
The results also showed that increases in drying temperature were accompanied by
decreases in the water solubility, water and oil adsorption capacities of the resulting
pumpkin powders. Pumpkin powder dried at 50 and 60°C had water solubilities of more
than 50% and higher water adsorption and oil adsorption capacities than those dried
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temperature at 70 °C. Overall, a good quality pumpkin powder can be produced by hot-
air drying at a temperature of 60 °C in terms of moisture content, water activity, color
characteristics, total carotenoid content, bulk density, water solubility, water
adsorption, and oil adsorption capacities. When drying at a temperature of 50°C, the
moisture content and water activity of pumpkin powder was higher and the dark yellow

color of the powder was observed when subjected at a drying temperature of 70 °C.

Castro et al. (2017) evaluated physicochemical and sensory characteristics of
banana pulp dehydrated in sheets. For the drying tests, a static type equipment was used
and the fresh and dehydrated banana pulp was characterized taking into account its
moisture content, soluble solids, pH, acidity and proximal analysis. The conservation
parameters of the dehydrated pulp were satisfactory, which are favoured by the low
water activity reached in the dehydrated product; the sensorial analysis showed that
temperature and speed of the drying air exert a big influence in the quality of appearance

and colour.

Harish et al. (2017) carried out feasible studies on production of banana powder.
Banana powder was prepared by spray and tray drying processes at temperatures of
198 °C and 70 °C, respectively. The concentrated banana liquid feed of spray dryer
maintained a 14-18 °Brix, the sliced banana, both ripe and unripe banana took same
drying trend and same time (70 °C, 6-7 h) to arrive at below 10% moisture content,
spray dried powders produced at 198 °C had less moisture content 3.5- 4.4% (wb)
compared to tray dried powders 7.6-8.8% (wb) produced at 70 °C, the bulk density
(0.41 — 0.5 g/cm®) of powder did not vary with process of making powder, the spray
dried ripe banana powder was more soluble (3 min), spray dried unripe powder had
more water solubility index (29.84%) and absorption index (2.4%) and spray dried and
tray dried unripe powders produced at 198 °C and 70 °C had fairly a good source of
vitamin C 10.5 mg/100 g.

Palmei et al. (2017) evaluated quality parameters of foam mat dried banana
powder. The independent variables selected for this study were carboxy methyl
cellulose (0.5-2.5%) as foam stabilizer, egg albumin (3-11%) as foaming agent,
temperature (60-80 °C) and whipping time (6-12 min). Foam were prepared by
incorporating carboxy methyl cellulose and egg albumin into the puree, the foam was
then dried in cabinet air drier and finally grinded into powder. The dependent variables
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measured were flowability time, solubility, hygroscopicity and degree of caking. The
study showed that the minimum value of flowability time was 6.5 s and maximum value
was 13.56 s. Solubility of banana powder ranges from 59.1 to 98.5%, hygroscopicity
varied from 1.25 to 4% and degree of caking was in the range of 1.89 to 4.5%.
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CHAPTER 111

MATERIALS AND METHODS

This chapter deals with the procedure comprises study of optimization of
foaming process parameters of banana pulp, effect of drying on drying characteristics
of foamed banana pulp and quality characteristics evaluation of foam mat dried banana
powder. Methodologies adopted for determination of physical, biochemical and
sensory characteristics of foamed banana powder is presented in this chapter. The
details of machineries, instruments and materials used in the experiments are also

expounded here under.

3.1 Experimental details

The experiment was carried out in the Department of Processing and Food
Engineering, College of Agricultural Engineering & Technology, Junagadh
Agricultural University, Junagadh during the year 2018-19. The experiment was
consisting of selection of ripe banana fruits, peeling, cutting, rinsing in sodium meta
bisulphite, washing, addition of foaming agent and stabilizer, whipping, drying,
grinding, cooling, sieving and evaluation of quality parameters of banana powder. All
the treatments were based on the reviews reported in chapter Il. The flow chart of

experimental procedure is shown in Fig 3.1.
3.1.1 Selection of ripe banana

Grand Naine, Dwarf Cavendish, Lacatan, Gandevi Selection varieties of banana
are mainly grown in Gujarat. Among them, Grand Naine is one of the most popular
variety in Gujarat and most commonly grown in Saurashtra region due to its
characteristic medium length and large fruit yields. In view of this, Grand Naine variety
of banana was selected for the present investigation. The ripened fruits were brought
from local market of Junagadh, Gujarat, India to the laboratory in plastic crates to avoid
physical damage. Ripened banana of stage-5 (15 = 1 °Brix) was selected for the

experiment (Plate 3.1) due to moderate amount of starch, sugar and glycemic index.
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Plate 3.1 Ripe banana

3.1.2 Cutting

After removing peels, banana were cut into small pieces of thickness 3-5 mm

for further process of pre-treatment.

3.1.3 Pre-treatment

Banana slices were rinsed properly with 1% sodium meta bisulphite. Banana
slices were kept in 1% (w/w) sodium meta bisulphite solution for 2 min (Plate 3.2) and

then rinsed with water for 30 s for preventing discoloration during foaming (Plate 3.3).

Plate 3.2 Banana slices immersed in 1% sodium meta bisulphite
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Plate 3.3 Banana slices rinsed in water

Whey protein isolate (WPI) and methyl cellulose (MC) were used as foaming
agent and stabilizer, respectively within the limits stipulated in the Prevention of Food
Adulteration Act 1955 of the Government of India and based on preliminary foaming
tests conducted (Rajkumar et al. 2007). The concentration of whey protein isolate was
kept 2.5-12.5% (w/w) with concentration of methyl cellulose 0.1-0.5% (w/w) and

whipping time was kept 5-25 min.

Plate 3.4 Chemicals used to prepare banana pulp foam

(1) Whey protein isolate (2) Methyl cellulose (3) Sodium meta bisulphite
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Selection of ripe banana (Stage-5)

y

Peeling

Cutting (3-5 mm thickness)

1% (w/w) sodium meta bisulphite
solution for 2 min and then rinsed
with water for 30 s

.

[Foamlngagent]—> I:rUV[IOU'IO <_[ Foaming stabilizer J

[ Whlpplngofpulp ]

Foamed pulp
[ Drying ]
\4
[ Grinding ]

y

[ Cooling to room temperature ]

y

[ Sieving of powder (mesh no. 35) ]

v

Foamed dried fruit powder

[ Quality evaluation ]

Fig. 3.1 Experimental process flow chart for preparation of ripe banana powder

by foam mat drying
35



Chapter - 111 Materials and Methods

Advance whey isolate is the purest whey protein available, containing over 90%
protein. It has a comprehensive amino acid profile providing all the essential amino
acids. It improves immunity. It is used to stabilize emulsions and as thickener or

viscosity modifier.

3.1.4 Foaming of ripe banana pulp

The ripe banana pulp was converted into foam for more expansion, high
stability and low density with the use of foaming agent and foaming stabilizer. The air

was incorporated using a foaming device.

For foaming formation, transparent cylindrical plastic vessel, air pump and hand
blender were used (Fig. 3.2). Air pump (M/S AS-648A Aquarium air pump) having two
air nozzles was used at flow rate 4 lit/min per nozzle for flowing air in the cylinder
(Plate 3.5). The nozzles were kept about 180° angular diameter for maintaining
uniformity. A portable hand blender (M/s Maharaja Whiteline Hand Blender, Model:
HB-104) was used for proper mixing of air with the pulp (Plate 3.6).

Hand Blender

Air Nozzle

—1 Air Pump

L
R fgi%f Air Bubbles

Transparent Jar /_@"_@Q

Fig. 3.2 Foaming unit

The 100 g of sample of ripe banana pulp was taken into the vessel of foaming
device. Based on preliminary experiments for formation of foam, an amount of 100 ml
water was added along with pre-determined quantity of foaming agents i.e. sample to
water ratio of 1:1 (w/w). Controlled rate of compressed air flow rate was introduced at
the bottom of vessel and blending of pulp was carried out. After pre-determined time

period, air flow and rotation of whipping blade were stopped simultaneously.
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MAHARAJA

Plate 3.5 Air pump Plate 3.6 Hand blender

3.2 Experiment No. 1: Foaming process

Foaming experiment was conducted of ripe banana pulp using different foaming
agent concentrations of whey protein isolate (5-12.5%), foaming stabilizer
concentrations of methyl cellulose (0.1-0.5%) and whipping time (5-25 min) for

optimization and stabilizing process parameters on foaming properties of banana pulp.

3.2.1 Experimental design

The Response Surface Methodology (RSM) is an empirical statistical modeling
technique employed for multiple regression analysis using quantitative data obtained
from properly designed experiments to solve multivariable equations simultaneously.
It was used for designing of the experiment (Myers, 1976; Khuri and Cornell, 1987;
Montgomery, 2001).

A three-factor five-level Central Composite Rotatable Design (CCRD) with
quadratic model was employed (1) to study the combined effect of three independent
variables, viz., foaming agent (X1), foaming stabilizer (X2) and whipping time (X3) on
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different response variables, (2) to create models between the variables, and (3) to
determine the effect of these variables to optimize the selected response variables.
Five different levels for each independent variables in coded form are:
-o, -1, 0, +1, +a
Where,
o= 2N0. of variables/4 — 23/4 =1.682
The relationship between the coded and actual values of a factor is given by
Coded value = Xi = Xi — Xcp / AXi
Where,
xi = Real value of an independent variable
Xcep = Real value of an independent variable at centre point
Ax; = Step change of real value of the variable i corresponding to a
variation of a unit for the coded value of the variable |I.
The selected levels for the independent parameters along with their coding are
presented in Table 3.1.

Table 3.1 Independent parameters and their coded and actual values employed

for foaming properties of banana pulp

Coded variables
Parameters
-168| -1 | O +1 | +1.68
Foaming agent (%) (X1) | 25 |453|75|1047| 125
Foaming stabilizer (%) (X2)| 01 [018|03| 042 | 05
Whipping time (min) Xs)| 5 9 |15 21 25

As per the CCRD, total number of treatment combinations
= (2)No- of variables 4 (9 x N, of variables) + Central points
Here, number of variables : 3

Hence, total number of treatment combinations
=22+(2x3)+6=8+6+6=20

Hence, a total of 20 combinations including eight factorial points, six central

points and six extra axial points were carried out in random order according to a CCRD

38



Chapter - 111 Materials and Methods

configuration for the three chosen variables. The experimental design matrix in coded

(X) form and at the actual level of variables is presented in Table 3.2.

Table 3.2 Matrix of experimental central composite rotatable design for foaming

banana pulp
Run | Treatment | Coded variables Uncoded variables
X1 X2 X3 Foaming Foaming | Whipping

agent stabilizer time

(%) (%) (min)

1 2 1 -1 -1 10.47 0.18 9.00
2 16 0 0 0 7.50 0.30 15.00
3 17 0 0 0 7.50 0.30 15.00
4 18 0 0 0 7.50 0.30 15.00
5 12 0 1.68 0 7.50 0.50 15.00
6 7 -1 1 1 4.53 0.42 21.00
7 1 -1 -1 -1 4.53 0.18 9.00
8 5 -1 -1 1 4.53 0.18 21.00
9 15 0 0 0 7.50 0.30 15.00
10 14 0 0 1.68 7.50 0.30 25.00
11 11 0 -1.68 0 7.50 0.10 15.00
12 3 -1 1 -1 4.53 0.42 9.00
13 19 0 0 0 7.50 0.30 15.00
14 9 -168| 0 0 2.50 0.30 15.00
15 8 1 1 1 10.47 0.42 21.00
16 6 1 -1 1 10.47 0.18 21.00
17 4 1 1 -1 10.47 0.42 9.00
18 20 0 0 0 7.50 0.30 15.00
19 13 0 0 -1.68 7.50 0.30 5.00
20 10 1.68 0 0 12.50 0.30 15.00

The response function (YY) was related to the coded variables by a second degree

polynomial equation as given below:
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] j ]
Y — bo + z biX; + Z byXi2 + Z byX:X,
i=1 i=1 1

i#=

Where,

bo is the constant, b; the linear coefficient, bi; the quadratic coefficient and bj;
the interactive coefficient, Xi and Xj are the levels of the independent variable.

So, the second order polynomial function for the experiment can be given as

under.

Y = bytb, X +b,Xo+b: Xatby Xy 050X b33 Xa b1 X Xo+b X Xa+bys X0 X

Where Y is the response calculated by the model; X1, X2 and X are the code of
independent variables, i.e. foaming agent, foaming stabilizer and whipping time,
respectively, bi is constant term, bs, b2 and bs are linear, bi1, b2z and bss are quadratic,
and b2, b1z and bys are interaction coefficients, respectively (Anderson and Whitcomb,
2005).

The second order polynomial coefficients were calculated by using the software
package Design Expert version 10.0.8 (Trial version; STAT-EASE Inc., Minneapolis,

MN, USA) to estimate the responses of the dependent variable.

3.2.1.1 Statistical analysis

The statistical analysis of the experimental data was carried out to observe the
effect of selected process parameters on the various responses. The obtained data were
subjected to analyze for graphical representation, analysis of variance (ANOVA) and
multiple regression using the software package Design Expert version 10.0.8 (Anderson
and Whitcomb, 2005). The three-dimensional (3D) response surface plots were
generated by keeping one variable constant at the center point and varying the other
two variables within the experimental range. The effect and regression coefficients of
individual linear, quadratic and interaction terms were determined from the ANOVA
tables. The significance of all the terms in the polynomial equation was judged

statistically by computing the F-value at a probability (p) value of 0.001, 0.01 or 0.05.
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3.2.1.2 Optimization and validation of model

The optimization of process variables was carried out by using Design Expert
version 10.0.8 software. The optimum values of the selected variables were analyzed
by the response surface contour plots and also by solving the regression equation. The
average experimental value of different response variables was used to check the
validity and adequacy of the predicted models. The optimum condition to obtain the
best quality foamed pulp was considered when the foam expansion and foam stability

were as high as possible, whereas foam density was as low as possible.

