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Utilization of wholegrain cereal floursand honey in
preparation of extruded products

HanumaN BoBaDE AND SaviTa SHARMA

This paper explores the possibility of utilizing the whole grain cereal flours along with honey in preparation of quality
extruded products. Flours of wholewheat, brown rice, whole maizein single and in combination (3:4:3) were mixed with 10
per cent honey and extrusion was carried out at various optimized feed moisture and temperature levels to produce
extruded snacks, breakfast cerealsand porridge. The extruded productswere evaluated for different quality characteristics
including anti-oxidant activity and total phenolics content. The various products did not show significant variationsin
quality attributes, however, cereals had marked influence in determining the quality of these extruded products. Extruded
products prepared from cereal floursin combination resulted in better physical propertiesfollowed by extruded products
prepared from maize flour. With respect to the phenolics content and antioxidant activity, extruded products prepared
from maize flour showed better results than extruded products prepared from other cereal flours. The whole wheat flour
showed its least suitability in preparation of extruded products.
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INTRODUCTION

Extruded foods such assnacks and breakfast cereals
have become part of the dietary habits of a great part of
the population. They can be prepared with ingredientsor
componentsthat givethem specific functional properties
(Huang et al., 2006 and Ibanoglu et al., 2006). Notably,
starch rich ingredients like refined cereal flour is the
obviouschoicefor extrusion asit resultsin productswith
optimum physical properties (expansion, density,
crispiness, water absorption and solubility index) and
hence, morelikely acceptable by consumers. Contrarily,
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extruded products prepared from such an ingredient as
refined cereal flour lacks nutritional value owing to
presence of only starchy endosperm in refined cered
flourswhich isdevoid of bran and germ fractions, most
nutritious components of cereal grains.

The past two decades have seen arapid increasein
consumer demand for healthy foods, which has prompted
recent research to find methodsfor production of healthy
and functional foods. The usage of whole grain cereal
instead of milled cerealsisone such trend for production
of healthy and functional foods. Hence, utilization of
wholegrain cereal floursin preparation of extruded foods
will be prolific. However, though thewhole grain cereal
floursare nutritionally rich in fibres, vitamins, minerals
and several phytochemicals (Fardet, 2010), foods
prepared from such flours have poor physical properties
and sensory appeal.

A new trend is to market the sweetened cereals as
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snacks. However, many studies (Brown et al., 2009 and
Moreira, 2013) indicated that the high intakes of sucrose
have been associated with increased risk of coronary
heart diseases, obesity, type 2 diabetes and other dietary
implications. In this regard, honey could prove good
alternative to the common sugars in preparation of
sweetened extruded products. In the present work,
attempt ismadeto prepare extruded products from whole
grain cered (wheat, rice and maize) floursin combination
with honey at previously optimized processing conditions
and evaluate the quality characteristics of these extruded
productsin lieu possibleutilization of theseingredientsin
quality extruded products as convenience food.

METHODOLOGY

Wheat (var. HD 2967), paddy (var. PR 121), maize
(var. PMH 1) was supplied by Directorate Seeds, Punjab
Agricultural University, Ludhiana, Punjab, India. Brown
rice was obtained by dehulling the paddy in laboratory
dehuller (Satake, Japan). Grains after cleaning were
grindedin Torrento Flour Mill (Tech Electric Enterprise,
Ahmedabad, India) to obtain the whole grain flours
(2501). Honey (sunflower cultivar) was supplied by
Department of Entomology, Punjab Agricultural
University, Ludhiana, India.

Extrusion :

Extrusion of honey-cerealswas performed at 16 per
cent feed moi sture, 150°C extrusion temperature, 500 rpm
screw speed and 10 per cent honey level in the feed.
These processing condition were already optimized.
Extrusion was carried out with the help of twin screw
co-rotating intermeshing extruder (BC 21, Clextral,
Firminy, France) having a screw length of 400 mm and
diameter 25 mm. Four kinds of extruded snacks were
produced, whole wheat flour-honey, brown rice flour-
honey, maize flour-honey and cerealsin combination (in
3:4:3 proportion).

Experimental design :
Four different blendsviz., whole wheat flour-honey,

brown rice flour-honey, mai ze flour-honey and cerealsin
combination-honey were used to prepare three products
viz., extruded snacks, breakfast cereals and porridge.
Extrusion processing parameters were earlier optimized
by response surface methodology and aregivenin Table
A. Theseextruded productswere eval uated for expansion
ratio, bulk density, water absorption and solubility indices,
total phenolic content, antioxidant activity, colour, hardness
and organol eptic characteristics.

