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CHAPTER |

INTRODUCTION

1.1 Research background

Exotic fruits from which drinks are made in most tropical countries are so
abundant and such in a great variety, that it would probably be impossible for people
to sample all of them, but they worth a try. Some of the great varieties of fruits used
in drinks are bananas, guavas, papayas, oranges, pineapples, grapes, mangoes,

watermelon, coconuts, longans, rambutans, strawberries, lime and tamarind.

From the various fruits listed, papaya is found to be one of the easiest fruits
grown in all tropical countries. It is grown extensively in all tropical and sub-tropical
parts of the world. Papaya is a wholesome, all season fruit. It has more carotene
compared to other fruits such as apples and guavas, which is converted into vitamin
A inour body. It also contains vitamins B, D, E, K and C, and minerals such as
sodium, magnesium, iron, calcium, phosphorus and potassium. Rich in vitamin A

and C, papaya has been used to heal ulcers and other internal bleeding.



For nowadays, papaya fruits have been commercialized in various ways of
marketing ranging from drinks to food and even more vitamins supplement. There
are pure papaya fruit juice, concentrated fresh juice, bottled soft drinks, fruits shake
with crushed ice and milk or cream, papaya fruit powder drink and papaya flavored
tea drink. More and more people have shown their attraction towards papaya in their
daily meals. As for that, a new way of commercializing papaya fruit drink is

proposed to meet the needs of consumer health and pleasure.

Papaya fruit drink is expected to be a nutritious beverage by maintaining the
quality of the processed papaya fruit. The quality is indicated by the ability to retain
the original coloring, taste, aroma and its biological active gradient throughout the
process. Drying method and various processing parameters has huge effects on the
quality of dried fruits. It is reported that drying method will seriously decrease the
nutritive and sensorial values cause by water removal of the fruits (Lenart, 1996).
The degradation rate of quality increases as the drying temperature increases. Hence,
selection of proper drying technique and conditions is necessary for minimizing
thermal stresses, over drying and maintenance of relevant compounds in order to

retain the quality of the dehydrated product.



1.2 Objective of study

The objective of this research is to study the effects of processing parameters

during various dehydration processes on the quality of dehydrated papaya.

1.3 Scope of study

The scopes of this research include:
e Tray drying, osmotic dehydration and microwave drying process.
e Analysis on moisture content and drying characteristics of dehydrated
papaya.
e Analysis and ddetermination of papain enzyme activity of dehydrated
papaya.



CHAPTER I

LITERATURE REVIEW

2.1 Papaya fruit

2.1.1 Origin

Papaya with the scientific name, Carica papaya is a common fruit to be
found in tropical countries. It is a succulent fruit of the family Caricaceas. Papayas
are usually grown from seed. Their development is rapid, fruit being produced before
the end of the first year. Under favorable conditions, a papaya plant may live for five

years or more.

Papaya is oval in shape and the colour of the skin is green if unripe. It will
turn to green yellowish when it is ripe. The flesh of papaya is white before maturity,
turns to a rich orange-yellow or deep rose when ripe, with colour varying according
to variety. Papaya fruit is sweet in taste, with an agreeable musky tang, which is

more pronounced in some varieties and in some climates than in others.



2.1.2 Content of papaya

Papaya has been regarded as one of the most valuable tropical fruits that
contains many biological active compounds. Different types of enzymes are present
in papaya. Protease enzyme, also known as papain is a protein-digesting enzyme.
This substance presents in papaya is an excellent aid to digestion. This enzyme
greatly resembles the animal enzyme protein in its digestive action. It has a high
commercial value because of its ability to hydrolyze protein. Papain also exhibits
pain relieving properties and the United States Food and Drug Administration has
approved its medicinal use to ease the discomfort of slipped discs. This is used for
injection into herniated inter vertebral lumbar discs to relieve pain caused by the

pressure on nerves.

Papaya when consumed regularly will ensure a good supply of vitamin A and
C. Italso contains vitamins B, D, E, K and C, and minerals such as magnesium,
sodium, iron, calcium, phosphorus and potassium. Rich in vitamin A and C, papaya
has been used to heal ulcers and other internal bleeding. Healing speeds up with

pieces of papaya laid on wounds and surgical incision.

Papaya is a good source of beta-carotene, which helps to prevent damage by
free radical, which may other wise lead to some forms of cancer. It has more
carotene compared to other fruits such as apples and guavas. Carotene in food is
converted into vitamin A in people’s body. Papaya is a low calorie fruit compared to
others. 100 grams of ripe papaya contains only 32 kcal. The comparative low
calories content make this a favorite fruit of obese people who are into weight
reducing regime. This low calorie, nutritive and low in cost fruit is the best dietary
supplement for a healthy life. It will be more convenient if papaya fruit is processed
as drinks that can be included in our regular daily meals. The characteristics of
papaya such as the aroma, flavor, color, nutrient content and enzymatic concentration
are expected to be retained for a high quality dehydrated papaya throughout this

research.



Components Every 100g
Energy 35.0 cal
Moisture 90.7¢9
Protein 15¢g
Fat 0.1¢g
Carbohydrates 719
Fiber 05¢g
Ash 01g
Calcium 11.0 mg
Phosphorus 3.0 mg
Iron 0.7 mg
Sodium 3.0 mg
Potassium 16.0 mg
Beta carotene 1160.0 pg
Vitamin B1 0.03 mg
Vitamin B2 0.07 mg
Niacin 0.1 mg
Vitamin C 71.0 mg

Table 1. Components in papaya fruit

(Source: Malaysian Food Nutrition Composition, IMR 1982)




2.2  Drying process

2.2.1 Definition of drying

Drying is a process in which water is removed to halt or slow down the
growth of spoilage microorganisms, as well as the occurrence of chemical reactions
(Vega-Mercado et al., 2001). Drying is usually defined as the removal of moisture
until equilibrium with the environment, while the removal of moisture to a very low
moisture content, nearly bone-dry condition is called dehydration (Stuchly et al.,
1983). The drying process can be further divided into two periods, which are the

constant drying rate period and the falling drying rate period.

During the first stage of drying, the wet materials contains so much water that
all existing liquid surfaces will dry in a manner comparable to an open surface of
water. The drying rate depends only on the ambient conditions and the total water
surface area. The drying rate is constant because the surface of the material contains
free moisture. Towards the end of the constant drying rate period, moisture has to be
transported from the inside of the material to the surface. The moisture content at

which the drying rate ceases to be constant is called the critical moisture content.

After the constant drying rate period, dry spots appear on the surface and the
drying rate decreases. This is called the falling rate period, in which two processes
involved: the movement or migration of moisture within the material (mass transfer)
to the surface and the removal of moisture from the surface. When the surface is
completely dry, the moisture is transported from the inner parts of the material to the
external surface as the result of concentration gradients between the interior of the
material and the surface (Mujumdar, 1995).



2.2.2 Drying technology

Drying of food has been widely used for preservation of food in the last few
years. There are as many reasons as there are materials that can be dried. Dried
food, especially fruits and vegetables can be stored and transported at a relatively
low cost. The handling of product marketing will be easier and faster. However,
water removal during drying leads to a serious decrease in the nutritive and sensorial
values of the product (Lenart et al., 1996). Several factors should be considered in
order to apply drying for food preservation to achieve the best possible quality of the
product. Akanbi et al. (2005) studied on drying characteristics of tomato slices,
including moisture content at different drying temperature. A research has to be
undertaken in order to obtain the most optimum drying method and processes for
higher product quality of nutrient, enzymatic reaction and sensory acceptability

retention.

Drying technology has evolved from the simple use of solar energy to current
technology that includes, among others, kiln drying, tray drying, tunnel drying, spray
drying, freeze dehydration, osmotic dehydration, extrusion, fluidization, and the use
of microwaves, radio frequency, refractance window and hurdle technology. The
development of dehydration technology can be divided in four groups or generations
(Vega-Mercado, 2001) as shown in Fig. 1.
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2.3  Microwave drying

Microwaves heating and drying processes have been well established in
various industrial applications, and in many cases are replacing the less efficient, less
economic and less convenient conventional methods of drying. In recent years,
microwave drying has gained popularity as an alternative drying method in the food
industry. Microwave drying is rapid, more uniform and energy efficient compared to
conventional hot- air drying. Microwaves are of increased interest among food
researchers and processors because of its energy saving possibilities they might
represent. However, microwave drying should be fully understood in order to avoid
lack of optimization, particularly with regard to uniformity of moisture and
temperature distributions in the treated material. The microwave oven equipment is

shown in Fig. 2.
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Fig. 2. Microwave oven drying unit
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Numerous electromagnetic and thermal parameters are involved in the
microwave heating and drying process. The apparent limitations of the microwave
process are established by the material quality, processing time, temperature and
moisture distributions (Stuchly et al., 1983). In other words, the process rate
depends on the maximum permissible temperature and moisture gradients. It is
therefore obvious that the product quality is improved by the reduction of moisture

and temperature gradients.

Microwave drying of foodstuffs gives rise to complicated chemical
conversions and reactions. Such reactions can cause degradation of vitamins, lipid
oxidation and browning reactions. However, the retention of vitamins during
blanching, cooking and reheating of foods in a microwave oven was found to be
comparable to the retention using conventional methods of heating. In the
conventional drying process, moisture is removed initially from the external surface
of the body producing the internal moisture gradient necessary for outward
diffusional moisture flow. As a result of the relatively dry surface, case-hardening,
shrinkage, local overheating and structural damage of materials are very common. In
this case, microwave process has the potential to be the latest advance in drying
technology to overcome such problems contributed by the conventional drying

process.

It was observed that temperature in the interior of dried food in microwave
procedure is higher than on the surface and moisture is trabsferred to surface more
dinamically than during conventional drying method. The simulation results showed
that in larger samples, heating occurs mainly from the surface towards the centre,
whereas in smaller samples, heating is also significant at the inner parts of the sample
(Oliveira et al., 2002). Rotation of the samples in microwave drying caused a
decrease in temperature gradients, resulting in more uniform temperature

distributions.
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A microwave-generated thermal gradient produces a completely different
moisture distribution in the dried body. Because of the exponential dependence of
the diffusivity on temperature, the diffusional flow rate for a given moisture gradient
will be much higher near the centre of the bulk than near the surface (Stuchly et al.,
1983). As aresult, a strong moisture-leveling process exists as moisture gradients
decrease with increasing depth, to compensate for the rapidly increasing diffusivity.
Moisture content will decrease more uniformly throughout the bulk and thus
eliminate part of the disadvantages of the conventional drying process. Fig. 3 shows

the schematic representation of microwave drying unit.
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Fig. 3. Schematic representation of microwave drying unit
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2.4  Microwave-assisted air dehydration

The progresses in microwave drying on the industrial level has been
relatively slow in comparison with the laboratory level because of its high initial
capital investment and comparatively lower energy efficiency with conventional
drying techniques (Piotrowski et al., 2004). Removing water by means of
microwaves is expensive because of high costs of electric energy. For lowering
costs, usually a combination of microwave drying with conventional drying is taken
into account. The schematic illustration of microwave-assisted air dehydration

equipment is shown in Fig. 5.
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Fig. 5. Schematic illustration of microwave-assisted air dehydration equipment

2.4.1 Conventional drying

A tray or compartment dryer is an enclosed, insulated housing in which solids

are placed upon tiers of trays in the case of particulate solids. Heat transfer may be
direct from air to solids by circulation of large volume of hot air. A conventional
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drying unit is shown in Fig. 6. A conventional tray dryer consists of removable tray
loaded in a cabinet in which loading of fruit cubes is provided. It essentially consists
of an insulated cabinet containing an air circulating fan that moves the air directly
through a heater and adjustable baffles. The air moves either horizontally between

the trays of food material or vertically through the trays and food.
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Fig. 6. Schematic diagram of the convection drying equipment

The major concern in hot air drying of fruits is the tremendous energy
consumption and low drying efficiency (Yongsawatdigul et al., 1996). The
conventional hot air method of drying fruits often degrades product quality. Van
Arsdel et al. (1973) indicated that hot air drying can cause heat damage and
adversely affect flavor, color, size, texture, nutritional value and enzymatic reaction
of the products. Case-hardening is a common defect particularly found in dried fruits
due to rapid drying. As drying progresses, the rate of water evaporation is faster than
the rate of diffusion to the product surface (Yongsawatdigul et al., 1996). Therefore,
the outer skin becomes dry and acts as water barrier, causing a wet interior.
Furthermore, loss of volatile compounds inevitably occurs during this conventional
drying. Since the fruits material are exposed to high temperature for a long period,
these volatile compounds are vaporised and lost with water vapor. This causes a
significant loss of characteristic flavor and aroma in dried products. High
temperature and long drying time also diminished the original color of the products.
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2.4.1.1 Parameters: temperature, air velocity and geometry of fruit

The quality of dried fruit is highly depended on the optimum drying
conditions. To achieve the best possible quality, selection of proper drying
conditions is necessary for minimizing thermal stresses and maintaining the relevant

compounds, which determine the quality of the product (Ramesh et al., 2000).

