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Abstract

Yellow sweet pepperQapsicum annumL) were dried in a
microwave-assisted drying system with four levdlsnicrowave power
(0.35, 0.70, 1.05, 1.4 W/g) and three levels oftamperature (30, 45
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and 60C) at constant air velocity of 1.5m/s. Color partnsviz. Total

S Swain Colour Difference (TCD), Browning Index (Bl) and &b Carotenoid
(TC), along with drying efficiency and sensory saf dehydrated
E-mail: sachi9463@gmail.com capsicum were analyzed by means of response sunfi@tieodology.
Analysis of variance showed that a second-ordeyrmohial model
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1. Introduction mainly by color and their contents are related to
Drying has been used for centuries to enhance/arietal and technological factors. _
the shelf-life of fruits and vegetables to be aafalié out Demand for sweet peppers are continued to

of season (Baysait al., 2003; Nicoletiet al., 2001). It  increase in the market day-by-day due to consumer’s
is now an important unit operation in modern food Willingness to eat raw, minimally processed vegletab
industries to occupy their positions in processingProducts, as part of healthier food habits. Colsuan
capability. The increasing demand for high-quality important attribute because it is usually the first
shelf-stable dried vegetables requires the designProperty the consumer observes (Saetnal, 1993). At
simulation and further optimization of the drying the point of sale, the first impact made by a comsu
process with the purpose of accomplishing not dméy ©n a food is its visual appearance. Maintenance of
efficiency of the process but also the final qyatitthe ~ naturally colored pigments in thermally processed a
dried products using different drying techniquesstored foods has been a major challenge in food
(Pardeshiet al., 2014; Srivastav and Kumbhar, 2014; processing. However, during processing such as
Giri et al., 2014; Kambleet al., 2013; Nema et al., drying, vegetables undergo physical, structural,
2013). Sweet peppeCépsicum annuum.), as other ~chemical, organoleptic and nutritional changes that
vegetables, is a good source of antioxidant substgan cause quality degradation (Crapiste, 2000). Major
such as carotenoids (pro-vitamin A) and vitamin C,disadvantages of hot air drying of foods are lowrgy
which confer protection against carcinogenic efficiency, long drying times and the problem ofea
Components and de|ay the aging process (Homrd hardening etc. dUring the falllng rate periOd. Tise of

al., 1994; Simonneet al, 1997; Mendirattaet al.,  high drying temperatures results in degradatiothef
2013). It is one of the most important vegetabieesy ~ duality parameters of the product such as colour,
cultivated worldwide due to its nutritional value, nutritional value and taste etc. (Feng and Tan§819
delicacy and flavor. Its quality being determined In recent years, Microwave has been investigated as
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potential method for obtaining high-quality dehytédh  2.22+0.54% (gram water/gram solid) moisture were
food products (Nemeet al., 2014). However, the taken for microwave drying.

independent parameters affecting the response

variables (e.g. nutritional value, qualities, enetge  Drying equipment and drying method

efficiency, carotenoid, Vit-C etc.) could be optaad Drying experiments were performed in a
to ensure an acceptable quality product and a higlaboratory scale microwave-convective dryer (cdssis
throughput capacity for particular dryer. On thaest  of four subsystems: air supply unit, heating uthiging
hand, the process parameters to be optimized iacludunit and control unit) available in the Division Bbst-
temperature, flow rate of drying air, microwave gow Harvest Technology, Indian Agricultural Research
intensity, pressure, retention time, slice thiclees |nstitute, New Delhi. The blower (0.24 HP, 50,H
speed of machine and many other related critenia focontinuous single phase) blows the air in to thatihg
various methods of drying. Response Surfacesection, where the temperature was regulated by
Methodology (RSM) is a useful technique for thermostat before entering the microwave oven. The
investigation of several input variables that iefice  thermostat (Multispan, MDC-2901) was mounted over
the performance measures or quality characterisfics the blower to adjust the air temperature, which lsan
the product or process under investigation. Iis® an  operated manually using the regulator unit. The
effective and frequently used tool for optimization microwave oven (WP700L17.3 MW Oven, LG make,
studies. Several authors have employed RSM tol7 L Capacity) with technical features of ~230 \0, 5
optimize various unit operation processes resuling Hz and 700 W with a frequency of 2450 MHz has

acceptable responses (Smah al, 1977; Lahet al.,  dimensions of 295, 458 and 370 mm and consisted of
1980; Floroset al, 1987; Mudaharet al, 1989; 270 mm diameter turn table at the base of the aven
Rustomet al, 1991; Madambat al, 2001; Giriet al, it also operates in pulsed mode. The microwave oven
2007; Chauhan and Srivastava, 2009). has the capability of operating at ten different