Measurement of product characteristics :
Expansion ratio :

Theratio of diameter of extrudate and the diameter
of die (6 mm) was used to express the expansion of
extrudate.

Bulk density :

The bulk density (g/cc) of extruded products was
measured by using 100 ml graduate cylinder by rapeseed
displacement. The volume of 20 g Randomize sample
was measured for each test. The ratio of sample weight
and the replaced volume in cylinder was calculated as
density.

Water absorption and water solubility index :

Water absorption and water solubility indices of the
snacks were determined using the method outlined by
Anderson et al. (1969).

Total phenalic content (TPC) :
Totd phenalic contentsinthe extractswere estimated
using Folin-Ciocalteu reagent (Sharmaet al., 2012).

DPPH radical scavenging activity assay :

Antioxidant activity (AOA) was measured using a
modified version of the method described by Brand-
Williamset al. (1995).

Colour :
Colour of extruded snacks was measured by using
Minolta Spectrophotometer in the hunter [ab col our mode.

Table A : Optimized extrusion processing conditionsfor product responses

Ceredls Feed moaisture (%) Barrel temperature (°C) Honey level (%)
Wheat 16.49 152.93 11.18
Brown rice 16.40 150.28 11.39
Maize 15.86 158.33 12.27
Cerealsin combination 15.81 156.00 10.66
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The colour of extruded products was expressed in L*
(Lightness), & (redness) and b* (yellowness) values.

Hardness :

Textural quality of the extruded snackswasexamined
by using a TA-XT2i Texture Analyzer (Stable
Microsystems, Surrey, UK). The compression probe (75
mm dia, aluminium cylinder) was applied to measure the
compression force required for sampl es breakage which
indicates hardness.

Satistical analysis :

The analysis of variance was performed with the
help of Statistical Packagefor the Social Sciences(SPSS,
[PASW version 18.0] Inc., USA). Tukey’s test (p<0.05)
was used to detect differences among treatment means.
Moreover, Pearson’s correlation co-efficient value was
determined (significance level p<0.05).

OBSERVATIONS AND ASSESSMENT
Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Expansion ratio and bulk density :
Theexpansionratio of extruded snacksdid not vary
considerably than expansion ratio of breakfast cereals.

However, cered sdifferedin their ability to undergo puffing
during extrusion. Theleast expansion ratio was observed
inwheat extruded productsfollowed by brown rice based
extruded products. Wheat, brown rice and maize
combinedin 3:4:3 ratio exhibited highest degree of puffing
followed by extruded productsprepared from maize (Table
1). These results thus indicate that the die shape of
extruder do not play decisive role in determining the
expansion ratio of extrudates. Type of cereal used in
extrusion had huge impact on expansion ratio of
extrudates. This could be due to large differences in
physico-chemical properties, mainly starch and fibre
content of cereals as observed by Zhang et al. (2014).
Theleast expansion in wheat extruded products could be
attributed to itshigh protein content. Zhang et al. (2014)
observed that increasein protein content hinder the puffing
quality of extruded products. Protein decreases shear
within the extruder, and reduces the amount of moisture
flashed off, thus expansion isdecreased. Starch in wheat
is embedded in the protein matrix. In thisregard, wheat
being highin gluten content may restrict thegdatinization
of starch. Further, protein, unlike starch, could form strong
viscoel astic massthat do not puff acrossthe die opening
when exposed to pressure differential.
Thedifferencein expansion ratio of brownriceand
mai ze extruded could be explained on the basisof amylose-
amylopectin content and lipid content. Fat also provides

Tablel: Physical and functional propertiesof whole grain cereals-honey extruded products

Product Wheat Brown rice Maize #Ceredlsin combination
Expansion ratio

Extruded snacks 2.11+0.07° 2.19+0.05% 2.54+0.10% 2.72+0.09%
Breakfast cereal 2.08+0.10% 2.17+0.12% 2.55+0.15% 2.74+0.19%
Porridge 2.18+0.12" 2.27+0.09" 2.68+0.13" 2.85+0.15"
Bulk density (g/cc)

