J Food Sci Technol (March 2015) 52(3):1670-1676
DOI 10.1007/s13197-013-1118-4

ORIGINAL ARTICLE

Efoiscring oo frofessionals

Effect of extrusion variables (temperature, moisture)
on the antinutrient components of cereal brans

Satinder Kaur - Savita Sharma - Baljit Singh - B. N. Dar

Revised: 18 July 2013 / Accepted: 18 July 2013 /Published online: 24 August 2013

© Association of Food Scientists & Technologists (India) 2013

Abstract The study was carried out, to explore the potential-
ity of extrusion technology for elimination of antinutritional
components of cereal brans. Extrusion variables were mois-
ture content (14, 17 and 20 %) and temperatures (115 °C,
140 °C, 165 °C). Phytic acid, polyphenols, oxalates, trypsin
inhibitor, bulk density and color of brans after extrusion were
analyzed. All four raw bran samples had high concentration of
phytic acid, polyphenols, oxalates and trypsin inhibitors.
Extrusion cooking was found effective in reduction of these
antinutritients. Extrusion processing reduced the phytic acid
by 54.51 %, polyphenol by 73.38 %, oxalates by 36.84 %, and
trypsin inhibitor by 72.39 %. The heat treatment caused the
highest reduction in polyphenols followed by trypsin inhibi-
tors, phytic acid and oxalates. The highest reduction in
antinutrients was observed at 140 °C and 20 % moisture
content. Bulk density increased significantly compared to
raw brans and increase in redness and decrease in yellowness
of brans was observed after extrusion treatment.
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Introduction

Although cereal brans are rich in dietary fiber, omega-3-fatty
acids and contain modest amounts of starch, proteins, certain
minerals and vitamins, but their use in food and feed is still
limited because of the presence of several antinutritional fac-
tors (ANFs). These include phytic acids, trypsin inhibitors,
polyphenols, oxalates, saponins, lipases and heamagglutinin.
These toxic factors present in cereal brans must be eliminated
or minimized in order to utilize its entire nutritional potential.
Many efforts have been made in the past but all were focused
on removing one or more of the toxic factors (Rehman and
Mahmood 1996; Sayre et al. 1988; Shivaji and Jagrahan
1983). Processing treatments viz. wet, dry, microwave
heating, chemical treatment and extrusion cooking are useful
for elimination of undesirable components in cereal brans.
Extrusion cooking, a multi-step, multi-functional and
thermal/mechanical process, has permitted a large number of
food applications. Beneficial effects include destruction of
antinutritional factors, gelatinization of starch, increased solu-
ble dietary fiber and reduction of lipid oxidation. Recently,
extrusion cooking has become one of the most popular tech-
nologies in food processing. It is a low cost, high temperature
short time (HTST) process, used world-wide for processing of a
number of food products (Frame 1994; Harper 1981; Smith and
Singh 1996). Extrusion is being considered as the best method
to abolish o-amylase inhibitors, trypsin, and chymotrypsin and
heamagglutinin activity without modifying protein content in
food products (Soetan and Oyewole 2009). Therefore, this
study was carried out to investigate the effect of extrusion
cooking on the ANFs in wheat, rice barley and oat brans.

Materials and methods

Raw materials Wheat bran was collected from Ludhiana
Flour Mill, Ludhiana, India. Rice bran was purchased from
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A.P. Solvex Pvt. Ltd., Dhuri, Punjab, India. Barley bran was
prepared by milling of barley in grain pearler (Central Institute
of Agricultural Engineering (CIAE), Bhopal, India). Oat bran
(Baggry’s India Ltd., New Delhi, India) was purchased from
local market. Defatting of brans was achieved by treating with
the cold hexane (food grade). The dried cereal brans were
ground to a uniform particle size using Cemotec mill (Foss,
Hoganas, Sweden) having setting at No. 1.

Extrusion cooking Samples were extruded using Clextral BC
21 (Clextral, Firminy, France) co-rotating intermeshing twin
screw extruder having 400 mm useful length and 2.5 mm
screw diameter and was equipped with a single screw volu-
metric feeder. Moisture content of samples was adjusted to 14,
17 and 20 % by adding calculated amount of water. Feeder
speed was set to feed at the rate of 20 kg/h. Barrel temperature
was set at 25 °C, 75 °C and 100 °C for Ist, 2nd and 3rd zones
respectively. Temperature of fourth zone was varied as 115 °C,
140 °C and 165 °C. Screw speed was maintained at 400 rpm.
The die was fitted with one circular insert having 6 mm
diameter. The product was cooled and packed in polythene
bags for futher analysis.