3.2.2 Dependent parameters for foamed pulp

The following foaming properties of banana pulp were measured during the

experiments and their analysis is reported in Chapter- 1V.

3.2.2.1 Foaming properties

Foaming properties such as foam expansion, foam density and foam stability
were determined at different concentration of foaming agents with different whipping
time.

e Foam expansion
e Foam stability

e Foam density
3.2.2.1.1 Foam expansion

Foam expansion was calculated from the volume of ripe banana pulp before
and after whipping using following formula reported by Durian (1995).
Foam expansion (%)

Final volume of foam, cm?-Initial volume of pulp, cm?
= — %100 ...(3.1)
Initial volume of pulp, cm3

3.2.2.1.2 Foam stability

Foam stability of ripe banana pulp was recorded by taking of foamed pulp in a
transparent graduated beaker and kept for 3 h (Plate 3.7). The reduction in foam volume
was measured for foam stability for every 30 min. The stable after 1 h was considered
as mechanically and thermally stable foams for entire drying period (Kundra and Ratti,
2006). Foam stability was determined by using following formula:
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Foam stability (%)

[ Volume of foam at 180 min, cm? ] 100
= X
[Initial volume of foam including the liquid VolumeJ
without foaming, cm?

...(3.2)
3.2.2.1.3 Foam density

The density of foamed ripe banana pulp was analyzed in terms of mass by volume
(g/cc) by Falade et al. (2003).

Foam density(g/cc)

Initial volume of pulp, cm?
...(3.3)

= ity of pul
density of pulp, g/ccx lFinal volume of foam, cm?

Plate 3.7 Determination of foam stability of foamed banana pulp

3.3 Experiment No. 2: Foam mat drying

Optimized parameters of foaming process were selected for further drying
process. Drying characteristics and quality of powder were evaluated during tray drying

and after preparation of powder.
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3.3.1 Treatment details

Table 3.3 Independent variables

Materials and Methods

1. Drying temperature (T) Four levels, viz.,
55 °C, 60 °C, 65°C and 70°C
2. Drying thickness (t) Three levels, viz.,
2mm, 4 mmand 6 mm
3. Treatment combinations 12
4. Replications 3
5. Statistical design Factorial CRD

Table 3.4 Treatment combinations for foam-mat drying of banana pulp.

Sr. No. Treatment Drying temperature (°C) Drying thickness (mm)
1 Tits 55 2
2 Tit 55 4
3 Tits 55 6
4 Tats 60 2
5 Tot2 60 4
6 Tots 60 6
7 Tty 65 2
8 Tatz 65 4
9 Tats 65 6
10 Tat 70 2
11 Tatz 70 4
12 Tats 70 6

Table 3.5 Dependent variables

Sr.No.

Parameters

1. Drying characteristics

a) Drying time (min)
b) Drying rate (g water/g dry matter — min)
C) Moisture ratio
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2. Quality of banana powder by foam mat drying

Physical properties

a) Recovery (%)

b) Bulk density (g/cc)

i, Biochemical properties

a) Moisture (%)

b) Total sugars (%)

C) Reducing sugar (%)

d) Non-reducing sugar (%)

e) Titratable acidity (%)

f) Ascorbic acid (mg/100 g)

9 |pH

iii. Functional properties

a) | Water solubility index (WSI) (%)
b) | Water absorption index (WAI) (%)
iv. Sensory evaluation

a) Appearance

b) Texture

c) Flavour

d) Taste

e) Overall acceptability

3.3.2 Experimental details

3.3.2.1 Tray drying

pulp having twelve trays. Temperature of dryer ranges from 50 to 250 °C. A digital
balance with readability of + 0.001 g was used for the measurement of weight of the

sample (Plate 3.8).

tray dryer with a constant air velocity of 0.5 m/s. The sample size of foamed banana

pulp for 2, 4 and 6 mm thickness was taken as 161 g, 323 g and 485 g, respectively.
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A tray dryer (M/s Khera Instruments Pvt. Ltd.) was used to dry foamed banana

Optimized foamed banana pulp derived from experiment no. 1 was dried at
different temperature 55, 60, 65 and 70 °C and different thickness of 2, 4, and 6 mm in
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The weight loss in sample with time was measured by digital weight balance and
recorded at 30 min interval for all the temperature and thickness range selected for the
study (Plate 3.9). For measuring the weight of the sample during experimentation, the
tray with sample was taken out of the drying chamber, weighed on the digital weight
balance and placed back into the chamber. Each process of weight measurement lasted
with short duration of time. The drying procedure was continued to equilibrium

moisture content.

Plate 3.8 Tray dryer

Plate 3.9 Tray drying of foamed banana pulp

45



Chapter - 111 Materials and Methods

3.3.2.2 Grinding of dried product

Dried matter was scraped out from stainless steel tray with use of stainless steel
karchi. The collected sample was grinded in mixer (M/s Bajaj FX 11) to get powder
(Plate 3.10) and further it was sieved through mesh no. 35 sieve (Plate 3.11). The
powder was packed in sealed aluminium foil package having 50 um thickness for
further quality evaluation.

Plate 3.10 Grinding of foamed dried banana pulp

Plate 3.11 Sieving of banana powder

3.4 Drying characteristics
3.4.1 Drying time (min)

Moisture lost by the foamed banana pulp in particular time interval was noted
up to the weight of the drying tray in consecutive term remains constant.
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3.4.2 Drying rate (g water/g dry matter-min)

The moisture content data recorded during experiments were analyzed to
determine the moisture lost by foamed banana pulp in particular time interval. The
drying rate of the samples was then calculated by equation,

DR (g water/g dry matter-min)

_Initial weight of sample, g - Weight of sample after time 6, g 14
B Time interval, h x Dry matter, g ..(3.4)

Where,

DR = Drying rate at time 0, g of water removed/g of dry matter

3.4.3 Moisture ratio

The moisture ratio of foamed banana pulp was computed by using the initial
moisture content and equilibrium moisture content. The final moisture content of the
product was taken as equilibrium moisture content.

M- M,

...(35
MM (3.5)

Moisture ratio =
Where,

M = Moisture content (% db)
Me = Equilibrium moisture content (% db)
Mo = Initial moisture content (% db)

3.5 Quality evaluation of banana powder by foam mat drying
3.5.1 Physical properties
3.5.1.1 Recovery (%)

Recovery of foam mat dried banana powder is analyzed by the ratio of weight
of dried powder to weight of foamed banana pulp applied to the tray. The recovery of

foamed dried banana powder was calculated in per cent using the following formula,

Weight of foamed dried powder

R 00 x100
ecovery (%) Weight of foamed banana pulp on tray ...(3.6)
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3.5.1.2 Bulk density (g/cc)

The bulk density provides an indication of the packing and arrangement of the
particles, as well as the compaction profile of a material. Bulk density was determined
as suggested by Wang and Kinsella (1976). A sample of 3 g of dried banana powder
was put into 10 ml graduated cylinders and tapped 10 times on rubber surface. The
volume of powder was recorded after 10 taps. The bulk density was calculated using
the following equation.

Weight of powder
Bulk Density (g/cc) = g p (2)

Volume of powder after tapping (cc) ...3.7)

3.5.2 Biochemical properties

Biochemical properties such as moisture content, total sugars, reducing sugar,
non-reducing sugar, titratable acidity, ascorbic acid and pH of foam dried banana

powder prepared in different drying conditions were analyzed by following methods.

3.5.2.1 Moisture content (%)

The moisture content (% whb) of powder was determined by hot air oven method
as described by AOAC (2005). About 5-10 g of the sample was put in a pre-weighed
petri dish. The weight of empty dish and dish with sample was noted separately. The
sample loaded petri dishes were placed inside the hot air oven at 105 + 1 °C till it
attained constant weight (Plate 3.12). The samples were cooled in a desiccator and
weighed. The difference in the initial and final weight of sample was taken as the weight
of water removed. The moisture content of powder was determined by the following

formula,

) Wi - Wo
Moisture content (%, wb) = [ Wi ] %100 ...(3.8)

Where, Wi = Initial weight of sample
W, = Final weight of sample

3.5.2.2 Total sugars (%)

Total sugars estimation was performed according to the phenol sulphuric acid
method as suggested by Sadasivam and Manickam (1996). One gram of banana powder

was taken in a 100 ml volumetric flask in which 2 ml of lead acetate solutions was
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added and kept for 10 min. The solution then de-leaded by adding 1 ml potassium
oxalate solution and volume was made up to 100 ml by adding distilled water. The
solution was filtered through Whatman No. 1 filter paper. The filtrate was diluted in
ratio of 1:20 with distilled water and 1 ml aliquot was taken for the estimation of sugar.
Then, 1 ml of 5 % phenol solution and 5 ml of 96% H,SO4 was added quickly and
allowed to stand for 10 min after mixing. The color of solution was read at 490 nm on
spectrophotometer (Plate 3.13). The estimation of total sugar (Plate 3.13) was carried
out using standard graph prepared with glucose (0-150 pg) using following equation,

Total sugars (%)

Sample reading % Glucose equivalent ((L)l_]g)) x Volume made up

_ 107°x100
Weight of pulp (g) x Aliquot taken (ml) < 10710

.(3.9)
3.5.2.3 Reducing sugar (%)

Nelson-Somogyi method as reported by Sadasivam and Manickam (1996) was
used for estimation of reducing sugar as shown in Plate 3.14. The filtrate obtained from
the estimation of total sugar was used for determination of reducing sugar. From the
collected filtrate, 0.5 ml aliquot was pipetted in test tube and final volume was made up
to 2 ml with distilled water. Then, 1 ml of alkaline copper tatrate was added and boiled
in water bath for 10 min and cooled. After that, 1 ml of arsenomolybledum solution was
added and volume was made up to 10 ml by adding 6 ml of distilled water and the
intensity of blue colour at 620 nm on spectrophotometer was read. Standard graph was
prepared using glucose (0-150 pg) and calculation was done using following

relationship,
Reducing sugar (%)

Sample reading x Glucose equivalent xVolume made up %
= . . x 100 x 10 ...(3.10)
Weight of pulp x Aliquot taken

3.5.2.4 Non-reducing sugar (%)

Non-reducing sugar for each powder sample was calculated by subtracting the
reducing sugar value from the total sugar value of each powder sample as per method
suggested by Ranganna (2000). Non-reducing sugar for each powder sample was

calculated as per following formula,

Non-reducing sugar (%) = Total sugars — reducing sugar ...(3.11)
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3.5.2.5 Titratable Acidity (%)

Titratable acidity was estimated as reported by Ranganna (2000). Homogenized
10 g banana pulp was transferred to volumetric flask and the volume was made up to
100 ml by adding distilled water. The suspension was then filtered through Whatman
No. 1 filter paper and filtrate was used for titration. From the collected filtrate, 5 ml
aliquot was taken and titrated against standard sodium hydroxide using phenolphthalein
as an indicator. The titratable acidity in terms of per cent citric acid equivalent was

calculated (Plate 3.15) by using the following equation,

Titratable acidity (%)

Titre (ml) x 0.5 N NaOH (ml) X Volume made up (ml)
x Equivalent weight of citric acid

= . . x 100 ...(3.12
Weight of sample (g) x Aliquot taken (ml) x 1000 (3-12)

3.5.2.6 Ascorbic Acid (mg/100 g)

Ascorbic acid content was determined by the method described by Sadasivam
and Manickam (1996). As suggested, 10-100 mg standard dehydroascorbic solution
into a series of tubes was pipetted out. Similarly different aliquots (0.1-2 ml) of
brominated sample extract was pipetted out. The volume in each tube was made up to
1 ml by adding distilled water. 2 ml of DNPH reagent was added which was followed
by 1-2 drops of thiourea to each tube. The contents of the tubes were mixed thoroughly
and incubated at 80 °C for 15 min. After incubation, the orange-red ozone crystals were
dissolved which were formed by adding 5 ml of 80% sulphuric acid (Plate 3.16). The
absorbance was measured at 540 nm.

