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Abstract Pasta was prepared from brown rice (var. PR 118) flour incorporated with sodium alginate (0.5-2.5%), xanthan
gum (0.5-2.5%), vital gluten (2-10%) and pre-gelatinized flour (10-50%) as binders. Effect of these binders on the quality
characteristics of brown rice pasta was evaluated. Incorporation of xanthan gum (1.5%), vital gluten (8%), pre-gelatinized
flour (40%) individually and their combination as xanthan gum (1.5%) + vital gluten (4%) + pre-gelatinized flour (20%)
were found optimum to improve the cooking quality and overall acceptability of brown rice pasta. Xanthan gum
(1.5%) + pre-gelatinized flour (20%) in combination can also be incorporated into brown rice in order to prepare gluten-
free pasta. In addition to being a diversified convenience food, non-wheat pasta would be suitable for people suffering from
wheat intolerance. Shelf life of selected pasta samples was evaluated during storage at ambient conditions for 3 months.
Type of binder and storage period did not influence the cooking quality and sensory attributes of pasta significantly
(» < 0.05). Least significant variation was found in moisture, water activity and free fatty acid content of pasta over
3 months of storage period.
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Introduction

Pasta is a stable food product, mostly produced by mixing
durum wheat semolina and water. It can be consumed as
fresh or can be dried for future use [7]. Rice can also be
used as a raw material for production of pasta but during
production, some technological problems may arise due to
lack of gluten [4]. Rice pasta prepared without any binder
had poor strength, low firmness and more cooking losses
[25]. Gluten-free pasta produced with the addition of
higher levels of modified starch, xanthan gum (XG) and
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locust bean gum to rice flour found to have similar quality
characteristics as wheat-based pasta [30]. Pre-gelatiniza-
tion of starch improves functional properties and gives
texture to the product [25]. Hydrocolloids mimics the
visco-elastic properties of gluten and results in improved
structure, mouthfeel, acceptability and shelf life. Gums can
be used singly or in combination with starch to create
certain effects [25].

Rice has become an attractive raw material for the
production of new cereal-based foods like bread and pasta
[6]. However, thiamine deficiency is very common, where
polished rice is consumed as staple food [27]. Brown rice
provides 15 essential nutrients, including B vitamins, nia-
cin, potassium, antioxidants, phyto-nutrients and fibres.
Consumption of brown rice can overcome the morbidity
rate caused by thiamine deficiency. Promoting brown rice
is a formidable challenge as most of the Asians have
acquired taste for polished rice [28]. In brown rice pasta,
the role of fibre and interaction of fibre and starch seems to
warrant investigation in view of the ever increasing
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popularity of high-fibre pasta and the associated techno-
logical problems in its production [18]. Non-wheat pasta
would be suitable for people suffering from wheat intol-
erance [29].

Keeping in view the above facts, the present work was
planned with the objective to optimize the levels of dif-
ferent binders (sodium alginate, xanthan gum, vital gluten
and pre-gelatinized flour) alone and in combination to
produce good quality brown rice pasta with respect to
cooking and sensory quality.

Materials and Methods
Material

Paddy (var. PR 118) was procured from Department of
Plant Breeding and Genetics, PAU, Ludhiana. Xanthan
gum and sodium alginate were purchased from Thames
Chemicals (S D Fine Chemicals Limited), Ludhiana,
Punjab. Vital gluten (VG) was purchased from local mar-
ket, Ludhiana, Punjab, India. All the chemicals used in the
analysis were of AR grade.

Preparation of Brown Rice Flour

Brown rice was obtained by dehulling of paddy (13%
moisture) using Satake dehuller (SB10D—MILLTOP,
Leland Street, NSW, Australia). Grinding of brown rice
was done using Cemotac mill to obtain brown rice flour of
particle size <200 p. Brown rice flour had 6.68% crude
protein, 1.76% ash, 2.56% fat, 0.28% crude fibre and
76.88% carbohydrate on dry weight basis as determined by
the standard AACC methods [1].

Preparation of Pre-gelatinized Flour (PGF)

Rice flour was tempered to a moisture content of 40% with
water in a mixer. The tempered rice flour was spread (1-
cm-thick layer) on a cheese cloth. Steaming was done at
85 °C for 45 min in order to achieve 70-80% degree of
gelatinization [2] followed by drying at 50 °C in a hot air
oven. The pre-gelatinized flour was ground to uniform
particle size [25].

