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Abstract Papad is a crunchy wafer-like snack food con-
sumed all over India and other Asian countries. Tradi-
tionally, sun-drying requires more drying time and reduces
less moisture from papad, which absorbs more oil during
frying. The current study was carried out using microwave-
assisted hot air drying (MAHD) to reduce fried papad oil
content. Box—Behnken design (BBD) was selected to per-
form 17 trials for drying of papad using MAHD along with
different power levels (300, 600, and 900 W), exposure
times (30, 60, and 90 s) and hot air temperatures (40, 50
and 60 °C). The fried papad characteristics were evaluated
in terms of oil content, oil uptake ratio, porosity, expansion
and texture using standard procedures. MAHD helped
reduce higher than 30% of fried papad oil content com-
pared to the traditional method. Scanning electron micro-
scope (SEM) confirmed that the MAHD papad has fewer
pore structures than sun dried-fried papad. Using response
surface methodology (RSM), the optimized parameters of
MAHD was found to be 653 W power level with an
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exposure time of 56 s at 43 °C of drying temperature,
which reduced oil content (7.90 £ 0.02%), oil uptake ratio
(1.50 &+ 0.03), porosity (16.33 & 0.29%) and expansion
(7.97 £ 0.02%) of fried papad.

Keywords Microwave-assisted hot air drying - Box—
Behnken design - Oil content - Oil uptake ratio - Porosity

Introduction

Papad is a crunchy wafer prepared mostly from legume
flour, which is extensively consumed in many parts of
Asia, including India, because of its high nutritional ben-
efits associated with the legumes flour (Patil et al. 2001). In
India, papad making industries have a regional market
where each region consumes a variety of papads such as
appalam, appadam, happala and pappadam in the south
region, papad in Gujrat, Maharashtra and Punjab, Bikaneri
in Rajasthan and east region of India. Papad producing
industries are highly competitive, where greater than 1000
local enterprises contribute nearly INR 1000 crores of
India’s market. It has been increasing at a rate higher than
10% continuously, with exports growing by 30% per
annum (Grorcer 2018).

Papad is consumed as a meal accompaniment after
roasting or frying (Math et al. 2004). It is prepared using a
combination of black gram flour or sorghum or Rice or
green gram as the main ingredient by blending with other
ingredients such as common salt, spices and oil. The dough
of papad rolled into a spherical shape with a thickness of
0.3-2.0 mm and a moisture level of 12-16% (Math et al.
2004; Velu et al. 2008).

The essential unit operations involved in the papad-
making process are mixing ingredients, kneading, cutting,
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shaping, drying, frying, and storage (Patil et al. 2001).
Drying is an essential unit operation during the papad-
making process and traditionally drying performed under
open sun, which has various disadvantages associated with
it. The traditional method for drying of papad is a cost-
effective and time-consuming method. There is also a
chance of contamination due to open drying, which affects
the papad’s final characteristic (Sagar and Kumar 2010). In
comparison, direct drying in a closed transparent enclosure
can avoid contaminants and better quality the final dried
product. MAHD is utilized in many industries like food,
pharmaceutical, and chemical due to less time and area
required for drying. Many investigators and industries have
utilized MAHD for specific applications, and it proved to
be useful over several other drying techniques (Maskan
2001; Sagar and Kumar 2010; Lavanya et al. 2017). The
use of microwave drying before frying has been reported to
reduce the final product’s oil content (Krokida et al. 2001;
Pedreschi and Moyano 2005).

Frying is one of the vital unit operations involved during
the papad making process, and it decides the final oil
content in fried food products. The foods that are naturally
low in fat absorb large amounts of fat during frying. Var-
ious trials were carried out to reduce the final oil content
from fried products and have been extensively investigated
(Gamble et al. 1987; Pinthus et al. 1993; Moreira and
Barrufet 1998; Patil et al. 2001; Math et al. 2004). Several
pretreatment methods were also tried to reduce oil content
from fried products, such as air drying, blanching, coating,
and osmotic dehydration (Patil et al. 2001; Krokida et al.
2001; Pedreschi and Moyano 2005; Izadi et al. 2015).
Besides, vacuum frying is an option for reducing oil con-
tent from fried products (Garayo and Moreira 2002).