In tray drying process, temperature of air significantly plays an important role
to dehydrate the fruits to an acceptable moisture content. High temperature of hot air
may result in faster moisture or water removal of fruit and better effectiveness of
diffusivities. However, an excessive air temperature will reduce the sensorial and
quality of the fruit and may cause seriously damage in flavors, colors and nutrients.
Lower temperature of hot air is not expected to alter the properties of the fruit
significantly but more time is required to reduce the moisture content to an

acceptable amount.

Air velocity that moves through the fruit loaded on the tray is also aiding the
heat and mass transfer of the drying process. The water was transferred through the
air and was carried away. When air velocity increased, the effective water diffusivity

also increased.

It is very common in literature to consider finite food geometry as an infinite
flat plate configuration, neglecting the diffusion in the other direction. In other word,
geometry of cutting size usually does not take into consideration. However, it is
important to take into account the effect of geometry of fruit cut for the purpose of

comparison among various drying methods.

Geometry or shape of cutting size influences the peripheral of diffusion of
fruit during drying process. Breadth flat surface tends to increase the drying rate

rather than denting surface that obstruct water diffusion from the fruit into the air
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during drying process. Other consideration is the thickness of cutting size. Rastogi
et al. (2004) reported that when thickness is very small as compared to length and
breadth of fruit cut, the peripheral diffusion is negligible. However, when thickness
is of equal magnitude to length and breadth, which indicates that the fruit was cut
into cubes, this assumption is no longer valid because more consideration was
required to account for the peripheral diffusion, considering the food piece as a

rectangular rather than an infinite plate.

2.4.2 Osmotic dehydration

Osmotic dehydration is a useful technique that involves product immersion in
a hypertonic aqueous solution leading to a loss of water through the cell membranes
of the product and subsequent flow along the inter-cellular space before diffusivity in
the solution (Sereno et al., 2001). It is an efficient form of moisture removal from
solid food, causing no change of phase of the water.

Osmotic dehydration is mainly intended for processing fruits and vegetables.
Osmotic dehydration is a method used for attaining better quality fruits and is used as
a preliminary drying period. This method is based on the immersion of fruits in a
hypertonic solution of sugar. This hypertonic solution presents a higher osmotic
pressure and a lower water activity. In the osmotic process, this semi-permeable

membrane is represented by the cellular surface structure of the fruits.

Osmotic dehydration can be used as a pre-treatment for drying process of
fruits. This technique also allows the incorporation of certain solutes, without
modifying the integrity of the product. The product will become tastier and last
longer. Osmotic dehydration is said to be one of the way for food preservation. The

water removal from solid foods inhibits the growths of microorganisms, besides
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preventing a large part of biochemical reactions which occur in the presence of
moisture. The process of osmotic dehydration promotes stabilization of color
parameters, reducing non-enzymatic browning reactions and often improves fruit
product color (Krokida et al., 2000). Furthermore, the dehydration is also a mean of
reducing energy costs, important for the transportation, packaging and storing of
foods with high water content (Park et al., 2002).

2.4.2.1 Influence of process variables on osmotic dehydration

a) Temperature

Temperature of dipping pretreatment of osmotic dehydration has huge
influences on the drying time, drying kinetics and the organoleptic properties of the
osmo-dehydrated products. Pangavhane et al. (1999) studied the effect of different
pretreatment parameters on the quality of seedless grapes. It was reported that with
cold dipping pretreatment, the drying time of the grapes reduced significantly with
better quality raisins produced compared to those obtained from untreated grapes.
While for hot dipping pretreatment, though the drying time was further reduced, the
quality of raisins produced was found to be poor. Moreover, the hot dipping method
was also not convenient to handle.

b) Geometry of fruit cut

The most common geometries used in drying of fruits are cubes and slices.
El-Aouar et al. (2003) used 2cm?® cubes of papaya in their study, while Araujo et

al.(2004) cut the sample of nectarine (Prunus persica) into flat slabs in their study.

Graziella et al.(2004) studied the geometry of papaya fruit cut as one of the

independent variables for osmotic dehydration process to determine the water loss,
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weight loss and solid gain of dehydrated papaya. They reported that papaya slices
provided more water loss, weight loss and solid gain compared to cubes.

C) Sucrose and lactic acid concentration

Sucrose concentration has influences on the solid gain and water loss of the
dehydrated fruit. Sucrose exhibits fast diffusion inside cells. Previous studies
showed that sucrose concentration used was usually ranging from 50°Brix to
70°Brix. Silveira et al.(1996) reported that water loss and solid gain increased with
increasing sucrose concentration. While Giraldo et al. (2002) reported that effective
diffusion coefficient in the mango fruit liquid phase increased when sucrose

concentration decreased.
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2.5  Quality of dehydrated papaya

2.5.1 Vitamin C content

Papaya (Carica papaya L.) is one of the major sources of vitamin C. It was
reported that papayas contains 16% more vitamin C than oranges. Vitamin C is an
important anti-oxidant compound that helps protect against cancers, heart disease and
stress. Vitamin C helps in maintaining healthy immune system since it is needed for

antibody production besides increasing the absorption of nutrients in the gut.

2.5.1 1 Factors of vitamin C degradation

Degradation of ascorbic acid depends on several factors as below:

a) Drying condition

Vitamin C is a heat sensitive compound compared to other nutrients and this
may cause problems to retain it whenever exposed to heat. Raising the drying

temperature increases the loss of vitamin C.

b) Oxygen

Presence of oxygen may cause loss of vitamin C since it is a type of anti-
oxidant compound. Oxidation of food ingredient such as acid ascorbic or other
vitamins, pigments and aroma compounds is one of the most important causes of

quality loss. Accordingly, the absence of air during drying may inhibit oxidation and
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therefore, nutrient content such as acid ascorbic, color and aroma compound of
product can be largely preserved. Processing under low oxygen conditions in an
inert atmosphere and control drying conditions of temperature, air velocity and
relative humidity may lower the oxidative effects and maintain the nutritional value

of the process food.

c) Cutting size of fruit

In some cases of fruit drying, it is significant to have shorter drying time. To
achieve shorter drying time, most of the fruits were chopped before drying. However,
chopped fruit may cause loss of nutrients such as vitamin C. Hence, cutting size
might also influence vitamin C retention. Larger surface area exposed to heat may

increase the degradation of vitamin C.

d) Sample moisture content

The stability and retention of vitamin C depended on the sample moisture
content, due to its solubility in the water. According to previous study on rosehip,
high rate of vitamin C loss was found at a relatively higher moisture content at the
beginning of drying, followed by a period of less rapid degradation as the moisture
content decreased. The high rate of loss at the beginning of the drying process may
be attributed to high moisture content of the material. This proves that the stability
and retention of vitamin C is not only depended on drying conditions but also on

sample moisture content.
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2.5.2 Papain enzyme

Enzymes are biological catalysts that have the ability to increase the rate of
chemical reaction and will not be destroyed by the chemical reaction that is
accelerates. Protease refers to a group of enzyme that has a very beneficial function
through its ability to hydrolyze almost all proteins. They are also known as
proteolytic enzymes that are very important in digestion as they catalyses the
breakdown of peptide bonds in protein foods to liberate the amino acids needed by
the body. Additionally, protease enzymes have been used for many applications and
various forms of therapy, which are mostly used in medicine based on several
clinical studies indicating their benefits in inflammatory conditions and blood
rheology control. Besides, they have the ability to digest the unwanted debris in the

blood including certain bacteria and viruses.

Papain is a sulfhydryl protease from Carica papaya latex. Papain degrades
most protein substrates more extensively than the pancreatic proteases. Papain is a
single peptide chain of 211 residues folded into two parts that form a cleft. Papain is
activated by cysteine, sulfide and sulfite. It is enhanced when heavy metal binding

agents such as EDTA are also present.

Papain is used in the pharmaceutical industry, in medicine as well as in the
food processing industry. It is used in the preparation of vaccines and for the
treatment of hard skin. It also has veterinary applications such as deworming of
cattle. If papain is to be exploited commercially for an export market or local food

industry use, it is important to be able to determine the enzyme activity.
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2.5.2.1 Factors of papain stability

a) Temperature

Temperature is the major effect of enzyme stability. Enzymes are very
sensitive to heat since they are biochemical catalysts that made up at least partially
protein. This will cause problem to retain papain enzyme during drying since
temperature is the main parameter in the process. Furthermore, raising temperatures
of the environment generally multiplies the degree of enzyme, but once an optimum
temperature has been reached, rapid degradation of the enzyme will occur with
concurrent and irreversible loss in activity. However, the optimum temperature

generally ranges from 37 °C to 60 °C.

b) pH of the environment

The pH of the environment affects the enzyme activity and stability.

Optimum pH for enzyme activity varies for most enzymes including proteases.

However, the optimum pH for the biological catalyst lies between pH 4.5 to 7.5.
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CHAPTER Il

METHODOLOGY

3.1 Raw material

Mature green papaya has been selected for the purpose of producing papaya
fruit drinks as it contains high papain enzyme and vitamin C. The Brix index of the
selected papaya should be within 10 - 12°Brix. The Hawaiian type of papayas were
supplied by MARDI, Pontian. The fruits were hand-peeled and cut into slices (4.0 x
2.0 x 0.5 cm) and cubes (2.0 x 2.0 x 1.0 cm).
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3.2 Drying procedure

3.2.1 Microwave drying

Drying processes were carried out using microwave oven (Sharp R-4A53)
with various processing parameters. Drying procedure followed Wang et al.(2005)
with slight modification. Different geometry (slices and cubes) of papaya were
treated in microwave oven at different levels of power intensities (110 W, 380 W,
750 W) until the sample weight became constant. Sample weight was determined by
the digital balance weight. The weight was taken every 10 seconds to determine the

moisture content of the samples.

3.2.2 Microwave-assisted air dehydration

Microwave drying processes were carried out using microwave oven.
Different geometry (slices and cubes) of papaya were treated in microwave oven at
different levels of power input (110 W, 380 W, 750 W) for a specified time before
treated in an oven at different temperature (20, 40 and 60°C). Maximum drying
temperature was selected at 60°C because degradation of enzyme occurred at

temperature higher than 60°C.
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3.2.3 Traydrying

The tray drying procedure followed Park et al. (2002) with slight
modification. Drying processes were carried out using tray dryer (Armfield UOP8)
at different temperature (20, 40 and 60°C). Maximum drying temperature was
selected at 60°C because degradation of enzyme occurred at temperature higher than
60°C.