Ascorbic acid (mg/100 g)

_ Titre (ml) x Dye factor (mg/ml) x Volume made up (ml) y

100 ...(3.13
Weight of sample (g) x Aliquot taken (ml) (3-13)

3.5.2.7 pH

The pH is defined as a negative logarithm to the base 10 of H+ ion activity of
concentration. pH of the powder was measured directly using pH meter (Plate 3.17).
Firstly, 10 g of sample was weighing followed by macerate with 100 ml of water, after
that the mixture was to stand for 30 min and decanted the supernatant in a beaker. The

pH meter was calibrated with standard buffer solution before measuring pH of powder.
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Plate 3.14 Determination of reducing sugar of banana powder
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Plate 3.16 Determination of ascorbic acid of banana powder

Plate 3.17 Determination of pH of banana powder

52



Chapter - 111 Materials and Methods

3.5.3 Functional properties
3.5.3.1 Water solubility index (WSI) (%)

The solubility of banana powder in normal hot water was determined by the
method suggested by Anderson (1982). Water solubility index (WSI) is defined as the
weight of dissolved solids in supernatant per weight of dry solid powder and expressed
in per cent. For determination of water solubility index 2.5 g banana powder was
dispersed in 25 g of distilled water at 30 C. A glass rod was used to break up any lumps.
After stirring for 30 min, the dispersions were rinsed into tarred centrifuge tubes. The
solution was then centrifuged at 3000 rpm for 10 min. The supernatant liquid was
poured carefully into a tared evaporating dish. The amount of dried solid was recovered
by evaporating supernatant. The water solubility index was calculated by the following
equation,

Weight of dissolve solid in supernatant

(o = x 100 ...(3.14
WSI (%) Weight of dry solid powder 9

3.5.3.2 Water absorption index (WAI) (%)

Water absorption index is the ratio of the weight of sediments to that of weight
of dry solid powder and expressed in per cent. The sediment obtained in the estimation
of water solubility index was used for determination of water absorption index and
calculated by the following equation,

WAT (%) = Weight of sediments < 100 315
(% Weight of dry solid powder - G:15)

3.6 Sensory evaluation

Sensory characteristics viz., appearance, texture, flavor, taste and over all
acceptability of foamed dried banana powder were evaluated by a panel of semi trained
10 judges using 9 point hedonic scale (Amerine et al., 1965). A semi-trained panelist
was consisting of 10 members with 9 males and 1 female, between the age group of 25
to 55 year. The panelists were the staff members of the College of Agricultural
Engineering and Technology, Junagadh. Before the sensory evaluation was conducted
the panel was trained for the sensory qualities to be evaluated, to get familiar with the
rating method and the terminology of the attributes used. The sensory evaluation sheet

is presented in Appendix - C.
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Plate 3.18 Sensory evaluation of banana powder

3.7 Statistical analysis

Statistical analysis for experiment no. 1 (foaming process) was carried out as
per the Response Surface Methodology (RSM) for evaluation of foaming properties
(Khuri and Cornell, 1987). The statistical analysis for experiment no. 2 (foam mat
drying) was carried out as per the Factorial Completely Randomized Design (FCRD)
with three replications (Panse and Sukhatme, 1985). All the treatments were compared
at 5% level of significance using the critical difference test. The analysis of variance
(ANOVA), standard error of mean (S.Em), critical difference (CD), coefficient of
variance (CV) and mean values for dependent parameters were tabulated and the level

of significance was reported.
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RESULTS AND DISCUSSION

This chapter deals with the results obtained from the experiments on foaming
properties of banana pulp. The banana pulp was treated with different levels of foaming
agent (whey protein isolate, %), foaming stabilizer (methyl cellulose, %) and whipping
time (min) and optimized by Response Surface Methodology technique. The proportion
of whey protein isolate, methyl cellulose and whipping time were optimised for foam
expansion, foam stability and foam density of foamed banana pulp process. The
optimum parameters of foaming process were further subjected to drying at different
drying temperature and foam thickness. Drying was carried out in tray dryer and drying
characteristics and quality of powder were evaluated after preparation of powder. The
results are presented and discussed in subsequent sections.

4.1 Biochemical properties of banana pulp

The biochemical properties of ripe banana fruit (stage-5) are presented in Table
4.1. From the table, it can be observed that the mean values of biochemical properties
viz., moisture content, total soluble solids (TSS), total sugars, reducing sugar, titratable
acidity, ascorbic acid and pH of five ripened banana fruit (stage-5) with their standard
deviation was observed to be 75 + 2 (%, wb), 15 + 1 °Brix, 17 + 1%, 9 £ 0.3%, 0.24 +
0.05%, 10.1 + 0.5 mg/100 g and 5.85 £ 0.3, respectively.

Table 4.1 Mean composition of fresh banana used for research work

Properties Value
Moisture content (%, wb) 75+2
TSS (°Brix) 15+1
Total sugars (%) 17+1
Reducing sugars (%) 9+0.3
Titratable acidity (%) 0.24 £ 0.05
Ascorbic acid (mg/100 g) 10.1+£0.5
pH 5.85+0.3
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4.2 Response surface analysis

The response surface analysis of different response parameters as a function of
foaming process variables was developed by multiple regression technique. It is useful
to explain the interaction of different variables and to determine the optimum level of
each variable. It was carried out by plotting the response surface curves for the
individual response parameters. Each response surface curve explains the effect of two
variables while keeping the third variable fixed at middle level. The explanation on
effect of different independent variables on response parameters and their graphical

presentation are given under this section.

4.3 Different treatments on the foam properties of banana pulp

The pre-treated banana pulp was treated with different concentration of whey
protein isolate (2.5-12.5%), methyl cellulose (0.1-0.5%) for different whipping time (5-
25 min). Each sample was analysed for their foaming properties i.e. foam expansion,
foam stability and foam density. The experimental results for foamed banana pulp is
presented in Table 4.2. A complete second order model 3.14 was tested for its adequacy
to correlate the variation of response with independent variables. To aid visualization
of variation in responses with respect to processing variables, series of three
dimensional response surfaces were drawn using Design Expert Software 10.0.8. The
variation of foam properties due to process parameters is discussed in separate sections

as below:

4.3.1 Effect of foaming agent, foaming stabilizer and whipping time on foam

expansion of banana pulp

It can be observed that foam expansion increased up to certain increase of
foaming agent and then it slightly decreased. Maximum foam expansion was obtained
in treatment number 3. Foam expansion obtained during this treatment was 138.54%.
In this treatment, foaming agent was 4.53%, foaming stabilizer was 0.42% and
whipping time was 9.05 min. Minimum expansion was observed in treatment number
14. In this treatment, foaming agent was 7.50%, foaming stabilizer was 0.30% and

whipping time was 25 min.

The effect of foaming agent, foaming stabilizer and whipping time on foam

expansion of banana pulp is presented in Table 4.2 while the response surface curves
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Table 4.2 Experimental data of foam properties of banana pulp

Results and Discussion

Run | Treatment Uncoded variables Responses
Foaming agent Foaming stabilizer Whipping time Foam expansion | Foam stability | Foam density
(%) (%) (min) (%) (%) (g/cc)

1 2 10.47 0.18 9.05 112.56 75.42 0.48
2 16 7.50 0.30 15.00 127.62 82.49 0.45
3 17 7.50 0.30 15.00 126.67 76.12 0.45
4 18 7.50 0.30 15.00 101.90 83.72 0.50
5 12 7.50 0.50 15.00 132.38 95.00 0.44
6 7 4.53 0.42 20.95 104.39 91.78 0.50
7 1 4.53 0.18 9.05 128.29 78.45 0.45
8 5 4.53 0.18 20.95 102.44 76.43 0.50
9 15 7.50 0.30 15.00 126.19 83.05 0.45
10 14 7.50 0.30 25.00 88.57 75.81 0.54
11 11 7.50 0.10 15.00 120.48 71.82 0.46
12 3 4.53 0.42 9.05 138.54 93.71 0.43
13 19 7.50 0.30 15.00 125.24 78.55 0.45
14 9 2.50 0.30 15.00 100.50 79.18 0.51
15 8 10.47 0.42 20.95 96.28 87.29 0.52
16 6 10.47 0.18 20.95 95.81 73.22 0.52
17 4 10.47 0.42 9.05 126.51 89.45 0.45
18 20 7.50 0.30 15.00 119.52 82.55 0.46
19 13 7.50 0.30 5.00 111.90 85.86 0.48
20 10 12.50 0.30 15.00 92.27 72.11 0.53
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and contour plots for foam expansion of banana pulp are shown in the Fig. 4.1 to
Fig. 4.6.

Table 4.3 Analysis of variance (ANOVA) table and regression coefficients for
response surface quadratic model of different foaming properties of

banana pulp
Source Foam expansion Foam stability Foam density
Intercept 120.99 80.97 0.46
Linear terms
A(Xy) -4.13 -1.97* 0.009053
B(X2) 3.41 7.15%** -0.006124
C(Xa) -10.71** -1.85 0.024***
Interaction terms
AB(X1X2) 0.28 -0.31 -0.00125
AC(X1X3) 1.63 -0.051 -0.00125
BC(X2X3) -2.72 0.016 0.00625
Quadratic terms
A%(X4?) -7.45** -1.22 0.018**
B2(X2?) 3.17 1.53 -0.006512
C(X3?) -6.09* 0.61 0.015*
Indicators for model fitting
R? 0.8194 0.9013 0.8552
Adj-R? 0.6569 0.8125 0.7248
Pred-R? 0.3236 0.5474 0.4691
el 7.998 12.016 8.868
F-value 5.04 10.15 6.56
Lack of fit NS NS NS
CV.% 1.75 3.77 3.70

A or X;= Foaming agent, B or X>= Foaming stabilizer, C or X3= Whipping time,
***Significant at p<0.001, **Significant at p<0.01, *Significant at p<0.05, NS = Non-
significant

4.3.1.1 Effect of foaming agent and foaming stabilizer on foam expansion

The response surface curve of variation in the foam expansion of banana as a
function of foaming agent (X1) and foaming stabilizer (Xz) is shown in Fig. 4.1. It
represents the interactive effect of foaming agent and foaming stabilizer on the foam

expansion of banana pulp, keeping the whipping time (X3) at middle level, i.e. 15 min.

58



Chapter-1V Results and Discussion

The contour plot for foam expansion of banana pulp as a function of foaming agent and
foaming stabilizer is presented in the Fig. 4.2 which indicates the increase in foam
expansion as the foaming agent was increased up to 6.8% and foaming stabilizer up to
up to its maximum level of 0.50%. The foam expansion at this combination was
proposed to be increased up to 135.89%. With further increase in foaming agent beyond
6.8%, the foam expansion was decreased. This might be due to saturation point of
foaming agent solubility under experimental conditions. Similarly, another probability
of maximum foam expansion (124.41) was found at 6.47% foaming agent and 0.11%
foaming stabilizer. Similar findings were also reported by Kandasamy et al. (2012) for

foam expansion in papaya pulp.

4.3.1.2 Effect of foaming agent and whipping time on foam expansion

The effect of foaming agent (X1) and whipping time (X3) on foam expansion of
banana pulp, keeping foaming stabilizer (X2) at middle level, i.e. 0.3% is graphically
represented in the Fig. 4.3. The interaction effect of foaming agent (X1) and whipping
time (X3) on foam expansion of banana pulp at constant foaming stabilizer (X>) is
presented through contour plot as shown in Fig. 4.4. This contour graph shows the
increase in foam expansion with an increase in foaming agent and whipping time up to
6.38% and 9.45 min, respectively. At this combination of foaming agent and whipping
time, the foam expansion of pulp was expected to be increased up to 126.74%. With
further increase in foaming agent and whipping time, the foam expansion of pulp was
found to be decreased. This may be due to expansion of foams increased with whipping
time up to a maximum and decreased thereafter probably because excessive whipping
(overbeating) could cause foam to collapse. Similar findings was also reported by

Raharitsifa et al. (2006) on foam mat drying in apple juice foams.
4.3.1.3 Effect of foaming stabilizer and whipping time on foam expansion

The effect of foaming stabilizer (X2) and whipping time (X3) on foam expansion
of banana pulp at constant foaming agent (X1) at middle level i.e. 7.5% is shown in
Fig. 4.5. Whereas the contour plot for foam expansion of banana pulp as a function of
foaming stabilizer and whipping time is presented in the Fig. 4.6. The interaction effect
showed the increase in foam expansion with an increase in foaming stabilizer up to its

maximum level of 0.50% and with an increase in whipping time up to 8.37 min. At this
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combination of foaming stabilizer and whipping time, the foam expansion of pulp was
projected to be increased up to 144.51%. With further increase in whipping time, the
foam expansion decreased. Similarly, another probability of maximum foam expansion

(125.23) was found at 0.11% foaming stabilizer and 11.76 min whipping time.

The significant F-value and non-significant lack of fit indicates the fitness and
reliability of the model for a given response. However, the adequacy of the model
needed to be further checked by the coefficient of regression (R?), which is the ratio of
the explained variation to the total variation and is a measure of the degree of fit (Haber
and Runyon, 1977). It is also the proportion of the variability in the response variables
which is accounted for the regression analysis (Mclaren et al., 1977). The closer the
value of R? to unity, the better is the empirical model fits the actual data. The smaller
the value of R?, the less relevant the dependent variables in the model have in explaining
the behaviour variation (Little and Hills, 1978; Mendenhall, 1975). The value of R?
greater than 0.8, implies that the model indicates a good fit. (Joglekar and May, 1987).
Nevertheless, some researchers suggested that a large value of R? does not always imply
that the regression model is a good one. Increasing R? can be obtained by adding a
variable to the model. Thus, it is preferred to use an adjusted R? to evaluate the model
adequacy and it should be over 0.8 (Koocheki et al., 2010). Moreover, other parameters,
namely predicted R? which should be closer to 1 and adequate precision which should
be greater than 4 are supportive of the significance of the model (Akesowan and
Choonhahirun, 2013).

The regression analysis and ANOVA results for the foam expansion of banana
pulp are shown in the Table 4.3. It can be seen from the table that, foaming agent and
whipping time indicated negative linear effect while foaming stabilizer indicated
positive linear effect on foam expansion of banana pulp. The quadratic effect of both,
foaming agent and whipping time was negative and the quadratic effect of foaming
stabilizer was positive on foam expansion. The effect of interaction between foaming
agent and foaming stabilizer and interaction between foaming agent and whipping time
was found positive. The effect of interaction between foaming stabilizer and whipping

time was found negative for foam expansion of banana pulp.

The derived model giving the empirical relation between the foam expansion

and the test variables in coded units was obtained as under:
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Foam expansion =120.99 -4.13 A +3.41 B-10.71 C+0.28 AB +1.63 AC -2.72BC - 7.45
A? +3.17 B2 - 6.09 C?
Where, A, B and C are the coded factors of foaming agent, foaming stabilizer and whipping

time, respectively.

