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Snack foodsare being considered integral part of human food habits and they become more relevant
if targeted to satisfy the need. The promising feature of the technology is that the final product can
betailored as per nutrition requirement by changing the feed material composition. The concern of
the present time to prepare such food products which can be aid in control prevailing diseases like
heat problems, diabetics, blood pressureetc. extrusion cooking isafeasible technique to manufacture
expanded products and has been the objects of studies to enhance the nutrition and functional
properties of extrudates for the development of various product. Extrusion cooking resultsin starch
gelatinization, denaturation of proteins, inactivation of many native enzymes and antinutritional
factors, reduction of microbia counts and improvements in digestibility and biological value of
proteins. Extruded product can be categorized for aparticular application depending ontheir functional
properties such aswater absorption and water solubility indexes, expansion ratio, bulk density and
viscosity of the dough.
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trusion cooking isarelatively recent form of food
processing. Forcing material through aholeisthe
rocessof extrusion. It involves compressing and
working a material to form a semisolid mass under a
variety of controlled conditions and then forcing it, at a
predetermined rate, to pass through a hole. The origins
of extrusion are in the metallurgical industry, where in
1797 apiston driven devicewas used to produce seamless
lead pipes. The current understanding of extrusion
technol ogy and the developmentsin machine design are
largely dueto research carried out by the plasticsindustry.

Extrusion technology wasfirst applied to food materials
in the mid-1800s, when chopped meat was stuffed into
casings using a piston type extruder. Extrusion cooking
processis high temperature short time process in which
moist, soft grain is fed into extruder where desired
temperature and pressure are obtained over a required
period of residencetime (Altan et al., 2008; Deshpande
and Poshadri, 2011 and Iwe, 1998). As result, screw
kneads material into asemi-solid, plasticized mass. If the
food is heated above 100°C the process is known as
extrusion cooking or hot extrusion. Generally external heat
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for cooking of the product isnot supplied and it isachieved
through shear and friction in the extruder. Extrusion
cookingisused worldwidefor the production of expanded
snack food foods, modified starches ready-to-eat (RTE)
cereals, pasta and pet foods (Deshpande and Poshadri,
2011). Thistechnology has many distinct advantages like
energy efficient, lack of processeffluent and versatility with
respect to ingredients selection and shapes and textures of
theproductsthat can be produced. It isused for processing
of starch and protei naceous material. Therefore, extrusion
cooking is believed to be an important food processing
techniquefor preparation of nutritiousfood.

Coldextrusion, in which thetemperature of thefood
remains at ambient is used to mix and shape food such
as pasta and meat products. Low pressure extrusion, at
temperatures below 100°C, is used to produce for
examples, fish pastes, surimi and pet foods.

There are avariety of available extrudersthat have
been designed for different applications. For food,
particularly RTE cereds the two commonly utilized
extruder consist of a single screw or twin screws that
revolve in an enclosed barrel. The turning of the screw
serves many functions, including mixing raw material,
pressurizing product mass and moving product along the
length of the barrel to be extruded through a die. The
advantageswith the use of extrudersishigher productivity,
low operating cost, versatile to use and energy efficient
than the other processes cooking process.

Grains used for extrusion and its composition :

Cereal floursand other starchy materialsarewidely
used asraw materialsin the production of many extruded
products. Theingredientsusedin extruson are predominantly
dry powdered materia's, with themost commonly used being
maize, rice and wheat flours. In addition to starch-based
products, a range of protein-rich products can be
manufactured by extrus on using raw materialssuch assoya
or sunflower, beans, field bean and isolated cereal proteins.
Accordingly, many of thestudiesrelatingto cerea extrusion
focus on changes occurring in the starch component of the
product under varying extrusion conditionsand theresulting
effectsonitsphysical, chemica and organol eptic properties.
The type of extruder, feed moisture, feed rate, barrel
temperature, screw speed, screw profile and die size are
al important in developing the characteristics of the
extruded product.