Extruded snacks 0.262+0.009" 0.128+0.007" 0.113+0.005" 0.092+0.010™
Breakfast cereal 0.265+0.015" 0.13+0.011" 0.115+0.0117* 0.094+0.013™
Porridge 0.266+0.012" 0.133+0.014" 0.111+0.015™* 0.095+0.014™
Water absorption index (g/g)

Extruded snacks 4.83+0.15" 4.17+0.19" 4.55+0.217™ 5.34+0.23%
Breakfast cereal 4.86+0.18" 4.19+0.25" 4.51+0.24P™ 5.38+0.317
Porridge 4.88+0.14P 4.14+0.29" 4,56+0.30°™ 5.35+0.28™
Water solubility index (%)

Extruded snacks 22.03+0.83" 22.91+0.92" 22.75+0.98" 23.66+0.77%
Breakfast cereal 22.08+0.72" 22.87+0.81™ 22.71+0.91" 23.72+0.65"
Porridge 22.05+0.77% 22.93+0.95" 22.78+0.94% 23.69+0.627

Means followed by different superscript letters (p-g) within a column differ significantly.
Means followed by different superscript letters (a-d)within arow differ significantly.

# Wheat:Brown riceMaize::3:4:3
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alubricant function for extrusion cooking and may reduce
the grinding effect within raw materials, thereby lowering
expansion. M oreimportantly, dueto the ability of amylose
to bind lipids, extrusion cooking resultsin theformation
of amylose-lipid complexes, thusincreasing bulk density
and creating amore compact macrostructure (De Pilli et
al., 2011). Theless proportion of amylose in maize may
have augmented the expansion ratio of maize based
extruded products over extruded products prepared from
brown rice. It was interesting to note that the extruded
products prepared from cereal sin combination portrayed
highest expansion ratio. This could be dueto the effective
interaction between the various components of wheat,
brown rice and maize. Similar results have been reported
by Zhang et al. (2014).

Thebulk density val ues of extruded snacks, breakfast
cereal and porridge did not vary significantly within a
cereal. However, the bulk density of the extruded products
prepared from different cereal grainsvaried significantly
(p<0.05). The highest bulk density was observed for the
extruded products prepared fromwheat while the lowest
bulk density was found in combined cereal grain based
extruded products. The bulk density of the extruded
products is the function of expansion ratio. High bulk
density values result from compact structure of objects
which areless puffy whereashighly expanded and puffed
product occupy more volume and posses|essweight and
hence, expansion ratio is inversely related to the bulk
density (llo et al., 1996). This study also revealed that
the products having high expansion ratio displayed less
bulk density. Similar to expansion ratio, the variation in
bulk density of the extruded products could be attributed
to compositional differences in wheat, rice and maize
grains.

Water absorption index :

It depends ontheavailability of hydrophilic groups,
which bind water molecules and on the gel-forming
capacity of macromolecules (Sompong et al ., 2011). For
aparticular cereal, thewater absorptionindex of extruded
snacks, breakfast cereals and porridge showed non-
significant (p>0.05) changesand very small variation was
found in water absorption index of extruded products,
themselves. However, the type of cereal used for
preparation of these products showed statistically
significant (p<0.05) variation. The highest val ue of water
absorption index was found in the extruded products
prepared from cereals used in combination followed by
wheat while the lowest value was observed for brown
rice.

Water absorption index isthe indication of amount
of hydrophilic polymers present in the sample as such
polymers has capability to absorb and hold the water.
Greater the polymers, moreisthewater absorptionindex.
The low water absorption index of brown rice based
extruded products could be due to more exposure and
degradation of starch during extrusion and owing to
scarcity of proteins. Whilethe high water absorption index
of extruded products prepared from combined cereals
and wheat based extruded products may be due to high
content of fibresand proteinswhich themselves hashigh
water absorption capacity and secondly they may shield
the exposure and degradation of starch during extrusion
cooking. Presence of amylopectin also helpsinincreased
water absorptionindex (Tester and Morrison, 1990) which
isevident from the maize based extruded products against
water absorption index of brown rice based extruded
products. Thisfinding differs from those of Altan et al.
(2009) that showed that raw material properties had no
effect on WAI. The results are, however, in agreement

Table 2 : Bioactive composition of whole grain cereals-honey extruded products

Product Wheat Brown rice Maize “Ceredlsin combination
Total phenolics content (mg SGAE/100g)

