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The study was undertaken with an objective to evaluate the effect of drying techniques on
functional properties and chemical composition of okara (soybean processing byproduct).
The predefined drying techniques like oven, freeze and solar tunnel drying were followed
and their effect on the physico-chemical properties of okara were studied. Fresh okara was
extracted, processed (dried) and powdered from variety PS-1347. However, fresh okara
showed higher protein solubility as compared to okara powders irrespective of drying
techniques but freeze dried okara had highest protein solubility followed by oven dried and
solar tunnel dried okara powders. Water holding capacity was increased due to drying as
compared to fresh okara and freeze dried okara powder showed maximum water holding
capacity. Drying also decreased significantly the bulk density with minimum values in
freeze dried okara powder. However, drying significantly increased the phytic acid
contents, total phenolic contents, protein digestibility and antioxidant activities as
compared to fresh okara, but freeze drying technique showed lowest value for phytic acid
and highest values for total phenolic contents, protein digestibility and antioxidant
activities among all the drying methods. However, moisture, protein and ash content in all
the three types of dried okara powders were statistically similar, but fat content was higher
in oven dried and minimum in freeze dried okara powder. Freeze dried okara powder had
maximum content of crude, total dietary fibre, soluble and insoluble dietary fibre, whereas
oven dried okara powder had minimum content of total dietary, soluble and insoluble
dietary fibre. Total calcium, phosphorus, potassium and iron content and available calcium
and iron contents were found abundantly in freeze dried okara powder. It is concluded that
freeze drying is better technique with improved physico-chemical properties of okara
powder as compared to oven and solar tunnel drying.

Introduction
Okara, a Japanese word meaning “honorable
hull” represents soy pulp, is a by-product of
soy milk processing having low commercial

value and potentially nutritious product with
high in fiber, protein, carbohydrates, vitamins,
minerals and fat having excellent functional
properties (Li et al., 2012; Pinto; Castro,
2008). Its massive generation and perishability
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due to high moisture content attracts
considerable attention towards drying of okara
(Cuadros et al., 2011). However, it must be
dried quickly to avoid spoilage and to prolong
its shelf life, but drying method have a
significant effect on the functional and
nutritional properties of okara. During drying
one of the most important aspects to be
considered is the preservation of the protein
quality, which can be affected by the drying
conditions (Redondo-Cuenca et al., 2008).
The high quality protein fraction is responsible
for water holding, fat binding and emulsifying
capacity including foaming properties and
anti-hypertension effects influence the
production and quality of a determined food
product (Silva et al., 2006; Aplevicz et al.,
2000).
It is also of important concern that intense heat
treatment denatured the proteins and fibres
present in okara which reduced the protein
solubility and water holding capacity
(Aguado, 2010). Reports are there that
vaccum-tray drying is more effective to
produce good quality okara in respect of its
functional, nutritional and shelf life
characteristics than microwave drying, but it is
costly (Sengupta et al., 2012). Hence, keeping
these factors in view, this study was conducted
to evaluate the effect of different drying
techniques on physico-chemical properties of
okra.
Materials and Methods
Soybean variety, PS-1347 was procured in a
single lot from the Department of Genetics
and Plant Breeding, College of Agriculture,
CCS Haryana Agricultural University, Hisar.
The seeds were cleaned and made free of dust,
dirt and foreign materials prior to processing.
For the extraction of okara, soybean seeds
were washed and soaked overnight in water.
Fresh okara was extracted using hot
disintegration method (Bourne, 1976) with the

