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Abstract - Nowadays, many teachers are focused on using active learning techniques in class. Active
learning engages students in learning. Using activities such as reading, writing, discussion, or problem solving,
which promote analysis, synthesis, and evaluation of class content. In proposed paper describes information about
various active learning techniques and its applications.
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[. INTRODUCTION

“Learning is not a spectator sport. Students do not learn much just by sitting in class listening to teachers,
memorizing repackaged assignments, and spitting out answers. They must talk about what they are learning, write
about it, relate it to past experiences, and apply it to their daily lives. They must make what they learn part of
themselves”. Teachers encourage students to participate actively in the classroom. However, many of the learners
are still reluctant to speak up and interact. Learners have the opportunity to follow up and be exposed to new words
and structures by verbal interaction during the teaching processes. With the advent of communicative language
teaching in the 1970s, students’ oral participation in English classes was emphasized as a significant issue. To
promote students’ involvement in classroom activities, active learning strategies have been suggested by many
researchers. Also active learning was introduced as a path to critical thinking and to promote students to think
critically .Research findings have advocated that a suitable learning environment is an active one, not passive. A
discovery learning in which the student is the main agent is supported .A review by concluded that “In those
experiments involving measures of retention of information after the end of a course, measures of problem solving,
thinking, attitude change, or motivation for further learning, the results tend to show differences favoring discussion
methods over lecture™[1].

IT. ACTIVE LEARNING TECHNIQUES

2.1 Role-playing

2.1.1 Introduction

In [3], Role-playing is a tool for active student participation that facilitates cooperative learning and that can be more
effective than traditional methods for training in skills. This techniques allows the students to immediately apply the
content as they are put in the role of decision maker who must make a decision regarding a policy, resource,
allocation and some other outcomes.[2]. This technique is excellent tool for engaging students and allowing them to
interact with their peers as they try to complete the task assigned to them in their specific role. This work can be
done in co-operative groups and /or students can maintain the persona of their role throughout the class period.
Students are more engaged as they try to respond to the material from the perspective of their character.

It can help them become more interested and involved, not only learning about the material, but learning also to
integrate the knowledge in action, by addressing problems, exploring alternatives, and seeking novel and creative
solutions.

2.1.2 Activity implementation
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ABSTRACT '

A systematic approach is proposed to investigate the thin layer vacuum drying characteristics of chemical-free jaggery
using a mathematical model as well as experimentally. Drying experiments were conducted at drying temperature of 60, 70
and 80°C and at a three vacuum pressure range 300, 400 and 500 mm of Hg with the initial moisture content of 9% and final
moisture content of 2%, for slab thickness Smm and 10mm with continuous drying at selected temperature range. The
drying rates increased with an increase in temperature and vacuum in the drying chamber. Based upon the coefficient of
correlation, estimated drying curves were analyzed and compared with six different acknowledged mathematical drying
models. The Page and Arithmetic Diffusion model illustrated an excellent fit to predict the vacuuin drying behavior of the
chemical-free jaggery. The percentage relative deviation was found to vary in the range of 3 to 9%% for predicted and actual

‘ moisture ratios at various drying conditions. Also for this model, the highest coefficient of determination (R?), minimum
values of Residual Sum Square (RSS), and the root mean square error (RMSE) were observed. The effective diffusivity
varied from 2.0198E-10 to 1.89611E-09m?*s over the temperature range. In general, the diffusivity values obtained by
using the Arrhenius model can be predicted with high efficiency and good expandability. Activation energy varied from a
minimum of 27.9936 to a maximum of 86.03 1 kJ/mol.

Keywords: Drying, Vacuum drying, Jaggery cubes, Mathematical modeling.

Nomenclature

T Temperature ) Ea Activation energy (kJ/mol k)
P Pressure ( kpa) R Universal gas constant (8.3143 kJ/mol k)
R Cocfficients of correlation Ta Absolute temperature (k)

RSS  Residual Sum square Xt Moisture content at any given time (min)

RMSE Root mean square error Xe Equilibrium moisture content

MR  Moisture ratio X Initial moisture content

Der  Moisture dependent diffusivity (m%s) Xttdt  Moisture content at time t-+dt
Z Diffusion path (m) Dx Change in moisture content
L Length of slab (m) Dt Change in drying time
[ Thickness of slab (m?) a,b,c,d model constant
D  Diflusivity (m?/s) Wb Wet basis

Dy Pre-exponential factor (m?/s)

. INTRODUCTION moisture present in the fresh jaggery is found to vary between
10-12%. Jaggery loss of up to 25% has been reported due to
hygroscopic nature and presence of moisture. Due to this,
biological activity is initiated and sucrose is transformed into
reducing sugar, further making jaggery more hygroscopic to
attract more moisture. This phenomenon is an endless chain
reaction until total jaggery mass deteriorates by further
liguefaction. Hence, before storage, it is necessary to
dehydrate jaggery up to moisture content level of 2% to
increase shelf life (Kumar and Tiwari 2006),

