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APPLICATION OF RSM TO OPTIMIZE PROCESS
CONDITIONS FOR THE DEVELOPMENT OF
GHEWAR

ABSTRACT

RSM was performed for the optimization of processing conditions to develop ghewar,
traditional sweetmeat of India. Shelf stability of optimized ghewar sample was evaluated at
ambient temperature for 30 days. Three variables i.e. frying oil temperature (160-180 °C),
batter temperature (5-10 °C) and frying oil time (4-6 minute) were taken to investigate the
effect on ghewar responses viz., oil content, moisture content, texture and sensory attributes
(OA). The optimum conditions were 160 °C frying oil temperature, 5°C batter temperature
and 4 minute frying oil time. The ghewar was shelf stable for 30 days in metallised foil
pouches during storage.
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1. INTRODUCTION

Traditional sweets of different types are made in India. They are classified on the basis of
different ingredients i.e. dairy, cereals, pulses; fruits or combinations thereof. Most popular
traditional sweets are Peda, Barfi;;.Laddoo, Jalebi, Emarti, Gulabjamun, kalajam, Rasgulla,
Soanpapdi, Ghewar, Mysore -pak, Kajukatli, Rasmalai, Sandesh, Kalakand, Puranpoli,
Malpua, Phirnee,Chikki etc. These traditional sweets depend on regional preferences and
practices. Indian traditional:sweets are also known as 'Mithai'. They are more intense and
sweeter than western sweets and desserts and quite a bit heavier because of having ghee
or clarified butter. Many researchers have worked on development of different Indian
traditional sweets like Pinni [1], Jalebi[2], Khoa jalebi [3], Chiroti [4], Inderse [5], Dodaburfi[6],
Ghewar [7] and_Cocenut Barfi [8] etc., but it is important to optimize the process conditions
to standardize the making process of Indian traditional sweets for popularization in India as
well as abroad. through entering in organized food processing sector. It is also a big
challenge to provide the safe and quality product with increased shelf life. Process
standardization of Indian traditional sweets may also overcome the problem of getting safe
and quality sweets with enhanced shelf life.

Ghewar is a round shaped Indian traditional sweet, prepared using refined wheat
flour, ghee and sugar solution. It has honey-comb porous pattern and crispy texture. Batter
of refined wheat flour is fried in butter and dipped in sugar solution of measured consistency.
It is famous in northern region of India and given as a token of gift in the festivals. Ghewar is
prepared by deep frying in oil. Deep frying provides the crispy quality and delicious flavour to
the ghewar because of physico chemical changes throughout interaction of fat-food at higher
frying oil temperatures [9]. It also enhances the shelf life due to removal of water from the
final product [10].




The Response Surface Methodology is used in designing and formulation of new
scientific studies. New product can also be developed and analysed using the RSM
approach [11, 12].

The study was conducted to standardize the making process of Ghewar under
controlled processing conditions. Standardization of Ghewar making process will open the
new avenue to bring the age old traditional knowledge into the organized food processing
sector. Sustained focus on enhancing organized food processing and increasing exports
may boost the Indian economy many folds.

2. MATERIALS AND METHODOLOGY
2.1 Preparation of Indian traditional sweet (Ghewar)

In this method, clarified butter (35g) and ice cubes were creamed together. Ice cubes were
removed after getting cream like consistency. Then, refined wheat flour (100 g) is added
gradually continuing the creaming process. When adequate aeration;is achieved, small
amount of milk (20 ml) is added and mixed thoroughly. Then, water is (200 ml) added into
the mixture to achieve batter of thin consistency. Then, ghewar mould'is placed in an open
iron pan and poured melted ghee (clarified butter) in it. The clarified: butter is heated at
optimized temperature and time in a fryer. Then, one spoonful.of batter is poured into mould
in thin stream and fried. Another spoonful batter is poured in the centre in a thin stream
when froth subsides. Process was repeated 6-7 times byumaking hole in the centre of
ghewar by wooden skewer stick while pouring batter each.time in the centre. The frying oil
time and temperature were maintained according to optimized conditions by RSM. When the
centre gets firm and fried, the ghewar was. pulled out.gently from the fat. Then, ghewar
samples were cooled at room temperature and poured sugar syrup on it and again allowed
for cooling.