Analysis of antinutritional compounds The antinutritional
compounds such as phytic acid (Davies and Reid 1979), total
polyphenol (Swain and Hills 1959), and oxalates (Abaza et al.
1968), were quantified. Trypsin inhibitor activity was deter-
mined by the enzyme assay (Hajela et al. 1999) by using
benzoyl-DL-arginine-p-nitroanilide (BAPNA) as a substrate.
One trypsin inhibitor unit (TIU) is expressed as an increase of
0.01 absorbance units per 10 ml of reaction mixture at 410 nm.
Trypsin inhibitor activity was defined in terms of trypsin units
inhibited per g protein.

Functional characteristics Bulk density (weight per unit vol-
ume) of cereal brans were determined by method of Egan et al.
1981. Color analysis was performed by using Hunter Lab
Colorimeter, MiniScan XE Plus (Hunter Lab, Reston,
Virginia). Color readings were expressed by Hunter values
for L, a, and b. L values measure black to white (0—100); +a=
red, — a = green; + b = yellow; — b = blue.

Statistical analysis The data was statistically analyzed as
described by Snedecor and Cochran (1980) using three
replications.

Results and discussion

Phytic acid Table 1 presents the data with respect to the effect
of extrusion treatment at different temperature and moisture
levels on the phytic acid content (mg/g) of cereal brans. Phytic
acid content (on 14 % moisture basis) of different cereal bran

was 41.74 mg/g (wheat bran), 42.82 mg/g (rice bran),
40.30 mg/g (barley bran) and 27.69 mg/g (oat bran).
Statistically significant reduction was noticed among cereal
brans with regard to phytic acid. At 20 % moisture content
mean phytic acid in untreated bran was 38.14 mg/g which was
reduced to 17.35, 18.89 and 19.65 mg/g at 115 °C, 140 °C and
165 °C respectively. Lower moisture content during extrusion
resulted into lower degradation in phytic acid of cereal brans.
At 115 °C, the mean phytic acid values were 19.92, 18.63 and
17.35 mg/g at 14, 17 and 20 % moisture respectively. Similar
pattern in reduction was observed at higher temperature with
regard to moisture content of the bran during extrusion. These
values showed that lower temperature resulted into highest
reduction in phytic acid. At temperature of 115 °C and mois-
ture content of 20 %, extrusion treatment was most effective
for reducing phytic acid upto 64.40 % in wheat bran, 63.55 %
in barley bran and 26.47 % in oat bran. However highest
reduction (55.83 %) in rice bran was observed at 140 °C with
20 % moisture content during extrusion. Earlier work by
Chauhan et al. 1988; Asp et al. (1989) showed a significant
reduction in phytic acid during extrusion processing of foods.
Sharma et al. (2004) found that extrusion treatment signifi-
cantly reduced the phytic acid content of rice bran from
29.33 mg/g in raw rice bran to 24.66 mg/g in extruded rice
bran. Phytic acid reductions presumably vary in cereal brans
due to variation in phytate content which may be attributed to
differences in milling extraction rates, genotypic and environ-
mental effects. Khattab and Arntfield (2009) found that
autoclaving was the most effective in reducing phytic acid
content by 65.04-70.49 % in legume seeds. The observed
reduction in phytic acid content of legume seeds during heat
treatments may be partly due to the heat labile nature of phytic
acid and the formation of insoluble complexes between
phytate and other components. Fairweather-Tait et al. (1989)
reported that phytic acid was reduced during extrusion but
total phytate was not affected. According to Gualberto et al.
(1997) screw speed had no effect on the phytate content in
wheat, rice and oat brans.

Polyphenols Data with respect to total polyphenols in cereal
bran is depicted in Table 2. Treatment at higher moisture
content found to be more effective in reduction of polyphe-
nols. With feed moisture content of 20 %, reduction in poly-
phenol content was 64.68 %, 73.38 % and 62.44 % at 115 °C,
140 °C and 165 °C, respectively. Moderate temperature was
more effective in degradation of polyphenols. At temperature
of 140 °C with 20 % moisture content reduction varied be-
tween 64.84 and 80.74 % for individual cereal brans. About
62.44 % mean reduction in polyphenol was detected at 165 °C
with 20 % moisture content, however, the degradation was
more at low temperature i.e. 115 °C (64.68 %) and 140 °C
(73.38 %) with 20 % moisture content. This might be attrib-
uted to greater loss of endogenous polyphenols in cereal brans
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Table 1 Effect of extrusion treatment on phytic acids* (mg/g) content of different cereal brans