The calculated F-value for foam expansion (5.04) was significant at p<0.01. At the
same time, it possessed non-significant lack of fit (p>0.05). These values indicated that the
model for foam expansion was fitted and reliable. The R? value and Adj-R? value for the
bulk density were 0.8194 and 0.6569, respectively, indicating the adequacy, good fit and
high significance of the model. The Pred-R? (0.3236) was in reasonable agreement with the
Adj-R?. The high Adeq. Precision value (>4) again supported the significance of the model
for foam expansion. The small value of coefficient of variation (7.75%) for foam expansion
explained that the experimental results were precise and reliable (Table 4.3).

4.3.2 Effect of foaming agent, foaming stabilizer and whipping time on foam stability

of banana pulp

It is apparent that foam stability increased as concentration of foam stabilizers
increased. Also, it depends on foaming agent and whipping time. Maximum foam stability
was observed in treatment number 12. The maximum foam stability was 95.00%. In this
treatment, foaming agent, foaming stabilizer and whipping time were 7.50%, 0.50% and
15.00 min, respectively. Minimum foam stability was observed in treatment number 11.
Minimum foam stability reported was 71.82%. In this treatment, foaming agent, foaming

stabilizer and whipping time used were 7.50%, 0.10% and 15.00 min, respectively.

The effect of foaming agent, foaming stabilizer and whipping time on foam stability
of banana pulp is presented in Table 4.2 while the response surface curves and contour

plots for foam stability are shown in the Fig. 4.7 to Fig. 4.12.
4.3.2.1 Effect of foaming agent and foaming stabilizer on foam stability

The response surface curve of variation in the foam stability of banana as a function
of foaming agent (X1) and foaming stabilizer (X2) is shown in Fig. 4.7. It represents the
interactive effect of foaming agent and foaming stabilizer on the foam stability of banana
pulp, keeping the whipping time (X3) at middle level, i.e. 15 min. The contour plot for foam

stability of banana pulp as a function of foaming agent and foaming stabilizer is presented
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in the Fig. 4.8 which indicated the increase in foam stability as the foaming agent was
increased up to 4.22% and foaming stabilizer up to maximum limit of 0.5%. The foam
stability at this combination was proposed to be increased up to 98.26%. With further
increase in foaming agent, the foam stability of pulp decreased up to its maximum level.

4.3.2.2 Effect of foaming agent and whipping time on foam stability

The effect of foaming agent (X1) and whipping time (X3) on foam stability of
banana pulp at constant foaming stabilizer (X2) at middle level, i.e. 0.3% is graphically
represented in the Fig. 4.9. The interaction effect of foaming agent (X1) and whipping time
(X3) on foam expansion of banana pulp at constant foaming stabilizer (X>) is presented
through contour plot as shown in Fig. 4.10. This contour graph shows the increase in foam
stability with an increase in foaming agent and whipping time up to 5.07% and 5.14 min,
respectively. At this combination of foaming agent and whipping time, the foam stability
of pulp was expected to be increased up to 86.44%. With further increase in foaming agent

and whipping time, the foam stability of pulp was found to be decreased.
4.3.2.3 Effect of foaming stabilizer and whipping time on foam stability

The effect of foaming stabilizer (X2) and whipping time (X3) on foam stability of
banana pulp at constant foaming agent (X1) at middle level, i.e. 7.5% is shown in Fig. 4.11.
Whereas the contour plot for foam expansion of banana pulp as a function of foaming
stabilizer and whipping time is presented in the Fig. 4.12. The interaction effect showed
the increase in foam stability with an increase in foaming stabilizer up to its maximum limit
of 0.49% and whipping time up to 5.47 min. At this combination of foaming stabilizer and
whipping time, foam stability of pulp was projected to be increased up to 101.05%. With
further increase in whipping time, the foam stability of pulp decreased. Foam stability
Similar result was also reported by Kandasamy et al. (2012) for papaya powder.

The regression analysis and ANOVA results for the foam stability of banana pulp
are shown in the Table 4.3. From this table, it can be seen that, foaming agent and whipping
time indicated negative linear effect while foaming stabilizer indicated positive linear effect
on foam stability of banana pulp which was significant at p<0.001. The quadratic effect of
both, foaming stabilizer and whipping time was positive and the quadratic effect of foaming
agent was negative on foam stability. The effect of interaction between foaming agent and

foaming stabilizer and interaction between foaming agent and whipping time was found
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negative. The effect of interaction between foaming stabilizer and whipping time was found

positive for foam stability of banana pulp.

The model as derived and giving the empirical relation between the foam stability of

banana pulp and the test variables in coded units, was obtained as under:

Foam stability = 80.97 — 1.97 A+ 7.15 B — 1.85 C — 0.31 AB - 0.051 AC + 0.016 BC —
1.22 A% + 1,53 B2 + 0.61 C?
Where, A, B and C are the coded factors of foaming agent, foaming stabilizer and whipping

time, respectively.

The calculated F-value for foam stability (10.15) was significant at p<0.001. At the
same time, it possessed non-significant lack of fit (p>0.05). These values indicated that the
model for foam stability was fitted and reliable. The R? value and Adj-R? value for the foam
stability were 0.9013 and 0.8125, respectively, which were higher than the 0.8, indicating
the adequacy, good fit and high significance of the model. The Pred-R? (0.5474) was in
reasonable agreement with the Adj-R? The high Adeq. Precision value (>4) again
supported the significance of the model for foam stability. The small value of coefficient
of variation (3.77 %) for foam stability explained that the experimental results were precise
and reliable (Table 4.3).

4.3.3 Effect of foaming agent, foaming stabilizer and whipping time on foam density
of banana pulp

Foam density is commonly used to evaluate whipping properties. The more air
incorporated during whipping, the lower the foam density (Falade et al. 2003). Density of
the foamed banana pulp varied from 0.43 to 0.54 g/cc (Table 4.2). Lower foam density
indicated that more air was trapped in the foam. There is no much variation of foam density
due to methyl cellulose concentration as it function is to stabilizes the foam structure
Bikerman (1973) has suggested that high viscosity liquid would prevent the trapping of air
during whipping or mechanical mixing. Maximum foam density was obtained in treatment
number 14. Maximum foam density obtained was 0.54 g/cc. In this treatment, foaming
agent, foaming stabilizer and whipping time were 7.50%, 0.30% and 25 min. Minimum
foam density obtained was in treatment number 3. Minimum foam density was 0.43 g/cc.
In this treatment, foaming agent, foaming stabilizer and whipping time were 4.53%, 0.42%

and 9.05 min, respectively.
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The effect of foaming agent, foaming stabilizer and whipping time on foam density
of banana pulp is presented in Table 4.2 while the response surface curves and contour

plots for foam density are shown in the Fig. 4.13 to Fig. 4.18.

4.3.3.1 Effect of foaming agent and foaming stabilizer on foam density

The response surface curve of variation in the foam density of banana as a function
of foaming agent (X1) and foaming stabilizer (X2) is shown in Fig. 4.13. It represents the
interactive effect of foaming agent and foaming stabilizer on the foam stability of banana
pulp, keeping the whipping time (X3) at middle level, i.e. 15 min. Whereas the contour plot
for foam expansion of banana pulp as a function of foaming agent and foaming stabilizer
is presented in the Fig. 4.14 which indicated the decrease in foam density as the foaming
agent was increased up to 6.96% and foaming stabilizer up to its maximum limit of 0.49%.
The foam density at this combination was proposed to be decreased up to 0.43 g/cc. With
further increase in foaming agent, the foam density of pulp increased slightly. Similarly,
another probability of minimum foam density (0.45 g/cc) was found at 6.59% foaming
agent and 0.11% foaming stabilizer.

4.3.3.2 Effect of foaming agent and whipping time on foam density

The effect of foaming agent (X1) and whipping time (X3) on foam density of banana
pulp at constant foaming stabilizer (X2) at middle level, i.e. 0.3% is graphically represented
in the Fig. 4.15. The interaction effect of foaming agent (X1) and whipping time (X3) on
foam density of banana pulp, keeping the foaming stabilizer (X2) at middle level, i.e. 0.3%
is presented by contour plot as shown in Fig. 4.16. This contour graph shows the decrease
in foam density with an increase in foaming agent and whipping time up to 6.73% and
10.01 min, respectively. At this combination of foaming agent and whipping time, the foam
density of pulp was expected to be reduced up to 0.45 g/cc. With further increase in foaming
agent and whipping time, the foam density of pulp was found to be increased. This might
be due to the bubbles not stable at lower foaming agent concentration because the critical
thickness required for the interfacial film can not be formed and the sudden increase in
foam density might be die to bubble collapse and mechanical deformation during increased
whipping time. Similar results were reported by Bag et al. (2011) in bael pulp and Falade
and Okocha (2012) in plantain.
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4.3.3.3 Effect of foaming stabilizer and whipping time on foam density

The effect of foaming stabilizer (X2) and whipping time (X3) on foam density of
banana pulp at constant foaming agent (X1) at middle level, i.e. 7.5% is shown in Fig. 4.17.
Whereas the contour plot for foam density of banana pulp as a function of foaming
stabilizer and whipping time is presented in the Fig. 4.18. The interaction effect showed
the decrease in foam density with an increase in foaming stabilizer up to its maximum limit
of 0.5% and whipping time up to 8.18 min. At this combination of foaming stabilizer and
whipping time, the foam density of pulp was projected to be reduced up to 0.41 g/cc. With
further increase in whipping time, the foam density of pulp increased linearly. Similarly,
another probability of minimum foam density (0.45 g/cc) was found at 0.11% foaming

stabilizer and 12.38 min whipping time.

The regression analysis and ANOVA results for the foam stability of banana pulp
are shown in the Table 4.3. It can be seen from the table that, foaming agent and whipping
time indicated negative linear effect while foaming stabilizer indicated positive linear effect
on foam stability of banana pulp which was significant at p<0.001. The quadratic effect of
both, foaming stabilizer and whipping time was positive and the quadratic effect of foaming
agent was negative on foam stability. The effect of interaction between foaming agent and
foaming stabilizer and interaction between foaming agent and whipping time was found
negative. The effect of interaction between foaming stabilizer and whipping time was found

positive for foam stability of banana pulp.

The model as derived and giving the empirical relation between the foam density of

banana pulp and the test variables in coded units, was obtained as under :

Foam density = 0.46 — 0.009053 A — 0.006124 B + 0.024 C — 0.00125 AB — 0.00125 AC
+0.00625 BC — 0.018 A2 —0.006512 B2 + 0.015 C?
Where, A, B and C are the coded factors of foaming agent, foaming stabilizer and whipping

time, respectively.

The calculated F-value for foam density (6.56) was significant at p<0.01. At the
same time, it possessed non-significant lack of fit (p>0.05). These values indicated that the
model for foam stability was fitted and reliable. The R? value and Adj-R? value for the foam
stability were 0.8552 and 0.7248, respectively, indicating the adequacy, good fit and high

significance of the model. The Pred-R? (0.4691) was in reasonable agreement with the
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Adj-R?. The high Adeq. Precision value (>4) again supported the significance of the model
for foam stability. The small value of coefficient of variation (3.70%) for foam stability

explained that the experimental results were precise and reliable (Table 4.3).

4.4 Optimization and validation of process variables

Table 4.4 Constraints, criteria and output for numerical optimization of foaming

properties of banana pulp

Variables
Constraint Goal Importance Optimum value
1) ) @) (4)
Foaming agent (%) In the range 3 5.35
Foaming stabilizer (%)| In the range 3 0.45
Whipping time (min) In the range 3 9.43
Responses
_ Predicted | Experimental | Deviation
Constraint Goal Importance
value value (%)
1) ) (©) (4) (%) (6)
Foam | Maximum 3 138.95 142.28 2.39
expansion
Foam Maximum 3 96.33 94.76 1.62
stability
Foam Minimum 3 0.43 0.42 2.32
density

The optimum condition for the foaming properties of banana pulp was determined
by the numerical optimization technique, using Design Expert software version 10.0.8
(State-Ease Inc., Minneapolis, MN, USA). The main criteria applied for constraints
optimization in the study were: (a) foam expansion: maximum, (b) foam stability:
maximum (c) foam density: minimum. Accordingly, the goals that were set for variables
and responses to obtain the best combination are illustrated in the Table 4.4. All the
independent variables and responses were given an equal importance, i.e. three, during
optimization process. Under these constraints, the optimum treatment conditions were
found to be, 5.35% foaming agent, 0.45% foaming stabilizer and 9.43 min whipping time.

The analysis showed that at this combination of foaming agent, foaming stabilizer and
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whipping time, it would be possible to of foaming properties of banana pulp with a foam
expansion of 138.95%, foam stability of 96.33% and foam density of 0.43 g/cc (Table 4.4).
Using these optimized conditions, the experiments were again conducted to find the
variation in the different response variables. The results revealed that the experimental
values of conducted experiments were very close to the predicted values (Table 4.4). This
implied that there was a high degree of fit between the observed and predicted values from
the regression models and each model was quite accurate in prediction. The closeness of

the observed and predicted responses indicated the validity of developed model.

4.4.1 Improved method suggested for foaming properties

As a result of studies conducted on various aspects of foaming properties of banana
pulp, an improved process for better results of foaming properties of banana pulp is

suggested through a process flow diagram given in Fig. 4.19.

Selection of ripe banana (Stage-5) (1kg) ]

!

