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Abstract Drying is an important method in long term storage of agricultural products. Present experiment was
performed to determine the effect of different pretreatment such as steam blanched, 1% sugar and 1% sodium
benzoate in bael pulp along with untreated using hot air dryer at 50 to 70°C temperature during drying. Falling rate
period was observed. The dehydration characteristic became analyzed through mathematically fitting the drying
results which were obtained by experiments to Newton, Page and Two-term drying models. R? chi-square and root
mean square error of moisture ratios were estimated to determine the best fit model. Result showed that Two term
model is best to describe the dehydration characteristics of bael pulp. The bael powder was analyzed for its quality

characteristics in respect of phenols, ascorbic acid, antioxidant, carotenoid and sensory test before packaging and

during storage. The sample dried at 60°C pretreated with 1% KMS was showed best results.
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l. INTRODUCTION

Bael (Aegle marmelos) is a native fruit of India which is
belongs to family Rutaceae[1]. It is very important due to
its medicinal value. Bael fruit consist of many useful
compounds i.e. phenolics, alkaloids, carotenoids,
flavonoids, coumarins, pectins, tannins and terpenoids [2],
[3]. It is one of the nature’s wealthy source of antioxidants
and is very useful for health. It also has amazing aroma. As
bael is a seasonal fruit and is not available throughout the
year. So preservation can be used to reduce post harvest
losses and retain of nutrition. Drying is one of the most
common methods for preservation of bael fruit pulp for
longer time. The dried products have very long shelf-life at
ambient temperature. Drying can be described as the
employment of heat under managed conditions to eliminate
the maximum amount of water usually present in a food
with the aid of evaporation. In drying heat penetrates into
the product and moisture is eliminated by evaporation.
Among different types of drying tray drying is the most
cost effective method.

However excessive moisture content of bael can result
rapid deterioration after cropping. Hence, the dehydration is
used to enhance the stability of fruits by means of reducing
the water activity to decrease physical and chemical
reactions which could arise during storage. However
thermal treatments result degradation reaction and are
believed to cause destruction of natural antioxidants in food
[4].[ 5].[ 6]. Two important variables to be controlled are
temperature of treatment and its duration[7]. There is also
economic importance of dehydrated bael powder which
used in formulated drinks, baby foods and other products.
Very limited works have been done on bael powder. The
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objective of this study is to investigate effect of temperature
and pretreatment on quality of bael powder.

1. MATERIALS AND METHODS

Mature fruits were bought from local market then fruits
were washed under running water and scooped out the pulp
after removing its hard shell. After removal of seedslst part
of pulp (200 g) dried without any pretreatment used as
control. 2" part (200 g) steam blanched for 5 min, 1%
sugar added in 3" part (200g) and 1% KMS added with 200
g pulp (4 th part). Samples were dried at 50°C, 60°C and
70°C. Moisture removal was analyzed after every 30 mins
interval until the equilibrium moisture reached. After drying
samples were grounded in mixer grinder to produce bael
powder and packed in polyethylene packet and stored for
further studies.

A. Analytical parameters
The % moisture content of different substrates was
measured on the basis of initial weight of the samples [8].
The loss in weight was reported as moisture %.

% moisture (d.b) = mom"i;‘i’xe;t Wh) 100

Total phenolic content of bael pulp was determined by
folin-ciocalteu method [9] at a wavelength of 765 nm using
gallic acid standard and expressed as mg of gallic acid/g of
fruit. Ascorbic acid of bael pulp was determined by
titrimetric method [8].

Antioxidant content was determined by FRAP method and
the value expressed as mM FeSO, /g fruit [10].
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Total carotenoids of bael pulp had been measured in step
with the method of Talcott and Howard (1999) [11].

Descriptive sensory evaluation became done to decide the
impact of drying on the sensory quality of bael powder. A
10-untrained member of sensory panel [12] was used for
evaluation. The characteristics considered were colour,
taste, aroma and overall acceptability (OA).