The tray dryer consists of horizontal air flow through trays and samples
loaded on it. Prior to this, the weight of empty tray was measured so that the weight
of samples could be determined. Firstly, the air flow needs to be set up first. Air
flow was adjusted by anemometer at the end corner of tray dryer where the air was
supplied by the circulating fan. The drying temperature was automatically applied in
the process by the electrical heater, placed at the inlet of the tray drier. Thermocouple
was used in order to determine the temperature. The drying process started until it
reaches steady state. Sample weight was determined by the digital balance weight.
The weight was taken with time interval range of 15 — 120 minutes until the weight

became constant.
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3.3 Quality analysis of dehydrated papaya

3.3.1 Determination of moisture content

The moisture content was expressed on a dry basis as kg of water per kg of
free-moisture solid or kg H,O/kg dry solid. It was determined by an oven method,
slightly modified from Funebo et al. (2000). Papaya slices were placed in oven
(Memmert) at 100°C for 24 hours to obtain the dry weight. Time-dependent

moisture content of the samples were calculated as follows:

Wetweight — dryweight
dryweight

MoistureContent =

3.3.2 Enzyme analysis

3.3.2.1 Extraction of papain enzyme

Prior to the extraction process, the dried sample was blended to provide more
surfaces for the reaction to occur. Enzyme extraction from the dried papaya was
carried out using acetone solution at ratio 5 g of sample : 10 mL of acetone. The
sample bottles then need to be properly wrapped with aluminum foiled to avoid
oxidation for 24 hours.
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3.3.2.2 Determination of papain enzyme activity

A volume of 5 ml of casein substrate was pipetted into test tubes and soaked
in water bath at 40°C for 15 minutes. Then 2 ml of extracted enzyme solution was
added into the test tubes, followed by 3 ml of trichloroacetic acid to precipitate the
protein. After 60 minutes soaked in water bath at 40°C, the sample was centrifuged
and the supernatant was then measured with spectrophotometer at wavelength
280nm.

The determination was based on hydrolysis of the casein substrate. One
enzyme unit (U) is defined as an enzyme activity that release 1 g tyrosine at 40°C for
60 minutes. Standard curve was prepared by plotting the absorption versus the
enzyme concentration. The enzyme activity of the samples were calculated as
follows:

U/mg=(AxCx10)/W

whereas; U = enzyme unit defined as an enzyme activity that releases 1g tyrosine at
40 °C for 60 minutes, A = standard activity of enzyme, C = concentration of enzyme,

W = sample weight in mg and constant 10 represents the final mixture volume.
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CHAPTER IV

FINDINGS AND DISCUSSION

4.1 Processing effects

4.1.1 Microwave drying

The effect of microwave drying parameters and geometry of papaya fruit cut
on the dehydrated product is studied The moisture content versus time curves during
microwave drying of papaya cubes for each of power intensities studied are shown in
Fig. 1, 2 and 3. As the microwave power intensity increased, the time required to
achieve moisture content to nearly zero decreased. The processing time for
microwave power 380 W and 750 W were slightly the same. However for
microwave power 110 W, the time required to remove the moisture until low
moisture content in papaya cubes is 20 minutes, compared to 4 minutes for 380 W
and 750 W.
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The effect of changing the microwave power intensity on the drying
characteristics of papaya cubes is shown in Fig. 4. Drying rates were higher during
higher moisture content and decreased with decreasing moisture content. The drying
rate increased with increasing of power intensity at the same moisture content. The
comparison made for power intensity showed that at lower microwave power, the
drying rate was low and increased during higher power levels. The results indicated
that mass transfer is rapid during larger microwave power heating because more heat
was generated within the samples, creating a larger vapor pressure differential
between the centre and the surface of products (Lin et al., 1998). Although papayas
have high moisture content, an expected constant rate period was not observed in this
study. It is obvious that the entire drying process for the samples occurred in the

range of falling rate period.
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Fig. 1. Moisture content curve for microwave power 110W
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Fig. 4. Drying rate curves for different microwave power intensities




4.1.2 Traydrying

4.1.2.1 Experimental design and response value

Table 2: Result of different runs of drying

32

Run Independent variables Dependent variables
Enzyme

Block Geometry Velocity | Temperture | Moisture acticity

(m/s) ) content (U/mg)

! . 1 05 40 0.4839 0.0041
2 1 1 0.5 60 0.3570 0.0037
3 ! 1 15 40 0.0968 0.0040
4 . 1 15 60 0.08 0.0035
S . 1 0.5 40 1.6349 0.0049
6 . 1 05 60 1.1818 0.0042
! . 1 15 40 1.4444 0.0046
8 . 1 15 60 0.7302 0.0036
12 2 1 0.11808 50 0.5013 0.0047
13 2 1 1.88192 50 0.6981 0.0043
14 2 1 1 32.3617 0.7583 0.0080
15 2 1 1 67.6383 0.2154 0.00033

drying process of papaya fruit tea is shown in Table 2 along with the value of response

(moisture content and enzyme activity).

The range of different parameters (geometry, velocity and temperature) for the




4.1.2.2 Drying kinetics of fresh papaya

a) Effect of temperature and air velocity
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Drying kinetics of slice Drying kinetics of cube
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Fig 4.1: Drying kinetics of (a) slice and (b) cube

Figure 4.1 represented the drying kinetics of two types of geometry and showed

the influences of air velocity and temperature towards moisture content and drying time.

By observing, it seems like the air velocity did not markedly influenced the drying

kinetics for either slice or cube. It can be clearly seen that increasing of temperature from

40 °C to 60 °C, caused the decreasing of moisture content. However, by increasing the air

velocity from 0.5 m/s to 1.5 m/s, the drying curve was remained as the same pattern.

According to drying mechanism of transport properties, it indicates that the temperature

played important role for mass and heat transfer in the interphase between hot air and

fruit surface. On the other hand, air velocity was only aiding the drying process. With

this, it can be conclude that temperature is more significant on affecting drying rate than

air velocity. This result was valid to both geometry of slice and cube.
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At the early stage of drying process, the moisture content was rapidly decline but
then the drying curves show some convergence at the final drying process as the
equilibrium conditions are reached. It shows that the beginning of drying process, both of
air velocity and air temperature strongly influenced drying rate, however close to the end
of drying the air temperature had effect upon drying, which higher than air velocity. This
was due to high internal resistance of fruit rather external of fruit that made the air
velocity insignificantly affect the drying process.

b) Effect of geometry of fruit cut

Effect of Vat 40 C Effect of V at 60 C
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Fig 4.2: Effect of geometry for (a) 40 C and (b) 60 C

Figure 4.2 represents the drying kinetics of papaya at different temperature.
Temperature once again profound to be the most influence factor compare to air velocity
as it becomes more accentuated at 60 °C (b). This was according the less moisture

retained at 60 °C compared to 40 °C for either slice or cube.
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Comparing both graph, it can be seen clearly that slice geometry having rapid
drying process and retained less moisture content than cube. Compared to cubic geometry
with slow drying process and retained more moisture. This occurred for both temperature
of 40 and 60 °C.

4.1.2.3 Response Surface Methodology of moisture content

a) Effect of temperature and air velocity

Fitted Surface; Variable: MOISCON
3 factors, 2 Blocks, 14 Runs; MS Residual=.082085
DV: MOISCON

WNODSON

-1.674
-1.412
-1.149
-0.887
-0.625
-0.362
0.1

I 0.162
Bl 0.425
Il 0.687
Il above

RN ] |

Figure 4.3: Response surface of moisture content versus air temperature and velocity.
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The variation apparent of moisture content with duration of temperature and air
velocity for the drying process at constant geometry is presented in figure 4.3. Referring
to the 3-D graph of combination effect of both independent variables showed that
temperature played most significant effect towards moisture content rather than air
velocity. It is observed from the figure that the higher the temperature was, the lower
moisture could be retained. These obey the theory, that the temperature mostly influenced
the water loss. However air velocity still influenced the performance by restricting the
drying process. From the observation, at higher air velocity of certain temperature would
result in lower moisture content and faster drying rate. This is because air velocity was
proved significantly in aiding the drying process. However, increasing more air velocity
would decrease the drying rate and decreased water loss from sample. This phenomenon
is caused by the decreasing distance of air through to attach fruit surface and less
moisture could be carried away. Nevertheless slow velocity provides longer attachment

between air and fruit surface, which provided more moisture to be carried away.

b) Effect of geometry of fruit cut

Fitted Surface; Variable: MOISCON
3 factors, 2 Blocks, 14 Runs; MS Residual=.082085
DV: MOISCON

WOOS\ON

Figure 4.4: Response surface of moisture content versus temperature and geometry.
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Figure 4.4 representing the response surface of moisture content on combination
of two independent variables of air temperature and geometry. Referring to the graph,
geometry of cutting fruit gave the most significant impact on moisture content rather than
air temperature, which becomes insignificant for all analyzed samples. This would mean
that retaining moisture content was still strongly depended on geometry of fruit cut.
According to the graph, the lower the value of geometry (slice representing by -1), the
lower the moisture content will be retained. This result showed that slice provided less

moisture content than cube.

Fitted Surface; Variable: MOISCON
3 factors, 2 Blocks, 14 Runs; MS Residual=.082085
DV: MOISCON

Il -0.236
B -0.023
I 0.189
[ 0.402
(] o614
1 0.827
[ 1.039
I 1.252
I 1.464
Il 1.677
Il above

Figure 4.5: Response surface of moisture content versus air velocity and geometry.

Figure 4.5 consolidated statements above that geometry still plays most important
part. According to 3-D graph presented above, geometry still controlling the effect on
moisture content rather than air velocity that still proved that slice provided higher water
loss than cubic geometry.
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Table 3: Summary relation from response surface methodology

Moisture
Figure Relation of parameters and moisture content content,
4
Z =-1.2212x10™" +0.69243V —0.4264V > —0.0038T —0.00068T 0.8986
— -15 2 2
Z=-1.2212x10"" +1.0664G + 0.2749G" + 0.0459T — 0.00068T 1.7194

+0.0055(0.8571G) — 0.0128GT — 0.0038(0.857143T) + 0.2807

Z =-1.221x107° +1.0664G + 0.2749G> +0.6924V —0.4264V % +0.0055GV | 1 571
~0.0128(42.8571G) — 0.0038(42.8571V ) +0.7028
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4.1.2.4 Analysis variance of moisture content

Table 4: ANOVA table

3 factors, 2 Blocks, 14 Buns; M5 Residual=. 082085
D MOISCON
Factor E df M5 F o
Blocks 0.000000 1 0.000000 0 0.00000  1.000000
(1)GEOMETRY (L) 1.913048 1| 1.913048 | 23.305%69 | 016942
GEOMETRY (D) 000050 1 .000050 00061 981782
(2)VELOCITY (L) .399451 1 399451 486630 114531
VELOCITY( Q) 005341 1 005341 06507 815142
(3)TEME C (L) 931808 1| 931808 | 11.35175 | 043435
TEMP C (0} Qo2222 1 002222 02707 879772
1L by 2L 000060 1 000060 00074 980055
1L by 4L 131014 1 131014 1.59607 295715
2L by 4L 002855 1 002855 03478 B63966
Error 246255 3 082085
Total 55 3.644701 13

The result of the analysis of set of experimental data is displayed in Table A
which is known as analysis of variance. The entries in the data table represent the sources
that contribute to the total variation in the data values. ANOVA analysis was based on F
value that is defined as the ratio of the mean square due to the real regression and the
mean square due to real error. According to table above, F value that exceed p
(probability) value will result in the rejection of nul hypothesis states that all of the
coefficient, b; (excluding by) is zero which then implies that not all of the b; are zero.
Hence, the contribution of F value from each source is equivalent to having the fitted

model as below:

Z =1.2212x107%° +1.5890X, — 0.1619X, — 0.00324 X, + 0.0055X, X, + 0.00378X, X,
~0.0128X, X, +0.9831
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With:
Geometry (Xy)

Velocity (X2)

Temperature (X3)

Similarly, the value of accompanying statistics or quadratic regression (R?) is
0.9324. This showed that 93.24% of the total variation is explained by the fitted model.

4.1.2.5 Optimization from central composite design

a) Optimum values

The determination of optimum value is based on the critical value obtained from

the model. The value expressed from the response surface as below.