Peeling I ,l Peel (337.05 g) ]

'

Cutting (3-5 mm thickness) (662.95 g) ]

'

1% (w/w) sodium meta bisulphite
solution for 2 min and then rinsed
with water for 30 s

) Foaming stabilizer (Methyl
Foaming agent Fruit pulp cellulose — 2.77 g)
(WPI —30.02 g)
v

Whipping of pulp
(9.43 min)

Foamed pulp (736.59 g)
Fig. 4.19 Process flow chart recommended for foaming properties of banana pulp
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4.5 Drying of banana powder

Optimized parameters of foaming process were selected for further tray drying
process of foamed banana. Foamed banana was dried at four different levels of
temperatures (55 °C, 60 °C, 65 °C and 70 °C) and three different levels of foam thickness
(2 mm, 4 mm and 6 mm) with a constant air velocity of 0.5 m/s. Drying characteristics of
foamed banana and quality of banana powder was evaluated during drying process and

after preparation of powder.

4.5.1 Drying characteristics of banana powder

The foamed banana pulp at optimized condition (whey protein isolate 4.53%,
concentration of methyl cellulose 0.42% and whipping time 9.05 min) was dried in a tray

dryer as thin layer.

The reduction in moisture content was faster during initial stage and subsequently
slowed down with increase in drying time. The moisture content of foamed banana pulp
reduced with the drying duration due to conversion of foamed pulp water in to vapour by
increase in temperature. The moisture content dropped faster in the starting, whereas it
became slow in the last phase with irrespective of treatments. It was also observed that
within a certain temperature range (55-70 °C) and thickness (2-6 mm), increasing drying
temperature and decreasing thickness speeds up the drying process, thus shortening the

drying time.

4.5.1.1 Drying time

It is evident from the Fig. 4.20 that drying time increased as foam thickness
increased and drying temperature decreased. Maximum drying time (300 min) was
observed at 55 °C drying temperature and 6 mm foam thickness while lowest drying time
(220 min) was observed at 70 °C drying temperature and 2 mm thickness. This might be
due to the fact of complete exposer and moisture migration of foamed banana pulp with
high moisture migration in less foam thickness at higher drying temperature. Similar results
are also reported by Kandasamy et al. (2012) for foamed papaya pulp and Rajkumar et al.
(2007) for foamed mango pulp. Drying time at different levels of drying conditions are

presented in Appendix — D.
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Fig. 4.20 Effect of drying conditions on drying time of foamed banana
4.5.1.2 Drying rate

The drying rate versus drying time for 2 mm thickness of foamed banana is shown
in Fig. 4.21. The data for drying rate are given in the Appendix — E1. From the fig., it is
evident that the maximum drying rate (0.310 g water/g dry matter/min) was found for
70 °C for drying temperature and minimum (0.193 g water/g dry matter/min) was recorded
for 55 °C drying temperature for 2 mm thickness of foamed banana pulp. It might be due

to more moisture migration occurred at higher drying temperature.
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Fig. 4.21 Effect of drying conditions on drying rate for 2 mm foamed banana
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The observations on drying rate versus drying time for 4 mm thickness of foamed
banana is shown in Fig. 4.22. The data for drying rate are given in the Appendix — E2. From
the fig., it is apparent that the maximum drying rate (0.257 g water/g dry matter/min) was
found for 70 °C drying temperature and minimum (0.138 g water/g dry matter/min) was

recorded for 55 °C drying temperature for 4 mm thickness of foamed banana pulp.

——55°C -#-60°C 65 °C =<70°C

0.30 -
P

o 0251

£ E0.20 -

s E

2. 015 -

o £

£ £0.10 -

o)

[

S 005 A
(|

0.00 # . . . : »>
0 30 60 90 120 150 180 210 240 270 30

Drying time (min)
Fig. 4.22 Effect of drying conditions on drying rate for 4 mm foamed banana
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Fig. 4.23 Effect of drying conditions on drying rate for 6 mm foamed banana

The drying rate versus drying time for 6 mm thickness of foamed banana is shown

in Fig. 4.23. The data for drying rate are given in the Appendix — E3. From the fig., it is
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clear that the maximum drying rate (0.196 g water/g dry matter/min) was found for 70 °C
drying temperature and minimum (0.113 g water/g dry matter/min) was found for 55 °C

drying temperature for 6 mm thickness of foamed banana pulp.

It can be observed from Fig. 4.21 — 4.23 that the complete drying took place in
falling rate for all the treatments. The drying rate decreased with increase in drying time
for all the treatments. In comparison of foam thickness, maximum drying rate was found
for 2 mm thickness and minimum was recorded for 6 mm thickness of foamed banana pulp
irrespective of drying temperature. It can be observed that there was more considerable
effect on the drying rate at initial stage of drying due to more moisture content than at the
end, which was almost negligible. It was further observed that moisture loss was faster
during initial stage of drying than at the end of the drying process. The reduction in the
drying is mainly due to rate of migration of moisture from inner layer to outer surface

decreased at the final stage of drying and hence lower drying rate at the end.

4.5.1.3 Moisture ratio

The graphical representation of moisture ratio is shown in Fig. 4.24 to 4.26. The
relationship shows that there was rapid decrease in moisture ratio with faster rate at initial
stage of 50 to 70 min of drying in all cases, however in later stage of drying the decrease
in moisture ratio was at slower rate. It can be also observed that at zero time of drying
moisture ratio was one and successive drying, it decreased nonlinearly. So moisture ratio
versus drying time curves could better describe the drying phenomena than the curves of
moisture content verses drying time because the former had same initial value of MR (=1)

but later had different initial moisture content.
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Fig. 4.24 Effect of drying conditions on moisture ratio for 2 mm foamed banana
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Moisture ratio curves for all the three levels of foam thickness showed that the drying
of banana foam was faster at 2 mm foam thickness due to minimum foam density. Data of
moisture ratio for 2, 4 and 6 mm thickness are given in Appendix — F1, F2 and F3,
respectively.
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Fig. 4.25 Effect of drying conditions on moisture ratio of 4 mm foamed banana

Fig. 4.26 Effect of drying conditions on moisture ratio of 6 mm foamed banana
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4.6 Quality of banana powder by foam mat drying

4.6.1 Physical properties
4.6.1.1 Recovery (%)

Recovery of banana powder obtained during different drying conditions is

presented in Table 4.5. It can be observed that the effect of drying temperature on recovery
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of banana powder was found significant. Drying temperature T1 (55 °C) resulted
significantly highest recovery (34.41%) of banana powder. However, it was found at par
with T2 (60 °C). Drying temperature T4 (70 °C) had significantly lowest recovery (30.04%)
of banana powder. The effect of foam thickness on recovery of banana powder was also
found significant. Foam thickness of t1 (2 mm) resulted significantly highest recovery
(35.54%) of banana powder while foam thickness of t3 (6 mm) was found significantly
lowest recovery (29.43%) of banana powder. The interaction between T*t was also found

significant on recovery of banana powder.

Table 4.5 Effect of drying conditions on physical properties of banana powder

Effect Recovery (%o) Bulk density (g/cc)
Drying temperature (T)
55°C 34.41 0.68
60 °C 33.98 0.60
65 °C 31.66 0.59
70 °C 30.04 0.54
S.Emz 0.16 0.01
CD at 5% 0.46 0.02
Foam thickness (t)
2mm 35.54 0.58
4 mm 32.60 0.60
6 mm 29.43 0.63
S.Emz 0.14 0.00
CD at 5% 0.40 0.01
Interaction T*t

S.Emz 0.27 0.01
CD at 5% 0.79 NS

CV.% 1.44 2.71

From the Fig. 4.27, it is clear that recovery of banana powder decreased with
increase of temperature and foam thickness. This might be due to burning of banana foam
at higher drying temperature. Mean data for recovery of banana powder are presented in
Appendix — G1. The maximum recovery (37.86%) of banana powder was found for the
treatment combination Tit; (55 °C and 2 mm). Minimum recovery (27.63%) of banana
powder was found for treatment combination Ttz (70 °C and 6 mm). The decrease in
recovery of banana powder with increase in temperature was also reported by Khodifad

(2017) in custard apple powder.
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Fig. 4.27 Effect of drying conditions on recovery of banana powder

The best result was found in treatment combination T1t; (55 °C and 2 mm) and Taty

(60 °C and 2 mm) having highest recovery of banana powder.

4.6.1.2 Bulk density (g/cc)

Bulk density of banana powder obtained during different drying conditions is
presented in Table 4.5. It is evident that the effect of drying temperature on bulk density of
banana powder was found significant. Drying temperature T1 (55 °C) resulted significantly
highest bulk density (0.68 g/cc) of banana powder while drying temperature T4 (70 °C)

resulted significantly lowest bulk density (0.54 g/cc) of banana powder. The effect of foam
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Fig. 4.28 Effect of drying conditions on bulk density of banana powder
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thickness on bulk density of banana powder was also found significant. Foam thickness of
t3 (6 mm) resulted significantly highest bulk density (0.63 g/cc) of banana powder while
foam thickness of t1 (2 mm) was found significantly lowest bulk density (0.58 g/cc) of
banana powder. The interaction between T*t was found non-significant on bulk density of

banana powder.

It is apparent from the Fig. 4.28 that bulk density of banana powder decreased as
the drying temperature increased and foam thickness decreased. With the increase in
temperature, the water evaporation rate accelerates, forming large particles with the
tendency of being hollow or porous, leading to the decrease in bulk density (Walton, 2010
and Chegini et al., 2005). Mean data of bulk density of banana powder is given in Appendix
— G1. The maximum bulk density (0.70 g/cc) of banana powder was found for treatment
combination Ttz (55 °C and 6 mm). Minimum bulk density (0.52 g/cc) of banana powder
was found under treatment combination Taty (70 °C and 2 mm). Similar result was reported

by Do and Nguyen (2018) in mulberry juice powder.

The best result obtained during the drying experiment in treatment combination was

Tatz (55 °C and 6 mm) having highest bulk density of banana powder.

Considering the physical parameters viz., recovery of banana powder, treatment
combination Tzt1 (55 °C and 2 mm) and Tzt1 (60 °C and 2 mm) was observed to be best
among all the treatments.

4.6.2 Biochemical properties
4.6.2.1 Moisture content (%)

It is obvious from Table 4.6 that moisture content of banana powder obtained during
different drying conditions was found significant. Drying temperature T4 (70 °C) resulted
significantly lowest moisture content (4.21%) of banana powder while drying temperature
T1 (55 °C) resulted significantly highest moisture content (5.96%) of banana powder. The
effect of foam thickness on moisture content of banana powder was also found significant.
Foam thickness of t: (2 mm) resulted significantly lowest moisture content (4.75%) of
banana powder while foam thickness of ts (6 mm) had significantly highest moisture
content (5.59%) of banana powder. The interaction between T*t was also found significant

on moisture content of banana powder.
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Table 4.6 Effect of drying conditions on biochemical properties of powder

Effect | Moisture | Total | Reducing| Non- | Titratable | Ascorbic | pH
content |sugars | sugar |reducing| acidity acid
(%) (%) (%) sugar (%) (mg/
(%) 100 g)
Drying temperature (T)
55°C 5.96 35.57 0.16 35.41 0.41 0.66 4.49
60 °C 5.75 35.16 0.17 34.97 0.47 0.65 4.43
65 °C 4.89 34.10 0.35 33.75 0.53 0.50 4.35
70 °C 4.21 30.78 0.55 30.23 0.57 0.41 4.24
S.Emz 0.02 0.30 0.00 0.30 0.01 0.01 0.01
CD at 5% 0.06 0.89 0.01 0.89 0.02 0.03 0.03
Foam thickness (t)
2mm 4.75 36.38 0.24 36.14 0.45 0.67 4.44
4 mm 5.27 33.85 0.28 33.57 0.50 0.53 4.35
6 mm 5.59 31.47 0.40 31.07 0.54 0.47 4.34
S.Emzx 0.02 0.26 0.00 0.26 0.01 0.01 0.01
CD at 5% 0.05 0.77 0.01 0.77 0.02 0.02 0.02
Interaction T*t
S. Emz+ 0.04 0.53 0.01 0.53 0.01 0.02 0.01
CD at 5% 0.10 1.53 0.02 1.54 NS 0.04 0.04
CV.% 1.19 2.69 4.24 2.72 4.71 4.78 0.59

From the Fig. 4.29, it is clear that moisture content of banana powder decreased as
the drying temperature increased and foam thickness decreased. Mean data of moisture
content of banana powder is given in Appendix — G2. Minimum moisture content (4.07%)
of banana powder was found for treatment combination Tat; (70 °C and 2 mm). Maximum
moisture content (6.40%) of banana powder was found for treatment combination Tit3
(55 °C and 6 mm). Similar results were reported by Wilson et al. (2014) in mango powder

and Abeasi et al. (2009) in onion powder.

The treatment combination T4ty (70 °C and 2 mm) was found to be best result during

the drying experiment having lowest moisture content of banana powder. However,
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moderate moisture content (5.01%) was found for treatment combination Tat; (60 °C and

2 mm).
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Fig. 4.29 Effect of drying conditions on moisture content of banana powder

4.6.2.2 Total sugars (%o)

Total sugars of banana powder obtained during different drying conditions carried
out at different drying temperature and foam thickness is presented in Table 4.6. It is
obvious that the effect of drying temperature on total sugars of banana powder was found
significant. Drying temperature T1 (55 °C) resulted significantly highest total sugars
(35.57%) of banana powder. However, it was found at par with T (60 °C). Drying
temperature T4 (70 °C) had significantly lowest total sugars (30.78%) of banana powder.
The effect of foam thickness on total sugars of banana powder was also found significant.
Foam thickness of t1 (2 mm) resulted significantly highest total sugars (36.38%) of banana
powder while foam thickness of t3 (6 mm) had significantly lowest total sugars (31.47%)
of banana powder. The interaction between T*t was also found significant on total sugars
of banana powder.