Maize (Zea mays L.) also known as corn, is one of

the world’s most versatile food grain. It contains 355 Kcal
energy with 9.08 per cent protein, 3.88 per cent fat, 0.03
per cent ash, 76.80 per cent carbohydrates, vitaminsand
amino acids (Santosa et al ., 2008).

Santosaet al. (2008) devel oped the extrudatesfrom
mai ze of different varity and at four moisturelevels(0,5,10
and 15%). He observed that al the corn varieties could
be processed using extrusion technology. Addition of 5
per cent moisture resulted better quality extrudates
compared to other concentration.

Sharmaet al. (2002) conducted an investigation on
fiveimproved genotypes of maize namely Paras, Prabhat,
PAC 776, Bio 9637 and Prakash. The grains were
analyzed for chemical components and it was reported
that moisture content ranged from 8.21 to 8.85 per cent
inall thevarieties. Prakash and PAC 776 varieties showed
the higher percentage of moisture (8.85 and 8.79%,
respectively). It was also reported that varieties Paras
and Prakash were rated superior for characters such as
protein (10.23 and 9.80%), fat (4.45 and 5.00%) and
tryptophan (0.72 and 0.70% of protein). Bio 9637 and
Prabhat were promising for carbohydrate (77.33 and
77.74%), minerals (1.40% in both varieties) and energy
values (358 and 356 Kcal).

Bhattacharyaand Prakash (1994) prepared extruded
from rice and chick pea (Cicer arietinum L.) flours,
containing 20 per cent moisture, through a single-screw
extruder. The extrusion process variables were: (i) feed
ratio (ratio of the solids of riceand chick peaflour=100:0,
90:10 and 80:20) and (ii) temperature of die (100, 125
and 150°C). Incorporation of chick pea into rice flour
decreased torque and product expansion, but increased
bulk density and shear strength. The temperature of the
die had alinear effect on these parameters.

Bhattacharyya et al. (1993) used rice and chickpea
floursblendsin theratios of 100:0, 90:10, 70:30, 50:50,
30:70 and 10:90 and tempered, blended mixtures with
water to a moisture content of 15 per cent and extruded
with a single screw. On increasing the proportion of
chickpeain the blends, the diametric expansion (DE) and
water holding capacity (WHC) decreased, while peak
shear force (PSF) and bulk density (BD) increased.

A rice and green gram (Migna radiata L.) blend
(1:1, dry basis) was extruded by Bhattacharya et al.
(1993) using a co-rotating twin-screw extruder with a
barrel diameter of 3mm. Theeffectsof barrel temperature
(100-175 °C) and screw speed (100-400 rpm) on the
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extrusion system parameters (torque and specific
mechanical energy) and extrudate characteristics
(expansion ratio, density and maximum shear stress) were
studied. The responsefunctions(torque, specificmechanical
energy, expansion ratio, extrudate density and maximum
shear stress) wererelated (r > 0-870, p< 0:01) to the process
variables (screw speed and temperature) by second-order
polynomials. Thetorque during extrusionwashighest at the
highest temperature levels. The specific mechanica energy
linearly increased with screw speed. The maximum bresking
(shear) dtress of the product was highly senditive to the
levelsof theextrusion variables and varied up to 25-fold.
High barrel temperature combined with a low screw
speed issuitablefor obtaining an expanded product.

Borhade et al. (1983) mentioned that horse gram
and moth bean seeds contained 23.6 per cent and 21.9
per cent protein (N x 6.25), respectively. Both thelegumes
arerich sources of iron. Theiron contentsin horse gram
and moth beanswere 11.0 and 9.6 mg/100 g, respectively.
NaCl at 10 per cent (w/v) and Na,CO, at 0.5 per cent
(w/v) were found to be effective in extracting 89 per
cent and 80 per cent of moth bean and horse gram proteins
from defatted flour. Theminimum solubility of horsegram
proteins from defatted flour was at pH 4.0 whereas,
proteinsfrom moth bean exhibited minimum solubility at
pH 4.5. The water and oil absorption, and foaming
capacities in case of horse gram and moth bean flours
were2.0g/gand 2.2 g/g, 23.0 per centand 2.0 g/g, 1.6 ¢/
g, 27.6 per cent, respectively.