Preparation of Pasta

Different binding agents (sodium alginate, xanthan gum,
vital gluten and pre-gelatinized flour) at various levels
(Table 1) were mixed with brown rice flour. Weighed
amount of brown rice flour-binding agents was put into
pasta-mixer-extruder (Model: Dolly, La Monferina, Asti,
Italy), and 35 ml water was slowly added. The mixture was
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Table 1 Type and level of different binding agents used for pasta
making

Binding agent Level (%)
1. Gums
(1) Sodium alginate 0.5, 1.0, 1.5, 2.0,
25
(i1) Xanthan gum 0.5, 1.0, 1.5, 2.0,
2.5
2. Vital gluten 2,4,6, 8,10
3. Pre-gelatinized flour 10, 20, 30, 40, 50
4. Xanthan gum + vital gluten 1.5+ 4.0
5. Xanthan gum + pre-gelatinized Flour 1.5 420
6. Vital gluten + pre-gelatinized Flour 4420
7. Xanthan gum + vital gluten + pre-gelatinized 1.5 4 4 4 20

Flour

mixed for 10 min to distribute water uniformly throughout
the flour particles. The moist flour aggregates were placed
in a metal extruder attachment of the pasta machine fitted
with adjustable die. The dough was extruded through the
die into rotini (spiral) shape and cut to about 5 cm length
using a cutter attached to the pasta extruder. The extruded
pasta was dried in a tray drier with air circulation at
50 &£ 2 °C for 60 min, cooled, packed in high-density
polythene bags and stored at refrigeration temperature
(7 °C) until analysis. These samples were evaluated for
cooking quality and sensory properties by standard
procedures.

Cooking Quality of Brown Rice Pasta

Cooking time (the time required for complete cooking of
pasta), water absorption, volume expansion and gruel solid
losses were determined by AACC methods [1].

Sensory Properties

The cooked pasta samples were served in dishes for sen-
sory evaluation. Cooked pasta was evaluated for sensory
attributes (appearance, texture and flavour) through a panel
of semi-trained judges (n = 10) [11]. Final judgement as
overall acceptability score was obtained by averaging the
scores given by all the panellists.

Storage Stability

Based on the cooking and sensory properties, selected pasta
samples were stored at ambient storage conditions
(20-30 °C, 50-70% relative humidity) for 3 months after
packing in high-density polyethylene (75 p) pouches and
analysed for cooking quality and sensory properties at
monthly interval. The stored pasta was also evaluated for
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moisture content, water activity and free fatty acid content
by standard procedure of AACC [1].

Total Phenolic Content and Radical Scavenging
Activity

Phenolic compounds were extracted by refluxing 1 g
powdered pasta sample with 80% aqueous methanol for
2 h. Total phenolic content of methanolic extracts was
determined with Folin—Ciocalteu colorimetric method [26].
The DPPH assay of methanolic extract (as obtained for
estimation of total phenolic content) of pasta samples was
performed according to the method described by Yam-
aguchi et al. [31].

Statistical Analysis

The experimental data were subjected to analysis of vari-
ance for a complete random design using Statistical
Package for Social Sciences (SPSS Inc., Chicago) software
(version 18.0). Tukey’s tests were used to determine the
difference among means at the level of 0.05 [5]. The results
are presented as mean + SD (n = 3).

Results and Discussion
Effect of Sodium Alginate and Xanthan Gum

Cooking time of the pasta prepared with addition of sodium
alginate and xanthan gum varied from 330 to 435 s
(Table 2). Lowest cooking time was noticed for the pasta
prepared with 2.5% sodium alginate, while highest cooking
time was observed with pasta prepared with 0.5% sodium
alginate and 1.5% xanthan gum. Significant (p < 0.05)
variation in cooking time of pasta prepared at different
levels of sodium alginate and xanthan gum was observed.
The data reported in Table 2 depicted that incremental

addition of gums reduced the cooking time of pasta. This
may be due to the adherence of starch granules to one
another and more homogeneous distribution of water
through the dough system due to the polymeric structures
of gums [24].