From the Fig. 4.30, it is clear that total sugars of banana powder decreased as the
drying temperature and foam thickness increased. This might be attributed to Maillard
reactions (Kadam et al., 2010). Mean value of total sugars of banana powder is given in
Appendix — G2. Maximum total sugars (39.25%) of banana powder was found for treatment
combination Tat: (55 °C and 2 mm). Minimum total sugars (30.20%) of banana powder
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was found for treatment combination T4tz (70 °C and 6 mm). This results are in agreement

with Kandsamy et al. (2012) in papaya powder and Wilson et al. (2014) in mango powder.
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Fig. 4.30 Effect of drying conditions on total sugars of banana powder

The best results were found during the different drying conditions in treatment

combination Txt (55 °C and 2 mm) and T2t1 (60 °C and 2 mm) having highest total sugars
of banana powder.

4.6.2.3 Reducing sugar (%o)

Variation in reducing sugar of banana powder obtained during different drying
conditions is represented in Table 4.6. It can be observed that the effect of different drying
temperature on reducing sugar of banana powder was found significant. Drying
temperature Ty (55 °C) resulted significantly lowest reducing sugar (0.16%) of banana
powder. However, it was found was at par with T2 (60 °C). Drying temperature T4 (70 °C)
resulted significantly highest reducing sugar (0.55%) of banana powder. The effect of foam
thickness on reducing sugar of banana powder was also found significant. Foam thickness
of t1 (2 mm) resulted significantly lowest reducing sugar (0.24%) of banana powder while
foam thickness of t3 (6 mm) had significantly highest reducing sugar (0.40%) of banana
powder. The interaction between T*t was also found significant on reducing sugar of
banana powder.

From the Fig. 4.31, it is clear that reducing sugar of banana powder increased as the
drying temperature and foam thickness increased. It might be attributed to interaction of
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reducing sugar readily with amino acids by Maillard reaction. Mean data of reducing sugar
of banana powder is presented in Appendix — G2. Minimum reducing sugar (0.11%) of
banana powder was found for treatment combination Tit; (55 °C and 2 mm) followed by
Tot; (60 °C and 2 mm). Maximum reducing sugar (0.61%) of banana powder was found for

treatment combination Tat3 (70 °C and 6 mm).
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Fig. 4.31 Effect of drying conditions on reducing sugar of banana powder

The best results was found during the different drying conditions in treatment
combination Tit1 (55 °C and 2 mm) and Tat1 (60 °C and 2 mm) having lowest reducing

sugar of banana powder.

4.6.2.4 Non-reducing sugar (%o)

From Table 4.6, it is apparent that effect of drying temperature on non-reducing
sugar of banana powder was found significant. Drying temperature Ty (55 °C) resulted
significantly highest non-reducing sugar (35.41%) of banana powder. However, it was
found at par with T2 (60 °C). Drying temperature T4 (70 °C) resulted significantly lowest
non-reducing sugar (30.23%) of banana powder. The effect of foam thickness on reducing
sugar of banana powder was also found significant. Foam thickness of t1 (2 mm) resulted
significantly highest non-reducing sugar (36.14%) of banana powder while foam thickness
of t3 (6 mm) had significantly lowest non-reducing sugar (31.07%) of banana powder. The

interaction between T*t was also found significant on reducing sugar of banana powder.

From the Fig. 4.32, it is clear that non-reducing sugar of banana powder decreased

as the drying temperature and foam thickness increased. Mean value of non-reducing sugar
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is given in Appendix — G2. Maximum non-reducing sugar (39.14%) of banana powder was
found under treatment combination Tat: (55 °C and 2 mm). Minimum non-reducing sugar

(29.59%) of banana powder was found under treatment combination T4t3 (70 °C and 6 mm).
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Fig. 4.32 Effect of drying conditions on non-reducing sugar of banana powder

The best results was found in treatment combination Tit: (55 °C and 2 mm) and

Tty (60 °C and 2 mm) having highest non-reducing sugar of banana powder during the
drying conditions.

4.6.2.5 Titratable acidity (%)

It is obvious from Table 4.6 that drying temperature on titratable acidity of banana
powder was found significant. Drying temperature T1 (55 °C) resulted significantly lowest
titratable acidity (0.41%) of banana powder while drying temperature T4 (70 °C) resulted
significantly highest titratable acidity (0.57%) of banana powder. The effect of foam
thickness on titratable acidity of banana powder was also found significant. Foam thickness
of t1 (2 mm) resulted significantly lowest titratable acidity (0.45%) of banana powder while
foam thickness of t3 (6 mm) had significantly highest titratable acidity (0.54%) of banana
powder. The interaction between T*t was found non-significant on titratable acidity of
banana powder.

From the Fig. 4.33, it is clear that titratable acidity of banana powder increased as
the drying temperature and foam thickness increased. This might be due to decrease in pH
of banana powder. Mean data of titratable acidity is given in Appendix — G2. Minimum

titratable acidity (0.35%) of banana powder was found for treatment combination Tit;
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(55 °C and 2 mm). Maximum titratable acidity (0.60%) was found for treatment
combination Ttz (70 °C and 6 mm). Similar findings were reported by Yusufe et al. (2017)
in tomato powder and Purkayastha et al. (2013) in tomato slices.
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Fig. 4.33 Effect of drying conditions on titratable acidity of banana powder

The best result was found during the drying conditions in treatment combination

Tty (55 °C and 2 mm) having lowest titratable acidity of banana powder.

4.6.2.6 Ascorbic acid (mg/100 g)

Ascorbic acid of banana powder obtained during different drying conditions is
presented in Table 4.6. It is evident that the effect of drying temperature on ascorbic acid
of banana powder was found significant. Drying temperature T1 (55 °C) resulted
significantly highest ascorbic acid (0.66 mg/100 g) of banana powder. However, it was
found at par with T> (60 °C). Drying temperature T4 (70 °C) resulted significantly lowest
ascorbic acid (0.41 mg/100 g) of banana powder. The effect of foam thickness on ascorbic
acid of banana powder was also found significant. Foam thickness of t; (2 mm) resulted
significantly highest ascorbic acid (0.67 mg/100 g) of banana powder while it was found
significantly lowest ascorbic acid (0.47 mg/100 g) of banana powder for t3 (6 mm). The

interaction between T*t was also found significant on ascorbic acid of banana powder.

From the Fig. 4.34, it is apparent that ascorbic acid of banana powder decreased as
the drying temperature and foam thickness increased. This might be due to destructive
effect at higher temperature of thermal treatment, which caused oxidation of the ascorbic

acid. Mean data of ascorbic acid of banana powder is presented in Appendix — G2.
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Maximum ascorbic acid (0.89 mg/100 g) of banana powder was found for treatment
combination Titz (55 °C and 2 mm). Minimum ascorbic acid (0.38 mg/100 g) of banana
powder was found for treatment combination Tst3 (70 °C and 6 mm). These results are in
agreement with Antala (2011) in guava powder and Rajkumar et al. (2007) in mango

powder.
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Fig. 4.34 Effect of drying conditions on ascorbic acid of banana powder

The best result was found during the drying experiment in treatment combination
Tty (55 °C and 2 mm) and Toty (60 °C and 2 mm) having highest ascorbic acid of banana

powder.

4.6.2.7 pH

Variation in pH of banana powder at different drying conditions is presented in
Table 4.6. It can be observed that the effect of drying temperature on pH of banana powder
was found significant. Drying temperature T1 (55 °C) resulted significantly highest pH
(4.49) of banana powder while drying temperature T4 (70 °C) had significantly lowest pH
(4.24) of banana powder. The effect of foam thickness on pH of banana powder was also
found significant. Foam thickness of t1 (2 mm) resulted significantly highest pH (4.44) of
banana powder while foam thickness of t3 (6 mm) was found significantly lowest pH (4.34)
of banana powder. However, foam thickness t3 (6 mm) was found at par with t> (4 mm) for
pH of banana powder. The interaction between T*t was also found significant on pH of

banana powder.
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From the Fig. 4.35, it is evident that pH of banana powder decreased as the drying
temperature and foam thickness increased. This might be due to concentration of H+ ion in
solution increased with increased of temperature and thickness of foam as the ability of
water to ionize increased. Mean value of pH of banana powder is presented in
Appendix — G2. Maximum pH (4.53) of banana powder was found for treatment
combination Tity (55 °C and 2 mm). Minimum pH (4.19) of banana powder was found
under treatment combination Ttz (70 °C and 6 mm). Similar results were also reported by
Yusufe et al. (2017) in tomato powder and Khodifad (2017) in custard apple powder.
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Fig. 4.35 Effect of drying conditions on pH of banana powder

The best result was found during the drying experiment in treatment combination

Tity (55 °C and 2 mm) having highest pH of banana powder.

Considering the important biochemical properties i.e. maximum ascorbic acid and
minimum reducing sugar of banana powder, treatment combination Tit; (55 °C and 2 mm)

and Tat1 (60 °C and 2 mm) was observed to be best among all the treatments.

4.6.3 Functional properties
4.6.3.1 Water solubility index (%0)

Water solubility index of banana powder at different drying temperature and foam
thickness is presented in Table 4.7. It is apparent that the effect of drying temperature on
water solubility index of banana powder was found significant. Drying temperature T
(55 °C) resulted significantly highest water solubility index (64.85%) of banana powder.
However, it was found at par with T> (60 °C). Drying temperature T4 (70 °C) resulted
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significantly lowest water solubility index (50.71%) of banana powder. The effect of foam
thickness on water solubility index of banana powder was also found significant. Foam
thickness of t; (2 mm) resulted significantly highest water solubility index (62.62%) of
banana powder while foam thickness of t3 (6 mm) was found significantly lowest water
solubility index (57.02%) of banana powder. The interaction between T*t was also found

significant on water solubility index of banana powder.

From the Fig. 4.36, it is clear that water solubility index of banana powder decreased
as the drying temperature and foam thickness increased. This might be due to faster
collapsing of bubbles of foamed pulp at high temperature thus reduced porosity and
solubility of the powder. Mean value of water solubility index of banana powder is
presented in Appendix — G3. Maximum water solubility index (66.10%) of banana powder
was found for treatment combination Tait: (55 °C and 2 mm). Minimum water solubility
index (45.06%) of banana powder was found for treatment combination Ttz (70 °C and
6 mm). Similar findings were reported by Roongruangsri and Bronlund (2016) in pumpkin
powder and Abbasi and Azizpour (2016) in cherry powder.
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Fig. 4.36 Effect of drying conditions on water solubility index of banana powder

The best result was found during the drying experiment for treatment combination
Tits (55 °C and 2 mm) and Tat1 (60 °C and 2 mm) having highest water solubility index of
banana powder.
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Table 4.7 Effect of drying conditions on functional properties of powder

Effect Water solubility index (%) | Water absorption index (%)
Drying temperature (T)
55°C 64.85 380.02
60 °C 64.33 377.18
65 °C 59.93 313.68
70 °C 50.71 247.13
S.Emz 0.29 1.19
CD at 5% 0.85 3.48
Foam thickness (t)
2mm 62.62 350.20
4 mm 60.23 337.27
6 mm 57.02 301.03
S. Em+ 0.25 1.03
CD at 5% 0.73 3.01
Interaction T*t
S. Em+ 0.50 2.07
CD at 5% 1.47 6.03
CV.% 1.45 1.09

4.6.3.2 Water absorption index (%o)

Water absorption index of banana powder obtained during different drying
conditions is presented in Table 4.7. It is obvious that the effect of different drying
temperature on water absorption index of banana powder was found significant. Drying
temperature T1 (55 °C) resulted significantly highest water absorption index (380.02%) of
banana powder. However, it was found at par with T2 (60 °C). Drying temperature T4 (70
°C) resulted significantly lowest water absorption index (247.13%) of banana powder. The
effect of foam thickness on water absorption index of banana powder was also found
significant. Foam thickness of t1 (2 mm) resulted significantly highest water absorption
index (350.20%) of banana powder while foam thickness of t3 (6 mm) had significantly
lowest water absorption index (301.03%) of banana powder. The interaction between T*t

was also found significant on water absorption index of banana powder.

From the Fig. 4.37, it is clear that water absorption index of banana powder
decreased as the drying temperature and foam thickness increased. Mean data of water
absorption index is presented in Appendix — G3. Maximum water absorption index

(408.48%) of banana powder was found under treatment combination Tit; (55 °C and
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2 mm). Minimum water absorption index (226.46%) of banana powder was found for
treatment combination T4tz (70 °C and 6 mm). Similar findings were also reported by
Sangamithra et al. (2015) in muskmelon and Roongruangsri and Bronlund (2016) in
pumpkin powder.
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Fig. 4.36 Effect of drying conditions on water absorption index of banana powder
It may be concluded that treatment combination Tty (55 °C and 2 mm) and Ttz (60
°C and 2 mm) was found to be best among all the treatments having highest water

absorption index of banana powder.

Considering the functional properties having maximum water solubility index and
water absorption index of banana powder, treatment combination Tit; (55 °C and 2 mm)

and Tat1 (60 °C and 2 mm) was found to be best among all the treatments.
4.6.4 Sensory evaluation

The sensory evaluation viz., appearance, texture, flavour, taste and overall
acceptability of foam mat dried banana powder was carried out by 9-point hedonic scale.

The results of different sensory attributes with their mean value are given in Appendix - H.