Frying is a heat and mass transfer process which releases
the moisture in the form of vapour due to heat treatment
and absorbs the oil, which increases the final fat content of
the food product (Liu-Peng et al. 2005). Gamble et al.
(1987) reported that most of the oil was absorbed during
deep frying of potato chips by adhering oil due to con-
densation of steam at the time of removing potato chips
from the fryer. The increase in pre-fry drying time leads to
decrease in the moisture content with increasing final oil
content of the food product. Joardder et al. (2019) reported
that moisture evaporation is directly proportional to the
absorption of oil into the final food product.

Overconsumption of fried products is associated with
health issues such as cardiovascular disease (CVD), coro-
nary heart disease (CHD), cancer, obesity, diabetes, and
hypertension (Izadi et al. 2015). Nowadays, CVD is turning
to be a leading cause of death globally. More than 80% of
death occurs in India due to CVD and stroke under the age
of 70 (Prabhakaran et al. 2016). According to World Health
Organization (WHO), the global cause of death in 2016 due
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to CVD was estimated at around 17.9 million, and among
these, 85% deaths occurred due to a heart attack (World
Health Organization 2017).

A three-level three-factor Box—Behnken design (BBD)
was applied in this study as the response surface method-
ology (RSM) tool. In the present study, the MAHD with
different process parameters was adopted for drying of
papad to reduce the final oil content from fried papad. The
fried papad characteristics were evaluated in terms of oil
content, oil uptake ratio, porosity, expansion, color, and
hardness.

Materials and methods
Materials

Fine black gram flour of less than 60 mesh size (Krishna
Bhavan Foods, and sweets, Tiruchirapalli, India) and spi-
ces, namely, asafoetida and cumin powder of the brand
‘Aachi’ (Aachi spices and foods Pvt. Ltd, Chennai, India)
were purchased from the local market of Thanjavur, Tamil
Nadu, India. Food grade sodium carbonate, sodium bicar-
bonate, and common salt was procured from ‘TATA
chemicals’ Ltd. Mumbai, India. Palm oil (Ruchi Gold Oils
and Food Pvt. Ltd, Mumbai, India) was used to frying
papad.

Preparation of papad

The dough of papad was prepared by blending black gram
flour (100 g), cumin seed powder (1.5 g), asafoetida
powder (0.5 g), 2:1 of sodium carbonate: sodium bicar-
bonate (1 g), common salt (5 g), oil (2 ml) and water
(40 ml). All the dry ingredients were mixed, and the dough
was kneaded with the addition of water and oil until it
turned into a soft dough. The prepared papad dough was
kept for about half to 1 h at ambient conditions. The pre-
pared dough was divided into small size balls weighing
5-6 g with the moisture content of a 32-40% dry basis
(d.b). Only uniform balls (weight 5 + 0.5 g and moisture
content 32 + 1%) were used for papad preparation. The
small size of balls was flattened by papad making machine
(Model no. 1239-95, AMI Engineering, Patna, India). It
had two discs of circular plates with a thickness of
0.3-0.5 mm and 15 cm. The prepared papad was dried in a
blackened surface under the open sun in May (summer
season) with solar intensity 5.78 & 2 kwh/m?/day and air
velocity of 0.54 £ 0.12 m/s to obtain the desired moisture
level 12-16%. During the drying of papad, the average
recorded relative humidity and temperature were 32% and
40 £ 2 °C, respectively. The dried papad was packed in
polyethylene (PE) films having a thickness of 50 microns
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with a water vapour permeability of 150 g/m*/24 h and
stored for further analysis at ambient conditions (for
1 day). Later, the stored papad was fried by using palm oil
in a deep fat fryer at 170-180 °C for 15-20 s, and after
frying, the uniform samples were selected (based on frying
temperature and time) and packed in PE pouches for fur-
ther analysis (Patil et al. 2001; Math et al. 2004).