The objective of the present work was to studymicrowave output powers between 70 and 700 W
the effect of microwave assisted drying parametersneasured using the IMPI-2 L test (12). The adjustme
such as microwave power level, drying temperature o of microwave power level and processing time isedon
process parameters (drying rate, browning indeta to with an analogue controller. The dryer was operéted
colour difference, total carotenoid, drying effiogy () about 30 min to set the desired drying conditions
and sensory score and to determine the optimunpefore each drying experiment. Air velocity was
microwave drying conditions for production of high measured usinga hot wire anemometer (least count of

quality dried Sweet pepper). 0.1 m/s, Model Na AM-4204, Make: LT Lutron,
Taipei, Taiwan). Preliminary experiments of

2. Materialsand M ethods microwave-hot air drying of red sweet pepper resllt
in charring of the product towards the end of dgyat

Material power level higher than 280 W. So, the combined

Fresh vyellow sweet pepper samples weremicrowave-hot air drying experiments were conducted
procured from the Center of Protected Cultivationstarting at a continuous microwave power of 280 W
Technology, Indian Agricultural Research Institute, and then at step down intervals of 70 W, in conijianc
New Delhi. The samples were washed and stored avith hot air at 30, 45 and 66C temperatures at
7+0.5 °C in the cold storage until analysis. Beforeconstant air velocity of 1.5 ris
drying the pepper samples were removed from the col About 200 g of osmotically-dehydrated
storage and sliced to uniform size of approximatély pretreated red sweet pepper was arranged in aesing!
(L) x 6 (B) x 4 (W) mni. Initial moisture content was layer on the rotating glass plate and placed ircérere
measured by taking 30 g samples, dried in an oven &f the oven and the drying process was started for
70°C for 24 hours and calculated as 10.2+0.37 (grandifferent combinations of microwave power and air
water/gram solid). Then the sliced pepper samplew temperature. Then, the samples were removed frem th
osmotically dehydrated as a pre-treatment usingoven periodically and moisture loss was measured by
parameters, such as salt, sucrose, revolution peiten  weighing on the digital balance (Panacea GX 4000,
(RPM), solution to sample ratio (SSR) and timeidas Germany) with 0.01 g precision. Three replicatiofis
the incubator shaker by using Central Compositeeach experiment were performed according to pre-set
Rotatable Design (CCRD). These were optimizedconditions and the data given are an average skthe
based on the objective requirements of weight lossfesults. The reproducibility of the experiments was
moisture loss and solid gain and optimized dehgdrat within the range of +5%. Drying process continued
samples (the results not shown here) containinguntil the moisture content of samples reached about
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0.06 (gram water/gram solidAll weighing processes
were completed in <10 s during the drying proc

Experimental Design

The variables chosen for microwave dry
experimentswere microwave power level ( and air
temperature (T). The variable levels were selecte
the basis ofpreliminary drying experiments. Table
gives the levels of vaables in coded and actual u
and Table 2 indicates Twel-four experiments were
performed using Factorial esign taking two
replications.Response surface methodology was
to determine He relative contributions of and T to
various responses under study such as drying
drying rate, browning index (BIl), total colo
difference (TCD), total carotenoid C) and energy use
efficiency ) of dehydrated capsicum. The sec-
order polyromial response surface model (Eq. (1))
fitted to each of the response variables (

2
Z brij XiXj (1)

[y

2 3
¥ — bpo + Z-’Jk:'?-’ﬁ berfiA’f +
=1 i=1

Where, Ry, b, bg and ly are constant, linear,
quadratic and crogsroduct regression coeffents of
the model, respectivelyXi and X’ represent the
independent variables.