4.6.4.1 Appearance

The effect of temperature and thickness on appearance of foam mat dried banana
powder are graphically shown in Fig. 4.38. The maximum appearance score (8.4) was
observed in treatment Toty i.e., 60 °C drying temperature and 2 mm foam thickness followed
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Tata Tato Tats

Plate 4.1 Appearance of banana powder prepared at different drying conditions
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by Totz i.e., 60 °C drying temperature and 4 mm foam thickness. Minimum appearance
score (4.9) was observed in Tats i.e., 70 °C drying temperature and 6 mm foam thickness
followed by Tits i.e., 55 °C drying temperature and 6 mm foam thickness. This might be
due to adverse effect on banana powder at higher drying temperature and more drying time.
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Fig. 4.38 Effect of drying conditions on appearance of banana powder

It can be concluded that the highest appearance score was obtained in treatment
Toty, i.e., 60 °C drying temperature and 2 mm foam thickness among all the treatments.

4.6.4.2 Texture

The effect of drying temperature and foam thickness on texture of foam mat dried
banana powder are graphically shown in Fig. 4.39. Maximum texture score (8.3) was
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Fig. 4.39 Effect of drying conditions on texture of banana powder
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observed in treatment Ttz 1.e., 60 °C drying temperature and 2 mm foam thickness, whereas
minimum texture score (4.6) was observed in Tyt i.e., 70 °C drying temperature and 6 mm
foam thickness among all the treatments. This might be attributed to caramalization

occurred at higher drying temperature.

It can be concluded that the highest texture score was recorded in treatment Toty,

i.e., 60 °C drying temperature and 2 mm foam thickness among all the treatments.
4.6.4.3 Flavour

The effect of drying temperature and foam thickness on flavour of foam mat dried
banana powder are graphically shown in Fig. 4.40. Maximum flavour score (8.1) was
observed in treatment Tty i.e., 60 °C drying temperature and 2 mm foam thickness followed
by Tatoi.e., 60 °C drying temperature and 4 mm foam thickness. Minimum flavour score
(4.5) was observed in Tatz i.e., 70 °C drying temperature and 6 mm foam thickness among

all the treatments.
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Fig. 4.40 Effect of drying conditions on flavour of banana powder

It can be concluded that the highest flavour score was recorded in treatment Taty,
i.e., 60 °C drying temperature and 2 mm foam thickness and Tatz i.e., 60 °C drying

temperature and 4 mm foam thickness among all the treatments.
4.6.4.4 Taste

The effect of drying temperature and foam thickness on taste of foam mat dried
banana powder are shown in Fig. 4.41. Maximum taste score (8.0) was observed in

treatment Taty i.e., 60 °C drying temperature and 2 mm foam thickness, whereas minimum
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taste score (4.8) was observed in Tats i.e., 70 °C drying temperature and 6 mm foam

thickness, among all the treatments.
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Fig. 4.41 Effect of drying conditions on taste of banana powder

It can be concluded that the highest taste score was obtained in treatment Taty, i.e.,

60 °C drying temperature and 2 mm foam thickness among all the treatments.
4.6.4.5 Overall acceptability

The effect of drying temperature and foam thickness on overall acceptability of
foam mat dried banana powder are graphically shown in Fig. 4.42. Maximum overall

acceptability score (8.2) was observed in treatment Tat: i.e., 60 °C drying temperature and
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Fig. 4.42 Effect of drying conditions on overall acceptability of banana powder
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2 mm foam thickness, whereas minimum overall acceptability score (4.7) was observed in

Tatz i.e., 70 °C drying temperature and 6 mm foam thickness among all the treatments.

It can be concluded that the highest overall acceptability score was obtained in
treatment Toty, i.e., 60 °C drying temperature and 2 mm foam thickness among all the

treatments.

Thus, on the basis of sensory evaluation of foam mat dried banana powder, highest
scores of appearance, texture, flavour, taste and overall acceptability was obtained in

treatment Toty, i.e., 60 °C drying temperature and 2 mm foam thickness.

Considering the over all aspects of the study i.e. drying time, physico-chemical
and sensory characteristics, it may be concluded that Taty, i.e., 60 °C drying temperature

and 2 mm foam thickness was found to be best among all the treatments.

4.6.5 Improved method suggested for drying of foamed banana

The recommended process flow chart for drying of banana foam is presented in Fig.
4.43. The recommended process flow chart for foaming as well as drying of banana foam

is presented in Appendix - 1.

Foamed pulp (736.59 g)

v

[ Drying (60°C drying temperature and 2 mm foam thickness) J
[ Scraping ]
Cooling to room
temperature
\4

[ Grinding and sieving of powder ]

'

Foamed dried fruit powder (Recovery: 185.78 g / 25.22%)

Fig. 4.43 Process flow chart recommended for drying conditions of banana foam
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CHAPTER V

SUMMARY AND CONCLUSIONS

India is one of the largest producers of the banana (Musa paradisiac L.) in the
world. Banana is considered a common man’s fruit and is rightly called the ‘dessert
fruit for million’. Banana is a fat free fruit with high calorific value. Banana is valued
for its characteristics flavour, fleshy texture as well as medicinal and nutritional

qualities.

Banana being a tropical fruit is perishable and undergoes qualitative and
quantitative losses between harvest and consumption. After ripening, banana fruit is
highly susceptible to deterioration. The fully mature fruits of banana have a shelf life
of 6-9 days depending upon the ambient temperature. During the market glut, the prices
crash down and the farmers suffer heavy losses due to distress sale. Due to poor
transportation and storage facilities, a sizeable quantity of this fruit is wasted due to its
perishable nature. Its considerable amount is wasted due to lack of efficient processing
techniques that are unique to ripe banana.

Foam mat drying is one of the techniques used for preparation of food powder.
This method allows the dehydration of heat sensitive, high sugar content and viscous
food like ripe banana which is difficult to dry. By using this drying technique product
is dried under relatively mild conditions in a very short time with minimum quality
changes. Foam mat drying which leads to increase of drying rate and significant
reduction in drying time; improved the sensory, nutritional and functional properties of
the product. The foam mat dried products are highly stable against deteriorative
microbial, chemical and biochemical reactions. The banana powder can be used as food
ingredient and natural flavouring agent in other products during off season. Food
processing and value addition reduce the glut in the market and farmers fetch

remunerative price during harvesting season in the domestic market.

The experiment was consisting of optimizing the foaming properties of banana
pulp and drying of foamed banana pulp at different drying conditions. Grand Naine
variety of ripe banana at stage-5 (15 °Brix) was selected for the present investigation.
The experiment was carried out in the Department of Processing and Food Engineering,
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College of Agricultural Engineering and Technology, Junagadh Agricultural
University, Junagadh during the year 2018-19.

After removing peels, banana fruits were cut into small pieces of thickness 3-5
mm. Then banana slices were kept in 1% sodium meta bisulphite solution (w/w) for 2

min and then rinsed in water for 30 s for further foaming process.
5.1 Experiment No. 1: Foaming properties of banana pulp

Pre-treated banana slice of 100 g of sample was taken into the vessel of foaming
device with 100 ml water i.e. sample to water ratio of 1:1 (w/w). For foaming formation,
transparent cylindrical plastic vessel, air pump and hand blender were used. Air pump
having two air nozzles was used at flow rate 4 lit/min per nozzle for flowing air in the
cylinder. The nozzles were kept about 180° angular diameter for maintaining
uniformity. Controlled rate of compressed air was introduced at the bottom of vessel
for foaming of the pulp. Blending and whipping of pulp was carried out with a portable
hand blender for proper mixing of air with the pulp. Whey protein isolate was used as
foaming agent and methyl cellulose was used as foaming stabilizer. Five levels of
foaming agent (2.5, 4.53, 7.5, 10.47 and 12.5%), foaming stabilizer (0.1, 0.18, 0.3, 0.42
and 0.5%) and whipping time (5, 9, 15, 21 and 25) were used as per Central Composite

Rotatable Design for statistical analysis to perform the experiment.

The Response Surface Methodology (RSM) was used in designing the
experiment. A three-factor five-level Central Composite Rotatable Design (CCRD)
with quadratic model was employed (1) to study the combined effect of three
independent variables viz., foaming agent, foaming stabilizer and whipping time on
different response variables, (2) to create models between the variables, and (3) to
determine the effect of these variables to optimize the selected response variables. The
optimum conditions obtained through response surface analysis were verified by

conducting the experiments.
The following conclusions were drawn from the present investigation:

1. The mean values of biochemical properties viz., moisture content, total soluble
solids (TSS), total sugars, reducing sugars, titratable acidity, ascorbic acid and

pH of five banana fruit with their standard deviation was observed to be 75 + 2
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(%,wb), 15 + 1 °Brix, 17 £ 1%, 9 + 0.3%, 0.24 + 0.05%, 10.1 + 0.5 mg/100 g,
and 5.85 0.3, respectively.

2. The foam expansion varied from 88.57% to 138.54% obtained at different
combination of variables. The maximum foam expansion was found in treatment
number 3 having the combination of 4.53% foaming agent, 0.42% foaming
stabilizer and 9.05 min whipping time, while the minimum foam expansion was
found in treatment number 14 having the combination of 7.50 % foaming agent,
0.30% foaming stabilizer and 25 min whipping time.

3. The response surface equation for foam expansion was obtained as given below

Foam expansion (%) = 120.99 -4.13 A+3.41B-10.71 C + 0.28 AB +1.63 AC
-2.72 BC - 7.45 A2 + 3.17 B2 - 6.09 C?

Where, A, B and C are the coded factors for foaming agent, foaming stabilizer

and whipping time, respectively.

4. The foam stability varied from 71.82% to 95.00% obtained at different
combination of variables. The maximum foam stability was found in treatment
number 12 having the combination of 7.50% foaming agent, 0.50% foaming
stabilizer and 15.00 min whipping time, while the minimum foam stability was
found in treatment number 11 having the combination of 7.50 % foaming agent,
0.10% foaming stabilizer and 15 min whipping time.

5. The response surface equation for foam stability was obtained as given below

Foam stability (%) = 80.97 —1.97 A+ 7.15B — 1.85 C — 0.31 AB — 0.051 AC
+0.016 BC — 1.22 A% + 1.53 B? + 0.61 C?
Where, A, B and C are the coded factors for foaming agent, foaming stabilizer

and whipping time, respectively.

6. The foam density varied from 0.43 to 0.54 g/cc obtained at different combination
of variables. The minimum foam density was found in treatment number 3 having
the combination of 4.53% foaming agent, 0.42% foaming stabilizer and 9.05 min
whipping time, while the maximum foam density was found in treatment number
14 having the combination of 7.50 % foaming agent, 0.30% foaming stabilizer
and 25 min whipping time.

7. The response surface equation for foam density was obtained as given below
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Foam density = 0.46 — 0.009053 A — 0.006124 B + 0.024 C —0.00125 AB —
0.00125 AC + 0.00625 BC — 0.018 A? — 0.006512 B> +
0.015 C?

Where, A, B and C are the coded factors for foaming agent, foaming stabilizer

and whipping time, respectively.

8. The optimum foaming conditions were found to be 5.35% foaming agent,
0.45% foaming stabilizer and 9.43 min whipping time for maximum foam
expansion and foam stability as well as minimum foam density.

9. The predicted value analysis showed that at this combination of foaming agent,
foaming stabilizer and whipping time, it would be possible of foaming
properties of banana pulp with a foam expansion of 138.95%, foam stability of
96.33% and foam density of 0.43 g/cc.

10. The experiment value analysis showed that at this combination of foaming
agent, foaming stabilizer and whipping time, foaming properties of banana pulp
was foam expansion of 142.28% with a deviation of 2.39%, foam stability of
94.76% with a deviation of 1.62% and foam density of 0.42 g/cc with a
deviation of 2.32%.

From the above study, it can be concluded that the maximum foam
expansion, maximum foam stability and minimum foam density was obtained by
5.35% foaming agent (whey protein isolate), 0.45% foaming stabilizer (methyl

cellulose) and 9.43 min whipping time.
5.2 Experiment No. 2: Drying of foamed banana

Optimized parameters derived from experiment No. 1 for foaming properties of
banana pulp for foaming agent, foaming stabilizer and whipping time was selected for
further drying of foamed banana. Drying of foamed banana pulp was carried out at four
levels of drying temperature (55, 60, 65 and 70 °C) and three levels of foam thickness
(2, 4 and 6 mm). Drying was carried out in a tray dryer with sample size of 161 g,
323 g and 485 g for 2, 4 and 6 mm foam thickness, respectively. After drying, dried
sample was scrapped, grinded and sieved through mesh no. 35 sieve. Drying
characteristics i.e., drying time, drying rate and moisture ratio were analysed during
drying process. Physical properties like recovery and bulk density of banana powder
were measured by standard method. Recovery of foam mat dried banana powder was
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measured by the ratio of weight of dried powder to weight of foamed banana pulp
applied on the tray. Bulk density of banana powder was determined by the ratio of
weight of dried powder to volume of powder after tapping. Biochemical properties of
banana powder viz., moisture content, total sugars, reducing sugar, non-reducing sugar,
titratable acidity, ascorbic acid and pH were measured by standard method. The
moisture content of powder was determined by hot air oven method. Total sugars and
reducing sugar were determined by phenol sulphuric acid method. Non reducing sugar
was estimated by subtraction of reducing sugar from total sugars. Titratable acidity was
estimated as reported by Ranganna (2000). Ascorbic acid content was determined by
the method described by Sadasivam and Manickam (1992). pH of the powder was
measured using pH meter. Functional properties such as water solubility index of
banana powder was determined by the method suggested by Anderson (1982) and water
absorption index is determined by the ratio of the weight of sediments to that of weight
of dry solid powder. Sensory characteristics viz., appearance, texture, flavour, taste and
over all acceptability of foamed dried banana powder were evaluated by a panel of semi
trained 10 judges using 9-point hedonic scale. The results were statistically analysed by
Completely Randomized Design with three replications at 5 per cent level of

significance.
The following conclusions were drawn from the present investigation:

1. Maximum drying time (300 min) was observed at 55 °C drying temperature and
6 mm foam thickness while minimum drying time (120 min) was observed at
70 °C drying temperature and 2 mm thickness. Drying time for drying
temperature 60 °C and 2 mm foam thickness was found 180 min.