help of SOYCOW machine, Department of
Processing and Food Engineering, College of
Agriculture Engineering and Technology,
CCS Haryana Agriculture University, Hisar.
The fresh extracted okara was dried by
applying three different drying techniques i.e.
hot air oven drying (55ºC for 12 h), freeze
drying (-50 0c for 24 h) in Bench Top Freeze
Dryer (Model no FD-1A-50) and solar tunnel
dryer. Dried okara was ground to fine powder
and kept in air tight containers till further
analysis.
Proximate composition and crude fibre (using
automatic Fibra- Plus apparatus) was
estimated by following the standard methods
of analysis (AOAC, 2000). Protein solubility
(Morr et al., 1985) was evaluated by
dissolving 500 mg sample in 25 ml saline
solution (0.1M NaCl) in a conical flask,
followed by centrifugation at 3000 rpm for 10
minutes. The supernatant was collected and
estimated for soluble protein contents by the
Micro Kjeldahl method (AOAC, 2005).
Soluble and insoluble dietary fibre was
determined by enzymatic method (Furda,
1981) and the sum of insoluble and soluble
fibre contents represented the total dietary
fibre.
Water holding capacity (g water/g protein)
was determined by dissolving 100 mg sample
in 3.5 ml distilled water in a transparent 50 ml
centrifuge tube. The mixture was vortexed for
2 min, left to rest for 30 min and then
centrifuged (20ºC, 18,000×g) for 10 min.
Supernatant was removed and the centrifuged
tubes were turned upside down for 30 min and
weighed (hydrated sample + tube weight) for
calculation of water holding capacity as per
the method prescribed by Quinn and Paton
(1979). The bulk density (g/cm³) of sample
was analyzed by using the method of Wang
and Kinsella (1976).
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Iron, calcium and potassium in acid digested
samples were determined by Atomic
Absorption Spectrophotometer (Lindsey and
Norwell, 1969). Available calcium (Kim and
Zemel, 1986) and ionizable iron (Rao and
Prabhavati, 1978) were also extracted.
In vitro protein digestibility was determined
by following the modified method of Mertz et
al., (1983). Phytic acid (Davies and Reid,
1979), total phenolic contents (Singleton and
Rossi, 1965) and free radical scavenging
activity (DPPH RSA) in the sample was
evaluated by using the DPPH method of
Hatano et al., (1988).
Results and Discussion
Functional properties
A decrease in protein solubility due to all the
three drying technique in dried products was
observed as compared to fresh okara (Table
1). Carmen et al., (2012) also reported higher
values for protein solubility of fresh okara as
compared to okara powder. Among three
types of drying, protein solubility was
maximum in freeze dried okara followed by
oven dried and solar tunnel dried okara
powder. These observed values for protein
solubility of dried okara powder in present
study are in close agreement to the values
reported by Grizotto and Aguirre (2009).
Wagnor and Anon (1990) and Ma et al.,
(1997) also explained that protein solubility
increases with the retention of good quality
protein in hypocotyls which do not get
denatured while drying treatments.
The water holding capacity in fresh okara was
significantly lower than the dried products. It
might be due to retention of high protein and
fibre content in dried okra. Okara dried by
freeze drying method showed highest water
holding capacity and lowest was observed in
solar tunnel dried okara powder. These

findings are in accordance with the results of
Grizotto and Aguirre (2011).
Fresh okara had 0.99 g/cm³ bulk density while
in dried okara it decreased in the range from
0.26 to 0.30 g/cm³. These results are in
agreement with the findings of Ndife et al.,
(2014) for bulk density in composite flour
containing okara.
Phytic acid content of all the three types of
dried okara was increased as compared to
control (602.79mg/100g) and ranged from
786.50 to 801.79 mg/100g, being highest in
oven dried okara powder followed by solar
tunnel and freeze dried okara powder (798.02
and 786.50, respectively). These values were
within the range of Van der Reit (1989)
reports (500-1200 mg/100g) but higher than
the values (611.80 mg/100g) reported by
Vineeta and Greawal (2001) in oven dried
okara powder. O‟ Toole (1999) explained that
phytic acid content depends on the cultivar of
soybean and the production method.
Similar to pytic acid contents, the total
phenolic content of dried okara powder was
also increased as compared to control (63.65
mg gallic acid/100g) in present investigation
and ranged from 74.28 to 83.75 mg/100g,
being highest in freeze dried and lowest in
oven dried okara powder. Almost similar
values were reported by Tabart et al., (2007),
while Singh et al., (2012) reported higher
values (116 mg/100g) for total phenolic
content in okara powder. By increasing the
temperature and solvent fraction, total
polyphenolic content decreased significantly,
this is due to the degradation of polyphenols
and decrease in the polarity of solvent at
higher temperature (Tsubaki et al., 2009).
Phenolics are secondary metabolites, and in
part, are produced as a result of the plant‟s
interaction with the environment and variation
in total phenolic content reported by earlier
workers underlines the variation in the process
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or in the raw material (Snyder and Nicholson,
1990).