Temp. (°C) Moisture Type of bran Bran means

content (%)
Wheat Rice Barley Oat

Control 41.74+0.748 42.82+0.82¢ 40.30+0.30 27.69+0.69° 38.14£0.14¢

115 14 19.28+0.28% 20.76+0.20° 18.13£0.13¢ 21.50+0.50* 19.92 £0.92%¢ (47.77)
17 16.41+0.41° 19.52+0.50™ 17.82+0.82° 20.76+0.76™ 18.63+0.63° (51.15)
20 14.86+0.86° 19.48+0.48% 14.69+0.69° 20.36+0.36° 17.35+0.35% (54.51)

140 14 22.43+0.43" 19.89+0.89"° 22.72+0.72° 23.21+0.21¢ 22.06+0.28" (42.16)
17 19.73+0.73% 19.57+0.57%° 17.73+0.73% 22.88+0.88¢ 19.98+0.98% (47.61)
20 18.82+0.82¢ 18.92+0.10° 15.46+0.46° 22.36+0.36% 18.89+0.89" (50.47)

165 14 21.43+0.43°F 20.26+0.60° 21.40+0.409 21.46+0.46> 21.14+0.24 (44.57)
17 21.17+0.17% 20.03+0.40" 19.41+0.41¢ 21.40+0.61° 20.5+0.50% (46.25)
20 19.96+0.96¢ 19.81+0.80% 17.73+0.51% 21.1040.44% 19.65+0.65%¢ (48.47)

*on 14 % moisture basis
Values are means + Standard deviation of triplicate determinations
Figures in parentheses indicate present reduction over control values

Means within columns with different letters are significantly different (P <0.05)

at low temperature and release of polyphenols at higher tem-
perature. Viscidi et al. (2004) reported that extrusion process
decreased the level of polyphenols in plant materials, that was
also confirmed by the results of Gumal et al. (2007) where
other extrusion parameters were applied for rye grains (14 %/
120 °C, 20 %/120 °C, 20 %/180 °C).

Oxalate content Mean values for percent oxalate content
showed that extrusion temperature and moisture results into
non-significant reduction impact in reducing the oxalate con-
centration in all brans (Table 3). The oxalate content in

untreated bran ranged from 0.309 to 0.445 %, being minimum
for oat bran (0.309 %) and maximum for rice bran (0.445 %).
At 115 °C temperature of extrusion, the maximum reduction
in oxalate content was achieved at 20 % moisture content
(10.53 %). Mean values showed that maximum reduction
(36.84 %) was observed at 140 °C and 20 % moisture content.
Similar pattern of non-significant decrease in oxalate content
was observed at 165 °C with different moisture content, but
reduction was comparatively lower than extrusion tempera-
ture of 140 °C. The percent reduction in oxalates at 140 °C
temperature, 20 % moisture content was 36.88 %, 42.02 %,

Table 2 Effect of extrusion treatment on polyphenols*(mg/g) content of different cereal brans

Temp. (°C) Moisture Type of bran Bran means

content (%)
Wheat Rice Barley Oat

Control 3.20+0.09 5.80+0.11° 6.53+0.21¢ 0.54+0.09% 4.02+0.12¢

115 14 2.17+0.11° 3.53+0.23¢ 3.65+0.06° 0.54+0.04% 2.47+0.10° (38.56)
17 1.46+0.06> 3.50+0.10¢ 2.65+0.05° 0.38+0.02°4 2.00+0.15% (50.25)
20 1.20+0.01%° 1.74+0.20° 2.43+0.03° 0.30+0.05° 1.42+0.13% (64.68)

140 14 1.30+0.03%° 2.59+0.07° 2.34+0.09° 0.53+0.01% 1.69+0.07° (57.69)
17 1.26+0.02° 2.32+0.01°% 1.50+0.25° 0.21+0.04% 1.32+0.09% (67.16)
20 1.12+0.06 1.75+0.04% 1.26+0.08 0.15+0.02° 1.07+0.11% (73.38)

165 14 1.80+0.08¢ 4.00+0.02¢ 3.89+0.10° 0.57+0.06° 2.56+0.20° (36.32)
17 1.44+0.01% 3.96+0.05¢ 2.27+0.01° 0.45+0.02°% 2.03+0.19* (49.50)
20 1.12+0.05 2.41+0.10° 2.19+0.19° 0.31+0.03% 1.51+0.05% (62.44)

*on 14 % moisture basis

Values are means + Standard deviation of triplicate determinations

Figures in parentheses indicate present reduction over control values

Means within columns with different letters are significantly different (P <0.05)
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Table 3 Effect of extrusion treatment on oxalates* (%) content of different cereal brans