2.2 Experimental design for optimization of Ghewar

A central composite rotatable design (CCRD) was employed. The independent variables
considered for optimization;of ghewar making process were frying oil temperature (160-
180°C), batter temperature (5-10°C) and frying oil time (4-6 minute).

2.3 Estimation of fat.and:moisture content

Fat and moisture content of ghewar samples were analysed as described by Ranganna [13]
and officialsmethods of analysis [14], respectively.

2.4Textureanalysis

Texture analyser (Stable Micro System) was used to analyse the hardness of ghewar
sample.as described by Bourne [15]. Knife blade cut with slotted insert probe (HDP/BS)
made of stainless steel was used throughout the experiments. HDP/90 platform was used to
place the Ghewar samples. Load cell of 5 kg was used to measure the force for texture
analysis.

2.5Colour analysis
A colour measuring instrument Chroma Meter CR-400 with 8mm aperture size (Konica

Minolta, JAPAN) was used to determine the colour values of ghewar samples in terms of L,
a and b values. Hue angle, chroma and total colour difference were also computed [16].



3. RESULTS AND DISCUSSION

3.1 Response surface modeling and 3-D graphs for oil content of ghewar

Oil values in ghewar samples were found from 44 to 60.42 (Table 1). The Ghewar prepared
using 180 °C of frying oil temperature, 10 °C of batter temperature and 6 minute of frying oil
time having the maximum oil values 60.42. The minimum oil value in ghewar sample was
obtained for experiment having 160 °C of frying oil temperature, 10 °C of batter temperature
and 4 minute of frying oil time.

The different statistical characteristics of oil values are shown in Table 2. The relationship
between frying oil temperature, batter temperature, frying oil time and oil values 'of ghewar
shows the significant F value of model, 9.30. A non-significant Lack of Fit F value (3.69) was
obtained (Table 32. The observed R* value (0.8933) indicates that 89.33% of data:fits in the
model. The Adj R” (0.7973) and Adequate Precision (10.735) show the model accuracy and
signal to noise ratio, respectively (Table 4). Eq. (2) represents the effectiof independent
variables on the oil content of ghewar:

Oil content = 54.81 + 3.05q; - 0.038a, + 4.22a; + 0.430,0, +0.68.0,05+:0.0100505- 0.780(12 -
0.140,% -1.1303

3.2 Influence of independent variables on oil contentof developed ghewar

The influence of frying oil temperature, batter temperature and frying oil time on the oil
content of ghewar is illustrated in the form of 3-D.surface graph (Fig 1). It is observed from
the equation (2), that oil content of ghewar had significant positive linear effect of frying oil
temperature (a1) and frying oil time (a3): The quadratic and interaction terms were observed
non-significant. Figure 1 shows the significant" effect on the oil absorption of ghewar.
Increased oil absorption was observed:.during.increased frying oil temperature and frying oil
time. Similar observations have been reported by various researchers [17, 18].

Table 1. Experimental central composite design and result of responses for Ghewar

Variables Responses
Run Frying Batter Frying Oil content  Moisture Overall
Temp. (°C) Temp. (°C) Time Content  Acceptability (Hardness

(Minute) )N

1 160.00 5.00 4.00 45.33 4.65 8.0 15.2

2 180.00 5.00 4.00 48.33 3.68 7.3 7.91

3 160.00 10.00 4.00 44.00 4.23 8.2 16.84

4 180.00 10.00 4.00 49.00 3.57 7.6 12

5 160.00 5.00 6.00 54.00 3.05 4.0 15.67

6 180.00 5.00 6.00 60.00 2.40 2.0 15.63



7 160.00 10.00 6.00 53.00 3.34 4.0 22.56
8 180.00 10.00 6.00 60.42 2.33 2.0 16.98
9 153.50 7.50 5.00 48.00 4.11 6.0 24.96
10 186.00 7.50 5.00 60.00 2.02 4.5 19.8
11 170.00 3.50 5.00 55.60 3.03 5.0 6.5