Mishraet al. (2006) studied the antioxidant activity
of Garcinia indica (kokam) is an Indian spice. They
observed that the antioxidant activity of aqueous and
boiled extracts corresponding to their usein cooking and
home remedies, besides the commercial kokam syrup.
The assays employed are ORAC, FRAP, ABTS and the
ability toinhibit lipid peroxidationinrat liver mitochondria.
K okam syrup and the two aqueous extracts had significant
antioxidant effects in the above assays. They have high
ORAC values (29.3, 24.5 and 20.3), higher than those
reported for other spices, fruits and vegetables. Thehigh
antioxidant activity of kokam adds one more positive
attributetoitsknown medicinal propertiesand hence, its
use in cooking, home-remedies and as a soft drink may
be promoted.

Varalakshmi et al. (2010) reported that Garciniais
alarge genus of polygamoustrees or shrubs, distributed
in the tropical Asia and Africa and is a rich source of
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bioactive molecules including xanthones, flavonoids,
benzophenones, lactones and phenolic acids. In the present
study, an attempt was made to eval uate the antimicrobial
properties of Garcinia indica on certain microbes and
cytotoxic properties of Garcinia indica on Balb/c 3T3
mouse fibroblasts. Garcinia indica fruit rind extract
showed inhibitory effect on cultured 3T3 mouse
fibroblasts. The cell concentration decreased with
increasing concentration of the extract. The G indica
extract has both antifungal and antibacterial properties
and has a potential for use as a biopreservative in food
applications and therapeutic agent in cancer treatment.

Extrusion cooking :

Singh et al. (2007) reviewed the nutritional aspects
of food extrusion. Mild extrusion conditions (high moisture
content, low residence time, low temperature) improve
the nutritional quality, while high extrusion temperatures
(200°C), low moisture contents (<15%) and improper
formulation (e.g. presence of high-reactive sugars) can
impair nutritional quality adversely.

Bisharat et al. (2013) studied that effect of extrusion
conditionson the structural propertiesof corn extrudates
enriched with dehydrated vegetables. It was observed
that the extrudates obtained using atwin-screw extruder,
operated at different conditions, including screw speed (150
rpm, 200 rpm, 250 rpm) and extrusion temperature (140 °C,
160 °C, 180 °C). The moaisture content of the raw mixture
wasregulated in threelevel s (14%,16.5%, 19%), wheress,
the concentration of the added ingredient wasadjusted to 4
per cent, 7 per cent and 10 per cent for broccoli andto 4 per
cent, 6 per cent and 8 per cent for olive paste. It was
concluded that the productswith 14 per cent moisture content
and 4 per cent material concentration that were extruded
at the highest screw speeds (250 rpm) presented the
highest degree of expansion.

Sun et al. (2006) studied that the effect of extrusion
cooking of barley, peasand amixture(4:1) of potato starch
and wheat bran. Extrusion cooking increased the
proportion of rapidly digestiblestarch (RDS), and reduced
the proportion of slowly digestible starch (SDS) and
resistant starch (RS). He concludes that extrusion
processing had a major impact on the site and extent of
nutrient absorptioninthegut of pigs, but that theinfluence
was strongly dependent on the botanical origin of the
carbohydrate source.