Table 5: Optimum value for each parameter

Factor Observed Critical values Observed
minimum maximum
Geometry -1 0.99400 1
Velocity (m/s) 0.118080 0.62445 1.88192
Temperature ("C) 32.36170 40.88942 67.63830

Therefore, optimum values are:

Geometry =0.99400 ~ 1 (cube)
Velocity =0.62445 ~ 0.5 m/s
Temperature =40.88942 ~ 40 °C




4.1.2.6 Enzyme analysis

Table 6: Enzyme concentration and enzyme activity

Enzyme
Run oD Concentration Enzyme acticity

(mg/ml) (U/mg)
! 0.104 0.2047 0.0041
2 0.116 0.1836 0.0037
3 0.108 0.1977 0.0040
4 0.121 0.1748 0.0035
> 0.082 0.2434 0.0049
6 0.101 0.2100 0.0042
! 0.09 0.2293 0.0046
8 0.117 0.1819 0.0036
12 0.087 0.2346 0.0047
13 0.098 0.2153 0.0043
14 -0.0074 0.4006 0.0080
15 0.211 0.0165 0.00033
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4.1.2.7 Response Surface Methodology for enzyme activity

a) Effect of temperature and air velocity

Fitted Surface; Variable: ENZYME_A
3 factors, 2 Blocks, 14 Runs; MS Residual=.0000042
DV: ENZYME_A

Bl -0.014
Bl 0.012
B -0.01
[ -0.008
1 -0.006
[ -0.004
I -0.002
Il -1.657e-5
Il 0.002
Il 0.004
Il above

Fig 4.6: Response surface of enzyme activity versus air temperature and velocity.

Fitted Surface; Variable: ENZYME_A
3 factors, 2 Blocks, 14 Runs; MS Residual=.0000042
DV: ENZYME_A

N INRINA

Il -0.012
Il -0.007
I -0.003
[ 8.655e-4
[ 0.005
] 0.009
[ 0.013
Il 0.018
Il 0.022
Il 0.026
Hl above

Figure 4.7: Response of enzyme activity versus temperature and geometry.
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According to response surface of enzyme activity, it can be inferred that
temperature exhibit as the tremendous effect compare to other independent variables such
air velocity and geometry. Referring to figure 4.6, increasing of temperature result in the
degradation on enzyme concentration in sample. Lower enzyme activity will be obtained
since enzyme concentration is proportionate to enzyme activity. However air velocity
seems not affect much on the enzyme retained. Hence, the surface exhibits a curvature

shape.

This is due to the behavior of enzyme that sensitive to varying temperature and
time. At low temperature, the drying process mostly influenced by air velocity and
therefore, drying will not seriously damaging the enzymes inside and will only degrade
some of it due to the time exposure. However, higher temperature will caused rapid
degradation of the enzyme with concurrent and irreversible loss. Hence little amount of

enzyme could only be retained.

Fitted Surface; Variable: ENZYME_A
3 factors, 2 Blocks, 14 Runs; MS Residual=.0000042
DV: ENZYME_A

I -0.011
I -0.009
I -0.006
[ -0.004
[ -8.758e-4
[ 10.002
[ 0.004
I 0.007
I 0.01
I 0.012
Il above

Figure 4.8: Response surface of enzyme activity versus velocity and geometry.



44

But, the degradation of enzyme is actually affecting by the geometry of cutting
size of sample, which automatically influences the losses of enzyme. This due to surface
exposure where larger surface area exposes to heat may increase the degradation of
enzyme. Slice that provides thin breadth surface rather than cubic geometry will provide
more surface to heat by temperature which contributed to the losses of enzyme. This
explained the result obtained in table 6, where lower enzyme concentration obtained for

slice compared to cube at same condition of temperature and air velocity.

Table 7: Summary relation from response surface methodology

Moisture
Figure Relation of parameters and moisture content content,
z
Z =-1.030x107"® —0.00311V +0.00166V > —4.2624 x10™*T -0.0158

+3.2509x10°°T2? -7.9142x10°°TV

Z =-1.030x10"° +4.4174x107*G +0.0184G* — 4.2624 x 10T
+3.2509x10°°T? ~0.000132(0.85714G) - 9.2332x10"°TG 0.0024
—7.9142x10°(0.85714T) - 0.00145

Z =-1.030x107"® + 4.4174G +0.0184G* - 0.00311V
+9.2332x107°°(42.8571G) — 7.9142 x107°(42.8571T) — 0.0123

0.0042
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4.1.2.8 Analysis variance of enzyme activity

Table 8: ANOVA table

3 factors, ? Blocks, 14 Run=; M5 Eesidual=.0000042
DV: [ENZIYHE]

Factor df M5 F u
Elocks L 0.000000  0.000000  L.000000
(1)GEOMETRY (L) A000aoo 1 000000 056728 827085
GEOMETRY () A000aoo 1 000000 053962 331252
(2IVELOCITY(L) A000aoo 1 000000 026597 . BB0R1Y
VELOCITY(Q) a0oano 1 a0oano 019466 L B97878
(3)TEMP C (L) 000016 1 00016 3. 742694 .148494
TEMP_C (0] A000aoo 1 000000 011929 919923
1L by 2L L000o0o 1 000000 008355 932931
1L by 3L A000aoo 1 000000 016376 06270
2L by 3L A000aoo 1 000000 003008 959711
Error 00001z 3 000004
Total 55 000061 13

From table above, quadratic regression (R?) was significant at level 0.7954 which
also performing the correlation and interaction of observed response due to the
experiment factor. Hence, the value considered acceptable yet unsatisfied which means
that only 79.54% of total variation contributed by the fitted model. Hence, the
contribution of F value from each source is equivalent to having the fitted model as

below:

Z =-1.2010x107 —6.4282x107* X, +0.0367 X, —3.3918x10* X, —6.784x10° X,
—0.00013X,X, —9.233x10° X, X, + 7.9142x107° X, X, — 0.01374

With:
Geometry (Xy)

Velocity (X2)
Temperature (X3)
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4.1.2.9 Optimization from central composite design

a) Optimum values

The determination of optimum value is based on the critical value obtained from

the model. The value expressed from the response surface as below.

Table 9: Optimum value for each parameter

Factor Observed Critical values Observed
minimum maximum
Geometry -1 0.00873 1
Velocity (m/s) 0.118080 1.09597 1.88192
Temperature (°C) 32.36170 66.90409 67.63830

Therefore, optimum values are:

Geometry =0.00873~ 1 (cube)
Velocity =1.09597~ 1.0 m/s
Temperature = 66.90409~ 60 °C
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4.1.3 Osmotic dehydration

Response surface and methodology (RSM) is a set of technique design to find the
best value of the response which generally is used for the following three steps:
(1) Design and collection of experimental data which allow fitting a general quadratic
equation for smoothing and prediction
(2) Regression analysis to select the best equation for description of the data
(3) Examination of the fitted surface via contour plots and other graphical and

numerical tools.

Response surface and methodology using experimental design was used for the
optimizing of all variables. A second level design with four factors at three levels each
was used in order to take into account the individual effects. The experimental design
included 16 different treatments and three central points for the each geometry sample,

totalling 22 experiments.

The study includes 22 experiments or run with four factors which are called
independent variables. The independent variables studied were the geometry (slice and
cube), lactic acid concentration (0, 0.05, 0.1M), sucrose concentration (40, 50, 60°B) and
temperature (30, 45, 60°C). The dependent variables or the responses for this study are
weight reduction (WR %), water loss (WL %), solid gain (SG %), enzyme concentration

and enzyme activity.

Analysis of variance (ANOVA) was performed which factors and interactions are
significant. Pareto chart will shows the effect estimate of the most important factor. P-

values calculated by the program will be comparing with the F-ratios values to determine
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which factors and interactions have significance effects. Data statistica analyses were
performed using Statistica5.0 Software (Statsoft, 1997).

The goal at the stage of experimental design analysis is to describe in detail the
relationship between the factor and the response. From the Table 1, we have decided to
use a quadratic equation to describe the relationship between our response, Y, and the

independent variables, X;’s. The following polynomial model was fitted to the data:

Y =bo+biX14+b2X24+b3X34+baXa+boX1X24+bsX1X3+buaX1Xa+bsX2Xs
+buX2Xa+buXsXs

Where b, are constant regression coefficients; Y is the predicted response (percentage of
WL, WR,SG and enzyme activity(%)); X1, X, Xsand X, are geometry (slice or cube),
lactic acid concentration (M), sucrose concentration ("Brix) and temperature ("C)

respectively.



AN ENZYME &

TEXT Z%%(4) central composite, no=16 n==8 ncl=1 ns0=1 Runs=2¢
VALLES 1 7 ] 1 C : 7 : g
BLOCK GEOMETRY | LAC COH | SUC. CON TEWE D WE_% WL % 5G %

1 S5lice 0.o000 40.0000 30.0000 48 6076 GB.3473 9.7397 2593
2 1 S5lice 0.o000 40.0000 600000 14 2112 22,8389 8.6277 2668
3 1 S5lice 0.o000 600000 30.0000 47 5026 59 9595 12 . 4569 24510
4 1 5lice 0.o000 600000 600000 11.2943 33.1472 21.8529 2935
5 1 5lice L1000 40.0000 30.0000 55 6673 57 1184 1.4512 L2481
b 1 5lice L1000 40.0000 600000 616000 63.9073 2.3073 0808
7 1 S5lice 1000 600000 30,0000 68 . 4333 66 . 6303 1970 23510
8 1 S5lice 1000 600000 600000 49 5165 554708 5.9544 0864
9 1 Cube 0.0000 40.0000 30.0000 5.6391 23.2033 17 5642 L2381
10 1 Cube 0.o000 40.0000 600000 9. 4628 23.9017 14 4389 0907
11 1 Cube 0.o000 600000 30,0000 227523 59 6275 36,8752 L2114
12 1 Cube 0.o000 600000 600000 12 0604 30.5399 15.4795 0982
13 1 Cube L1000 40.0000 30,0000 19 5685 G8. 4894 38,9209 L3781
14 1 Cube L1000 40.0000 600000 14 6764 24 9529 10.2764 L3172
15 1 Cube L1000 600000 30.0000 41 5512 68 . 6856 271344 3364
16 1 Cube L1000 600000 600000 118595 24 8332 12.9737 35210
17 1 zlice 0.o000 500000 450000 18 6665 26.2215 7. 55510 . 3557
13 2 zlice (1529 500000 450000 301207 405848 10.4641 34710
19 2 zlice (0500 29 4202 450000 16.0831 G6.8788 40,7957 3508
20 2 Cube 0500 70.5798 45.0000 21.9254 31.1291 9.2037 3651
21 2 Cube 0500 50.0000 14.1303 268819 32 5665 5.6846 2655
22 2 Cube 0500 50.0000 75.8679 20.3396 22 5143 2.1747 .00

Table 10 : Experimental design and observed values of response variables.
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4.1.3.1 Enzyme Activity Analysis Using Experimental Design

50

TEXT 2#%(4) central composite, nc=16 n==8 ncl=1 n=0=1 Runs=22
YALUES 5 3 4 C

GEOMETEY | IAC.CON | SUC.CON | TEMP D | ENZYME & [FREDICTED
1 Slice  0.000000 40.00000 30.00000 004109 00042
Z 1 Slice  0.000000 40.00000 e0.00000 002715 00024
3 1 Slice  0.000000 &0.00000 30.00000 003706  O.0045
4 1 Slice  0.000000 &0.00000 &0.00000 002955 00023
5 1 Slice 100000 40.00000 30.00000 005634 00057
b 1 Slice 100000 40.00000 e0.00000 002335 00025
7 1 Slice 100000 &0.00000 30.00000  .007448 (00065
8 1 Slice 100000 &0.00000 &0.00000 002129 00029
g 1 Cube  0.000000 40.00000 30.00000 000789 0.0004
10 1 Cube  0.000000 40.00000 &0.00000 000350  0.0009
11 1 Cube  0.000000 &0.00000 3000000 000918  0.0005
12 1 Cube  0.000000 &0.00000 &0.00000 000404  0.0006
13 1 Cube 100000 40.00000 30.00000 001296 00017
14 1 Cube 100000 40.00000 &0.00000 001306  0.0007
15 1 Cube 100000  &0.00000  30.00000 001582 00023
16 1 Cube 100000 &0.00000 &0.00000 001473 00009
17 1 zlice  0.000000 50.00000 45.00000 004937 00049
18 ? zlice (152899  50.00000 45.00000 005433 0008
18 2 zlice 050000 29.42020 45.00000 003075 00031
20 ? Cube 050000 70.57930 45.00000 001589 00076
21 ? Cube 050000 5000000 14.13030 001299 0001
Y ? Cube 050000 5000000 75.86790 000000 00002