Extruded snacks 97.11+0.55" 66.84:0.42% 145.24+0.69% 101.85+0.45%
Breakfast cereal 96.89+0.52% 66.54+0.48™ 144.68+0.75" 101.94+0.50°
Porridge 97.51+0.61" 66.97+0.53™ 145.72+0.817 102.05+0.54%
Antioxidant activity (% RSA")

Extruded snacks 35.51+0.38" 27.74+0.27™ 40.18+0.35" 30.14+0.31%
Breakfast cereal 35.62+0.357 28.12+0.32™ 40.92+0.407 30.87+0.37"
Porridge 35.59+0.47™ 28.05+0.39™ 40.58+0.447 30.96+0.45"

Meansfollowed by different superscript |etters (p-q) within a column differ significantly.
Means followed by different superscript letters (a-d)within arow differ significantly.

# \Wheat:Brown rice:Maize::3:4:3 $Gallic acid equivalent
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with those reported by Carvalho et al. (2010) who
reported significant effect of raw material propertieson
water absorption index of extrudates.

Water solubility index :

Thewater solubility index of extruded productsdid
not show appreciablevariations. Thewater solubility index
of extruded products prepared from wheat, brown rice,
maize and cereals in combination ranged from 22.03 to
26.75 per cent. Average highest value of water solubility
index was observed in extruded products prepared from
cerealsin combination and lowest water solubility was
observed in extruded products prepared from wheat.

Water solubility can be used as an index of
gelatinization. More the starch conversion during
extrusion, higher will bethewater solubility index. Rice,
being highinamyloseand low in protein and fibre, could
show high water solubility due to higher rate of starch
conversion during extrusion (Dogan and Karwe, 2003).
Contrary to rice, wheat had high fibre aswell as protein
content which could hamper the starch conversion during
extrusion cooking and hence, show low water solubility
index. Moreover, proteins and fibres have adverse effect
onwater solubility index. Thelower WSI value of wheat
and barley extrudates may be connected with their high
content of starch, insoluble proteins and dietary fibre
(Zhang et al., 2014).

Total phenolic content and antioxidant activity :

Total phenaolic content and antioxidant activity of
honey incorporated extruded products prepared wheat,
brown rice, maize and cerealsin combinationisreflected
in the Table 2. Total phenolic content and antioxidant
activity did not differ significantly (p>0.05) within the
products, however, the cereal type used for preparation
of these extruded products has statistically significant
effect (p<0.05) ontotal phenolic content and antioxidant
activity. The highest total phenolic contents (144.68-
145.72 mg/100 g) and antioxidant activity (40.18-40.92
% RSA) is observed in the extruded products prepared
from maize and honey. Minimum total phenolic content
and antioxidant activity wasexhibited by extruded products
prepared from brown rice and honey.

Thevariaionintotal phenolic content and antioxidant
activity in extruded products prepared fromvarious cereal
grains may be due to varying initial level of bioactive
compounds in cereal grains. Adom and Liu (2002)
reported that the various cereal grainsdiffer significantly
intota phenolic content and antioxidant activity. However,
the decrease in total phenolic contents and antioxidant
activity of whole grain cereals-honey extrudates could
be dueto loss attributed to the heat |abile nature of these
compounds asindicated by Han and Koh (2011).

The correlation co-efficient of 0.91 demonstrates
that thereexist isstrong correlation between total phenolic
content and antioxidant activity of extruded products. The

Table 3: Colour characteristics and har dness of whole grain cer eals-honey extruded products

Product Wheat Brown rice Maize Cerealsin combination
L* value

Extruded snacks 62.15+1.15> 71.05+0.60° 67.45+0.85°" 66.90+1.25"
Breakfast cereal 61.85+1.25" 69.75+0.55% 68.95+0.70% 67.75+1.15”
Porridge 63.25+1.05" 71.45+0.407 66.80+0.90° 65.85+1.00°
a* value

Extruded snacks 3.20+0.10™ 2.65+0.05" 4.55+0.15" 3.25+0.10™
Breakfast cereal 3.30+£0.15" 2.95+0.05" 4.50+0.20™ 3.45+0.10™
Porridge 3.15+0.15™ 2.60+0.10" 4.65+0.10" 3.20+0.15"™
b* value