About 200 g of osmotical-dehydrated
pretreated red sweet peppeas arranged in a single
layer on the rotating glass plate and placed ircérare
of the ovenand the drying process was started
different combinations of mrowave power and air
temperature. Then, the samples were removed frei
oven periodically andnoisture losswas measured by
weighing on the digital balance (Panacea GX 4
Germany) with 0.01 g precisioThree replications of
each experiment were perford according to pre-set
conditions and the data given are an average Gk
results. The reproducibility of the experiments
within the range of #5%Drying process continue
until the moisture content of samples reached a
0.06 (gram water/gram so)idAll weighing processes
were completed in <10during the drying proces

M easurement of Quality Attributesand Drying
Parameters

Drying rate
It is defined as the amount of moist
evaporated per unit time under certain conditior
MW power andair temperature, expressed in (g.
water/g. solid.)
Dryingrate = MesarmMe
Mt

(2)

Where, M and M.q are the moisture content (kg/
d.b.) at drying time t and t+dt (min), respectiv

Colour

Colour measurements of thsamples were
carried out wusing a HuntLab Colorimeter
(Miniscan® XE Plus 4500 L). The instrum (45°/0°
geometry, D 65optical sensor, * observer) was
calibrated with black and white reference tilesothgh
the tristimulus values X, Y, Z, taking as stand
values those fothe white background (X=79.(C
Y=83.96, Z=86.76)tile. The colour values we
expressed as L, (wieihess or brightns/ darkness) a
(redness/greenness) and b (yellowness/bluenessy
time respectively.A glass cell containing the M\
treated samples was placed above the light sound
postprocessing L, a, b values were recorded. C
measurements were taken inplicate and average
values were taken for calculation. Using above &
values, browningndex (Eq. 3), total colour difference
(Eq. 4)were calculated as follow

Browning Index (BI)

It represents the purity of brown color anc
reported as aimportant parameter in drying proces
where enzymatic and n-enzymatic browning takes
place (Maskan, 2001and Barreiroet al., 1997). It is
given by the formula:

[100(x — 0.31)]

Bl =
0.17

Where
_ (a+ 1.75L)
X = (5.645L +a — 3.012b)

(3)

Total Colour Difference (TCD)

It indicates the degree of overall color chang
a sample in comparison to color values of an i
sample having color values o,, & and B, is given by
the formula:
TCD = [(L, — L)? 4+ (by —b)? + (2, — a)?]*®
(4)

Total Carotenoid
It is that constituent which recognizes

consumer’s acceptability of the product on the $aé
respective judgments of colour. It was measurec
modified method of one described by Rangana (1¢
A known weight of the sample was ground w
acetor in a pestle and mortar. The extract °
decanted in to a conical flask and continued L&
residue was colourless. The collected extracts °
then transferred in to a separating funnel ando230
ml of stabilized petroleum ether containing 0.1%Tt
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Table 1: Independent variables with different levial microwave assisted drying

Variable  Name(Unit) Level
P Power(W/g) 0.35 0.70 1.05 14
T TemperaturéC) 30 45 60
V Air velocity(m/s) 1.5
Table 2: ANOVA for different models
F-Values
Variables DF  Drying rate BI TCD Tc n SS
Model 5 215.20%* 69.45*** 37.82%* 29.42%* 7.68*+* 9.66***
X1 1 1011.25%*  230.08**  162.76**  140.84**  3.07* 46.04***
X2 1 34.20*** 110.23*** 24, 17*** 4.40* 13.41%x* 2.5
X1X2 1 6.98** 0.080 2.14 0.14 0.015 0.048
X, 1 22.55%** 6.74** 0.045 1.43 21.08*** 0.000
X 1 1.13 0.13 0.0003 0.26 0.082 0.080
Residual 18
Lack of fit 6 11.33*** 0.75 0.15 2.61 78.73** 2.70
Pure error 12
Total 23

Significant at p<0.0T , p<0.05’, p<0.1

was added with 5-10 ml of 5 percent sodium sulphatethe consumer acceptability of food product (Rangann

Petroleum ether was repeatedly used until all theuc
got transferred in to a petroleum ether layer. #sw
transferred into a volumetric flask and the voluwess
made up to 50 mL with the petroleum ether.

1986). The panelists were given a specimen evaluati

card for sensory evaluation and asked to rate the
accept, ability of the dried samples subjected to
designed application of MW power based on the

Absorbance was measured at 450 nm using ether aguality attributes of color, flavor, texture, taséad

blank.