Table 11: The Experimental and Theoretical Predicted Values

Table 11 shows the result of experimental and theoretical predicted values for

papain enzyme activity. The predicted response calculated by the program and the

graph observed versus predicted values shown in the Graph 4.9. Our goals is to find

the best values for the constant in the models which is the values of constant that

give the best fit to set of data. A good fit of the line to the data means that the line

should be as close to all the data points as possible.
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Observed vs. Predicted Values
4 factors, 2 Blocks, 22 Runs; MS Residual=.0000008
DV: ENZYME_A

0.008

0.007

0.006

0.005

0.004

0.003

0.002

Predicted Values

0.001

0.000

-0.001 ' ' ' ' ' ' ' ' '
-0.001 0.000 0001 0002 0003 0004 0005 0006 0.007 0.008 0.009

Observed Values

Figure 4.9 : Graph Observed vs. Predicted Values for Enzyme Activity Response

R?is the fraction of the total variability in the data that is explained by the
model which is useful indicator of how closely the regression equation matches the
data. The quadratic regression (R?) was significant at level of 0.919, which is
considered high, since the R? values provides a measure of the variability of the
observe response due to the experiment factor and their interaction. The value of R?
Is measured the total variation of observed value about the mean obtained by the
fitted model or correlation between the observed and predicted value from the result.
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4 factor=, 2 Blocks., 22 Runs: M5 Re=sidual=.0000008
DV: ENZYME A
—95 . % +95 . %
Factor Std.Exrr. t{6) =} Cnf Limt | Cnf Limt
Hean-Interc. 12.34399 1.87271 2110263 | —7.08789 5332144
BLOCK{1) . 00066 .0on77? .86331 .421132 —. 00122 . 00255
({1)GECOMETRY (L} —. 45477 .24368 0 -1.8B6625 .111255  -1.05103 .14149
GEOMETRY { Q) 00223 .001zo 1.85641 .112783 —. 00071 .00518
(2ILAC . CON (L} . 23946 . 85665 .27953 .789228  -1.85669 2.33560
LAC . CON {Q} —. 04884 .30352 —.1e092 LB77438 —. 79153 .B9385
{3)50C . CON (L} .00159 .00475 . 33567 . 7485448 —. 01003 .01321
SUC.CON (0} —.noooonl .ooonl —. 94639 .380487 —.noonz2 .ooon1
{4 TEMF D (L} —. Qo720 00255 | —2.82130 .030302 —. 01345 —.0o009e
TEME_D  {Q3} —.aoaoo .gogoo | -1.02079 . 346737 —.nooo01 .aoaoo
1L by 2L —. 00218 .0og77? —. 24657 .B13458 —. 02361 .01929
1L by 3L —.ooool .ooo04 —. 23079 .825147 —.nooo1z .ooo1o
1L by 4L .ooon? L0000z 2.96241 025204 .ooonl .00014
2L by 3L .00026 .00044 .5B266 .581340 —.nooogz2 .00133
2L by 41 —. 00047 .ooo02e | -1.60216 .1e0240 —. 00118 .0o00z25
3L by 4L —.0oooo .0oaoo —. 44800 EEEE —.0oooo .0oaoo

Table 12: Regression Analysis for Enzyme Activity, Quadratic Response Surface

Model Fitting (Predicted Value).

From Table 12, the regression equation obtained after analysis of variance

give the level of panels response as a function of the independent variables of the

geometry (slice or cube), lactic acid concentration (M), sucrose concentration ("Brix)

and temperature (CC). All terms regardless of their significance are included in the

quadratic equation below describing the relationship between independent variables

to the response:

Y =2311678-0.45477X1+0.00223:° +0.23946X 2 —0.04884X > +0.0015% 3 —0.0000X 5*
—0.0072X4—-0.00216X1X2—0.00001X1X3+0.00007X1X 440.00026X 2 X 3—0.0004 7X 2 X 4

The standard error provides an indication of the “accuracy” of the point

estimate of standard deviation. Smaller of the standard error indicate that the point

estimate is likely to be more accurate because its variability about true value of

probability (p) is smaller.

Optimum or critical values are obtained from this equation. The values for the

coefficient of the model are obtained from the response surface methodology

calculation.




Solution: saddlepoint

Predicted walue at solution: 0028617
Obh=erved Critical Ob=zerwved
Factor Minimum Values Maximum
GEOMETEY 100.0000 1013327 102 . 0000
LAC COH 0.ooon 1700 1529
SUC . COH 29 4202 £3.6658 70.5798
TEME_D 14 1303 a7 . 4810 75,8679

Table 13 : Optimum Value for each Parameter

From the model, the optimum values are:

Geometry (slice or cube) =101.3327
Lactic acid concentration =0.1700 M
Sucrose concentration = 53.6658 °Brix
Temperature =37.4810°C

The result of the analysis of a set of experimental data can be displayed in

table form known as the analysis of variance table. The analysis of variance table
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displaying the total, regression (SS), and residual sums of squares (MS) as shown in

Table 14. The entries in the table represent sources that contribute to the total

variation in the data values. The total variation in the data values is called the “total

sum of squares”. Total sum of square is the sum of two quantities; the sum of square

due to the regression (SS) and sum of squares of the residuals (MS). The quantity of

total sum of square has associated with it N-1 degree of freedom (df) with N is the

total number of observations collected.
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4 factors., 2 Blocks., 22 Funs: M5 REesidual=. 00000082
DV ENZYME A
Factor df HS F ju]
1 .000001 @ 745300 @ . 421132
(1 )GECMETRY (L} Loogoon 1 .ooaooo L313737 .595674
GEOMETREY (0 Loogonz 1 Lo0ooo3 | 3.44e272 .112783
(23LAC. CON (L} Loogoon 1 .ooaooo .205008 .BEERZD
LAC. CON (Q3 Loogoon 1 .ooaooo 025895 LB77438
(335SUC. CON (L) Loogoon 1 .ooaooo L197472 LB72349
SUC.CON (00 .oooool 1 .o0ooo1 .895R54 .380487
{4)TEHE D (L} .gooonz 1 .oooooz | 2.823409 .143899
TEME D {00 .goooonl 1 .00oo01  1.042008 . 346737
1L by 2L .gooooo 1 .oooooo 060798 .B13458
1L by 3L .gooooo 1 .oooooo 053263 .B2E5147
1T by 4L .gooon? 1 .oooooy? | 8.775894 .025204
2L by 3L .gooooo 1 .oooooo .339498 .581340
2L by 4L .gooonz 1 .oooooz2 - 2.56R911 .160240
3L by 4L .gooooo 1 .oooooo 200700 .BE9B7Y
Error .oooons & .ooooo1
Total S5 .oooongl 21

Table 14 : Regression Analysis for Enzyme Activity, Quadratic Response Surface
Model Fitting (ANOVA)

In addition to computing the sums of squares, mean squares, and F-ratios the
Statistica’s program also computes a P-value, which is area under the F-Distribution
density to the right of the calculated F-ratios.

F = MS Due to Regression
MS Residual

38.3049

99.9247

= 0.3833

P-values calculated by the program will be comparing with the F-ratios
values to determine which factors and interactions have significance effects. When
the P-value for a particular factor is smaller than F-values, the factors was

significant.
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The Pareto chart from Figure 4.10 shows the ANOVA standardized effect
estimates sorted by their absolute size to indicate the minimum magnitude of

statistically significant effects.

Pareto Chart of Standardized Effects; Variable: ENZYME_A
4 factors, 2 Blocks, 22 Runs; MS Residual=.0000008
DV: ENZYME_A

p=.05

1Lby4L | 2.962413
GEOMETRY(Q)
(4)TEMP_D(L)
2Lby4L
TEMP_D(Q)
SUC.CON(Q)
BLOCK(1)
2Lby3L
(1)GEOMETRY(L)
(2)LAC.CON(L)
3Lby4L
(3)SUC.CON(L)

| 1.856414
| -1.6803
| -1.60216

| -1.02079
| -.94639
| 8633075
| 5826645
| -.560123
| .4527776
| -.447995
| 1444378

1Lby2L
1Lby3L
LAC.CON(Q)

-.246573
-.230788
-.16092

-0.5 0.0 0.5 1.0 15 2.0 25 3.0 315

Effect Estimate (Absolute Value)

Figure 4.10: Pareto Chart of Effect of Variables for Experimental Design of Enzyme
Activity.

The Pareto chart shows the effect estimate of the most important factor. In
this case, the most important factor is the interaction between temperature and
geometry, followed by geometry, temperature and sucrose concentration
respectively. Lactic acid concentration shows the least significant effect to the
experiment. From this result, we can decide that temperature and geometry is the

most important factor and helps to increase enzymatic activity in the product.

The result from the Pareto chart was as in the theory which is temperature is

the main factor affected to the enzyme.



Fitted Surface; Variable: ENZYME_A
4 factors, 2 Blocks, 22 Runs; MS Residual=.0000008
DV: ENZYME_A

I 0.002
B 0.003
B 0.004
= 0.004
[ 0.005
[ 0.006
=1 0.006
I 0.007
B 0.008
Il 0.008
Bl above

Figure 4.11 : Contour surface plot of enzyme activity value as function of the

geometry and lactic acid concentration.

2=23.116776632396-.45476785054866*x+.0022346296357955*x"2
+.23945552580742*y-.048842617767441*y"2-.002161235099074*x*y
-.000010114416440681*53.6658*x+.000074599568516824*37.481*X
+.00025535568975708*53.6658*y-.00046810267872745*37.481*y
-.20602156
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Fitted Surface; Variable: ENZYME_A
4 factors, 2 Blocks, 22 Runs; MS Residual=.0000008
DV: ENZYME_A

I -8.521e-5
I 8.007e-4
[ 0.002
[ 0.003
[ 0.003
[ 0.004
[ 0.005
I 0.006
I 0.007
I 0.008
Bl above

Figure 4.12 : Contour surface plot of enzyme activity value as function of the

geometry and sucrose concentration.

2=23.116776632396-.45476785054866*x+.0022346296357955*x"2
+.0015939358894136*y-.0000054774839779093*y"2
-.002161235099074*.17*x-.000010114416440681*x*y
+.000074599568516824*37.481*x+.00025535568975708*.17*y
-.00000065445379077491*37.481*y-.2381565

S7



Fitted Surface; Variable: ENZYME_A
4 factors, 2 Blocks, 22 Runs; MS Residual=.0000008
DV: ENZYME_A

I -0.006
I -0.004
[ -0.003
[ -9.922e-4
[] 5.468e-4
[ o.002
[ 0.004
I 0.005
I 0.007
I 0.008
Bl above
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Figure 4.13 : Contour surface plot of enzyme activity value as function of the
temperature and geometry.

2=23.116776632396-.45476785054866*x+.0022346296357955*x"2
-.0072011507232675*y-.0000032483884393514*y"2
-.002161235099074*.17*x-.000010114416440681*53.6658*X
+.000074599568516824*x*y-.00046810267872745*.17*y
-.00000065445379077491*53.6658*y+.111390137



Fitted Surface; Variable: ENZYME_A
4 factors, 2 Blocks, 22 Runs; MS Residual=.0000008
DV: ENZYME_A

ANAEN

Bl -0.001
B -8.044e-4
B -3.234e-4
I 1.577e-4
[ 6.387e-4
[ 0.001
= 0.002
I 0.002
B 0.003
I 0.003
Bl above

M

Figure 4.14 : Contour surface plot of enzyme activity value as function of the lactic
acid concentration and sucrose concentration.