soaking and heat treatments (Mateos- Aparicio
et al., 2010)

Though freeze dried okara powder had highest
protein digestibility (89.58 per cent) followed
by solar tunnel, oven dried and fresh okara
(88.49, 87.35 and 64.10 per cent,
respectively).

In vitro experiments have also indicated that
okara powder is more potential source of
antioxidant
components
(Amin
and
Mukhrizah, 2007) as compared to fresh okra.
Freeze dried okara powder contained
maximum amount of antioxidant activity,
while oven and solar tunnel dried okara
powder showed almost similar antioxidant
activity. The similar findings were also
reported by various workers (Singh et al.,
2011).

The intensive heat may denature the protein
and reduce the in vitro digestibility in solar
tunnel and oven dried okra powders (Aguado,
2010). Further phenolic compounds or their
oxidized product forms complexes with
essential amino acids, enzymes and proteins,
thus lowering their protein (Shahidi and
Naczk, 1992). Improvement in protein
digestibility of freeze dried okara powder is
possibly due to reduction in levels of
antinutritional factors like phytic acid after

Chemical composition
Moisture content of fresh okara (Table 2) was
in close agreement to the range mentioned by
Li et al., (2008).

Table.1 Effect of drying techniques on functional properties of okara (n=6)
Parameters

24.40c±0.01

Treatments
Oven dried
Freeze dried
okara
okara
a
20.60 ±0.01
23.10b±0.01

Solar tunnel
dried okara
20.10a±0.02

07.47a±0.02

17.83b±0.82

22.96c±0.35

17.04b±0.01

0.99c±0.01

0.28ab±0.01

0.26a±0.02

0.30b±0.01

602.79a±12.42

801.79c±12.54

786.50b±9.39

798.02c±11.42b

63.65a±0.59

74.28b±0.03

83.75d±0.05

79.62c±0.04

64.10a±0.67

87.35b±0.52

89.58d±0.83

88.49c±0.49

26.68a±1.42

36.52b±1.05

43.56c±2.16

36.59b±0.86

Control
Protein
solubility
(g soluble
protein/100 g)
Water holding
capacity (g
water/g protein)
Bulk density
(g/cm³)
Phytic acid
(mg/100g)
Total phenolic
content (mg
gallic acid/100g)
In vitro protein
digestibility (%)
Antioxidant
activity (%)

Mean  SE with different superscripts in rows differ significantly (P≤0.05)
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Table.2 Effect of drying techniques on chemical composition of okara (dry weight basis)
(n=6)
Types of drying
Parameter
Control
Oven drying Freeze drying Solar tunnel drying
Proximate composition (%)
80.08±0.03
6.51±0.01ª
6.44±0.04ª
6.48±0.05ª
Moisture
4.61±0.09
23.14±0.98ª
24.98±0.62ª
24.04±0.85ª
Protein
b
3.27±0.34
7.81±0.33ª
5.83±0.60
6.85±0.68ab
Fat
0.65±0.82
3.80±0.42ª
3.92±0.38ª
3.67±0.14 ª
Ash
b
2.26±0.19
27.54±0.28ª
28.58±0.32ª
27.08±0.34b
Crude fibre
Dietary fibre (%)
11.59±0.03
49.27±0.25c
52.83±0.15ª
50.80±0.11b
Total dietary fibre
1.33±0.18
4.06±0.01c
4.71±0.17ª
4.31±0.13b
Soluble dietary fibre
c
45.21±0.06
48.12±0.01ª
46.49±0.18b
Insoluble dietary fibre 10.25±0.21
Total minerals (mg/100g)
72.43±0.03
303.79±2.34c
372.40±1.49ª
324.43±0.76b
Calcium
89.28±0.86 383.29±0.96ab 401.53±0.79ª
379.66±3.59b
Phosphorus
c
1.43±0.82
7.01±0.01
8.48±0.23ª
7.65±0.01b
Iron
327.51±1.21 1291.51±0.69b 1361.94±0.58ª
1275.59±3.05c
Potassium
Available minerals (mg/100g)
23.61±2.34
42.96±0.02c
43.56±0.11ª
43.45±0.02b
Calcium
0.69±0.07
23.15±0.07c
24.02±0.13ª
23.57±0.00b
Iron
Mean  SE with different superscripts in rows differ significantly (P≤0.05)