Non-significant (>0.05) variation was reflected with
respect to water absorption of brown rice pasta prepared
with addition of different levels of sodium alginate and
xanthan gum, though per cent water absorption increased
slightly with increase in the level of gums. Compared to
pasta prepared with addition of sodium alginate, xanthan
gum incorporated pasta had higher water absorption and
significantly differed. Brown rice pasta containing 1.5%
xanthan gum absorbed 234.5% water, which non-signifi-
cantly (p > 0.05) increased to 239.7% at 2.5% level. Water
absorption increased due to hydrophilic nature of gums
[13]. Yalcin and Basman [30] also observed higher water
absorption and swelling volume in noodle samples sup-
plemented with xanthan gum.

Increase in water absorption of the pasta also coincided
in increased volume or volume expansion of pasta. Volume
expansion for pasta at 1.5% level of sodium alginate and
xanthan gum was 1.36 ml/g and 1.38 ml/g, which
increased to 1.40 ml/g and 1.52 ml/g at 2.5% level,
respectively. However, the volume expansion of pasta
showed non-significant (p > 0.05) changes as affected by
both, the type of gum added and the varied level of gums.
The highest volume expansion was observed for the pasta
prepared by addition of 2.5% xanthan gum. Alginate is
polymer build-up of f-p mannuronic and o-L guluronic
acids. The carboxyl and hydroxyl groups in the structure
allow alginate to readily bind water. Hence, the increased
hydration properties might be due to the high affinity of
alginate to water. Addition of alginate enhances the swel-
ling ability of starch granules [14].

Leaching of solids in cooked water was decreased sig-
nificantly (p < 0.05) as the level of sodium alginate and
xanthan gum in pasta increased. Gruel solid loss (GSL) for

Table 2 Effect of gums on the cooking quality and overall acceptability of pasta

Type of gum Level of Cooking Water Volume expansion Gruel solid Overall
gum (%) time () absorption (%) (ml/g) loss (%) acceptability

Sodium alginate 0.5 435 + 05° 157 £ 1.4° 1.3 £ 0.05* 1.62 £+ 0.1° 6.9 £ 0.1°
1.0 390 + 10° 165 + 4.7° 1.34 £ 0.12° 1.44 + 0.08™ 7.5 £ 0.3
15 360 + 15° 166 + 8.9° 1.36 + 0.13° 1.21 £ 0.19* 7.5 + 0.3
2.0 345 + 10* 169 + 3.3 1.37 £ 0.07° 1.12 £ 0.04% 7.4 + 0.4%
25 330 £ 05¢ 170 + 9.7 1.4 4+ 0.13* 1.1 £ 0.17% 6.8 + 0.2

Xanthan gum 15 435 + 5° 235 4+ 9.8° 1.38 + 0.02° 1.29 + 0.03%° 83 +£0.2°
2.0 405 + 5° 238.9 + 7.5° 1.49 £ 0.14* 1.04 £ 0.17° 7.6 £0.1°
2.5 390 + 5° 240 + 8.3° 1.52 + 0.47° 0.98 & 0.1° 7.2 +0.1°%

Means with different superscript letters within a column differ significantly (p < 0.05)
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pasta sample with 1.5% xanthan gum was 1.29% which
significantly decreased to 1.04 and 0.98% at 2.0 and 2.5%
level, respectively. These results are in agreement with the
study of Yalcin and Basman [30] who observed that sup-
plementation of rice noodles with xanthan gum results in
significant decrease in cooking loss indicating improved
noodle quality. Yadav et al. [29] also found decrease in
gruel loss on incorporation of hydrocolloids (carboxyl
methyl cellulose) in pearl millet- and barley-based non-
wheat pasta. Addition of sodium alginate improved the
cooking quality of pasta as inferred from percent solid loss.
GSL decreased as the level of sodium alginate increased.
Pasta having 0.5% sodium alginate lost 1.62% solids which
further decreased to 1.10% when level of sodium alginate
increased to 2.5%. Use of alginate reduces the cooking loss
of wheat noodles due to strong binding of starch on the
surface of alginates [14].

Overall acceptability of pasta quietly influenced by the
type and level of binders added in pasta making. Pasta
prepared with 1.5% xanthan gum fetched the highest
overall acceptability score (8.3), whereas pasta prepared
with 0.5% sodium alginate was rated as least accept-
able among all the samples. Other samples showed non-
significant (p > 0.05) variation in the overall acceptability
score. In general, increasing the level of sodium alginate up
to 1.5% increased the overall acceptability of pasta,
whereas addition of xanthan gum beyond 1.5% resulted
lower overall acceptability score.