Temp. (°C) Moisture Type of bran Bran means

content (%)
Wheat Rice Barley Oat

Control 0.442+0.12% 0.445+0.12° 0.325+0.11* 0.309+0.12* 0.380+0.10%

115 14 0.438+0.11* 0.430+0.07* 0.322+0.02° 0.277+0.11* 0.367+0.05" (3.42)
17 0.437+0.12* 0.392+0.12° 0.316+0.09* 0.267+0.07* 0.353+0.01% (7.11)
20 0.437+0.11* 0.343+0.09* 0.312+0.01* 0.262+0.04" 0.338+0.02% (10.53)

140 14 0.368+0.11* 0.271+£0.10* 0.311+0.08* 0.159+0.11* 0.277+0.06" (27.11)
17 0.324+0.12% 0.265+0.04% 0.305+0.11* 0.156+0.10" 0.263+0.03" (30.79.)
20 0.279+0.08" 0.258+0.12% 0.264+0.03% 0.140+0.09* 0.236+0.11* (36.84)

165 14 0.329+0.10" 0.359+0.05% 0.312+0.06" 0.238+0.11* 0.310+0.09" (18.42)
17 0.320+0.06" 0.356+0.12° 0.311+0.09* 0.221+0.11* 0.302+0.03% (20.53)
20 0.312+0.11* 0.261+0.08" 0.308+0.05% 0.214+0.12* 0.273+0.01* (28.95)

*on 14 % moisture basis

Values are means + Standard deviation of triplicate determinations

Figures in parentheses indicate present reduction over control values

Means within columns with different letters are significantly different (P <0.05)

18.77 % and 54.69 % for wheat, rice, barley, and oat bran
respectively. Siener et al. 2006 compared the soluble and total

Trypsin inhibitors Trypsin inhibitor (TI) being heat labile,
degraded significantly with the extrusion processing as illus-

oxalate contents among cereals and cereal products such as
wheat, rye, barley, oat, maize and rice etc. and concluded that
a high amount of oxalate was contained in outer layers of
cereal grains. Judprasong et al. 2006 found a very small
amount (about 3 mg/100DM) of oxalate in whole grain rice
both before and after boiling. Our data suggests that treated
bran, would supply a low level of oxalate content when
compared to raw brans.

trated in Table 4. Raw wheat, rice, barley and oat bran was
having 54.25, 53.82, 50.39 and 49.74 TIU/g of trypsin inhib-
itors, respectively before processing. Mean values showed
that the extrusion temperature of 140 °C resulted into maxi-
mum inhibition in TI. At 140 °C with 14, 17 and 20 %
moisture content mean values of trypsin inhibitor were
15.58, 14.92 and 14.34 TIU/g respectively. The percent re-
duction in trypsin inhibitor activity at 20 % moisture content

Table 4 Effect of extrusion treatment on trypsin inhibitor *(TIU/g) content of different cereal brans

Temp. (°C) Moisture Type of bran Bran means

content (%)
Wheat Rice Barley Oat

Control 54.25+0.29" 53.82+0.82° 50.39+0.39° 49.74+0.749 52.05+2.21F

115 14 26.25+0.25° 25.82+0.20¢ 22.26+0.26° 21.30+0.30° 23.91+0.91° (54.06)
17 26.18+0.18° 25.04+1.10¢ 21.71£0.71%¢ 21.30+1.30° 23.56+0.56% (54.74)
20 26.08+0.08° 23.03+1.00° 20.88+0.84° 20.86+0.86° 22.71+0.71¢ (56.37)

140 14 17.75+0.75° 15.82+0.90° 14.62+0.62° 14.13+0.13% 15.58+0.58° (70.07)
17 16.84+0.84° 14.74+0.70° 13.97+0.97* 14.13+0.10° 14.92+0.92% (71.34)
20 15.64+0.64° 14.47+1.40° 13.57+0.57° 13.8240.82% 14.37+0.37* (72.39)

165 14 20.76+0.66° 19.29+0.09° 19.61+0.61° 18.98£0.98° 19.66+0.66° (62.33)
17 19.77+0.67° 18.94+0.94° 19.58+0.58" 18.56+0.56" 19.21+0.21° (63.09)
20 19.5240.52° 18.7340.05° 19.30+0.30° 18.48+0.48° 19.01+0.13° (63.48)

*on 14 % moisture basis
Values are means + Standard deviation of triplicate determinations
Figures in parentheses indicate present reduction over control values