Total Carot 'd( e )
ota arotenolds 100gm

_ 3.87 x 0.D X Volume mde up x 100
h Weight of thr sample x 1000

®)

Drying Efficiency (DE)

Drying efficiency, defined as the energy

buying intention. The sensory rating of the product
was done on a scale of 9 points, ranging from
“extremely desirable” (9 points) to “extremely
undesirable” (1 point). Individual scores of egmmnel
member for overall acceptability of different saegl
were averaged and represented as the sensoryafcore
the products.

required to evaporate unit mass of water from theAnalysisof Data

sample, is given by the following equation
(Yongsawatdigukt al., 1996).

M tx P(1— x 1076
DE (_]) _ (1—my) %)

kg M;(m; — mg)

Where, t is the time (s), P is microwave input powe
(W), Mi is initial mass of sample (kg), inis initial
moisture content (fraction) and¢ns final moisture
content (fraction).

Sensory Score (SS)

Sensory evaluation of the dried capsicum slices

was carried out to obtain preliminary information o
consumer preference. A panel of 4 semi-trainedgadg
using hedonic rating test, usually conducted tosuea

Response surface analysis of the experimental
data was carried out using a commercial statistical
package Design Expert, version 7.1.6 (Stat Easg Inc
Minneapolis, MN). The data are entered using
Historical design analysis, where one has to ether
data according to the experiments actually conduitie
the above software. Regression analysis and asajysi
variance (ANOVA) were conducted for fitting the
model represented by Eq. (1) to the experimenta da
and to examine the statistical significance of el
terms. The adequacies of the models were determined
using model analysis, lack-of-fit test, and? R
(coefficient of determination) analysis as outlineyg
Leeet al (2000) and Wengt al. (2001). If there is a
significant lack of fit as indicated by a low prdiildy
value, the response predictor is discarded. Regpons
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surfaces were generated and numerical optimizatiorrying rate(gm/min) = 1.4700%3;0.37912P-
was also performed by Design Expert software 7.1.6. 0.030201T+0.01835PT +1.29047+8.3375210%T (8)

Optimization Technique From ANOVA (Table 2), it could be concluded

Numerical optimization technique of Design that only _Iinear m_oqlel for drying r_ate_is signifittaat
Expert 7.1.6 was used for simultaneous optimizasibn P<0-01 with coefficient of determination R> 0.98
the multiple responses. The desired goals for eacfor Process temperature, where as both linear and
factor and response were chosen based on th@uadratic model are significant {p.01) for MW

importance of each parameter for quality products. ~ POWer. Microwave power and air temperature were
both positively affected drying rate, although the

former was dominant as evident from corresponding
regression coefficients and F-values (Table 3). The
éaositive effect of both the independent factors
suggested a higher drying rate at a higher levéiede
factors (Fig 1). At higher microwave power levealse
drying rates were higher due to the generation @fem
heat at greater depths, resulting in escape ofrwate
vapor vigorously at a faster rate than at lowerlev
without causing much collapse in the cellular gt

of capsicum, leads to less shrinkage ratio. Sintjjpe

of findings were also reported by (Giri and Prasad,
2007) and (Chauhan and Srivastava, 2009).

3.0 Resultsand Discussion

The ANOVA of model terms are given in Table
2 and the estimated regression coefficients of th
guadratic polynomial models (Eq. (1)) for various
responses and the correspondirfgaRd Coefficient of
Variation (CV) values are given in Table 3. A high
proportion of variability (R>0.87) was explained for
the response surface models of drying rate, Brogvnin
Index(Bl), Total Colour Difference (TCD), Total
Carotenoid (TC), Rehydration Ratio(RR), Total
Soluble Solid (TSS). This function show that ové#8
of the total variation was accounted for or thee¢hr
response surface models fitted the data well angé we
adequately explained. The coefficient of variat{GV)
describes the extent to which the data were disgers
The CV'’s for the above six responses along withewat
activity (Aw) and sensory score (SS) were within
acceptable range. However, CV for drying efficiency
(m) and total carotenoid were beyond the acceptable
range of 10%. A high CV indicates that variatiorthie
mean value was high and did not satisfactorily tgve
an adequate response model (Batalon, 1998). Asalysi
of variance (ANOVA) revealed that the models are
highly significant at §0.01. The lack of fit did not
result in a significant F-value in case of Browning
Index (Bl), Total Colour Difference (TCD), Total
Carotenoid (TC), drying efficiency and Sensory
Score(SS) indicating that the models are suffitjent B: Temperatureal) ¥ & Powerig)
accurate for predicting these responses. Howewver, f o ox
drying rate and drying efficiency, the lack of fitas
significant and R values were low, indicating that a Fig 1: Effect of microwave power level and air
high proportion of the variability was not explaihby ~ temperature on drying rate
the data.