The dough was prepared similarly as the method men-
tioned above and prepared papad was dried in MAHD
(Model no. PTF-2515, Enerzi microwave-assisted hot air
system, Karnataka, India) at three different power levels
(300, 600 and 900 W), pulsation time (30, 60 and 90 s) and
temperatures (40,50 and 60 °C) to 10% moisture level with
a constant air velocity of 1 m/s because there was no effect
of air velocity on drying of samples (Joardder et al. 2019).
The prepared raw papads were kept on the belt of MAHD
with 1.28 kg/m? of dryer load, and dried papad was fried as
per the above process.

Analytical methods
The moisture content of dried and fried papad
The moisture content of the dried (My) and the fried (My)

papad was carried out using the oven method at 105 °C
until constant weight (AOAC 2000: 934.01).

Initialwt. — Finalwt.

1 1
Initialwt. x 100 (1)

Oil content of fried papad

The fried papad’s oil content was done in triplicate using
soxhlet extraction with diethyl ether (AOAC 2000:
991.36).

10,000 (M; — M,)
%Fat =
ora M (100 — m)

(2)

M is the Mass of the material taken for the test; m is the
Moisture % of the material. M, is the Mass of the Soxhlet
flask with extracted fat; M, is the Mass of the empty
Soxhlet flask;

Oil uptake ratio of fried papad

The oil uptake ratio was calculated according to the process
given by Patil et al (2001)

Oilcontent(%)

Oil uptake ratio(Ug ) = ™, —M% )
d

My is the Moisture content of dried papad (%); M is the
Moisture content of fried papad (%).

The porosity of fried papad

The porosity of fried papad depends on its bulk and true
densities. The range of bulk density is between dry solid
bulk density and enclosed water density (Eq. 4). The bulk
density was determined by filling a container with the
crushed papad samples for a height of 15 cm at a constant
rate and the content was weighed. Similarly, true density is
the function of moisture content (X) and it ranges between
the dry solid density (powdered papad samples) and
enclosed water density (Eq. 5). Toluene displacement
method was utilised instead of water displacement method
for measuring true density because toluene is less absorbed
by material. It has low surface tension, so that it fills even
shallow dips in samples. Thus, porosity is the function of
bulk and true densities (Eq. 6) (Krokida et al. 2001).

1+X
Po = (ﬁ) (4)
Pvo Pw
[ (+X)
pt_<(i+%)> (5)

. (1_%> (6)

Py 1s the bulk density (kg/m3); p; is the true density, (kg/
m®); ¢ is the porosity (%); p. is the enclosed water density
(kg/m>); p is the dry solid density (kg/m>); pu is the dry
solid bulk density (kg/m’); B’ is the volume shrinkage
coefficient (-).

Expansion of fried papad

The % expansion of fried papad was calculated as per the
process given by Patil et al. (2001)

— Dy
b

D
%Expansion = — x 100 (7)

D, is the diameter of papad after frying; D, is the
diameter of papad before frying.

The color value of fried papad

The standard colour value of fried papad (L* 68.01, a* 3.02
and b* 29.62) were measured based on the control sample
(market sample) and compared with MAHD fried and sun-
dried fried papad. The color (AE) value was calculated
using the following formula given by Maskan (2001).

AE = [(L(*) — L*)2 + (a(*) _ a*)Z I (bg _ b*)z]l/z ®)

AE is the total chromatic aberration value; Lg, aj and
by = Control sample L*, a* and b* value;
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L*, a*, and b* = MAHD treated sample L*, a*, and b*
value.