B. Mathematical modeling of moisture removal

The reduction of moisture ratio with drying time was used
to analyze the experimental drying data. The moisture ratio
(MR) was calculated [13] as follows:

_ M¢—Me

MR=
M;—Me

Where MR= Moisture Ratio, M= Moisture content in time t
(% db), Mc=Equilibrium moisture content (% db),
M;=Initial moisture content (% db)

To describe drying behaviour of pretreated bael three
different established thin layer drying were used [14], [15],
[16]:

Newton model: MR= exp(-kt)

Page model: MR= exp(-kt")

Two term model : MR= a exp(-kt)+ b exp (-gt)
Chi-square value (;?) [17]:

N
2 Zi_l(MRexp,i - MRpre,i) 2
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Root mean square error [18]:

N
1
RMSE = \/ﬁzi_l(MRexp,i - MRpre,i)2

Where: MR, = Experimental moisture ratio, MRyeq =
Predicted moisture ratio, N = Number of observations, z =
Number of constants

1. RESULTS AND DISCUSSION

The initial moisture content of bael pulp was 66% (w.b).
The experiments were performed at temperature ranging
from 50-70° C until final moisture reached. In the initial
stage of drying the decrease of moisture content was high
due to the presence of high moisture. The amount of
moisture reduction decreases with increasing time. These
results were very similar with previous research work [16].
Results showed in fig 1-3 that drying time reduced with
increasing temperature for all samples may be the result of
increasing vapour pressure within the samples with
increasing temperature. As a result of it moisture removed
quickly from samples. The graph shows falling rate period.

Moisture ratio reduced constantly with drying process.
Diffusion which has governed the inner mass transfer might
be the reason of continuous decrease in moisture ratio.
Decrease of moisture ratio was faster with increasing
temperature[16]. Results showed that pretreatment have
positive effect on moisture ratio.
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Fig.3 Moisture content against drying time curve of untreated and pretreated bael pulp dried at (Fig 1) 50, (Fig 2) 60 and (Fig 3) 70 °C
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In this experiment the most acceptable model was shown by statistical analysis (SPSS) among three drying models suggested
by previous researchers[16], [19]. RMSE, chi-square values and R? values were given in table 1. Depending on lowest RMSE,
chi-square value and highest R? value the suitable kinetic model was selected. All three models shown high R? value (0.984-
0.999) which indicate drying characteristics of bael pulp could satisfactorily describe by these models. Among all models the
Two term model shows the highest R? (0.999-0.996), lowest RMSE (0.009-0.0188) and x* (0.00008-0.00039).

Table 1 Statistical results of three thin-layer drying models

Temperature | Sample Model
Newton model Page model Two term model
R’ Chi-square RMSE R® chi- RMSE R’ chi-square | RMSE
o) square o)
o)

Control 0.984 0.00157 0.039 0.995 0.0005 0.0211 0.996 0.00039 0.0188
50°C

Steam 0.989 0.00104 0.031 0.996 0.0004 0.019 0.996 0.00049 0.0197

Blanched

1% sugar | 0.993 0.0006 0.024 0.997 0.0003 0.016 0.997 0.0003 0.016

1% KMS | 0.991 0.0008 0.028 0.9975 | 0.0002 0.014 0.9975 | 0.0002 0.014

Control 0.989 0.0011 0.032 0.996 0.0004 0.0183 0.9966 | 0.00035 0.01677
60°C

Blanched | 0.992 0.0008 0.027 0.998 0.0002 0.013 0.998 0.0002 0.013

1% sugar | 0.995 0.0004 0.02 0.997 0.0003 0.017 0.997 0.0003 0.016

1% KMS | 0.9965 0.0003 0.017 0.9979 | 0.0002 0.013 0.998 0.0002 0.012

Control 0.989 0.0010 0.031 0.9976 | 0.0002 0.015 0.9976 0.00027 0.014
70°C

Blanched | 0.995 0.0005 0.022 0.9986 | 0.0001 0.0094 0.999 0.00009 0.009

1% sugar | 0.997 0.0003 0.015 0.997 0.0002 0.015 0.997 0.0003 0.015

1% KMS | 0.9984 0.0001 0.01 0.999 0.0001 0.010064 | 0.999 0.00008 0.009

The most acceptable model for bael pulp drying was estimated by comparing the predicted moisture ratio against experimental
moisture ratio in fig 4-7. 1t was shown that Two term model was accurate for describing the drying attributes of bael pulp.
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(Fig 4-7) Comparison of predicted vs experimental value