kil

Drying rate(gm/min)

Colour

Effect of Microwave Power and air

temperature on Drying Parameters and Browning Index (BI): It ranged from 65.77 to 77.05
Quality Attributes which significantly affected by MW power and proses

temperature. The regression equations describieg th
effect of the process variables on browning indeg. (

Drying rate : : .
The drying rate ranged between 1.103 to 4.557.9) in terms of actual levels are given as:

The following regression equations, describing theg . ning  index(Bl) ~ =70.56360-12.68612P+0.21069T-
effect of process variables on drying rate (EQqirB) 010214PT+3.6727885.9083%10°%T2 )
terms of actual levels of the variables.

It could be observed from ANOVA (Table 2),
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Table 3: Regression coefficients of the second+godé/nomial model for the response variables @tual units)

Dependent parameters

Variables Drying rate BI TCD Tc 1 SS
Constant 2.17 71.16 26.24 25.90 5.02 6.88
X1 1.42 -3.53 3.54 -10.29 0.23 0.95
X2 0.24 2.23 1.25 -1.66 -0.44 0.19
X1X2 0.14 -0.080 0.50 0.40 -0.02 0.038
X4 0.36 1.01 -0.099 1.74 -1.04 0.000
X5 0.075 -0.13 -0.008 -0.70 -0.06 -.062
R2 0.9835 0.9507 0.913 0.891 0.881 0.828
CcvVv 6.76 1.20 2.50 11.99 11.02 7.48

that both linear as well as quadratic effects aretotal colour difference (Eq.10) in terms of actlealels
significant at §0.01 and g0.05 respectively with of the variables.

coefficient of determination, & 0.95 in terms of MW

power, where as only linear effect is significant a TCD= 18.74528+4.52949P+0.031032T+0.063170 PT-
p<0.01 in terms of process temperature. Thus, it may-35965 P-3.6563510° T (10)

be concluded that of MW power had more impact on . .
browning index as also evident from its F-value and _ From ANOVA (Table 2), only linear effect is
regression co-efficient (Table 3). Again, in terwi significant in terms Qf both MW power and process
level of significance, linear model (significant at emperature. Hence, it may be concluded that TGD ha
p<0.01) gives greater effect than quadratic modell€ss affected by process variables that above t_wo
(significant at §0.05). Power levels exerted a greater Parameters (Drying and Bl). MW power was main
negative effect on BI values than the processfactor affecting colour as predicted from F-valua
temperature (Fig 2). The reason may be the domigati porrespondmg regression coefficient. With the éase

effect of the former in such a way that suppresked 1 MW power and air temperature, the product
narrow range effect of the later. gradually lost its colour parameters like L-, addmn

value causing high TCD at highest level of powed an
temperature as shown in Fig3. This finding is in
consistent with the previous work by Lét al (1998)
and Sunjkeet al. (2004).

Browning ndexCABh

TCD
B

L 1

bt _.-"'E;I

00

B: Temperawr(aC) & Pawer i)

B: Temperaire(od) B PowenNig)

Fig 2: Effect of microwave power level and air ) )
temperature on browning index Fig 3: Effect of microwave power level and air

temperature on total colour difference (TCD)

Total Color Difference (TCD): It varied from 21.86 to )

31.88 for all conditions of process variables, whic Total Carotenoid .
suggested that capsicum were prone to change their It significantly affected by the process yanables.
colour during MW heating. The following regression It ranged from 16.34 to 37.14. The regression model
equations, describing the effect of process vagmbh  relating the process variables are given as:
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and then gradually decreased. A possible reason may
Total Carotenoids = 48.54375-32.934571P+0.12600T +  be that increasing power level within the experitaén
0.051238PT+6.31293P 3.1277810°T%(11) range did not result in considerable reductionriyirdy

time after a certain level, thereby decreasing the
Power level and process temperature areefficiency.

negatively correlated with carotenoid contents (#)g
but former had major effect with the rate of canoie
degradation as revealed from F-value (Table 2) and
regression coefficient (Table 3). Thus, it is adhbig to

dry the product at low power level to keep the a&bov
parameter to be maximum. From ANOVA, it is
observed that the linear effect of power is siguaifit at
p<0.01 but, the same is only significant &Opl in
terms of process temperature. Thus, process
temperature had no significant effects regarding
carotenoid degradation. So, it could be concluded
carotenoid degradation was mostly influenced by MW
power than dried air temperature in the range of 30
60°C.