12 170.00 11.50 5.00 56.03 2.68 5.0 16.6
13 170.00 7.50 3.50 48.00 3.13 6.0 11.2
14 170.00 7.50 6.50 58.00 2.66 4.0 20.5
15 170.00 7.50 5.00 55.35 2.69 7.75 15.12
16 170.00 7.50 5.00 53.00 2,85 7.0 13.8
17 170.00 7.50 5.00 53.50 2.97 7.3 12.25
18 170.00 7.50 5.00 56.50 2.32 6.0 14.1
19 170.00 7.50 5.00 56.00 2.67 8.0 13.05
20 170.00 7.50 5.00 54.00 2.32 7.5 16.89
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TABLE 2. ANOVA for different responses (Quadratic Mo

Coefficient Estimate

Oil  Moisture Overall Hardness | Oil Mo
Uptake Acceptability (Texture) | Uptake
Model 54.81  2.62 7.24 14.25 | 9.30 4
a 305  -050 -0.57 -1.94 | 2655 1
a, ~-0.038 -0.066 0.039 2.27 |4.098E- O
003
a; 422 0.42 -1.64 253 | 50.86 1
aa, 043 -6.250E- 0.016 -0.39 031 15
003 C
a,03 0.68  -3.750E- -0.33 0.81 077 5.6
003 C
a03 0010  0.094 -0.066 031 |[1.676E- O
004
a> 078 025 -0.62 2.60 1.84 4
a’ 014 017 -0.71 -1.23 | 0058 2
a2 -113 019 -0.71 0.29 3.88 2




Table 3.ANOVA for response surface quadratic model of different responses of

Ghewar
Responses Source Sum of Mean F Value P Value
Square Square
Oil Uptake Lack of fit 37.56 7.51 3.69 0.0889
Pure error  10.17 2.03
Moisture Lack of fit 1.65 0.33 4.56 0.0607
Pure error  0.36 0.072
Overall Lack of fit 11.38 2.28 4.55 0.0610
Acceptability
Pure error  2.50 0.50
Hardness Lack of fit 21.47 4.29 1.61 0.3081
Pure error  13.38 2.68
Table 4.Model statistical attributes for different responses of Ghewar
Responses
Oil Uptake Moisture Overall Hardness
Parameters Acceptability
Std. Dev. 2.18 0.45 1.18 1.87
Mean 53.40 3.04 5.86 15.38
CV% 4.09 14.76 20.12 12.14
PRESS 299.07 13.08 90.04 194.62
R 0.8933 0.7888 0.8094 0.9085
Adj R* 0.7973 0.5988 0.6379 0.8261
Pred R* 0.3316 -0.3763 -0.2359 0.4888
Adeq 10.735 6.379 6.631 13.558

Precision




3.3 Response surface modeling and 3-D graphs for moisture content of
ghewar

Values of moisture of ghewar prepared from different experimental conditions were in the
range of 2.02 to 4.65 (Table 1). The ghewar prepared using 160 °C of frying oil temperature,
5 °C of batter temperature and 4 minute of frying oil time got the highest score of moisture
content (4.65 %). The lowest value of moisture content (2.02 %) was found for Ghewar
prepared using process parameter 186 °C of frying oil temperature, 7.50 °C batter
temperature and 5 minute of frying oil time.