2=23.116776632396+.23945552580742*x-.048842617767441*x"2
+.0015939358894136*y-.0000054774839779093*y"2
-.002161235099074*101.3327*x-.000010114416440681*101.3327*y
+.00025535568975708*x*y-.00046810267872745*37.481*x
-.00000065445379077491*37.481*y-23.128108
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Fitted Surface; Variable: ENZYME_A
4 factors, 2 Blocks, 22 Runs; MS Residual=.0000008
DV: ENZYME_A

ANAEN

Il -0.005
I -0.004
[ -0.004
/=
]
]

N A

-0.003
-0.002
-8.664e-4

Figure 4.15 : Contour surface plot of enzyme activity value as function of the
temperature and lactic acid concentration.

2=23.116776632396+.23945552580742*x-.048842617767441*x"2
-.0072011507232675*y-.0000032483884393514*y"2
-.002161235099074*101.3327*x+.000074599568516824*101.3327*y
+.00025535568975708*53.6658*x-.00046810267872745*x*y
-.00000065445379077491*53.6658*y-23.122209
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Fitted Surface; Variable: ENZYME_A
4 factors, 2 Blocks, 22 Runs; MS Residual=.0000008
DV: ENZYME_A

I -0.008
I -0.007
[ -0.006
[ -0.004
[ -0.003
[ -0.002
[ -0.001
B 1.22e-4
I 0.001

I 0.002

Bl above

o ARKIAD

Figure 4.16 : Contour surface plot of enzyme activity value as function of the
temperature and sucrose concentration.

Using the optimum value from the model:

Geometry (slice or cube) =101.3327
Lactic acid concentration =0.1700 M
Sucrose concentration = 53.6658 °Brix
Temperature =37.4810°C

We can calculate the optimum enzyme activity from one of the equation from

the contour surface plot of enzyme activity value as function of the factors.

One of the models is Figure 4.16 that shows the contour surface plot of

enzyme activity value as function of the temperature and sucrose concentration.
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z =23.116776632396 +.0015939358894136 * x -.0000054 774839779093 * x"2
-.0072011507232675* y -.0000032483884393514 * y"2
-.000010114416440681*101.3327 * x +.000074599568516824 *101.3327 * y
+.00025535568975708*.17 * x -.00046810267872745*.17*y
-.00000065445379077491* x *y - 23.134905

Sucrose concentration, X = 53.6658
Temperature, Y =37.481
The optimum value for enzyme activity occurred at 0.003527 BU/mg



4.1.3.2 Weight Reduction Analysis Using Experimental Design
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TEXT 2¥%(4) central composite, nc=1b6 n==8 ncl=1 ns0=1 Run==:2%
e 1 2 3 4 : 5 |PREDICTED
BLOCK | GEOMETRY | LAC. CON | SUC.CON | TEME D VR ¥

1 Slice 0.00 40.00 30.00 48 61 3928
2 1 Slice 0.00 40.00 60.00 14,21 289
3 1 Slice 0.00 60.00 30.00 47 .50 4617
1 1 Slice 0.00 60.00 £0.00 11.29 1329
g 1 Slice .10 40.00 30.00 5567 F3d42
g 1 Slice .10 40.00 60.00 61 60 545
7 1 Slice 10 60.00 30.00 6843 713
8 1 Slice 10 60.00 60.00 49 52 4594
g 1 Cube 0.00 40.00 30.00 564 8.96
10 1 Cube 0.00 40.00 60.00 946 £.80
11 1 Cube 0.00 60.00 30.00 22.75 2640
12 1 Cube 0.00 60.00 £0.00 12 .06 775
13 1 Cube .10 40.00 30.00 19.57 1414
14 1 Cube 10 40.00 60.00 14 68 1345
15 1 Cube 10 60.00 30.00 41 55 32
16 1 Cube .10 60.00 60.00 11.86 2145
17 . zlice 0.00 50.00 45.00 168.67 1867
18 . zlice 15 50.00 45.00 30,12 W12
19 Y, slice 05 29 .42 45 .00 16.08 1608
20 . Cube 05 70.58 45 .00 21.93 1193
21 ? Cube il 50.00 14 .13 26 88 047
22 ? Cube il 50.00 75 87 20.34  1E75

Table 15: The Experimental and Theoretical Predicted Values

Table 15 shows the result of experimental and theoretical predicted values for

weight reduction, WR(%). The predicted response calculated by the program and the

graph observed versus predicted values shown in the Figure 4.12. Our goals is to find

the best values for the constant in the models which is the values of constant that

give the best fit to set of data. A good fit of the line to the data means that the line

should be as close to all the data points as possible.
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Observed vs. Predicted Values
4 factors, 2 Blocks, 22 Runs; MS Residual=99.92472
DV: WR_%
80

70 |

60 |

50t

40 |

30

Predicted Values

20

10 t

-10 0 10 20 30 40 50 60 70

Observed Values

Figure 4.17 : Graph Observed vs. Predicted Values for Weight Reduction Response

R? is the fraction of the total variability in the data that is explained by the
model which is useful indicator of how closely the regression equation matches the
data. Figure 4.17 shows that the quadratic regression (R%) was significant at level of
0.919, which is considered high, since the R® values provides a measure of the
variability of the observe response due to the experiment factor and their interaction.
The value of R? is measured the total variation of observed value about the mean
obtained by the fitted model or correlation between the observed and predicted value

from the result.

80
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4 tactors, 2 Blocks, 22 Runs; M5 Residual=99.92472
DV: WR_%
Re 1 -95.% +95 %
Factor C o Std Err. t(h) D Cnf Limt | Cof Lint
Mean/Interc, 1407781 1.9290% 101978  -72903.6  616039.7
BLOCK(1) 4 8.8 -.61914  55BSR3 -26.9 16.0
(1)GEOMETRY (L) -5334 .3 27791 -1.91945 103344 -12134 4 1465 .8
GEOHETRY(Q) 26 .2 13,7 1.90938 104795 -7.4 59.8
(2)LAC.CON (L) 18788 .6 9769.7  1.92314 102818 -G117.1 426943
LAC CON (Q) 1217 .4 3461.5 92947 388510 0 -G252.7 0 11687 4
(3)5UC.CON (L) -58.9 542 -1.08827 318247 -191.4 73.6
SUC. CON (Q) 1 10 1.1118% 308756 -.1 2
(4)TENP D (L) -50.9 291 -1.74%923 130830 -122.1 20.3
TEME D Q) NI 0 10236700 262408 -.0 1
1L by 2L -189.6 1000 -1.89716 106589 -434.2 55.0
1L by iL g 5 1.05571 331743 -7 1.8
1L by 4L g 3 1.65162 149702 -.2 1.2
2L by iL 5 I 10402 920543 -11.7 12.7
2L by 4L 2.5 3 74791 482789 -5.7 10.6
3L by 4L -0 0 -1.65004 150028 -1 Nl

Table 16: Regression Analysis for Weight Reduction, Quadratic Response Surface
Model Fitting (Predicted Value).

From Table 16, the regression equation obtained after analysis of variance
give the level of panels response as a function of the independent variables of the
geometry (slice or cube), lactic acid concentration (M), sucrose concentration ("Brix)
and temperature (°C). All terms regardless of their significance are included in the
quadratic equation below describing the relationship between independent variables

to the response:

Y =271568.0 —5334.3X1+ 26.2X1* +18788.6 X 2 + 3217.4X 2> —58.9X 3+ 0.1X3* —50.9X 4
—189.6 X1X2+0.5X1X3+0.5X1X4+05X2X3+2.5X2X4

The standard error provides an indication of the accuracy of the point
estimate of standard deviation. Smaller of the standard error indicate that the point
estimate is likely to be more accurate because its variability about true value of

probability (p) is smaller.
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Solution: minimumn
Fredicted walues at =olution: -9.94194

DOb=erwved Critical Ob=zerwed
Factor Minimum Values Mamximum
GEOHETEY 100.0000 100.9717 102 . 0000
LAC COH 0.oooo .0339 1529
SUC . COH 29 4202 47 2674 70.57948
TEHME D 14 1303 47 23619 75 86719

Table 17 : Optimum Value for each Parameter

From the model, the optimum values are:

Geometry (slice or cube) =100.9717
Lactic acid concentration =0.0339 M
Sucrose concentration = 47.2674 °Brix
Temperature =47.2369 °C

The result of the analysis of a set of experimental data can be displayed in
table form known as the analysis of variance table. The analysis of variance table
displaying the total, regression (SS), and residual sums of squares (MS) as shown in
Table 18. The entries in the table represent sources that contribute to the total
variation in the data values. The total variation in the data values is called the “total
sum of squares”. Total sum of square is the sum of two quantities; the sum of square
due to the regression (SS) and sum of squares of the residuals (MS). The quantity of
total sum of square has associated with it N-1 degree of freedom (df) with N is the

total number of observations collected.
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4 factors., 2 Blocks, 22 Runs; M5 Residual=99 92472
DV: WE_ X
Factor df HS F P
= 1 38.3049 L383337 .558583
{1 )GECHMETEY (L) ey 1 19. 7269 L197417 LB72391
GEOMETEY (03 364 . 293 1 | 364.2977  3.645721 104798
(23LAC . CON (L) 377 .195% 1| 377.1949 | 3.774790 .100041
LAC CON () 86,327 1 86.32cd LB63918 .388510
(335U CON (L) 175,224 1 | 1752242  1.753562 .233637
SUC . COH () 123,529 1 123.5287  1.23621% 308756
{4)TEHP D (L} 70,311 1 70.310%8 703637 .433705
TEHE D {03 152 .827 1 | 152.8267  1.52941% L262409
1T by 2L 359 650 1 | 359 6500  3.599209 .106589
1T by 3L 111 . 369 1 111.3690  1.1145249 .331743
1T by 4L 272,579 1 | 272 5792  2.72784% .149702
2L by 3L 1.081 1 1.0812 .o1o8zo .920543
2L by 4L 5. B95 1 5. 894% .559367 .482789
3L by 4L 272.057 1 | 272 0571 2.722621 .150028
Exrror 599 G547 & 99, 9247
Total S5 7407 931 21

Table 18 : Regression Analysis for Weight Reduction Values, Quadratic Response
surface Model Fitting (ANOVA)

In addition to computing the sums of squares, mean squares, and F-ratios the
Statistica’s program also computes a P-value, which is area under the F-Distribution
density to the right of the calculated F-ratios.

F = MS Due to Regression
MS Residual
= 38.3049
99.9247
= 0.3833

P-values calculated by the program will be comparing with the F-ratios
values to determine which factors and interactions have significance effects. When
the P-value for a particular factor is smaller than F-values, the factors was

significant.



The Pareto chart from Figure 1 shows the ANOVA standardized effect

estimates sorted by their absolute size to indicate the minimum magnitude of

statistically significant effects.

(2)LAC.CON(L)
GEOMETRY(Q)
1Lby2L

1Lby4L

3Lby4L
(3)SUC.CON(L)
TEMP_D(Q)
SUC.CON(Q)
1Lby3L
LAC.CON(Q)
(4)TEMP_D(L)
2Lby4L
BLOCK(1)
(1)GEOMETRY(L)
2Lby3L

-0.5

Pareto Chart of Standardized Effects; Variable: WR_%
4 factors, 2 Blocks, 22 Runs; MS Residual=99.92472
DV: WR_%
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| 1.942882

| 1:909377

| -1.89716

| 1.651619

| -1.65004

| 1.236696

| 1.111853

| 1.055713

| 9294719

| -.838831

| -444317

.10402

| .7479086
| -619142

| 1.324221

0.0

0.5

1.0 15

Effect Estimate (Absolute Value)

2.0

25

3.0

Figure 4.18: Pareto Chart of Effect of Variables for Experimental Design of Weight

Reduction.

The Pareto chart shows the effect estimate of the most important factor. In

this case, the most important factor is lactic acid concentration, geometry of samples,

sucrose concentration and followed by temperature respectively. From this result, we

can decide that the lactic acid concentration is the most important factor and help to

increase weight reduction of samples. However, from the Pareto chart above, the
small differential value between lactic acid concentrations to the geometry of the

samples makes the geometry of the samples also as the main important factor to

increase percentage weight reduction of samples.