Texture profile of fried papad

Textural properties such as brittleness, crispiness, and
hardness are essential attributes that decide the accept-
ability of fried papad and were affected during processing
and handling. The fried papad’s texture was calculated
using a texture profile analyzer (TPA) of Stable Microsys-
tems, USA. (Model TA. HD. Plus) and setting used for
evaluation of fried papad texture was carried out using
crisp fracture support rig (HDP/CFS*), 0.25” spherical
probe with a test speed of 2 mm/s up to 8 mm. The force
(g) required to rapture the fried papad was expressed as a
maximum fracture force. The texture of fried papad was
identified as per the process given by Patil et al. (2001), the
load value of <350 g for brittleness, 350-450 g for
crispiness > 450 g for hardness.

Scanning electron microscope (SEM) analysis

SEM (Model FE-JSM6701F, Hitachi, Japan) analysis was
performed for dried and fried papad to identify the internal
structure and pore space created by different drying
methods. The samples were prepared by cutting (20 x
20 mm) small dried and fried papad pieces and mounted on
the specimen holder using double side conductivity tape.
The sample coating was done with gold—palladium to a
thickness of about 100 A for 30 s using a vacuum evapo-
rator for artificial conductance. The SEM analysis was
operated at 3 kV with a magnification of 250 X.

Experimental design and statistical analysis

The optimization of MAHD process variables was carried
out with BBD using RSM (Rai et al. 2019; Cheng et al.
2020; Elboughdiri et al. 2020; Srikanth et al. 2020). The
statistical analysis and analysis of variance (ANOVA) were
performed with Design-Expert Version 10.0 (Stat-Ease,
Inc. USA). Microwave power level (X;), exposure time
(X5), and microwave temperature (X3) was intended as the
independent variables. RSM was utilized to study the effect
of process variables of MAHD on various responses such
as oil content, oil uptake ratio, porosity, expansion, colour
and texture. The experiment’s reproducibility was evalu-
ated to determine the experimental error, and the design
included five replications of the center point. The prepared
data was fitted with a quadratic equation model for pre-
dicting the optimal conditions (Rai et al. 2019; Srikanth
et al. 2020), and it can be expressed as follows:
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where Y represents the measured response associated with
each factor level combination; b is an intercept; b; to by is
regression coefficient computed from the observed exper-
imental values of Y; x; to x3 is the coded levels of inde-
pendent variables; x;? to x3” represent the interaction and
quadratic terms, respectively.

ANOVA was utilized for the graphical analysis of data
to obtain the interaction between the process variables and
responses. The effect of process variables on responses was
analyzed at 95% (P < 0.05) of confidence level. The
experiment’s optimization was carried out using the
desirability function to find out the suitable variables on the
responses.

Results and discussion
Moisture content

The moisture content of dried-fried papad is presented in
Table 1. The average moisture content present in the
market papad samples were around 12-16% (Math et al.
2004; Velu et al. 2008). So, in the traditional method of sun
drying, the papad was dried to 13.35 £ 0.03% moisture
content level. Whereas in mechanical drying such as
MAHD the moisture content achieved and used in various
studies was around 8-10% (Moreira and Bakker-Arkema
1989; Joardder et al. 2019). In MAHD the moisture content
of papad was reduced to around 10.05 £ 0.05%. Accord-
ing to Joardder et al (2019) the MAHD successfully
removed all sort of water from food products except
chemically tight bound water. It is reported that moisture
has direct effect on fried papad oil content (Patil et al.
2001; Math et al. 2004). The initial moisture content of the
product and small particle size increases fried products’ oil
content (Moreira and Barrufet 1998; Dana and Saguy 2006)
and it also has effect on other properties of fried papads
(Patil et al. 2001; Math et al. 2004).