The different statistical characteristics of moisture are shown in Table 2. The relationship
between frying oil temperature, batter temperature, frying oil time and moisture values of
ghewar shows the significant F value of model, 4.15. A non-significant Lack of Fit F.value
(4.56) was obtained (Table 3). The value of R* (0.7888) and adjusted R* (0:5988) indicate
the model accuracy. The adequate precision value of 6.379 is a signal to noise ratio which
indicate the adequate model discrimination (Table 4). A ratio more than 4:is appropriate.
The model Eg. (3) represents the effect of independent variables on.the moisture content of
ghewar:

Moisture = 2.62 - 0.50qa; - 0.066a, - 0.420a; - 6.250><1O'3cxlaz -3.750><1O'3c11c13 + 0.094a,03 +
0.250,° + 0.170a, + 0.19a3> (3)

3.4 Influence of independent variables on the moisture content of developed
ghewar

The interaction effect of frying oil temperature, battertemperature and frying oil time on the
moisture content of ghewar is shown in the form of:3-D surface graph (Fig. 2). It is observed
from the equation (3), moisture content.of fried Ghewar had significant positive linear effect
of frying oil temperature (a1) and frying oil time (a3) at 95 % confidence level. The quadratic
and interaction terms were observed non-significant. Figure 2 depicts the significant effect
on the moisture values of ghewar. It was/observed that moisture values are decreasing
significantly with increasing temperature & time. Quite Similar results were also recorded by
various researchers [19, 20]. The reason of decreasing the moisture content with increasing
the frying oil temperature and time is due to the water vaporizes rapidly after reaching to its
boiling point [21].
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Figure 2. 3-D surface graph showing the effect of process variables on moisture
content of Ghewar

3.5 Response surface modeling and surface plots for overall acceptability

Overall acceptability is measured using our sense organs [22,23]. The range of overall
acceptability of the ghewar in the different expenmental runs were 2 to 8.2 (Table 1). The
Ghewar made using 160 °C of frying oil temperature, 10 °C batter temperature and 4 minute
of frying oil time got the maximum score of overall acceptability (8. 2) Minimum score was
found for two experimental runs i.e. 180 °C of frying oil temperature, 5 C batter temperature
and 6 minute of frying oil time and 180 °C of frying oil temperature, 10 °C batter temperature
and 6 minute of frying oil time.

The different statistical characteristics of overall acceptability are shown in Table 2. The
relationship between frying .0il temperature, batter temperature, frying oil time and overall
acceptability of ghewar shows the significant F value of model, 4.72. The value of R?
(0.8094) and adjusted R® (0:6379) indicate the model accuracy. The adequate precision
value (6.631) indicate adeguate model discrimination (Table 4). Signal to noise ratio greater
than 4 is appropriate. Below mentioned quadratic model of overall acceptability achieved
from statistical analysis in term of coded levels:

Overall Acceptabnhty 7. 24 0.57a; + 0.039q; -1.6403 + 0.016 0,0, - 0.330,03 - 0.066 0,03 -
0.62a,”<0.71a,” - 0.71a5” 4)

3.6 Influence of independent variables on the overall acceptability of
developed Ghewar

The interaction effect of frying oil temperature, batter temperature and frying oil time on the
overall acceptability of Ghewar is shown in the form of 3-D surface graph (Fig 3). It is
observed from the equation (4), overall acceptability of fried Ghewar had significant negative
linear effect of frying oil time (a3) at 95 % conﬂdence level. The interaction term were
observed non-significant. The batter temperature (02) and frying oil time (03) having
significant negative quadratic effect.



It can be observed from the figure 3 that overall acceptability first increases then decreases
with increase in frying oil temperature. Reason may be the development of crispiness when
temperature increases. Further increase of frying oil temperature, develop intermediate
chemicals as a result of browning reaction. It was observed from the figure 3, overall
acceptability is decreasing as frying oil time increasing. The reason might be excess frying
that produces off flavour, taste and colour.
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Figure 3. 3-D surface graph showing the effect of process variables on overall
acceptability of Ghewar

3.7 Response surface modelling and surface plots for texture (hardness)

The range of the textural attribute (hardness) of the Ghewar in the different experlmental
runs were found from 6.5 N to 24.96 N (Table.1).The-Ghewar made using 153.18 °C of
frying oil temperature, 7.5 °C batter temperatureand 5 minute of frying oil time got the
highest score of hardness (24.96 N) The lowest, score of 6.5 was observed for Ghewar
made using process parameters 170°C of frying oil temperature, 3. 3°C batter temperature
and 5 minute of frying oil time.