Effect of Vital Gluten

Table 3 gives the effect of vital gluten on the cooking
quality of brown rice pasta. Significant (p < 0.05) varia-
tion was found in time required to cook the pasta prepared
with varying level of vital gluten. Incremental addition of
vital gluten up to 8% level significantly lowered the
cooking time of brown rice pasta; however, non-significant
(p > 0.05) changes in cooking time were observed with
further addition (10%) of vital gluten. Least cooking time
(330 s) was observed at 10% level of vital gluten. The
water absorption of dry gluten is less than that of native
gluten. It is typically 1.3—1.5 parts of water to 1 part of dry
gluten as compared to about 2.5-3 times for native gluten.

During drying of vital gluten, most of the changes, espe-
cially in water absorption and rheological properties, are
caused by the drying process. Drying results in denatura-
tion of protein. However, Raina et al. [21] reported that
with increasing the protein source in mix, cooking time of
pasta increased. This may be because they used pre-gela-
tinized flour for pasta making.

Table 3 also depicts a view of water absorption (%) and
volume expansion (ml/g) of vital gluten-added brown rice
pasta on cooking. With increase in level of vital gluten in
flour, there was a significant (p < 0.05) decrease in water
absorption and subsequently the expansion in volume also
reduced. Sharp fall in water absorption of pasta prepared
with 4 and 6% vital gluten was noticed after which it
declined steadily to 168.7 and 159.9% at 6 and 8% level of
vital gluten, respectively. However, Sharma et al. [22]
reported increased water absorption and volume expansion
of pasta on addition of native plant protein sources. Our
results are in contrast with Sharma et al. [22], because we
used dried gluten flour; however, they used different
botanical sources in native form.

Similar trend as that of water absorption was seen in
volume expansion of brown rice pasta. Volume expansion
was 2.24 ml/g (4% vital gluten) which reduced to 1.75 ml/
g (6% vital gluten), with increase in level of vital gluten
from 4 to 10%. More than 36% reduction in initial volume
of pasta was recorded by increasing the level of vital gluten
from 4 to 10%. Masur et al. [19] observed that incorpo-
ration of protein positively affected the size and slope of
bread crumb. Increase in loaf volume, weight and slice
volume was evident with the addition of gluten. However,
Majzoobi et al. [15] reported that the addition of gluten
reduces cooking loss and increases water absorption. This
may be again due to use of native or less extensively heated
gluten by Majzoobi et al. [15].

Gruel solid loss of brown rice pasta prepared with
addition of vital gluten at varying level did not altered
radically. Significant changes in GSL of pasta only with 4
and 8% and those of 4 and 10% were recorded, while at
other levels, the GSL varied non-significantly (p > 0.05).
The per cent solid loss for pasta at 4% vital gluten was
2.22, which decreased to 1.59 at 6% gluten. Gruel solid
loss of 1.51 and 1.44% was noted at 8 and 10% level of

Table 3 Effect of vital gluten on the cooking quality and overall acceptability of pasta

Level of vital gluten (%) Cooking time (s) Water absorption (%) Volume expansion (ml/g) Gruel solid loss (%) Overall acceptability

555 + 10° 252 4+ 9.2°
480 + 05° 169 + 6.7°
345 £ 05° 160 + 8.5
10 330 + 05¢ 143 + 8.5°

224 + 0.02° 2.22 + 0.02° 7.7 + 0.2
1.75 + 0.13° 1.59 + 0.47%® 8.1+ 0.1%
1.68 £ 0.16* 1.51 £+ 0.16° 7.7 £ 0.2
1.43 £ 0.03¢ 1.44 £ 0.06° 7.4 + 0.4°

Means with different superscript letters within a column differ significantly (p < 0.05)
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vital gluten incorporated in pasta, respectively. Kaur et al.
[9] also found nonlinear decrease in gruel solid loss of
pasta enriched with different plant protein sources. How-
ever, Yadav et al. [29] found that addition of whey protein
concentrate increases gruel loss in non-wheat pasta based
on pearl millet and barley. This was might be due to higher
solubility of whey protein concentrate as compared to
gluten.

Overall acceptability of pasta prepared with addition of
4-10% vital gluten ranged in between 7.4 and 8.1. Sig-
nificant (p < 0.05) difference in the overall acceptability of
pasta prepared at 6 and 10% level of vital gluten was
noticed, and other levels of vital gluten did not influenced
the overall acceptability of pasta, significantly. These
results are in agreement with the studies of Kaur et al. [9]
which indicated an increase in overall acceptability of
protein-enriched pasta.