Response surface analysis

The fried papad characteristics with different drying
methods (open sun and MAHD drying) were determined
and compared using independent sample T-test (Table 1).
The three levels of BBD was selected to optimize the effect
of MAHD on quality parameters, namely, oil content (%),
oil uptake ratio (Ug), porosity (%), expansion (%), colour
value (AE) and texture (g) of fried papad. In RSM, BBD is
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I’II‘;E:?) dls zﬁlfgercr:o(i):tjrrgl:fment Parameter i/lf:a r(liried fried papad ﬁeAaI;IID fried papad P-Value

after drying (M) and after

frying (My) of papad Oil content (%) 30.02 + 0.25° 9.26 + 1.70° 0.004
Oil uptake ratio (Ug) 3.26 £+ 0.09* 1.61 £ 0.15° 0.003
Porosity (%) 25.67 + 0.57* 18.00 + 2.00° 0.003
% Expansion 11.02 +£ 025 8.22 + 0.56" 0.002
Color value (AE) 5.05 + 0.84* 526 + 1.15° 0.002
Texture (g) 618.78 + 7.55% 363.9 + 8.03° 0.001

Similar letters indicate nonsignificant difference at 5% level of significance. My and My for MAHD were
10.05 £ 0.05% and 4.75 + 0.03% and for open sun drying it was 13.35 £ 0.03% and 4.84 £ 0.05%,

respectively

suitable for the study of the quadratic response surfaces
model, which constructs a second-order polynomial model
and helps to optimize the process using a small number of
experimental runs (Rai et al. 2019; Srikanth et al. 2020)
and observed responses for the 17 formulations are pre-
sented in Table 2.

The significant model term is desired to obtain a good fit
for a model. The experimental design presented in Table 2
was utilized to develop a mathematical equation to predict
the results (Y; and Y,). The function of variables such as
microwave power level (A), exposure time (B) and hot air
temperature (C) was calculated as a sum of constants using
every three first-order effects (A and B, B and C and A and
C), interaction effects (AB, BC, and AC) and second-order
effects (Az, B2, and Cz) according to Eq. 7. To access the
goodness of fit for obtained results were analyzed using
ANOVA and results presented in Table 3, which illustrates
the reduced quadratic model in terms of coded factor and
other statistical parameters. The significance of each
coefficient was determined using Fisher’s F-test and P-
value. The data presented in Table 3 demonstrate that the
P values were < 0.05 and all the models were significant at
5% confidence level.

QOil content and oil uptake ratio of fried papad

The oil content of sun dried-fried papad was found to be
higher (30.02 + 0.25%) as compared to MAHD
(9.26 &+ 1.70%) papad and similar results were also
observed for oil uptake ratio of sun dried-fried papad
(3.26 £ 0.09) and MAHD papad (1.61 £ 0.15) (Table 1).
In MAHD, the increase in drying time with a decrease in
power level helped decrease the moisture content and pore
space of dried papad, which also helped decrease the final
oil content and oil uptake ratio of fried papad.

The relationship between the three variables of MAHD
(power level, exposure time, and drying temperature) and
fried papad response, such as oil content and oil uptake
ratio, were analyzed using RSM. The maximum oil content

of 11.11 £ 0.06% and oil uptake ratio of 2.11 £ 0.04 was
obtained at experiment no. 1, and the minimum oil content
of 7.78 £ 0.05% and oil uptake ratio of 1.47 + 0.04 were
obtained at experiment no. 6 (Table 2). The dependent and
independent variables were correlated using the mathe-
matical relationship obtained by RSM, and the polynomial
equation was obtained for oil content (Y;), and oil uptake
ratio (Y,) were given as follows:

Y, = 8.15 — 0.01XA — 0.06XB + 0.24XC
— 0.000006XAB — 0.00007XAC — 0.00018XBC
+ 0.00001XA? + 0.0006XB? — 0.0015XC?