Means within columns with different letters are significantly different (P <0.05)
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Fig. 1 Effect of extrusion
treatment on bulk density of 0.7 -
different cereal brans

B 14% moisture content
E320% moisture content

=& 17 % moisture content

0.6 -

0.5 -

0.4 - —

Mean

0.3 1

0.2 1

0.1 -

e

:_:':_ |...|

TR T R T T e e T e e
e L s s

Control 115 140 165

and 115 °C, 140 °C and 165 °C was 56.37, 72.38 and 63.48 %,
respectively. Stabilization of these brans using extrusion tech-
nology was effectively achieved at 140 °C and 20 % moisture
content. A remarkable reduction in trypsin inhibitor to 71.17,
73.11, 73.07 and 72.21 % in wheat, rice, barley, and oat bran
respectively was achieved at 140 °C for 20 % moisture con-
tent. Purushotham et al. (2007) reported that trypsin inhibitor
activity decreased with increase in extrusion temperature in
soybeans. Trypsin Inhibitor activity in raw soybeans were
reduced from 51 to <2 TUI between 40 and 140 °C extrusion
temperatures. Though initial values at 40-80 °C indicated
slow inactivation of Trypsin Inhibitor activity units from 51
to 34 TUI, the inactivation was increased with further rise in
extrusion temperature from 80 to 140 °C. This phenomenon of
inactivation of trypsin inhibitors points out the information
that Trypsin inhibitor was sensitive to extrusion temperature.
They summarized that trypsin Inhibitors was inactivated to
desired levels during extrusion at temperatures between 120
and 140 °C making extruded soybean a stable and suitable

Fig. 2 Effect of extrusion 07
treatment on color values of
different cereal brans 50 1
40 4
=
8 30
=

Control

@ Springer
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ingredient for pet food formulations. Cooking generally inac-
tivates heat sensitive factors such as trypsin inhibitors as a
result of denaturation of these heat liable proteins (Vidal-
Valvarde et al. 1994).

Bulk density Effects of extrusion processing on bulk density
of cereal brans are shown in Fig. 1. The value for untreated
brans was 0.373, 0.355, 0.253 and 0.589 g/ml for wheat, rice,
barley and oat brans respectively with the mean value of
0.392 g/ml. Non significant variation was observed in mean
bulk density of cereal brans during extrusion processing.
Mean value of bulk density increased up to 0.553 g/ml at
140 °C with 20 % moisture content from 0.392 g/ml of
untreated bran. Treatment at high temperature and moisture
content showed lower effect on bulk density. Kim et al.
(1987a, b) reported similar findings and concluded that bulk
density of extruded rice bran increased compared to raw rice
bran. According to Gutkoski and El-Dash (1999) the apparent
density ranged from 449 to 457 Kg/m®, with an average value

0 14% moisture content

& 17% moisture content

@ 20% moisture content

Temperature (°C)
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of 454 Kg/m®, which was higher than 438 Kg/m® found in raw
material of oat products with similar granularity (<500 pum).

Color Changes in the color value with extrusion treatment are
shown in Fig. 2. Color is important to attract consumers before
they consume a product (Francis 1991). Extruded brans be-
comes darker (lower L* values) in color with increase in
temperature and moisture content of extrusion. The L* value
at 165 °C and 20 % moisture content of cereal brans was
lowest which explain the fact that lightness of brans decreased
as the temperature and moisture content for extrusion cooking
increased. At higher temperature and moisture content
(165 °C for 20 % moisture content) higher redness (a*) was
observed for all brans. However, b* values (yellowness) de-
creased as the temperature and moisture content increased.
Our results are in accordance with Gutkoski and EL-Dash
(1999). They reported that the products with lower values of
L* (luminosity) and greater values of a* (red) were obtained
after extrusion cooking. The color acquired by extruded prod-
ucts might be due to caramelization or maillard reaction.
Lysine and other amino acids present in the raw material
probably reacted with reducing sugars, favored by the pro-
cessing conditions, which led to darkening of the extruded
products.

Conclusion

Extrusion processing is a suitable technique to improving the
quality of cereal brans for use into the food preparation. A
temperature of 115 °C and 140 °C with 20 % moisture content
could reduce the phytic acid content to more than half of its
original concentration. Extrusion cooking of bran at 140 °C
with 20 % moisture content resulted into the reduction of
polyphenols and trypsin inhibitor to about three fourth.
Affectivity of extrusion cooking for reduction of oxalates is
comparatively low. Extrusion processing resulted into in-
crease in bulk density value and darkens the color of the brans.
Further studies are required to be carried out in this area.
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