Effect of Pre-gelatinized Flour

Data presented in Table 4 depict the effect of pre-gela-
tinized flour on cooking quality and overall acceptability of
pasta. Cooking time did not show significant variation as
the level of pre-gelatinized flour increased. Cooking time
for pasta having pre-gelatinized flour as binder varied non-
significantly (p > 0.05) from 328 to 333 s. The increasing
level of pre-gelatinized flour reduced the cooking time of
pasta. Reduction in cooking time of pasta prepared using
pre-gelatinized rice flour was also observed by Raina et al.
[21].

Similar to cooking time, pre-gelatinized flour at varying
level did not show significant changes in the water
absorption of cooked pasta. The water absorption of pasta
varied narrowly from 106.3 to 119.5%. Furthermore, it was
observed that water absorption portrayed nonlinear trend. It
ranged from 108.2 to 119.5% by varying the level of pre-
gelatinized flour in pasta between 20 to 30%. Further
increase in the level of pre-gelatinized flour between 30
and 40% decreased the water absorption in the range of
110.6-106.3%. The use of pre-gelatinized flour or par-
boiled flour promotes the formation of less hydrophilic

starchy structure, resulting in lower water uptake [16].
Similar to water absorption, volume expansion of cooked
pasta also exhibited the same pattern. Volume expansion,
however, showed significant (p < 0.05) variation at 30 and
50% level of pre-gelatinized flour. Gelatinization of starch
enhances the cooking quality of rice noodles, and the
noodle samples with a gelatinization level of 25% exhibit
lower cooking loss [30]. Increase in cooking loss was
observed in noodle samples as gelatinization level
increased to 30%. However, higher degree of starch gela-
tinization increases the tendency of macromolecule to re-
associate and thus results in newly organized structure that
retard further starch swelling and solubilization during
cooking [17].

It is evident from Table 4 that gruel solid loss decreased
on addition of pre-gelatinized flour up to 40% level at
which maximum reduction in GSL was observed. GSL of
cooked pasta dropped significantly (p < 0.05) from 2.35 to
1.61% by increasing the level of pre-gelatinized flour from
20 to 30%. Yalcin and Basman [30] also observed that the
increase in gelatinization level from 15 to 25% results in
decrease in cooking loss from 15.4 to 11.1% in rice noo-
dles. Incorporation of pre-gelatinized flour beyond 30%
level further increased the gruel solid loss from 1.68 (40%)
to 1.72 (50%), but the increase was non-significant. Fer-
nandes et al. [3] explained that during cooking solid loss is
due to the solubilization of loosely bound gelatinized starch
from surface of product and increases with increase in pre-
gelatinized flour level. Addition of pre-gelatinized flour up
to 40% in pasta resulted in increasing the overall accept-
ability of the product. However, non-significant (p > 0.05)
difference in the pasta prepared with different levels of pre-
gelatinized flour was observed.

Effect of Additives in Combination

The effect of various binders, viz. xanthan gum, vital
gluten and pre-gelatinized flour in combination was
assessed for the preparation of brown rice pasta, and
results are presented in Table 5. Significant (p < 0.05)
changes in the cooking quality and overall acceptability of

Table 4 Effect of pre-gelatinized flour on cooking quality and overall acceptability of pasta

Level of pre-gelatinized Cooking Water absorption (%) Volume expansion Gruel solid Overall

flour (%) time (s) (ml/g) loss (%) acceptability
20 330 + 5™ 108 + 2.5 1.53 £ 0.04® 2.35 £ 0.04° 7.7 + 0288
30 333 + 2N 120 + 7.0N 1.74 £+ 0.07° 1.61 £+ 0.03° 7.8 £ 0.2N8
40 332 + 3N 116 + 4.5 1.49 + 0.14%® 1.68 + 0.06° 8.2 + 0.5N8
50 328 + 4NS 106 + 8.5 1.41 £+ 0.15° 1.72 £ 0.13° 7.9 + 0.1N8

Means with different superscript letters within a column differ significantly (p < 0.05)

NS non-significant
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Table 5 Effect of binders in combination on cooking quality and overall acceptability of pasta