The different statistical characteristics of textural attribute (hardness) are shown in Table 2.
The relationship between.frying oil temperature, batter temperature, frying oil time and
textural attnbute (hardness) of ghewar shows the significant F value of model, 11.03. The
observed R® value (0.9085) indicates that 90.85% of data fits in the model. The Adj R
(0.8261) and Adeguate-Pregision (13.558) show the model accuracy and signal to noise
ratio, respectively (Table 4). Eq. (5) represents the effect of independent variables on the
textural attribute (hardness) of ghewar:

Hardness = 14.25 -1.94a; + 2.27a, + 2.530;3 - 0.390,0, + 0.81a;0;3 + 0.31a,05 + 2.600(12 -
1.23a,° +0:2905° (5)

3.8 Influence of independent variables on the textural attribute (hardness) of
developed Ghewar

The interaction effect of frying oil temperature, batter temperature and frying oil time on the
hardness of Ghewar is shown in the form of 3-D surface graph (Fig 4). Texture of the food
can be measured mechanically, which indicate the structural conversion in the product
during frying [24]. Frying oil temperature have significant impact on hardness of Ghewar
sample. Significant effect on hardness of Gulabjamun were also observed during frying [25].
It was observed from the Figure 4, that hardness value decreases with increased frying oil
temperature and reduced batter temperature. Market Ghewar samples have similar results
of hardness values [26]. Honeycomb texture and special shape of Ghewar is developed due
to the binding effect of refined wheat flour [27-29]. Hardened ghewar is obtained when fried



at higher temperature range for longer time. Choe and Minalso supported the similar results
in his study [30].
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Figure 4. 3-D surface graph showing the effect of process variables on‘“hardness
(texture) of Ghewar

3.90ptimization of process parameters and result verification

Process parameters were optimized to develop Ghewar on the basis of minimum oil uptake,
minimum batter temperature (°C), in range frying oil temperature (°C), in range frying oil time
(minute) and in range overall acceptability. Under these “eriteria, optimum process
parameters for the development of Ghewar were found 160 °C of frying oil temperature, 5 °C
of batter temperature and 4 minute of frying oil time: The result of responses were 46.64% of
oil uptake, 4.30% of moisture, 7.0 of overall acceptability and 13.79 N of texture (hardness)
with desirability of 0.916 (Table 5). The Ghewar:was prepared using the above mentioned
optimized process conditions and the developed Ghewar was again analysed for oil uptake,
moisture, overall acceptability and texture: (hardness). The predicted and experimental
values of process parameters of optimized Ghewar were almost similar and is presented in
Table 5.

Table 5. Predicted and experimental values for different parameters of optimized

combination

Responses Predicted value Experimental value
Oil Uptake (%) 46.64 45.33 + 0.2**
Moisture (%) 4.30 4.65 + 0.1*
Overall'Acceptability 7.0 8.0+0.1*
Hardness (N) 13.48 15.2 +0.2*

*Values are mean = SD of 6 replicates (n=6); **Values are mean + SD of 3 replicates (n=3)

Table 6.Instrumental colour values and water activity of Ghewar

Colour Attributes Water

activity




Optimized L a b Hue angle* Chroma* Total (*aw)
Ghewar Value* | Value* | Value* Tan-1(b/a) (Va®+b%) Colour
Sample Difference
* (AE)
54.89 15.16 24.97 58.73 + 1.72 29.21 + 48.07 + 0.24 +
+1.74 | +1.23 | +1.00 1.24 1.28 0.01

*Values are mean = SD of 3 replicates (n=3)
3.10Colour characteristics and water activity of optimized Ghewar sample

The result of colour values and water activity of optimized Ghewar samples are shown in
(Table 4). The L, a and b values of optimized Ghewar sample were 54.89,-15:16 and 24.97,
respectively (Table 6). It was observed that the L, a and b valuestare quite closer to market
sample of Ghewar [26]. Redness value of optimized Ghewar.sample was found to be lowest
compared to lightness and yellowness because of the use of optimized temperature. Hue,
chroma and total colour difference values of optimized Ghewar.sample were 58.73, 29.21
and 48.07, respectively (Table 6).