Dirring =iciencyChddrbgl

-1
B: Temperature(oC) - H“HV-" " A Pouer(00g)

m 03y

Fig 5. Effect of microwave power level and air
temperature on drying efficiency

H

Sensory Score (SS)

When consumed in the dried state, dried
samples dried for high levels of power and tempeeat
received significantly higher ratings for textuoalor,
aroma/flavour and overall acceptability, which nisey
due to the excellent structural retention. The sgns
evaluation of dried samples was carried out byrsepa
e Fonsrill of untrained judges. A 9-point hedonic rating was
i employed for all the attributes evaluated, where 9
denoted “liked extremely” and 1 indicated “diki&d
extremely”. The regression equations relating the
sensory score to the actual levels of the process
variables are

Tolal Carclenoids{mgM00gm)

¥a

B: Temperakne(at)

Fig 4: Effect of microwave power level and air
temperature on total carotenoid

Drying Efficiency (n)

It_ ranged _from_ 3.319 to 6.079(MJ/kg). The Sensory Score=4.35417+1.59524 P+0.033333 T+4.76190%10
regression equations in terms actual levels of 89C pr.314408x16° P2.77778x10 T2.  (13)

variables are given as:

From ANOVA, it could be concluded that
Drying efficiency(MJ/Kg) =2.43018+7.16529P-3.36000% sensory score mainly depends on the power levels as
T -2.51077x10 PT-3.77670 P2.67077x10 T° seen from F-value and corresponding regression

From ANOVA (Table 2), it is found that drying coefficient. Again, only linear effect is significt at

efficiency was mainly depends on process tempmratur(gffo'?lé ?#t procelss tlemzerature did not rlave any
for the linear effect (significant atp.01) and on MW etiect. both power [evel and process temperatunewe

power level for the quadratic effect (significant a positively correlated with the sensory score (Fjg 6

p<0.01) in comparison to process temperature, where iSallmpIesddrried at higlher por\]/v_erklevel_s V\;]ere lighter i
is only significant at §0.01 for the linear effect. From color and there was less shrinkage in these preduct

Fig 5, it is observed that microwave power had aresulting in better appearance. Therefore, these

positive effect on drying efficiency upto certaevél products received higher scores and were highly
accepted by the panel.
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Table 4: Optimization criteria for different facsoand responses

Factors/ responses Goal Lower limlpper limit Importance
Power(W/g) In the range0.35 1.4 3
Temperatur€C) In the range 30 60 3

Drying rate Maximize  1.10258 4.55733 4
Browning Index Maximize  64.58 77.05 5

TCD Minimize  21.86 31.88 4

Tc Maximize  16.34 37.55 5

n Minimize  3.25662 6.079 4

SS Maximize 6 8 5

Table 5: Solution for optimum conditions

Solution Power(W. TempfC Drying rate AE Te DE SS Desirability

no. (gm/min)
1 0.90 60 2.54391 72.10 27.64 23.13 4.52 7.0466
2 0.91 60 2.58321 72.02 27.74 2290 452 7.06/56

compared to others, they were assigned an impatanc
value of 5 and remaining were assigned values ngngi
from 3 to 4. Assigning relative values of importario
responses. However, is subjective and thereforebmaay
perceived differently. Two solutions were obtained
with the desirability values as given in Table 5.
Solution no. 1 was chosen because it had a higher
number of responses having optimum values slightly
closer to goal values. The optimum values of all th
responses corresponding to optimum drying condstion
were found to be within the range of experimental
values.