2. Maximum drying rate (0.310 g water/g dry matter/min) was found for 70 °C for
drying temperature for 2 mm foam thickness and minimum drying rate (0.113
g water/g dry matter/min) was recorded for 55 °C drying temperature for 6 mm
foamed thickness of banana pulp.

3. There was rapid decrease in moisture ratio with faster rate at initial stage of 50
to 70 min of drying in all cases, however in later stage of drying, the decrease
in moisture ratio was at slower rate.

4. Physical properties i.e., recovery of banana powder was found maximum
(37.86%) for the treatment combination Tty (55 °C and 2 mm) which was found
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10.

11.

at par with treatment combination Tat; (60 °C and 2 mm). Minimum recovery
(27.63%) of banana powder was found for treatment combination Tatz (70 °C
and 6 mm). Maximum bulk density (0.70 g/cc) of banana powder was found for
treatment combination Tit; (55 °C and 6 mm). Minimum bulk density
(0.52 g/cc) of banana powder was found for treatment combination Tats
(70 °C and 2 mm).

Biochemical properties viz.,, Minimum moisture content (4.07%) of banana
powder was found for treatment combination T4t1 (70 °C and 2 mm). Maximum
moisture content (6.40%) of banana powder was found for treatment
combination Titz (55 °C and 6 mm). Moisture content of banana powder for
treatment combination T2t (60 °C and 2 mm) was found 5.01%.

Maximum total sugars (39.25%) of banana powder was found for treatment
combination Tat1 (55 °C and 2 mm). Minimum total sugars (30.20%) of banana
powder was found for treatment combination T4t3 (70 °C and 6 mm).
Minimum reducing sugar (0.11%) of banana powder was found for treatment
combination Tit: (55 °C and 2 mm) followed by Tot; (60 °C and 2 mm).
Maximum reducing sugar (0.61%) of banana powder was found for treatment
combination T4tz (70 °C and 6 mm).

Maximum non-reducing sugar (39.14%) of banana powder was found for
treatment combination Tit; (55 °C and 2 mm). Minimum non-reducing sugar
(29.59%) of banana powder was found under treatment combination Tatz (70 °C
and 6 mm).

Minimum titratable acidity (0.35%) of banana powder was found for treatment
combination Tit; (55 °C and 2 mm). Maximum titratable acidity (0.60%) was
found for treatment combination Tats (70 °C and 6 mm).

Maximum ascorbic acid (0.89 mg/100 g) of banana powder was found for
treatment combination Tit; (55 °C and 2 mm) which was found at par with
treatment combination Tot; (60 °C and 2 mm). Minimum ascorbic acid
(0.38 mg/100 g) of banana powder was found under treatment combination Tats
(70 °C and 6 mm).

Maximum pH (4.53) of banana powder was found for treatment combination
Tity (55 °C and 2 mm). Minimum pH (4.19) of banana powder was found under

treatment combination Tat3 (70 °C and 6 mm).
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12. Functional properties i.e., maximum water solubility index (66.10%) and water
absorption index (408.48%) of banana powder was found for treatment
combination Tit1 (55 °C and 2 mm) which was found at par with treatment
combination Tat; (60 °C and 2 mm).

13. Maximum sensory score (8.2) in term of appearance, texture, flavour, taste and
overall acceptability of foam mat dried banana powder was observed in
treatment Totzi.e., 60 °C drying temperature and 2 mm foam thickness, whereas
minimum sensory score (4.7) was observed in Ttz i.e., 70 °C drying
temperature and 6 mm foam thickness among all the treatments.

Considering overall quality and drying time from the above study, it can be

concluded that treatment combination Taty, i.e., 60 °C drying temperature and 2 mm

foam thickness was found to be best among all the treatments.
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District wise production of banana fruit in Gujarat state during the year 2015-16.

Name of District Area (ha) Production (MT)
Bharuch 76.55 5538.40
Anand 64.96 4699.86
Narmada 61.45 444591
Vadodara 27.70 2004.10
Surat 8.87 641.75
Kachchh 2.47 178.80
Navsari 1.16 83.93
Chhotaudepur 0.95 68.73
Junagadh 0.15 10.85
Amreli 0.08 5.79
Kheda 0.05 3.62
Total 244.39 17681.64

(Source: Directorate of Agriculture, Gujarat State, Gandhinagar, 2018)



APPENDIX -B

Appendices

ANOVA for model statistics for the dependent variables of foaming properties

Model Foam expansion Foam stabilizer Foam density
erms (%) (%) (g/cc)
F value 5.04 10.15 6.56
p>F 0.0093 0.0006 0.0035
Std. Dev. 8.83 3.08 0.018
Mean 113.90 81.60 0.48
C.V. % 7.75 3.77 3.70
R squared 0.8194 0.9013 0.8552
Adjusted 0.6569 0.8125 0.7248
R squared
Predicted 0.3236 0.5474 0.4691
R squared
Adequacy 7.998 12.016 8.868
precision
Lac of fit NS NS NS

NS — not significant
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Sensory Card

Sensory evaluations for foam mat dried banana powder

Please follow the numerical system with respect to the stated quality using the following scales.

1. Samples are to be judged by inter comparison.
2. Rinse your mouth with water after every evaluation.
3. Do not change the order of the samples.

Score Card

Sr.No. | Treatment Appearance Texture Taste Flavour Overall
acceptability

Tita

Tito

Taits

Tota

Toto

Tots

Tsta

Tsto

O| 0| N O O | W[ N -

Tsts

=
o

Tata

[EXN
(=Y

Tato

[N
N

Tats

Hedonic Scale

Grade Score
Like extremely 9
Like very much
Like moderately
Like slightly
Neither like nor dislike
Dislike slightly
Dislike moderately

Dislike very much

R NN W s~ o1 OO N 0

Dislike extremely

Name:

Date: Signature
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Drying time of banana foam at different drying conditions

Treatments Drying time (min)
Tita 180
Titz 240
Tits 300
Taota 150
Tat2 210
Tots 270
Tsta 120
Tst2 180
Tsts 240
Tata 120
Tatz 150
Tats 180
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Drying rate of banana foam at 2 mm foam thickness and different drying

tempe rature
Treatments Ttz Tata Tsta Ttz

0 0.000 0.000 0.000 0.000
30 0.193 0.234 0.296 0.310
60 0.177 0.161 0.130 0.116
90 0.060 0.050 0.059 0.024
120 0.008 0.041 0.000 0.000
150 0.007 0.000 - -
180 0.000 - - -
210 - - - -
240 - - - -
270 - - - -
300 - - - -
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Drying rate of banana foam at 4 mm foam thickness and different drying

temperature

Treatments Tit2 Tat2 Tat2 Tat2
0 0.000 0.000 0.000 0.000
30 0.088 0.200 0.238 0.257
60 0.138 0.098 0.083 0.106
90 0.078 0.080 0.075 0.093
120 0.054 0.045 0.051 0.020
150 0.027 0.038 0.030 0.000
180 0.025 0.020 0.000 -
210 0.000 0.000 - -
240 - - - -
270 - - - -
300 - - - -
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Drying rate of banana foam at 6 mm foam thickness and different drying

temperature

Treatments Tits Tats Tats Tats
0 0.000 0.000 0.000 0.000
30 0.113 0.124 0.129 0.196
60 0.083 0.119 0.112 0.105
90 0.080 0.092 0.092 0.096
120 0.058 0.045 0.061 0.057
150 0.045 0.039 0.043 0.023
180 0.026 0.030 0.031 0.000
210 0.031 0.020 0.021 -
240 0.010 0.008 0.000 -
270 0.007 0.000 - -
300 0.000 - - -
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Moisture ratio of banana foam at 2 mm foam thickness and different drying

temperature
Treatments Tits Toats Tats Tats
0 1.000 1.000 1.000 1.000
30 0.576 0.518 0.399 0.352
60 0.187 0.187 0.136 0.109
90 0.056 0.084 0.015 0.059
120 0.038 0.001 0.015 0.059
150 0.022 0.001 - -
180 0.022 - - -
210 - - - -
240 - - - -
270 - - - -
300 - - - -
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Moisture ratio of banana foam at 4 mm foam thickness and different drying

tempe rature
Treatments Taits Tats Tsts Tats
0 1.000 1.000 1.0000 1.000
30 0.806 0.588 0.517 0.463
60 0.504 0.386 0.349 0.240
90 0.333 0.221 0.197 0.047
120 0.214 0.128 0.093 0.006
150 0.120 0.049 0.031 0.006
180 0.062 0.009 0.031 -
210 0.008 0.009 - -
240 0.008 - - -
270 - - - -
300 - - - -
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Moisture ratio of banana foam at 6 mm foam thickness and different drying

temperature

Treatments Taits Tots Tsts Tats
0 1.000 1.000 1.000 1.000
30 0.751 0.745 0.738 0.591
60 0.568 0.500 0.509 0.372
90 0.392 0.312 0.323 0.172
120 0.264 0.220 0.200 0.052
150 0.165 0.140 0.113 0.005
180 0.107 0.079 0.049 0.005
210 0.038 0.037 0.006 -
240 0.016 0.021 0.006 -
270 0.002 0.021 - -
300 0.002 - - -
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Mean data of physical properties of banana powder

Treatments Recovery (%) Bulk density (g/cc)
Tats 37.86 0.66
Ttz 34.75 0.68
Tats 30.64 0.70
Tota 37.09 0.57
Totz 34.38 0.60
Tots 30.46 0.62
Tstu 34.76 0.57
Tst2 31.25 0.59
Tsts 28.98 0.62
Tata 32.46 0.52
Tatz 30.01 0.53
Tatz 27.63 0.57
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Mean data of biochemical properties of banana powder
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Treat- | Moisture | Total | Reducing | Non- | Titratable | Ascorbic | pH

ments | content |sugars| sugar |reducing | acidity acid

(%, wb) (%) (%) sugar (%) (mg/

(%) 100 g)
Tita 5.38 39.25 0.11 39.14 0.35 0.89 4.53
Tit2 6.10 35.26 0.12 35.14 0.41 0.61 4.49
Tits 6.40 32.20 0.25 31.95 0.46 0.49 4.44
Tota 5.01 38.45 0.12 38.33 0.43 0.78 4.52
Tot2 5.97 34.93 0.14 34.77 0.46 0.61 4.38
Tots 6.26 32.09 0.26 31.82 0.51 0.56 4.41
Tsta 4.55 36.61 0.25 36.36 0.50 0.56 4.40
Tst2 4.88 34.30 0.32 33.98 0.52 050 |4.32
Tats 5.24 31.39 0.47 30.92 0.58 0.44 4.33
Tata 4.07 31.23 0.48 30.74 0.53 0.44 431
Tat2 411 30.91 0.54 30.37 0.58 0.40 4.22
Tats 4.45 30.20 0.61 29.59 0.60 0.38 4.19
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Mean data of functional properties of banana powder

Treatments Water solubility index Water absorption index
(%) (%)
Ttz 66.10 408.48
Ttz 64.63 386.86
Tats 63.84 344.72
Tat1 65.65 407.60
Tot2 64.07 383.22
Tots 63.28 340.74
Tsta 64.10 326.40
Tst2 59.79 322.40
Tsts 55.89 292.22
Tats 54.64 258.33
Tat2 52.44 256.60
Tats 45.06 226.46
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Details of the mean value of sensor evaluation of different foam mat dried

banana powder

Sensory evaluation

Sr. | Treatment | Appearance | Texture | Flavour | Taste Overall
No. acceptability
1 Tita 1.4 7.6 7.8 1.5 7.6
2 Titz 1.4 7.2 7.2 7.3 7.3
3 Tats 5.6 5.8 5.6 5.6 5.7
4 Toty 8.4 8.3 8.1 8.0 8.2
5 Totz 8.2 8.1 8.0 7.9 8.1
6 Tots 6.8 6.4 6.6 6.1 6.5
7 Taty 7.6 7.5 7.3 7.1 1.4
8 Tat, 6.8 6.6 6.5 6.8 6.7
9 Tsts 6.4 6.7 6.4 6.5 6.5
10 Taty 5.6 6.1 5.8 6.3 6.0
11 Tat, 5.2 54 5.6 6.0 5.6
12 Tats 4.9 4.6 45 4.8 4.7
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Recommended flow chart for preparation of banana powder by foam mat drying

[ Selection of ripe banana (Stage-5) (1kg) ]

!

[ Peeling ]_,[ Peel (337.05 g) ]

,

Cutting (3-5 mm thickness) (662.95 g) ]

|

1% (w/w) sodium meta bisulphite solution for 2 min and then
rinsed with water for 30 s

’

Foaming agent Fruit pulp Foaming stabilizer (Methyl
(WPI—30.02 g) cellulose — 2.77 Q)
v
[ Whipping of pulp (9.43 min) ]

Foamed pulp (736.59 g)

.

[ Drying (60°C drying temperature and 2 mm foam thickness) J

[ Scraping ]

|

[ Sample collected (187.21 g) ]

v

[ Cooling to room temperature ]

!

[ Grinding and sieving of powder ]

|

Foamed dried fruit powder (185.78 g / 25.22%)

@)