Water activity is an important parameter to ensure shelf life of developed Ghewar. The water
activity of Ghewar sample was found 0.24, which was.quite less as compared to market
samples of Ghewar [26](Table 6). Lower value of water activity indicates the longer shelf life
of Ghewar. The value of water activity. of market samples were high because they would
have been analysed after the soaking in sugar.syrup solution.

3.11Storage study of optimized Ghewar samples

The optimized Ghewar was, first rapped in aluminium foil and then packed in metalized
polyester pouch. The product was packed and stored at 30 + 5°C for a period of 30 days for
storage study. The optimized Ghewar sample was stored for 30 days and monitored after
everyl0 days.

The moistureccontent of .optimized Ghewar increased slightly from 3.70% to 5.12 % during
30 days storage period (Table 7). The moisture content for safe storage of Ghewar was
maintained during. the whole storage period (30 days). The aluminium foil and metalized
polyester pouch. resulted in lower moisture uptake during whole storage period due to
excellent water vapour barrier properties. Various researchers identified the similar outcome
during storage studies of indian traditional sweets [31, 7].

FFA values of fried oil were increasing continuously from 0.33 to 0.54% (Table 7). As FFA
content is maintained less than 1 % during storage, therefore, Ghewar sample can be
considered fit for consumption upto one month. Tiwari et al. also reported the increased FFA
content during storage of legume and cereal by-product based snacks[32].

Lipid oxidation is measured using peroxide value. It was observed that peroxide value were
increasing continuously from 4.8 to 7.6 meqg/kg during the storage period (Table 7). 7.6
meqg/kg peroxide value are considered safe for human consumption. Tiwari et al. reported
the similar trend of increasing the peroxide value during storage of snack[32].




No differences were witnessed in texture of Ghewar during 30 days of storage period. It was
observed that, texture value was decreasing from 15.2 N to 9.40 N during storage period.
Reason may be the increase of moisture content during storage period. Texture value
decreased significantly at 5 % level of significance (Table 7).

Table 7.Physico-chemical and textural changes during storage of Ghewar

Parameter / Days 0 Day 10" Day 20" Day 30" Day
Moisture (%) 3.70 4.13 4.64 5.12
Oil content (%) 45.60 45.01 44.70 43.98
Hardness(N) 15.2 13.90 10.69 9.40
FFA 0.33 0.39 0.45 0.54
Peroxide value 4.8 5.2 6.8 7.6
(meq/kg)

4. CONCLUSION

Standardization of age old traditional technigue of making process of Indian sweets is very
much required to include new food items in organized sector. Ghewar is very popular in
Northern India and has a very wide market: Ghewar is becoming very popular due to its
honeycomb structure and texture but the making process of Ghewar is very complex which
needs the appropriate deep frying.under controlled frying oil temperature, frying oil time and
batter temperature. Taking all these point'into consideration, RSM was adopted for the
optimization of processing conditions. The optimized Ghewar (160 °C of frying oil
temperature, 5 °C of battertemperature and 4 minute of frying oil time) resulted 46.05% of
oil content, 3.93% moisture and 13.78 N of texture (hardness) and acceptable sensory
score. The developed Ghewar have good structure, soft body, pleasant taste, less oil
content and reduced water agtivity. The developed Ghewar can be stored for 30 days period
in metallized foil.pouches. The optimized deep fried Ghewar then can be instantly consumed
after pouring.the hot sugar syrup.
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