Results revealed that vitamin C degraded with increasing temperature. Vitamin C most affected by temperature and time of
storage. Vitamin C is very unstable during heat treatment. Vitamin C content degenerated during drying involves oxidation and
hydrolysis [20]. It was observed from fig 8 that all pretreated sample retained more vitamin C than untreated sample. Among
all pretreatments sample with 1% KMS showed maximum amount Of vitamin C (1.21 mg/100 g) at 60°C after 3 months of
storage which was followed by steam blanched and 1% sugar samples.

B 50 deg Untreated
60 deg Untreated
m 70 deg, Untreated
W 50 deg,1% sugar
H 60 deg,1% sugar
m 70 deg,1% sugar

W50 deg, steam

Vitamin C (mg/100 g)

B 60 deg, steam

™ 70 deg, steam

H 50 deg, KMS

3 m 60 deg, KMS

Months

170 deg, KMS

Fig 8: Storage study of vitamin C

Degradation of phenolic content increased with time and temperature. Thermal breakdown of polyphenols can happen during
drying that can affect the cell structure [21]. Phenolic compounds degraded due to the effect of polyphenol oxidase (PPO)
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enzymatic activity [22]. Result showed that total phenol content degraded during storage [23]. PPO protein utilized
polyphenols as substrate which cause degradation of phenolic compounds [24]. It was obtained from fig 9 that maximum
retention of total phenol observed in sample with 1% KMS at 60'C (24.33 mg GAE/g) and steam blanched 24.05 mg GAE/g
and sample with 1% sugar 19.69 mg GAE/g after 3 months of storage.

W50 deg, untreated
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@70 deg, untreated
W50 deg,1% sugar
m 60 deg, 1% sugar
m 70 deg, 1% sugar
W 50 deg,steam

M 60 deg,steam

w b U1 O N 0

70 deg, steam
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N

Total phenol content (mg GAE/g)

m 60 deg, kms
70 deg, kms

[EnY

o

Months

Fig: 9 Storage study of Total phenol content

Result showed that maximum retention of carotenoid in sample with KMS at 50°C (6.61ug/g) which was followed by steam
blanched (5.94 pg/g) and sample with 1% sugar (5.32 pg/g). As carotenoid was heat sensitive and sensitive to oxidative
degradation [25] for this carotenoid degraded at higher temperature.

B 50 deg untreated
H 60 deg untreated
m 70 deg untreated
W 50 deg 1% sugar
60 deg 1% sugar
W 70 deg 1%sugar
W 50 deg steam

B 60 deg steam

1 70 deg steam

W 50 deg kms
Months m 60 deg kms

™ 70 deg kms

Carotenoid (pg/g)
O kL N W DM U1 O N

Fig: 10 Storage study of carotenoid content

. Result showed that antioxidant declined during storage in all temperature for all samples. Degradation of total antioxidant
increased significantly with increasing storage period. This might be due to reduction of ascorbic acid and phenolic compounds
during storage [26] that probably liable for HAP contribution in the powder. The loss of total antioxidant was slightly lower in
the pretreated samples during storage. This might be due to pre treatment effect as well as effect of other factors like
temperature and storage period on the powder which might have caused this change. Maximum retention of antioxidant
showed in sample with KMS 18.89 mM FeSO,/g.
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Fig 12: Descriptive analysis on sensory score of bael powder

It was observed that sensory score decreased gradually with
increase in storage period at room temperature. The score
was significantly decreased during storage. Similar findings
were reported by Satkar et al. (2013) [27]. Temperature
plays an important role in biochemical changes that leads to
development of off flavour as well as discolouration in the
beverages. The best sample with high sensory score was
sample with 1% KMS.

IV. CONCLUSION

From this experiment it can be concluded that temperature
and storage affect the nutritional quality of bael powder.
Pretreatment have positive effect on bael powder. Best
retention of nutritional quality was observed with samples
pretreated with 1% KMS followed by dehydration at 60°C
in tray dryer.
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