Lazou et al. (2007) studied the effect of extrusion
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conditions, including feed rate (2.52-6.84 kg/h), feed
moisture content (13-19% w. b.), screw speed (150 —
250 rpm) and extrusion temperature (150-230°C) on
structural properties of corn-legume based extrudates.
Porosity of extrudates was found to increase with
temperature and residence time and to decrease with
feed moisture content and corn to legume ratio. Screw
speed did not affect extrudates properties. Comparatively,
the usage of white bean in mixturesfor the production of
snacks, led to a product with higher porosity than those
with other legumes.

Functional properties of flour and extrudetes :

Jyothi et al. (2009) studied the physical and
functional properties of arrowroot starch extrudates.
Different levels of feed moisture (12%, 14% and 16%)
and extrusion temperatures (140, 150, 160, 170, 180 and
190 °C) were used for extrusion. The expansion ratio of
the extrudates ranged from 3.22 to 6.09. The water
absorptionindex (6.52 to 8.85 g gel/g dry sample), water
solubility index (15.92% to 41.31%) and oil absorption
index (0.50to 1.70 g/g) were higher for the extrudatesin
comparison to native starch (1.81 g gel/g dry sample,
1.16% and 0.60 g/g, respectively). Hardness and
toughness were more for the samples extruded at higher
feed moisture and lower extrusion temperature, whereas,
snap forceand energy were higher at lower feed moisture
and temperature. Extrusion cooking of arrowroot starch
resulted in products with very good expansion, colour,
and lower digestibility, which can be exploited for its
potential use as a snack food.

Adeleke and Odedeji (2010) studied the functional
properties of wheat and sweet potato flour blends. They
studied the functional propertiesand givesthe procedures
for determination of swelling powder, viscosity
determination, pH determination, water absorption capacity,
fat absorption capacity, foaming capacity and foaming
stability, bulk density. Theresultsshowedthat theswelling
power for whest flour was 12.75 per cent which wasgreeater
than that of sweet potato flour of 5.73 per cent, wheat flour
recorded the highest foaming capacity of 4.12 per centwhile
sweet potato flour had 1.28 per cent, The pH values for
other blends ranged between 5.40 and 5.70 as more and
more sweet potato flour was added to wheat flour the
pH value was tending toward slight acidity, bulk density
value for wheat flour was 7.47 g/cm3while sweet potato
flour recorded 6.83 g/cm?

Parameters affecting extrusion :

Filli et al. (2010) studied the effects of extrusion
conditions, feed composition percentage moisture (wb)
and screw speed (rpm) on the water absorption index
(WAI); water solubility index (WSI) and viscosity from
millet/soybean flour mixtures. They reported that, the
optimal combination of feed composition (17.7%
soybean), feed moisture (27.3% wb) and screw speed
(161 rpm) resulted in optimal WAL of 4.6 g water per g
sample. The optimal combination of feed composition
(14.77% soybean), feed moisture (15.23%) and screw
speed 220 rpm resulted in optimal WSI of 6.15 per cent.

Blended extruded :

Altan et al. (2008a) studied twin screw extrusion of
barley-grape pomace blends: Extrudate characteristics
and determination of optimum process ng condition. Grape
pomace was mixed thoroughly with barley flour to the
ratioof 0, 2, 6, 10, and 12.73 per cent (db). It was observed
that, blends of 2 per cent grape pomace extruded at
160°C, 200 rpm and 10 per cent grape pomace extruded
at 160°C, 150 rpm had higher preference levels for
parameters of appearance, taste, texture off-odor and
overall acceptability.

Altan et al. (2008b) studied evaluation of snack food
from barley-tomato pomace blends by extrusion
processing. Blendswere prepared by mixing barley flour
and tomato pomacein theratios 100:0, 98:2, 94:6, 90:10,
87.27:12.73 ondry-to-dry wei ght basi s.Sensory evaluation
was carried out for appearance, taste, texture off-odor
and overall acceptability. It wasfound that, extrudatewith
2 per cent and 10 per cent tomato pomace extruded at
160°C, 200 rpm had higher preference levels for
parameters of appearance, taste, texture off-odor and
overall acceptability.