(10)

Y, = 1.54 — 0.002XA — 0.01XB + 0.04XC
— 0.000001XAB — 0.00001XAC — 0.00003XBC
+ 0.000002XA2 — 0.0001XB? — 0.0002XC2

(11)

The above model (Y, and Y5) represents the quantitative
effect of process variables of MAHD and their interactions
on oil content and oil uptake ratio during frying of papad.
The values of coefficients (A—C) are related to the effect of
these variables on oil content. The F-Value (8.56) for the
above models implies that the model fits the oil content and
oil uptake ratio. The absolute F value becomes more sub-
stantial, and the probability value becomes smaller
(P = 0.0049) when the corresponding variables would be
more significant. From Table 3, the developed equations
from the ANOVA analysis were modified by eliminating
the terms that were not found statistically significant. The
reduced quadratic model in terms of the coded factor for oil
content and oil uptake ratio showed a high R* value of 0.91
and indicated a good correlation between the experimental
and predicted values for the responses.

The relationship between oil content and oil uptake ratio
with process parameter of MAHD were further elucidated
using response surface plot presented in Figs. 1 and 2,
which shows the effect of power level (A), exposure time
(B) and drying temperature (C) on oil content and oil

@ Springer
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Table 3 ANOVA results for all the responses of MAHD fried papad characteristics

Response Final equation in terms of code factors ~PLOF  R? Adj. R> AP S.D CV PRESS CD

Oil content 8.31 — 1.03 A 4+ 0.96 A” 4+ 0.57 B? 0.18 092  0.81 8.48 0.44 491 15.13  0.0049
Oil uptake ratio  1.58 — 0.19 A + 0.18 A 4+ 0.11 B? 0.18 092  0.81 8.48 0.083 491 0.54  0.0049
Porosity 16.40 4+ 0.50 A + 0.63 C + 1.55 A? 0.54 090 0.78 8.96 0.53 3.03 13.88  0.0080
% Expansion 8.61 + 0.77 C 0.18 092  0.81 9.71 0.25 293 4.87  0.0043
Color value 5.94 4+ 1.37 C — 0.93 A> — 0.58 B? 0.88 097 092 13.62 0.32 6.12 2.55  0.0002
Texture 439.59 + 75.37 C — 48.23 A® 0.98 092 0.81 9.81 27.20 642  10,589.58  0.0047

PLOF probability of lack of fit, AP adequate precision, S.D standard deviation; CV coefficient of variance, PRESS predicted residual error sum of

squares, CD critical difference

uptake ratio of fried papad. The small circles present on
response surface plots of oil content (Fig. la—c) and oil
uptake ratio (Fig. 2a—c) indicate that the optimum level at
which minimum oil content and oil uptake ratio will be
observed for fried papad. It was evident from Fig. 1a, that
the optimum point for oil content on fried papad was
observed at 700 W of power level with exposure time of
60 s, Fig. Ib showed optimum point for oil content
between 600 and 700 W of power level with drying tem-
perature of 50 °C and Fig. 1c showed optimum point for
oil content at 60 s of exposure time with drying tempera-
ture of 50 °C, and similar results were also observed for oil
uptake ratio of fried papads (Fig. 2a—c). It was evident
from Fig. 1 that the increase in power level from 300 to
700 W for dried papad helped to decrease the oil content,
and an increase in power level from 750 to 900 W showed
a negative effect indicating an increase in the final oil
content of fried papad. The increase in exposure time from
30 to 60 s for dried papad showed a gradual decrease in oil
content, and a further increase in exposure time up to 90 s
showed an increase in the final oil content of fried papad.
The increase in drying temperature from 40 to 50 °C for
dried papad showed minimum oil content, and a further
increase in the temperature up to 60 °C showed an increase
in the final oil content of the fried papad.

From Fig. 2, it was apparent that the increase in the
power level from 750 to 900 W indicates a higher oil
uptake ratio. Still, increases in the exposure time from 30 to
60 s showed a decrease in the final oil uptake ratio of fried
papad. According to Pedreschi and Moyano (2005), the
pre-drying process affects the oil transfer in fried products
and decreases the final oil uptake ratio of fried products.
The drying of papad with MAHD has a useful way to
reduce fried papads’ final oil uptake ratio.