For value addition to the product, it is necessary to bring it
in a user-friendly form like granular powder which will give
more returns to sugar cane producers (NAAS 2006; Nath et
al. 2015). During research and experimentation for
manufacturing jaggery in granular/powdered form, this work

Jaggery is the natural sweetener manufactured from
sugarcane juice also known as ‘gur’ in India. It is available in
solid form and contains sucrose 70-85%, reducing sugar 10-
15%, total minerals 3.54%, crude protein 1.53%, crude fats
0.21%, carbohydrate 86.42% and energy 353.69Kcal/100g
(Jagannadha Rao er al. 2007). In Ayurveda way of medicine, it
is used as a medicine, blood purifier, and ‘base material for
syrups. It has a moderate amount of iron, magnesium, calcium,
phosphorous, and zinc so it helps to optimize the health of a
person along with all its benefits such as it purifies the blood,
prevents rheumatic afflictions, bile disorders, and thus helps
to cure jaundice. Jaggery has proved itself better as compared
to white sugar due to its nutritional value (Singh 2013). Average
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ABSTRACT

Jaggery is a traditional sweetener and more nutritious than sugar. Therefore, jaggery is demanded a lot in the global
market. Shelf life and user-friendly appearance are the two biggest challenges for commercial use of jaggery. If jaggery is
available in powdered form, due to value addition, more earnings are possible to sugarcane producers-farmers. For the
production of jaggery in granular form, it is required to dehydrate it up to 2% is studied experimentally. The main objective
of this work was to attain higher material rate (yield), lower drying time, and good quality of Jaggery powder. Drying
temperatute, vacuum pressure, and quality of dehydrated jaggery are the three process parameters that have been considered
for optimization of the drying process. Since the process has multiple performance characteristics, the grey relational
analysis is used. For pulverizing jaggery efficiently, pin mill is developed by optimizing the influencing parameters, design
configuration (pin diameter, number of pins, pitch circle diameter (PCD), and pin configuration), speed of the machine, and
teeding rate. The complete process of manufacturing free flow jaggery powder has been developed along with process

parameters selection, optimization and equipment design.

Keywords: Jaggery, Vacuum drying, Multi-objective optimization, Grey relational analysis, pin mill

INTRODUCTION

Jaggery is a natural traditional sweetener and healthy sugar
madc by concentrating the extracted sugarcane juice. India is
the largest producer and consumer of jaggery. Out of total
world production, more than 70% produced by
India(Jagannadha Rao er al. 2007). This sector can employ
about 2.5 million people. Therefore, it is important to expand
the sector, as it provides higher food value to jaggery at a
lower cost and boosts-up the rural economic system (Madan
etal 2004). In Ayurveda, it is used as a medicine, blood purifier,
and base material for syrups. It has a moderate amount of iron,
magnesium, calcium, phosphorous, and zinc which helps to
optimize the health of a person along with all its benefits such
as purification of the blood, prevention of rheumatic afflictions
and bile disorders, and thus helps to cure jaundice (Singh
2008; Sahu and Paul 1998; Sahu and Saxena 1994). As people
become more health conscious, demand for jaggery will
increase not as a sweetener, but as a health supplement and it
has great export potential in the world. The use of jaggery in
daily dict would help to improve the majority population
suffering due to undernutrition and/or malnutrition, and
deficient common dict. It may replace sugar in the making of
healthy foods, and hence, appears to have a bright future
among masscs and could be promoted (Singh et al. 2013).

The jaggery manufacturers are mostly small and marginal
farmers relying on quick returns from jaggery. Therefore, it is
essential to safeguard the sugarcane growers to earn more

*Corresponding author’s E-mail: mahesh pisal@ritindia.edu
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profit from their jaggery manufacturing unit by improving its
quality through value addition, packaging and jaggery based
products with modern technologies (NAAS 2006). Though a
major contributor in the jaggary production, most of the jaggery
business in India suffers from losses. The development of
different value-added products from jaggery and their
commercial availability becomes a need of the hour to sustain
future profitability in the jaggery trade (Nath et al. 2015). The
biggest problem for jaggery manufacturers is shelf life of
Jaggery because of moisture content and the hygroscopic
nature of jaggery. The loss in original texture, colour and flavour
is associated with chemical and microbiological changes,
which leads to deterioration of jaggery quality and colossal
loss to industry and farmers. This loss can be minimized by
removing or reducing the moisture content (Verma et al, 1990).
Jaggery may be value-added if produced in powdered/granular
form with different natural flavour (ginger, black pepper,
cardamom, lemon, efc.), nutrition (protein, vitamins, and
phytochemicals), texture (additives) and taste (additives like
nuts, spices, cereal, and pulses) (Said and Pradhan 2013)
Itis noticed from the literature survey that the established
and affordable technologies for producing jaggery powder/
granules are not developed for commercial mass production.
Many experiments were performed on different types of
grinders such as Ball and tube mills, Ring and ball mill, Hammer
and impact pulverizer, HPGR, granulator, shredder pulverizer,
Universal mills, Attrition mills, Knife Mills, Turbo Mills, Beater
Mills, Disc Mills, and Pin mill to produce lumped jaggery into
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