Bhattacharaya et al. (2005) studied the physico-
chemical characteristics of extruded snacks from rice
(Oryza sativa L.), corn (Zea mays L.) and taro
(Colocasia esculenta L. Schott) by twin screw extrusion.
Therice, corn and taro flours (100:10:9) were blended
and extruded in co-rotating fully- intermeshing twin screw
extruder (Model No P1, Kolkata) at barrel temperature
141, 150 and 159°C, respectively and screw speed at
475 rpmwhilethe feed rate was maintained at 28 g/min.
Protein solubility, texture analysis, starch digestion and
physical properties were analyzed. Results showed that
floursextruded at 141°C digested significantly dower than
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those extruded at 150 and 159° C. Also, increasing
expansion, decreasing bulk density and decreasing
breaking force with increasing barrel temperature. The
protein solubility decreased after extrusion.

Byung-Keeet al. (2004) studied extrusion onregular
and waxy barley flour for production of expanded cereals.
He studied the physical properties and effect of extrusion
parameters. Blend wasextruded in laboratory single screw
extruder. Result showed that, flour frombreak roll mill stream
of both regular and waxy barley produced extrudate with
higher expansionindex (2.73-3.02), higher water absorption
inlower flour fromreductionroll mill stream.

Plahar et al. (2003) standardized extrusion cooking
process for development of a high protein weaning food
based on peanuts, maize and soybeans and evaluated the
effectsof blend formulation, extrusiontemperatureand feed
moisture content on ease of extrusion and product quality
characteristics. Results showed bulk density and hardness
increased while expansion index decreased with increase
in feed moisture content. For ease of extruson and best
product quality in terms of sensory attributes and cooking
properties, the extrusion parameters were established for a
blend formulation of 75 per cent maize, 10 per cent peanut
and 15 per cent soybean: feed particle size of 300-400 um
extruded using a screw speed of 500 rpm, with afeed rate
of 4.6 kg/min, feed moisture content of 16-18 per cent and
extrusion temperature of 100°C-105°C.

Caravalho and Mitchell (2000) investigated the
influence of added sucrosein maize grits and wheat flour
on the degree of expansion and extent of starch
conversion on extrusion processing. Replacing wheat flour
by sucrose even at levels as high as 20 per cent of the
flour weight had little effect.

Gutkoski and El-Dash (1999) studied the effects of
initial moisture levelsand extrusion temperatures on bulk
density, water absorption and water solubility index,
viscosity and colour of extruded oat products. Theresult
showed that the water absorption index of extrudates
were relatively low (4.16-6.35 g gel/g sample) but
increased as the initial moisture of the raw material as
well asthe extrusion temperature was elevated. Products
with lower valuesof L * (luminosity) and greater values
of a* (red) and b* (yellow) were obtained at high moisture
rates and at a 120° C extrusion temperature.

Faller et al. (1999) concluded that moisture content
and extrusion conditions aswell as soy protein type are
directly related to sensory and physical characteristics.
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Information available to consumers either prior to or at
the point of purchase may influence product selection.

The effect extrusion process variables like feed
moisture content, screw speed and die temperature on
physicd andtexturd propertieslike, bulk density, expansion
ratio, hardness and moisture content of extrudate prepared
from broken raw riceand mung bean flour wereinvestigated
by Jha and Prasad (1997). They summarized the results
that expansionratio of broken riceand mung bean extrudes
varied from 2.2 and 3.46, bulk density varied from 65 to
150kg/m?, hardness varied from 45 to 110 N and moisture
content of extrudates varied from 6 to 12 per cent (wb).
The extrudate food prepared in proportion of 70:30 at
processing conditions of 170°C dietemperature, 170rpm
screw speed and 12.6 per cent moisture content (wb)
was found to be most acceptable product.