% Porosity of fried papad

Porosity directly relates to a food product, which affects
their physical properties, namely, mass diffusion

coefficient, thermal conductivity and thermal diffusivity
(Rahman et al. 2002). A higher porosity value of
25.66 + 0.6% was observed for sun dried-fried papad, and
MAHD fried papad showed lower porosity of
18.00 £ 2.00% (Table 1). During frying, porosity plays a
vital role in the oil content and oil uptake ratio of fried
papad. According to Kassama and Ngadi (2005), the
properties of food, namely mechanical, textural, and sen-
sorial, were influenced by porosity, including pore size and
structure present within the food matrix. The porosity of
MAHD fried papad was calculated, and it was observed
that the increase in power level from 300 to 700 W leads to
a decrease in the porosity of fried papad. The relationship
between three variables of MAHD with porosity was
analyzed using RSM, and minimum porosity of
16.00 £+ 2.00% was observed at experiment no. 6, and
maximum porosity of 23.67 £ 3.06% was found at
experiment no. 1 (Table 2). Various researchers observed
that the porosity of the product increases with loss of
moisture at the time of frying and pore space fills with oil
by replacing the moisture present on the food product
(Pinthus et al. 1993; Dana and Saguy 2006).

Effect of process parameters on fried papad
characteristics

The characteristic of fried papads evaluated in terms of
expansion, color, and textural properties. The expansion of
fried papad illustrates the degree of puffing. During the
expansion process, the stored energy will be released,
increasing radical expansion (Thymi et al. 2005). Accord-
ing to Velu et al. (2008), the papad prepared using
mechanical sheeting (papad making machine) showed
lower papad expansion due to the suddenly applied com-
pression load, which breaks the protein-carbohydrate
matrix. Sun dried-fried papad showed maximum expansion
of 11.02 £ 0.25%, and MAHD fried papad showed a lower
expansion of 8.22 £ 0.56%, which may be due to the
difference in moisture content (Table 1). The relationship
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Fig. 1 Response surface graph using different process parameters of
MAHD for oil content of fried papad

between % expansion with variables of MAHD was ana-
lyzed in RSM, and maximum expansion of 9.57 £ 0.06%
was observed at experiment no. 12 and minimum expan-
sion of 7.58 £ 0.05% were found at experiment no. 9
(Table 2).

Colour is one of the essential quality parameters directly
related to the acceptability of the final product. The

@ Springer

220

1.80

Oil uptake (%)

1.40

90

Exposure time (Sec) Power Level (W)

(a) Effect of MAHD power level and exposure time on oil uptake ratio

2.20

Oil uptake (%)

60 900

600

Hot Air Temperature (°C) Power Level (W)

40 300

(b) Effect of MAHD power level and drying temperature on oil uptake ratio

2.20

1.80|

Oil uptake (%)

1.40|

60 90

60

Hot Air Temperature (°C) Exposure time (Sec)

40" 30

(C) Effect of MAHD exposure time and drying temperature on oil uptake ratio

Fig. 2 Response surface graph using different process parameters of
MAHD for oil uptake ratio of fried papad

parameter L* indicates the lightness value; the sun-dried
papad showed a lower value of L* 60.15 + 0.26 compared
to MAHD where L* was found to be 64.00 £ 0.07. The
colour value of sun-dried fried papad was compared with
MAHD fried papad, and results are presented in Table 1.
The MAHD fried papad showed a higher AE value (AE
5.26 £ 1.50) compared to sun dried-fried papad (AE
5.05 £+ 0.84). The color deterioration of sun-dried-fried
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Fig. 3 SEM analysis of dried and fried papad using different drying methods

papad might be due to non-uniform drying, heat spot and
temperature. Moisture content is the reason for the occur-
rence of heat spots in the sun dried-fried papad. The rela-
tionship between variables with the MAHD fried papad’s
color value showed a maximum AE value of 6.88 £+ 0.03
at experiment no. 12, and the minimum AE value was
observed to be 3.66 + 0.05 at experiment no. 05 (Table 2).
The AE value of MAHD fried papad were increased with
increasing temperature and power level of MAHD. MAHD
helps to evaporate the bound water present inside the dried
papad which retains the colour of fried papad.