Sensony Score

5. Conclusions
L Under the present study of investigation, the
0% MW power level had most pronounced effect on the
B A Poweri drying characteristics and quality attributes of
dehydrated yellow and red capsicum than system
temperature. The second-order polynomial model was
well fitted to predict the experimental data for sho
responses with high values of ®0.9) for most of the
. . desired variables. The optimum condition was fotimd

4. Optlmlzatlo_n of MD for Capsicum be 0.90W/g (180 W) of microwave power and@®f

The desired goals for each factor and responsgqcess temperature. The experimental responsesvalu

were chosen and different importance was assigned tyare found in close proximity to the predicted \esu
each goal (Table 4). The assignment of goals (%, fitted models. The response surface methogolog

responses was based on their desirability in thgs 5 yseful tool for analyzing the effect of micie-
dehydrated product and the assignment of importancgqgisted drying parameters on product quality amd f
was based on their relative preferences. BecaUSSptimizing the process.

browning index, total carotenoid, rehydration radied
sensory score are relatively more important respons

i

B Terperatrepd) 7%

1m0x

Fig 6: Effect of microwave power level and air
temperature on sensory

References
Barreiro JA, Milano M and Sandova A (1997). Kinsetif during thermal treatment.Journal of Food
colour change of double concentrated tomato paste Engineering 33: 359-371.

Journal of Food Research and Technology | AprieJ@014 | Vol 2 | Issue 2 | Pages 67-76
© 2014 Jakraya Publications (P) Ltd
74



Swain et al....Colour parameters and drying efficieatyellow sweet pepper osmotically pretreateRBW

Batalon JT (1998). Optimization of Coconut Coir Bus using the response surface methodoloByying
Compaction.Unpublished MS Thesis, University of Technology19(3 and 4): 611-626.
the Philippines Los Banos, College, Laguna, Maskan M (2001). Drying, shrinkage and rehydration
Philippines. characteristics of kiwifruits during hot air and
Baysal T, Ic-ier F, Ersus S and Yildiz H (2003)fe€ts of microwave dryingJournal of Food Engineering!8:
microwave and infrared drying on the quality of 177-182.
carrot and garlic. European Food Research Mendiratta SK, Shinde AT and Mane BG (2013). Effect
Technology218: 68-73. of added vegetable (carrot, radish and capsicum) as

Chauhan AKS and Srivastava AK (2009). Optimizing functional ingredients in mutton nuggedeurnal of
drying conditions for vacuum-assisted microwave Meat Science and Technolody(2): 71-76
drying of green peasP{sum sativum.). Dryin ' '
yng g . p_ (su fvum.J ying Mudahar GS, Toledo RT and Jen JJ (1989). Optincizati
Technology27: 761-769. ¢ dehvdrati A ‘
Crapiste GH (2000). Simulation of drying rates and of carrot dehydration process using response sariac

ality chanaes durina dehvdration of foodstuffs. | methodologyJournal of Food Scien¢c®4: 714-719.
Egzallr?o JE,gAnonu IM% Payradal AE and Bgrbosa-Nema PK, Mohapatra D, Daniel A and Mishra S (2013).

Canovas GV (Eds.)Trends in Food Engineering, M_odeling_ p_ulse m_ic_rowave drying kinetics of
pp. 135-138Technomic Publishing Co ginger ingiber officinale R.). Journal of Food
Feng H and Tang J (1998). Microwave finish dryifg o _ . R(_esearch {and Technolog(2): 46'58' )
diced apples in a spouted beiburnal of Food Nicoleti _JF, Telis-Romero J ar_1d Telis VRN (200_1)r-A
Science62: 679-683 drying of fresh and osmotically pre-treated pindapp
Floros JD and Chinnan M (1987). Optimization of slices: fixed air temperature versus fixed tempeeat

drying kinetics Drying Technologyl9: 2175-2191.

pimiento pepper lye peeling using response surfaCeF’ardeshi IL, Murumkar RP and Tayade PT (2014)

methodology.Transactions of the American Society

of Agricultural Engineers30 (2): 560-565. Optimization of Process for Spray Drying of
Giri SK and Prasad S (2007). Drying kinetics and Soymilk and Sprouted Soybean MilkJournal of

rehydration characteristics of microwave-vacuum Grain Processing and Storagg(l): 13-20.

and convective hot-air dried mushroordsurnal of  Ranganna MS (1986). Handbook of Analysis and Qualit

~ Food Engineering78: 512521. Control for Fruits and Vegetables Products. McGraw

Giri SK, Sutar PP and Prasad S (2014). Effect otgss Hill: New Delhi.

variables on energy efficiency in microwave- Rustom 1YS, Lopez-Leiva MH and Nair BM (1991).

vacuum drying of button mushroondournal of Optimization of extraction of peanut proteins with

Food Research and Technology1): 31-38. water by response surface methodolagpurnal of
Howard LR, Smit RT, Wagner AB, Villalon B and Burns Food Sciences6(6): 1660-1663.