Type of binders Cooking ~ Water Volume Gruel solid  Overall
time (s) absorption expansion loss (%) acceptability
(%) (ml/g)
Vital gluten (4%) + pre-gelatinized flour (20%) 270 + 5° 126 + 8.5° 1.98 & 0.07* 1.12 + 0.20° 6.1 £+ 0.6°
Xanthan gum (1.5%) + vital gluten (4%) + pre-gelatinized Flour (20%) 315 +5* 101 £+ 45% 1.10 £ 0.12° 0.59 £+ 0.50° 8.1 + 0.2%

Xanthan gum (1.5%) + vital gluten (4%)
Xanthan gum (1.5%) + pre-gelatinized flour (20%)

240 4+ 10° 133 £3.5° 1.29 £ 0.17° 1.09 + 0.16* 7.9 + 0.4*
300 + 5% 143 £9.5* 1.12 £ 0.06° 1.36 + 0.14* 8.0 £ 0.5*

Means with different superscript letters within a column differ significantly (p < 0.05)

brown rice pasta prepared with addition of various binders
in combination were observed. Lowest cooking time was
observed with the pasta prepared with 1.5% xanthan gum
and 4% vital gluten. Maximum water absorption was
observed in the cooked pasta prepared with 1.5% xanthan
gum and 20% pre-gelatinized flour, whereas volume
expansion was highest in the pasta prepared with 4%
gluten and 20% pre-gelatinized flour. Other pasta samples
showed non-significant (p > 0.05) changes in the volume
expansion (Table 5). Gruel solid loss was less in the pasta
containing 1.5% xanthan gum, 4% vital gluten and 20%
pre-gelatinized flour; however, other pasta samples
showed non-significant variation in GSL. The hydrocol-
loid—amylose complex formed during cooking reduces
starch molecules solubilization upon heating in excess
water and thus results in decrease in cooking loss and
increase in weight gain of cooked rice [10]. The data on
cooking quality with respect to cooking time, water
absorption and volume expansion and gruel solid loss
elaborated that the cooking quality of brown rice pasta
was better when binders were used in combination.
Among combinations, XG (1.5%) + VG (4%) + PGF
(20%) level proved best in terms of cooking quality of
brown rice pasta. Structure building and water binding
properties of starch, gums and hydrocolloids mimic gluten
in the manufacture of gluten-free bakery products [14].
The overall acceptability of the pasta prepared with 4%
vital gluten and 20% pre-gelatinized flour was low (6.1)
and significantly (p < 0.05) differed from pasta prepared
with other combinations of binders which showed non-
significant alterations in the overall acceptability score
and ranged between 7.9 and 8.1.

Chemical Composition

Brown rice pasta incorporated with different levels of
additives differed significantly from each other with
respect to crude protein and ash content, whereas fat and
fibre content varied non-significantly (p > 0.05) (data not
presented). Among all the brown rice pasta, pasta with 8%
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vital gluten had highest protein (14.0%), fat (2.58%) and
ash (1.75%). Not much variation was found in different
pasta samples for fibre content which ranged from 0.27 to
0.34%.

Effect of Storage Period on Cooking Quality

The brown rice pasta prepared with incorporation of
selected levels of additives which showed most desirable
quality characteristics in terms of cooking time, water
absorption, volume expansion, gruel solid loss were eval-
uated for the storage stability after packing in high-density
polyethylene pouches at ambient conditions.

The brown rice pasta of better quality was obtained by
incorporation of various additives, viz. xanthan gum
(1.5%), vital gluten (8%), pre-gelatinized flour (40%),
xanthan gum (1.5%) + pre-gelatinized flour (20%) and
xanthan gum (1.5%) + vital gluten (4%) + pre-gelatinized
flour (20%). The stored pasta was studied for changes in
cooking quality at monthly interval. The data pertaining to
effect of storage period on these characteristics are pre-
sented in Table 6.

The time required for cooking of the pasta was influ-
enced by the type of additive incorporated as well as
storage period. Higher cooking time was observed for the
brown rice pasta prepared with addition of xanthan gum
(1.5%), while lower values of cooking time were observed
for the brown rice pasta prepared with the addition of
xanthan gum (1.5%) + pre-gelatinized flour (20%). Fur-
ther, it was noticed that as the storage period increased
successively, there was decrease in cooking time. This
trend was observed in all the pasta samples irrespective of
the type and level of additive added. Kaur et al. [8]
reported that the bran physically disrupt gluten matrix and
provides path for water absorption into the whole wheat
spaghetti strand and thus reduces cooking time. The
decrease in cooking time over the storage period may be
attributed to the slight degradation of polymeric starch in
brown rice pasta and decreased capacity of additives to act
as binder.