The textural properties of fried papad were illustrated in
terms of hardness, crispiness, and brittleness, and the
results of textural properties are presented in Table 1. The
texture of sun-dried-fried papad was extremely hard, and it
required a load of 618.78 & 7.55 g to break, while MAHD
fried papad was crispy and breaks at the load of
363.9 £ 8.03 g due to the difference in moisture content.
Due to papad’s inappropriate drying in the sun-drying
method, the structure may get damaged, which requires

highest breaking force. During sun drying-fried papad, the
moisture may be absorbed moderately due to which papad
losses brittleness and increases stiffness and toughness
which can be termed as hardness (Monteiro et al. 2020).
The relationship between variables and texture of MAHD
fried papad is presented in Table 2, and it was observed
that the suitable texture was obtained between experiments
no. 13 to 17 (Table 2), which shows a crispy texture for
fried papad due to the effect of power level (600 W) of
MAHD. The increase in power level and temperature of
MAHD increased fried papad’s hardness (Table 2). The
MAHD papad at 40 °C showed lower crispiness
(320.40 £ 5.45 to 381.52 £ 6.55 g) and crispy texture of
MAHD fried papad was observed with papad dried at
50 °C (382.34 +£9.34 to 480.50 £ 8.50 g). Similarly,
papad dried at 60 °C showed more rigid texture
(489.83 + 7.52 to 530.70 £ 7.60 g) due to the sudden
evaporation of moisture from the fried papad.
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Process optimization

The process optimization was done by using BBD with a
desirability value of 0.994, i.e., 99%. The optimum con-
ditions observed for the MAHD papad were power level of
653 W, exposure time of 56 s, and hot air temperatures at
43 °C. The predicted oil content, oil uptake ratio, porosity
and % expansion was 7.90 &+ 0.02%, 1.50 £ 0.03,
1633 + 0.29% and 7.97 + 0.02%, respectively. The
optimized values for texture and colour of MAHD fried
papad were 381.63 £ 3.03 g and AE 4.57 + 0.02. The
straight line was fitted between actual and predicted
responses, close to the unity slope with a high R? value of
0.99 for all the responses.

SEM analysis

Morphological characteristic is one of the vital parameters
to characterise the product quality. According to Qiu et al.
(2020), the bulk density and microstructure of dehydrated
products may be influenced by different drying techniques.
Figure 3 shows the SEM images of dried and fried papad
with sun drying and MAHD with optimized process vari-
ables. Sun-dried papad loosed microstructure compared to
MAHD papad due to uneven drying temperature and slow
drying period (Fig. 3a). MAHD showed a compact papad
structure due to higher drying temperature and rapid
evaporation of moisture (Fig. 3b). Sun dried papad showed
more moisture content compared to MAHD papad. While
frying, sun-dried papad showed more massive pore struc-
ture due to evaporation of moisture, which absorbed more
oil compared to MAHD papad (Fig. 3c, d).

Conclusion

This study recommends that the method for drying of
papad directly influences oil content, oil uptake ratio,
porosity, expansion, colour and texture of fried papad.
MAHD helped reduce higher than 30% of fried papad oil
content compared to traditionally dried-fried papad. The
power level of MAHD has a significant effect on the
reduction of oil content. MAHD also reduced the final oil
uptake ratio, porosity, % expansion, and texture of fried
papad. SEM images of MAHD showed fewer pore space
and gaps into the internal structure of papad, which reduces
the % expansion of fried papad. The MAHD method used
for drying of papad will be a suitable approach for papad
making industries to produce low moisture and low oil
content papad, but it will increase the drying cost of the
final product.
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