Fitted Surface; Variable: WR_%
4 factors, 2 Blocks, 22 Runs; MS Residual=99.92472
DV: WR_%

Bl -2.873
I 9.594
B 22.061
[ 34.528
[ 46.995
[ 59.462
I 71.929
I 84.396
I 96.863
I 109.33
Il above

Figure 4.19: Contour Surface Plot of Weight Reduction Value as a Function of

Lactic Acid Concentration and Geometry.

Z =271568.01789165-5334.2873683485* X + 26.212109756689 * x"2
+18788.563171948* y + 3217.3922055335* y"2-189.64440580902* x * y
+.52765765344068*47.2674* X +.47432932927146* 47.2369* X
+.51990412355499*47.2674* y + 2.4920902441591* 47.2369* y - 4988.2448
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Fitted Surface; Variable: WR_%
4 factors, 2 Blocks, 22 Runs; MS Residual=99.92472
DV: WR_%

Sy AR

B -4.964
B 5.39

I 15.744
[ 26.098
[ 36.452
[ 46.806
[ 57.16

I 67.514
I 77.868
I 88.222
Il above

Figure 4.20: Contour Surface Plot of Weight Reduction Value as a Function of

Sucrose Concentration and Geometry.

Z =271568.01789165-5334.2873683485* X + 26.212109756689 * x"2
-58.935448146973* y +.073390161829587 * y"2-189.64440580902 *.0339 * x
+.52765765344068* x *y +.47432932927146* 47.2369* X
+.51990412355499*.0339*y -.027490257732913*47.2369* y -1660.4885
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Fitted Surface; Variable: WR_%
4 factors, 2 Blocks, 22 Runs; MS Residual=99.92472
DV: WR_%

Bl -0.42

I 14.323
[ 29.066
[ 43.809
[ 58.552
] 73.295
[ 88.038
I 102.781
B 117.524
Bl 132.267
Bl above

Figure 4.21: Contour Surface Plot of Weight Reduction Value as a Function of
Temperature and Geometry.

Z =271568.01789165-5334.2873683485* X + 26.212109756689 * x"2
-50.919003902798* y +.044882298129873* y"2 -189.64440580902*.0339* x
+.52765765344068* 47.2674* X +.47432932927146* X *y
+2.4920902441591*.0339*y -.027490257732913*47.2674* y -1980.2938
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Fitted Surface; Variable: WR_%
4 factors, 2 Blocks, 22 Runs; MS Residual=99.92472
DV: WR_%

B -3.733

B 7.829

B 19.391
[ 30.953
[ 42.515
[ 54.077
[ 65.639
I 77.201
Il 88.764
I 100.326
Bl above

Figure 4.22: Contour Surface Plot of Weight Reduction Value as a Function of
Sucrose and Lactic Acid Concentration.

Z=271568.01789165+18788.563171948* x +3217.3922055335* X2
-58.935448146973*y +.073390161829587 * y"2
-189.64440580902*100.9717* X +.52765765344068*100.9717*y
+.51990412355499* x *y + 2.4920902441591* 47.2369* X
-.027490257732913*47.2369*y -271414.91
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Fitted Surface; Variable: WR_%
4 factors, 2 Blocks, 22 Runs; MS Residual=99.92472
DV: WR_%

I -0.039

I 15.064
[ 30.166

[ 45.269

[ 60.371

[] 75.473

[ 90.576

I 105.678
Bl 120.78 oS
I 135.883

Bl above

Figure 4.23: Contour Surface Plot of Weight Reduction Value as a Function of
Temperature and Lactic Acid Concentration.

Z=271568.01789165+18788.563171948* x +3217.3922055335* X2
-50.919003902798* y +.044882298129873* y"2
-189.64440580902*100.9717*x +.47432932927146*100.9717*y
+.51990412355499*47.2674* X + 2.4920902441591* X *y
-.027490257732913*47.2674*y -271475.58
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Fitted Surface; Variable: WR_%
4 factors, 2 Blocks, 22 Runs; MS Residual=99.92472
DV: WR_%

[

oA

Bl 2.332

I 19.82

[ 37.309
[ 54.798
[ 72.286
[] 89.775
[ 107.263
B 124.752
B 142.24
B 159.729
Bl above

Figure 4.24: Contour Surface Plot of Weight Reduction Value as a Function of

Temperature and Sucrose Concentration.

Z =271568.01789165-58.935448146973* x +.073390161829587 * x"2
-50.919003902798* y +.044882298129873* y"2
+.52765765344068*100.9717 * x +.47432932927146*100.9717*y
+.51990412355499*.0339* x 4+ 2.4920902441591*.0339* y
-.027490257732913* x*y -271380.67
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CHAPTER IV

CONCLUSION

5.1  Comparison of different drying methods

The comparison of the product quality among three drying methods;
microwave drying, tray drying and osmotic dehydration process, cannot be made.
This is due to the different sample volume for each method. Nevertheless, the
conclusion of the effect of process variable on the product quality for each method is

stated in the next section.
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5.2 Microwave drying of papaya fruit drinks

From the study, it can be concluded that microwave power intensity
influenced the drying characteristics of papaya fruit. As microwave power increased,
the drying rate increased. As to achieve moisture content to nearly zero during
microwave drying of papaya, increase in power intensity results in shorter drying
time. The processing time for microwave power 380 W and 750 W were slightly the
same. However for microwave power 110 W, the time required to remove the
moisture until low moisture content in papaya cubes is 20 minutes, compared to 4
minutes for 380 W and 750 W.

Drying rates were higher during higher moisture content and decreased with
decreasing moisture content. The drying rate increased with increasing of power
intensity at the same moisture content. The comparison made for power intensity
showed that at lower microwave power, the drying rate was low and increased during
higher power levels. The results indicated that mass transfer is rapid during larger
microwave power heating because more heat was generated within the samples,
creating a larger vapor pressure differential between the centre and the surface of
products (Lin et al., 1998). Although papayas have high moisture content, an
expected constant rate period was not observed in this study. It is obvious that the

entire drying process for the samples occurred in the range of falling rate period.

5.3  Tray drying of papaya fruit drinks

From the obtained result, it has been approved that temperature was the most
important factor affected the drying rate and quality of fresh papaya for each
geometry of slice and cube. Increase of air temperature and air velocity caused

reduction of moisture content. However, geometry cut was the most significant
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factor played as a controlling effect on moisture content, in which larger surface
exposure helps temperature to take action strongly. Papaya slices suffered higher

water loss than cubes with regression level (R?) 0.932.

The best quality of papaya fruit drinks is determined by the minimum
moisture content and the maximum enzyme concentration retained. The summary
result obtained from statistical experimental design, showing that the minimum
moisture content is 0.8986 kg water/kg dry weight and the maximum enzyme activity
is 0.0042 U/mg. The optimal condition of moisture content corresponds at
coordinate point (1, 1, 40) of geometry, air velocity and temperature respectively
while optimal condition for enzyme activity was significant at coordinate point
(1,1,60).

5.4  Osmotic dehydration of papaya fruit drinks

The results obtained from all analysis were analyzed statistically using
Response Surface Methodology. The data were analyzed using regression procedure

to estimate the optimum parameters for each response variable.

The critical values for the parameters of enzyme activity response are;
geometry (101.33), lactic acid concentration (0.17M), sucrose concentration
(53.67°B) and temperature (37.48°C). The optimum value for enzyme activity
occurred at 0.003527 U/mg. The interaction between temperature and geometry
affected the quality of the product in term of enzyme activity. However, there is no

significant effect of temperature and geometry to the moisture content.
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The critical values for water loss variable are; geometry (100.63), lactic acid
concentration (0.0000M), sucrose concentration (47.4348°B) and temperature
(48.6465°C). Geometry and sucrose concentration show the most effects on the
water loss of the product. The value of water loss was determined using the fitted
model. From the surface contour graph, it is concluded that higher sucrose
concentration with higher value geometry gives higher water loss. This is because

large size of sample geometry has larger amount of moisture content.

Osmotic dehydration technique is one of the best methods for pre-treatment
process before finish drying method such as conventional drying or microwave

drying.



REFERENCES

Akanbi, C.T., Adeyemi, R.S. and Ojo, A. (2005). Drying characteristics and sorption

isotherm of tomato slices. Journal of Food Engineering (Article in Press).

Araujo, E.A.F., Suezilde, R.C.A., Azoubel, P.M. & Xidieh Murr, F.E. (2004). Drying
Kinetics of nactarine (Prunus persica) with and without shrinkage. Proceedings of
the 14™ International Drying Symposium. Sao Paulo, Brazil, 2189-2194.

Arnon, R. (1970). Methods Enzymol. (Perlman, G.E. & Lorand L., eds.) Vol. 19, 226-44.
Papain.

Cui, ZW., Xu, S.Y. & Sun, D.W. (2003). Dehydration of garlic slices by combined
microwave-vacuum and air drying. Drying Technology, 21(7), 1173-1185.

Cui, ZW., Xu, S.Y. & Sun, D.W. (2004). Microwave-vacuum drying kinetics of carrot
slices. Journal of Food Engineering, 65, 157-164.

Drenth, J., Jansonius, J.N., Koekoek, R. and Wolthers, B.G. (1971). The Enzymes
(Boyer, P.D., ed.) 3" edition, Vol. I1I, Academic Press, 485-99. Papain, X-ray

structure.

Drouzas, A.E. & Schubert, H. (1996). Microwave application in vacuum drying of fruits.
Journal of Food Engineering, 28, 203-209.

Drouzas, A.E., Tsami, E. & Saravacos, G.D. (1999). Microwave/vacuum drying of model

fruit gels. Journal of Food Engineering, 39, 117-122.



El-Aouar, A.A., Azoubel, P.M. & Xidieh Murr, F.E. (2003). Drying kinetics of fresh and
osmotically pre-treated papaya (Carica papaya L.). Journal of Food Engineering,
59, 85-91.

Elisabeth G. and Diane M. B. (2000). Preservative Treatments for Fresh-Cut Fruits and
Vegetables. Trends Food Science Technology. 14:7-11.

Funebo, T., Ahrné, L., Kidman, S., Langton, M. and Skjéldebrand, C. (2000). Microwave
heat treatment of apple before air dehydration — effects on physical properties and

microstructure. Journal of Food Engineering, 46, 173-182.

Garcia-Al Varado M. A., Salgado-Cervantes M. A., Rodriguez — Jimenes G. C., Tejero-
Andrade J. M., and Rosado-Zarrabal T. L. (2001). Determination of water
sorption isosteric heat in papaya (Carica papaya) by thermal analysis. Fruits.
56:6-16

Giraldo, G., Talens, P., Fito, P. & Chiralt, A. (2003). Influence of sucrose solution
concentration on kinetics and yield during osmotic dehydration of mango. Journal
of Food Engineering, 58, 33-43.

Glazier, A.N. & Smith, E.L. (1971). The Enzymes (Boyer, P.D., ed.) 3rd edition, Vol. Il
Academic Press,501-46. Papain and other plant sulfhydryl proteolytic enzymes.

Graziella, C.A, Azoubel, P.M.,. Alves, D.G., El-Aouar, A.A. & Xidieh Murr, F.E. (2004).
Osmotic dehydration of papaya (Carica papaya L.): Influence of process
variables. Proceedings of the 14" International Drying Symposium Sao Paulo,
Brazil. 1998-2004.

Kouvonen, L. (1980). Biochem. Biophys. Acta 626, 244-53. Solubilization of the pig
ileal intrinsic factor receptor with papain treatment and studies on the solubilized

receptor.



Krokida, M.K. & Marinos-Kouris, D. (2003). Rehydration kinetics of dehydrated
products. Journal of Food Engineering, 57, 1-7.

Kullmann, W. (1982). Proc. Natl. Acad. Sci. USA 79, 2840-4. Protease-catalyzed peptide
bond formation: application to synthesis of the COOH-terminal octapeptide of

cholecystokinin.