Agric Res (June 2017) 6(2):185-194 191
Table 6 Changes in cooking quality of brown rice pasta during storage
Level of binders Storage period Cooking Water absorption Volume expansion Gruel solid Overall
(months) time (s) (%) (ml/g) loss (%) acceptability
Xanthan gum (1.5%) 0 420 161.6 1.66 1.49 8.3
1 378 130.4 1.62 1.16 8.1
2 360 118.6 1.15 1.09 7.5
3 318 116.6 1.13 1.02 73
Vital gluten (8%) 0 318 160.0 1.66 0.71 7.7
1 300 152.6 1.56 0.72 7.2
2 258 140.5 1.5 1.04 6.8
3 240 135.5 1.45 1.15 6.5
Pre-gelatinized flour (40%) 0 327 142.9 1.11 2.24 7.9
1 318 116.4 1.09 1.93 7.7
2 267 108.6 1.06 1.24 7.4
3 258 104.5 0.9 1.18 7.2
Xanthan gum (1.5%) + pre-gelatinized 0 300 108.9 1.18 1.53 8.1
flour (20%) 1 267 110.3 1.21 1.69 7.8
2 258 112.4 1.26 1.87 7.7
3 240 146.9 1.29 1.97 7.4
Xanthan gum (1.5%) + vital gluten (4%) 0 309 110.5 0.9 0.59 8.1
+ pre-gelatinized flour (20%) 1 267 112.0 1.03 1.57 7.9
2 235 115.4 1.20 1.63 7.7
3 243 120.6 1.36 1.70 7.5
LSD (p < 0.05)
A 0.17 0.83 0.18 0.13 0.15
B 0.25 1.18 0.26 0.19 0.21
A xB NS 1.66 0.37 0.27 NS

A level of binders, B storage period, NS non-significant

The amount of water absorbed by the pasta during
cooking is affected by type of additive used and storage
period. Similar to cooking time, the highest value of water
absorption was observed for xanthan gum (1.5%) incor-
porated pasta and lowest value for the brown rice pasta
prepared with pre-gelatinized flour (40%). Gums can
increase the water absorption of pasta during cooking or
soaking [12]. It was observed that pre-gelatinized flour
when used alone contributed lower to water absorption and
retention than when used in combination with gluten and
xanthan gum. Moreover, the water absorption of freshly
prepared pasta was highest and continuously decreased
with the storage period. The same drift in water absorption
of brown rice pasta was observed excluding the type of
additive used for preparation of pasta. The reason for such
performance of pasta with respect to water absorption may
be same as quoted for the changes in cooking time.

During cooking, the polymers (starch, protein, fibres,
gums) absorb water, get swelled and result in increase in
the volume which is considered as the desirable charac-

teristic of pasta. Thus, cooking time, water absorption and
volume expansion are directly related to each other and this
trend is well reflected in our study as evident from Table 6.
Same results for volume expansion were observed as has
been reported for cooking time and water absorption taking
into consideration the effect of additive type used and
storage period. Further, the change in volume expansion
was also significant as recorded for cooking time and water
absorption. Gums form a network of starch granule and
encapsulate it during cooking and prevent excessive
swelling and diffusion of amylase [20].

Cooking of pasta is associated with cooking temperature
and time-dependent degradation and solubilization of the
polymers and other constituents of pasta. As consequence,
the solids from pasta are lost in the cooked water. Higher is
the cooking temperature and time, more is the loss of gruel
solids. Higher gruel solid loss was observed for the pasta
which was cooked for more time. Further, type of additives
also influenced the gruel solid loss. The highest value of
gruel solid loss was observed for the pasta prepared with
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40% pre-gelatinized flour and lowest value for the pasta
prepared with xanthan gum (1.5%) + vital gluten
(4%) + pre-gelatinized flour (20%). Higher level of pre-
gelatinized flour resulted in more gruel solid loss, whereas
the high-strength intact polymers (xanthan gum and gluten)
resulted in less gruel solid loss. Besides this, the storage
period which affected the cooking time, water absorption
and volume expansion also has its impact on the gruel solid
loss. As the storage period of pasta progressed, the gruel
solid loss also increased.
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Changes in Moisture Content, Water Activity
and Free Fatty Acids Content during Storage