EE (1994). Provitamin A and ascorbic acid contentSéené ? Sre])pulved_a E, Araya Ede_m_d Cal;/o _Ck|(1993)'
of fresh pepper cultivarsC@psicum annuujnand (;)orc_ a?_ges n g_oncgnt_rate Juices o pg_‘;f yrpea
processed Jalapenadournal of Food Sciengeb9: (Opuntia ficus indica during storage at different
362-365. temperatures. Lebensmittel-Wissenschaft  und-

: : Technologie26(5): 417-421.
Kamble AK, Pardeshi IL, Singh Pl and Ade GS (2013). .
. G g . ( ) Sanjuan N, Lozano M, Garcia-Pascual P and Mulet A
Drying of chilli using solar cabinet dryer coupled

. (2003). Dehydration kinetics of red bell pepper
with gravel bed heat storage systedournal of (Capsicum annuunt. var Jaranda)Journal of the
Food Research and Technolpdy?): 87-94. Science of Food and Agricultyrg3: 697-701.
Lah CL, Cheryan M and Devor RE (1980). A responseSharma G and Prasad S (2004). Effective moisture
surface methodology approach to the optimization of diffusivity of garlic cloves undergoing microwave-

whipping properties of ultra-filtered soy product. convective dryingJournal of Food Engineering5:
Journal of Food Sciencd5: 1720-1726. 609-617.

Lee J, Ye L, Landen WO and Eitenmiller RR(2000). Simonne AH, Simonne EH, Eitenmiller RR, Mills HAdn
Optimization of an extraction procedure for the Green NR (1997). Ascorbic acid and provitamin A
guantification of vitamin E in tomato and broccoli contents in unusually colored bell peppers
using response surface methodologhpurnal of (Capsicum annuum .} Journal of Food
Food Composition and Analysik3: 45-57. Composition and Analysi40: 299-311.

Lin TM, Durance TD and Scaman CH (1998). Smith LM, Carter MB, Dairiki R, Acuna-Bonilla A and
Characterization of vacuum microwave, air and Williams W (1977). Physical stability of milk fat
freeze dried carrot slices.Food Research emulsion as evaluated by response surface
International,31(2): 111-117. methodology. Journal Agricultural and Food

Madamba PS and Libon FA (2002). Optimization of the Chemistry 25: 647-652.
vacuum dehydration of celenAgium graveolens

Journal of Food Research and Technology | AprieJ@014 | Vol 2 | Issue 2 | Pages 67-76
© 2014 Jakraya Publications (P) Ltd
75



Swain et al....Colour parameters and drying efficieatyellow sweet pepper osmotically pretreateRB

Srivastav S and Kumbhar BK (2014). Modeling drying Weng W, Liu W and Lin W (2001). Studies on the

kinetics of paneer using Artificial Neural Networks optimum models of the dairy product Kou Woan
(ANN). Journal of Food Research and Technology Lao using response surface methodologgian-
2(1): 39-45 Australasian Journal of Animal Science®4(10):

. . 1470-1476.
Sunjka PS, Rennie TJ, Beaudry C and Raghavan GS\Qongsawatdigul J and Gunasekaran S (1996a).

(2004). Ml_crowave-convgcnve and microwave- Microwave vacuum drying of cranberries, part I:
vacuum drying of cranberries: A comparative study. energy use and efficiencyJournal of Food

Drying Technology22(5): 1217-1231. ; ; . }
Togrul IT and Pehlivan D (2003). Modeling of drying Processing and Preservatiop0(1): 121-143.

kinetics of single apricot.Journal of Food
Engineering 58: 23-32.

Journal of Food Research and Technology | AprieJ@014 | Vol 2 | Issue 2 | Pages 67-76
© 2014 Jakraya Publications (P) Ltd
76