Kullmann, W. (1984) .Biochem . J.220,405- 16. Kinetics of chymotrypsin-and papain-

catalysed synthesis of (leucine)enkephalin and (methionine)enkephalin.

Lenart, A. (1996). Osmo-convective drying of fruits and vegetables: technology and
application. Drying Technology, 14(2), 391-413.

Lin, W.S., Armstrong, D.A., and Gaucher, G.M. (1975.) Can. J. Biochem. 53, 298.

Formation and repair of papain sulfenic acid.

Matsumura, S. Kumon, A. and Chiba, T. (1985). J. Biol. Chem.260 (3),1959-66.

Proteolytic substructure of brain myosin.

Mitchel, R., Chaiken, I.M., and Smith, E.L. (1970). J. Biol. Chem. 245, 3485. The

complete amino acid sequence of papain. Additions and corrections.

Mujumdar, A.S. (1995). Chapter I. In: Mujumdar, A.S. Handbook of Industrial Drying
(2nd Edn.) p. 21.

Nono Y. J., Nuadje G. B., Anne-Lucie R.-W. and Francois G. (2000). Behavior of certain
tropical fruits during the watering-impregnation soaking process in sucrose
solutions. Fruits. 56:75-83.

Odisseia C. P. G., Eduador G., Dannielle J. S., H.Gerlane C., Magalhaes M. M. d. A. and
Edson L. d. O. (2004). Application of Model Difusional of Plain Plate in the
Drying of Tropical Fruits. Drying 2004 - Proceedings of the 14" International
Drying Symposium (IDS 2004) Sao Paulo, Brazil. C:2113-2119.



Oliveira, M.E.C. & Franca, A.S. (2002). Microwave heating of foodstuffs. Journal of
Food Engineering, 53(4), 347-359.

Pangavhane, D.R., Sawhney, R.L. & Sarsavadia, P.N. (1999). Effect of various dipping
pretreatment on drying kinetics of Thomson seedless grapes. Journal of Food
Engineering, 39, 211-216.

Park, K.J., Bin, A., & Brod, F.P.R. (2002). Drying of pear d’Anjou with and without
osmotic dehydration. Journal of Food Engineering, 56, 97-103.

Piotrowski, D., Lenart, A. & Wardzynski, A. (2004). Influence of osmotic dehydration on
microwave-convective drying of frozen strawberries. Journal of Food
Engineering, 65, 519-525.

Ramesh, M.N., Wolf, W., Tevini, D. & Jung, G. (2000). Influence of processing

parameters on the drying of spice paprika. Journal of Food Engineering, 4, 63-72.

Rastogi, N.K., Nayak, C.A. & Raghavarao, K.S.M.S. (2004). Influence os osmotic pre-
treatments on rehydration characteristics of carrots. Journal of Food Engineering,
65, 287-292.

Robert E. P., Chen W. (1997). Minimal Processing of Papaya (Carica papya L.) and the
Physiology of Halved Fruit. Postharvest Biology and Technology. 12: 93-99.

Sereno, A.M., Moreira, R. & Martinez, E. (2001). Mass transfer coefficients during
osmotic dehydration of apple in single and combined aqueous solution of sugar

and salt. Journal of Food Engineering, 47, 43-49.

Silveira, E.T.F., Rahman, M.S. & Buckle, K.A. (1996). Osmotic dehydration of
pineapple: kinetics and product quality. Food Research International, 29, 227-
233.



Sluyterman, L.AE. & DeGraaf, M.J.M. (1972). Biochim. Biophys. Acta 258, 554. The

effect of salts upon the pH dependence of the activity of papain and succinyl-papain.
Sluyterman, L.AE. (1967). Biochim. Biophys. Acta 139, 418

Smith, E.L. and Kimmel, J.R. (1960. The Enzymes (Boyer, P.D. et al. eds.) 2" edition,
Vol. 4, Academic Press, 133- 73. Papain.

Stuchly, S.S. & Stuchly, M.A. (1983). Microwave Drying: Potential and Limitations. In:
Mujumdar, A.S. Advances in Drying, Volume Il. Washington, New York,
London: Hemisphere Publishing Corporation. 53-71.

Telis-Romero J., Guizzo-Silva L.K., Telis V. R. N. (2003). Rheology Properties of
Rehydrated Papaya. Brazillian Journal of food Technology. 6(2):221-227

U. S. Patent Document Workman. 996623. August 1993. 426/597.

Van Arsdel, W.B., Copley, M.J. & Morgan, A.l. (1973). Food Dehydration , Vol. 2, (2nd
Edn.) . Van Nostrand/AVT Publishing, New York.

Vega-Mercado, H, Gongora-Nieto, M.M. & Barbosa-Canovas, G.V. (2001). Advances in
dehydration of foods. Journal of Food Engineering, 49, 271-2809.

Vinci, G., Botre, F., Mele, G. & Ruggieri, G. (1995). Ascorbic acid in exotic fruits: a
liquid chromatographic investigation. Food Chemistry, 53, 211-214.

Wang, J. & Sheng, K. (xxxx). Far-infrared and microwave drying of peach. Article in

Press.

Yongsawatdigul, J. & Gunasekaran, S. (1996). Microwave-vacuum drying of cranberries:
Part I. Energy use and efficiency. Journal of food processing and preservation,
20, 121-143.



EFFECT OF DRYING PARAMETERS AND GEOMETRY
ON PAPAYA QUALITY

NURUL ASYIKIN MD ZAKI*, LIZAWATI MOHD DARWI, LIZA MD. SALLEH, IDA
IDAYU MUHAMAD

Bioprocess Engineering Department, Faculty of Chemical Engineering and Natural Resources,
Universiti Teknologi Malaysia, 81310 Skudai, Johor.

Email: nursyique@yahoo.com

Due to the importance of minimizing thermal stresses over drying and maintenance of
relevant compounds, selection of proper drying condition is necessary to maintain the
quality of the processed fruit. The aim of this project is to study the effect of various
drying parameters i.e. temperature, air velocity and geometry cut on the quality of papaya
based on moisture content. Slices (0.5 x 1.5 x 1.5 cm) and cubes (1.0 cm) of papaya were
treated in tray drier (Armfield UOPS8) at different levels of temperature (40, 50 and 60 °C)
and air velocity (0.5, 1.0 and 1.5 m/s). Temperature was found to be significantly
influencing the drying performance for both slices and cubes. However, geometry was
the most significant factor played as a controlling effect on moisture content, in which
larger surface exposure helps temperature to take action strongly. Slices suffered higher

water loss than cubes with regression level (R%) 0.932.

Keywords: tray drying; papaya; moisture content; geometry; response surface

methodology
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Papain Enzyme Activity of Papaya

Nurul Asyikin Zaki*, Rosmaria Abu Darim, Liza Md Salleh, Ida Idayu Muhamad

Department of Bioprocess Engineering, Faculty of Chemical and Natural Resources Engineering,
Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor.
Email: nursyiqgue@yahoo.com

Due to the increasing demands of fruit drink mixes, papaya fruit tea is proposed for
commercialization as a nutritious tea drink by maintaining the quality of the processed
fruit. The aim of this project is to study the effect of various processing parameters on
quality of the preserved papaya based on papain enzyme activity. Slices (1.5 x 1.5 x 0.5
cm) and cubes (1.0 cm) of papaya were treated in solution of sucrose (45, 55 and 65
°Brix) and lactic acid (0, 0.005 and 0.10 M) under specified temperature (30, 40 and 60
°C). Osmotic dehydration process was carried out for 24 hours. Analysis of papain
enzyme activity was then carried out. Analysis of variance (ANOVA) using Statistica
5.0 was performed to determine the lack of fit and the significance of the product effect
of the independent variables on the quality attributes. Preservation of fruit by osmotic
dehydration has been proved to increase product quality retention. A unique processing
technique of papaya fruit tea has been established by optimization of the dehydration

process.

Keywords: papaya, osmotic dehydration, papain, enzyme activity, response surface



Effect of Microwave Power Intensity on
Drying Characteristic of Carica papaya L.

Nurul Asyikin Zaki*, Ida Idayu Muhamad, Liza Md. Salleh
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Universiti Teknologi Malaysia, 81310 Skudai, Johor.
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Microwave drying is of increased interest among food researchers. The
microwave power plays an important part to ensure that the product quality is improved.
The aim of this project is to study the effect of power intensities during microwave
dehydration on drying characteristics of Carica papaya L. Papaya cubes of 2 cm were
treated in microwave oven at different power levels (110W, 380W and 750W) until the
moisture content reached nearly zero. The effect of changing the microwave power
intensity on the drying characteristics of papaya cubes is studied. The drying rate
increased with increasing of power intensity at the same moisture content. Higher

microwave power level results in shorter drying time.

Keywords: papaya, microwave drying, drying characteristics, moisture content
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Conclusion

RESPONSE SURFACE METHODOLOGY

Papaya slices suffered higher degradation compared to cubes of papaya.
ANOVA Statistica 5.0 e 9 9 P papay

Increase in osmotic solution ¢ _Eration and process temperature results in higher
osmotic dehydration rate. Model obtained for papain enzyme activity response through
response surface methodology was significant (R2 = 0.94) and predictive, as shown:
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Effect of Microwave Power Intensity on
Drying Characteristics of Carica papaya L.
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Microwave drying is of increased interest among food researchers. The microwave
power plays an important part to ensure that the product quality is improved. The
aim of this project is to study the effect of power intensities during microwave
dehydration on drying characteristics of Carica papaya L. Papaya cubes of 2 cm3
were treated in microwave oven at different power levels (110W, 380W and 750W)
until the moisture content reached 0.1 kg/kg d.b. The effect of changing the
microwave power intensity on the drying characteristics of papaya cubes is studied.
The drying rate increased remarkably with the increase of power intensity at the
same moisture content. Higher microwave power level results in shorter drying time.

Keywords: papaya, microwave drying, drying characteristics, moisture content

Background

Papaya (Carica papaya L.) has been regarded as one of the most valuable tropical
fruits that contains beta carotene, protein, carbohydrate, vitamins and minerals. Thus
processing and preservation of papaya is important to improve the product quality and
retain its nutritional value. Selection of proper drying technique and conditions is
necessary to optimize the drying performance while retain the quality of the
dehydrated product. In recent years, microwave drying has offered an alternative way
to improve the quality of the dehydrated products.

Major advantages of microwave drying of foods are higher drying rate, energy saving
and uniform temperature distribution giving a better product quality (Wang and Sheng,
2005)= The microwave energy penetrates directly into the material, causes volumetric
heating'from the inside out of the material and provides fast and uniform heating
throughout the entire product. The quick energy absorption by water molecules
cau rapid evaporation of water, resulting in higher drying rate of the food and
creating an outward flux of rapidly escaping vapor. Because the removal of moisture
IS accelerated, the heat transfer to the solid is slowed down significantly due to the
absence of convection (Wang and Xi, 2005). The increased drying rate and lower heat
er provides energy saving of microwave drying. The aim of this project is to
effect of microwave power intensities on drying characteristics _of Carica

Materials & Methods

PREPARATION OF PAPAYA FRUIT
|——, Hand-peeled and Cut
"'-:I Cubes (2.0 cm3)

MICROWAVE DRYING PROCESS
(Wang & Sheng, 2005)

Power Intensity (110W, 380W, 750W)

MOISTURE CONTENT DETERMINATION

Niuimn Mathad (Timalkha 29ANANY

Moisture Ratio

Time (s)

Fig. 1. Moisture ratio versus time at different microwave power intensities
Figure 1 shows the moisture ratio versus time during microwave drying of
papaya cubes at different power intensities. As the microwave power
intensity increased, the time required to achieve low moisture content i.e.
0.1 kg/kg d.b. decreased. Four and five mi S processing times were
required for microwave power 380W and 7 respectively. However for
110W, longer time was required i.e. 14 min
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Conclusion

Microwave power intensity influences the drying characteristics of papaya fruit. The
drying rate increased remarkably with the increase of power intensity at the same
moisture content. Higher microwave power level during microwave drying of papaya
cubes results in shorter drying time.
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