The values observed in present study for
crude protein, fat, ash and crude fibre in fresh
okara were well within the range reported by
Fafaungwithayakul et al., (2011) and
Sengupta et al., (2012).

It was noticed that freeze dried okara
contained maximum amount of crude fibre
followed by oven and solar tunnel dried okara
powder. Grizotto et al., (2012) stated that
intensive heat treatment ruptures the
microstructure of fibres, while Wang et al.,
(2010) observed the significant influence of
cultivar and cropping year on the crude fibre
contents. Li et al., (2012) reported that okara
can partially replace wheat flour, soy flour
and other ingredients for food production to
increase the contents of fibre and protein.

In present study, fat content was lowest in
freeze dried okara powder as compared to
oven and solar tunnel dried okara powder.
These values are somewhat lower than the
values observed by earlier workers (Lie et al.,
2008; Lescano et al., 2005).

In present study freeze dried okara powder
had highest amount of total, soluble and
insoluble dietary fibre and lowest amount was
found in oven dried okara powder. Renaldi
and Bennink (2000) observed that oven
drying ruptures the fibre structure of okara.
Almost similar values for total, soluble and
insoluble dietary are reported by Mateos-

Ash content of oven, freeze and solar tunnel
dried okara powder differed non-significantly
from each other. Almost similar values for
ash content were reported by Mateos-Aparicio
et al., (2010) and Lu et al., (2013) in tray
dried and freeze dried okara powder,
respectively.
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Aparicio (2010). Okara may be considered as
a good source of dietary fibre because it is the
major constituent, which is very rich in
insoluble dietary fibre (Li et al., 2008).

whether further water was added to extract
residual extractable compounds and it also
depends on the cultivar of soybean and the
production method. Freeze dried okara
powder contained significantly higher amount
of available calcium and iron followed by
solar tunnel and oven dried okara powder.

Freeze dried okara contained significantly
higher amounts of minerals i.e. calcium,
phosphorus, iron and potassium as compared
to oven dried and solar tunnel dried okara
powder. In present study, it was noticed that
potassium was the most abundant mineral
element in fresh okara followed by
phosphorus, calcium, iron. Vineeta and
Grewal (2001) also reported almost similar
values for iron, whereas, Stanojevic et al.,
(2014) reported higher values for minerals
(calcium, phosphorus, iron and potassium in
fresh okara). Alpaslan (2002) stated that
either soymilk preparation process (from
soaking to grinding) or the quality of raw
material (seed variety, quality and cultivation)
effects the mineral composition in okara. The
values of calcium, phosphorus, iron and
potassium observed in present investigation
fall between the values mentioned by MateosAparicio et al., (2010) and Wang et al.,
(2010) but Lu et al., (2013) reported higher
values for calcium and iron and lower values
for potassium. Such variations in mineral
content might be due to the differences in
their genetic origin, location, soil moisture
content, minerals nutrient availabilities and
organic matter content (Wang and Daun,
2004).

Freeze dried okara powder had higher protein
solubility, water holding capacity total
phenolic contents, total dietary fibre, soluble
and insoluble dietary fibre, protein
digestibility and antioxidant activities with
lower bulk density and, phytic acid and fat
contents among all the drying methods. Total
calcium, phosphorus, potassium and iron
content and available calcium and iron
contents were found abundantly in freeze
dried okara powder. It is concluded that
freeze drying is better technique with
improved phyco-chemical properties of okara
powder as compared to oven and solar tunnel
drying.
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