Priya et al. (1995) studied that in corn- starch —
peanut flour based snacks, oil absorption by extrudates
was only influenced by the type of peanut flour. Within
the range of (per 1 kg batch) 0.30-0.34g/g added water,
0.16-0.20g/g non-fermented peanuts flour and /fermented
peanut flour and extrusion temperatures of 125 to 150°C,
extrudates with arange of functional characteristicscan
be produced.

Kohdaet al. (1989), studied the effect of moisture
content and processtemperature on the product properties
and processing characteristics of cassava extrusion.
Cassava flour was rehydrated to 10, 13, 16 and 19 per
cent (wb) of moisture content. Result showed that agood
appearance produced at process temperature 140-160°C
for feed moisture content of 13-16 per cent (wb). For all
level of processtemperature, the safe operation conducted
for feed moisture content of 13-16 per cent (wb).

Nutritional and sensory properties of extruded
product :

Deshpande and Poshadri (2011) studied the physical
and sensory characteristics of extruded snacks prepared
fromfoxtail millet based composite. Blendswere prepared
by mixing foxtail millet flour and other floursnamely rice
flour, chick peaflour, amaranth seed flour and cow pea
flour in ratios 70:07:05:10:08, 60:05:05:20:10 and
50:10:05:30:05. Nutritional propertiesof the blendswere
analyzed and extrusion cooking was carried out in co-
rotating twin screw extruder (Clextral BC 21, France).
Hereported that, compositeflour in ratios 60:05:05:20:10
could beused to produce quality extrudates and acceptable
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Sensory properties.

Murekatete et al. (2010) studied the characterization
of Ready-to-Eat composite porridge flours made by soy-
mai ze-sorghum- wheat. Two composite flour were
formulated; sorghum-maize-soy 1 (SMS 1) and sorghum-
maize-soy 2 (SMS 2). The SMS 1 was mixture of 45 per
cent soybean, 25 per cent maize, 25 per cent sorghum and
5 per cent wheat flour while SMS 2 was a mixture of 25
per cent of soybean, 35 per cent of maize, 35 per cent
sorghum and 5 per cent whest flour. Results showed that,
changes in proximate composition, minerals and amino
acidscontent during HT ST extrusion weresignificantin
both flourswhilefatty acid did not change significantly.

Laike et al. (2010) studied the effect of extrusion
variables including barrel temperature (110, 130 and
150°C), feed moisture content (17, 21 and 26 % wb) and
screw speed (100 and 140 rpm) on the physical and
sensory properties of an extruded product was
investigated. The study showed significant differences
(p<0.05) in hedonic rating for col our texture and overall
acceptance between products as evaluated by the sensory
panels. In general, extrusion variablesinduced significant
changesin the product quality attributes eval uated.

Bhattacharya et al. (1993) studied the effect of the
process variables; the feed ratio has the maximum effect
on protein digestibility, followed by processtemperature
in the extrusion of fish—wheat flour blend. Tripling the
ratio of fish to wheat increases the digestibility of the
extrudates by 2-4 per cent. Increase in extrusion
temperature (100-140°C) enhances the degree of
inactivation of protease inhibitors in wheat flour and
consequently, the protein digestibility valuesareincreased.
Extrusion, even at 140°C, does not have any adverse
effect on protein digestibility, which might be attributed
to the lesser residence time of food dough within the
extruder.

Conclusion :

The proper selection and form in which these
ingredients are used play critical role during the
complex process of extrusion cooking. The extruder
equi pment and the wide range of process variable such
as temperatures, pressure, shear, time etc also affect
the final output. Significant changes take place in
physical, physico-chemical, textural, biochemical,
nutrition al profile of these ingredients and additives
during the high temperature and short time process of

extrusion cooking. Hence, it is quite complicated as
towhich of theidentified / selected ingredients would
fulfill therequirements of thefinal product. Thereview
of past studies can, however, be used asthe guidelines
while undertaking devel opment of newer formulated
and functional foods.
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