Extruded snacks 18.35+0.30" 17.25+0.85" 24.45+0.507 18.15+0.25"
Breakfast cereal 17.95+0.25" 17.10+£1.05" 23.85+0.657 18.05+0.20"
Porridge 18.25+0.45" 17.40+0.75" 24.50+0.45" 18.35+0.45"
Hardness (N)

Extruded snacks 50.11+2.08" 51.69+2.15" 51.50+2.37% 44.85+1.92%
Breakfast cereal 60.38+2.32F 54,29+2.24" 53.41+2.547 47.72+2.19°
Porridge 58.03+2.74% 49.75+2.93% 50.08+2.87% 43.15+2.79%

Meansfollowed by different superscript letters (p-q) within acolumn differ significantly.
Meansfollowed by different superscript letters (a-d) within arow differ significantly.
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linear correlation between total phenolic content and
antioxidant activity signifiesthat the phenolic compounds
present in extruded products have strong in vitro
antioxidant activity. However, it isworth to note that the
antioxidant activity may not have been attributed to the
presence of phenolic compounds only but aso some
browning compounds formed during extrusion cooking
which have capability to act as antioxidant. The same
observations have been noted by Yilmaz and Toledo
(2005).

Colour characteristics and hardness :

Variabletrend in colour values of extruded products
prepared from various cereal grainswas manifested. Table
3 reveal that the highest L* value was seen in extruded
products prepared from brown rice while the minimum
L* value was observed for extruded products prepared
from wheat.

L* value of extruded products varied significantly
for different types of cereal except that the L* value of
extruded products prepared from maize and cereal s used
in combination was found at par. This could be due the
dominancy of pigmented maizein relatively mild colour
of wheat and brown rice. Further, low L* value and
relatively dark colour of wheat based extruded products
could be dueto high fibre and protein content of wheat.
Peressini et al. (2015) found that high fibre foods are
associated with the dark colour. On the other side,
comparatively low fibre and protein content as well as
protein uncovered starch in endosperm may be
responsible for the lightness (high L* value) of brown
rice based extruded products.

The results of this study indicated that though a*
and b* valuesdo not differ significantly (p>0.05) within
the products, whole grain cereal s have significant impact
on the @ and b* values of extruded products (extruded
snacks, breakfast cereals and porridge). Extruded
products prepared from maize displayed highest a* and
b* values (redness and yellowness, respectively) while
lowest a* and b* values were observed for extruded
products prepared from wheat. The higher redness and
yellowness in maize extruded products could be due
greater pigmentation found in maize. On the other hand,
brown rice based extruded products showed lower a*
and b* values owing to more whitish colour of brown
rice. Bhattacharya et al. (1997) also found the same
results for the colour characteristics of rice-green gram
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blend. The results of this study indicate that the colour
differences in various whole grain cereal extruded
products are manifested by theinitial colour of the feed.
Thesimilar observations have been recorded by Peressini
et al (2015) with respect to colour characteristics of
snacks.

Type of cereal used in preparation of extruded
products had statistically significant (p<0.05) effect on
the hardness. However, the hardness of brown rice based
extruded products and maize extruded products was at
par. The hardness of wheat, brown rice, maizeand cereals
in combination for extruded productslied in therange of
58.03-60.38, 49.75-54.29, 50.08-53.41 and 43.15-47.72N.
This indicated the variation in hardness of extruded
products prepared from particular cereal was not
substantial.

Hardness of the extruded productsisinfluenced by
the expansion propertiesand bulk density. High expansion
ratio and low bulk density results in lower hardness of
the extruded products (Meng et al., 2010). Thelessdense
product requireslessforceto break it down. Theair cells
and voids present in lighter products make it crisp and
crunchy and hence, have low hardness values. It could
easily be observed from the Table 2 that the hardness of
extruded productsisdirectly associated with the expansion
ration and bulk density described earlier.

Conclusion :

All the cereal sshowed their optimal suitability with
respect to utilization as whole grain in preparation of
various extruded products. Amongst all cereals, maize
demonstrated better results which produced nutritional
and acceptable extruded snacks high in total phenolic
contents, antioxidant activity and better physical
properties. However, best quality extruded productswere
obtained when cereal s flours were used in combination.
Amongst the extruded products, snacks was found to be
most acceptable than other products. The results of this
study indicated that inlieu of production of nutritionally
rich extruded products by utilization of whole grain
cereals, these cereals should be used in combination.
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