Moisture content of any product is the predominant
parameter defining the stability and thus shelf life. Higher
moisture content usually is associated with the detrimental
changes in physico-chemical properties of the food prod-
uct. Moisture content of freshly prepared pasta varied from
6.5 to 7.7% which increased to 8.5% at the end of 3 months
of storage. Figure 1 shows that the increase in moisture
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Fig. 1 Effect of storage period on moisture content (a) water activity (b) and free fatty acids content (¢) of brown rice pasta
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Fig. 2 Overall acceptability score of brown rice pasta

content in pasta was not directly associated with the type
and level of additive incorporated but was solemnly
noticed as the function of storage conditions. The trend of
changes in moisture content of pasta over the entire storage
period was almost same for all the samples. However, it
was elucidated that the rate of increase in moisture content
of all the pasta samples was more during first month of
storage. As the storage period advanced over the first
month, the rate of uptake of moisture by pasta decreased.
Non-significant (p > 0.05) changes were observed in the
moisture content of pasta stored for 2 and 3 months.
Hence, further storage period do not likely to influence the
changes in moisture content of pasta, noticeably.

Water activity represents the true or free water available
for the growth of micro-organisms and other biochemical
reaction which are deteriorative in nature. Hence, water
activity determination of the product is of utmost impor-
tance in shelf life and storage stability assessment. Often,
water activity is considered as the function of moisture
content of the product. The value for water activity of
brown rice pasta showed not much variation after 3 months
of storage. The increase in water activity value of pasta
products was correlated with increased moisture content;
however, no direct linear relationship between water
activity and moisture content was observed. This behaviour
explicates the fact that the increased moisture during
storage in pasta may be held differently by various addi-
tives used. Further, increase in water activity of pasta
containing additives in combination was more profound
compared to other additive-added pasta. Similarly, the
gluten incorporated pasta showed very subtle increase in
the water activity value over other pasta samples. This may
be attributed to the variation in water holding capacity of
different additives. Storage stability point of view, the

pasta prepared with inclusion of vital gluten performed
better as it restricted to augment the water activity and thus
possible biochemical changes.

Development of free fatty acids during storage is
detrimental to the quality of food products as it not only
produces the offensive flavour in the product but also
enhances the rate of oxidative degradation through for-
mation of free radicals. Free fatty acids are formed by
hydrolysis of fat in the product, and the rate of formation of
free radical is the function of moisture and temperature.
Free fatty acid content of the brown rice pasta samples was
highly affected during first month of storage period. The
free fatty acid content of pasta increased from initial value
of 0.564-1.128%. Increase in free fatty acid content of
pasta at the end of 1 month of storage period was more
reflective than the remaining storage period. From second
month onwards, non-significant (p > 0.05) increase in free
fatty acid content was observed. The presence of lipase
enzyme increases free fatty acid content of bran under
favourable conditions during storage [23]. This may be due
to fact that the moisture uptake of pasta also slowed down
after 1 month of storage. Further, no convincing effect of
additive type on free fatty acid content and overall
acceptability (Fig. 2) of pasta was noticed.

Antioxidant Activity

The total phenolic content (TPC) of pasta varied from
49.90 to 65.17 mg/100 g, highest TPC being found in pasta
prepared with addition of xanthan gum, while lowest value
of TPC was observed in the pasta prepared with 40% pre-
gelatinized flour as binder. Further, significant (p < 0.05)
difference in the total phenolic content of all the pasta
samples was observed. The radical scavenging activity
(RSA) of pasta sample varied in a very narrow range
(61.74-68.26). Highest RSA was observed for the pasta
prepared with 8 per cent gluten which differed significantly
(p < 0.05) from all other pasta sample for RSA, while the
total antioxidant activity of other pasta samples was non-
significantly varied.

Conclusions

Vital gluten and other binders improved the quality of pasta
by reducing the cooking loss and can be used as additives
as these increase the binding properties of brown rice flour.
Lower cooking time was noticed with increase in the level
of the binders. The two combinations of binders and vital
gluten, i.e., xanthan gum (1.5%) + pre-gelatinized brown
rice flour (20%) and xanthan gum (1.5%) + vital gluten
(4%) pre-gelatinized brown rice flour (20%), were found
optimum additives for preparation of acceptable quality of
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brown rice pasta. Pasta samples stored for 3 months period
did not show significant quality changes. Brown rice along
with above binders possessed impetus potential for the
preparation of pasta.
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