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This work reports on the oil content of fried noodle-like products prepared from
a blend of soya flour and starch in ratios ranging from 80:20 to 20:80 of soya
flour:starch. Three starches differing in their amylose content, namely corn,
Chenopodium quinoa and Amaranthus paniculatus, were chosen for the study. The
oil content in fried products decreased with increased starch content. The extent
of decrease was observed to be correlated to the amylose content. The advantage
of newer food sources, such as Amaranthus paniculatus and Chenopodium quinoa,
is thus indicated. Copyright © 1996 Published by Elsevier Science Ltd

INTRODUCTION

The importance of dietary fat is now well recognized.
Fried foods are considered as concentrated sources of
energy and fat. Reduction in oil content of fried foods
is therefore an area of interest to researchers
(Adambounou & Castaigne, 1981; Greenfield et al.,
1984; Gamble & Rice, 1987; Makinson ef al., 1987;
Varela et al., 1988). Oil content is often not essential for
product quality and is disadvantageous to both the food
processor (high operating cost) and the consumer
(imbalance in nutritional value).

Deep fat frying is very popular and is used widely by
food industries and domestic households. Many factors
are known to affect oil uptake. These include specific
gravity or water content of the food being fried
(Adambounou & Castaigne, 1981; Gamble & Rice, 1987,
Makinson et al., 1987; Varela et al., 1988), surface of the
food in contact with the frying medium (Adambounou &
Castaigne, 1981; Greenfield ef al., 1984; Makinson et al.,
1987; Gamble & Rice, 1987; Varela et al., 1988), frying
time (Pravisani & Calvelo, 1986), frying temperature
(Varela, 1977; Van Zeddlemann, 1981), number of fry-
ing cycles (Varela et al., 1988), method of frying (i.e.
single or split frying; Greenfield et al., 1984), batter
coatings (Makinson et al., 1987; Duxbury, 1989), physical
and chemical properties of the frying medium, ingre-
dients in the foods (solids, moisture, fat and protein),
porosity, and prefrying treatments (drying, blanching).
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The considerable range in oil uptake during frying
has been attributed to differences in formulation and
variations between batches and manufacturers (Smith ez
al., 1985). Fatty foods are known to absorb more fat
during frying compared to low fat foods (Varela et al.,
1988). Crude sodium bicarbonate, commonly termed
papadkhar, is also known to increase oil absorption in
papads (Chaudhury et al, 1985). In doughnuts,
increasing the egg and/or yolk content leads to a
decrease in consumption of frying fat (Van Zeddle-
mann, 1988).

The mechanism of oil frying is poorly understood,
but an increased understanding would enable low-fat
food products to be created using locally available raw
materials and newer food sources. Amaranthus and
Chenopodium are recognized as lysine-rich high-protein
grains which have the potential to meet the world’s food
requirements (Singhal & Kulkarni, 1988; Ruales &
Nair, 1992, 1993). Both these grains contain starch of
small granule size (1-2 um) as the major constituent.
While amaranth grains are acceptable as such, cheno-
podium grains have a limited organoleptic acceptability
due to the presence of bitter saponins (Reichert et al.,
1986). Hence, utilizing grain constituents such as che-
nopodium starch, which can be isolated in a saponin-
free form, in food formulations would be desirable.

In the present work, the effects of starch content and
type on oil absorption of fried noodle-like formulations
were evaluated. The study involved corn, Chenopodium
quinoa and Amaranthus paniculatus starches blended
with commercial soya flour.
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MATERIALS AND METHODS
Materials

Corn starch was obtained from Laxmi Starch Pvt. Ltd.,
Bombay.

Seeds of Amaranthus paniculatus (locally known as
Rajgeera) was obtained from a local market in Bombay
City. Seeds of Chenopodium quinoa were obtained as a
gift sample from the National Botanical Research
Institute, Lucknow. Starches from A. paniculatus and C.
quinoa were isolated in the laboratory by the alkali-
steeping method (Yanez & Walker, 1986).

Inactivated soya flour (ISF) was obtained from
Encore Ltd., Zurich, Switzerland.

Ground nut oil (Postman brand) was obtained from a
local market.

Methods

Preparation of model systems

Each of the three starches was mixed with inactivated
soya flour, in ratios ranging from 20:80 to 80:20 of
starch:ISF, by dry-blending in a mixer to ensure uni-
form mixing.

Preparation of the extruded snacks

A 50 g amount of each of the above blends was mixed
with 28-36 ml of water, depending upon the require-
ment, to form a dough of uniform consistency. This
dough was then cooked at atmospheric pressure in a
pressure cooker for 10 min and then cooled. The
cooked dough was extruded through a hand extruder
(diameter approx. 4 mm) with a piston and die
arrangement. The hand extruder was coated with
hydrogenated fat to aid extrusion. The extruded strips
were dried in a tray drier at 50-55°C for 4 h to give dry
noodle-shaped products.

A 5 g amount of each of the noodle samples was fried
in 250 ml of ground nut oil at 160°C for 45-50 s, then
drained for 5 min before analysis. The oil was changed
after every seven frying cycles.

Analysis of the extruded fried snacks

Oil absorption Each of the extruded fried noodle
samples was analysed for oil content in a Soxtec appa-
ratus (Tecator, Sweden) using petroleum ether AR
grade (60-80°C) as solvent. Each analysis was carried
out in duplicate.

Bulk density The bulk density of each of the pro-
ducts was measured in triplicate before and after frying.
The bulk density (p) was calculated using the formula:

w
o=

Tl

where W is the weight of the sample (g), r is the radius of
the sample (cm) and / is the length of the sample (cm).

Analysis of amylose contents of the starches under study
This was done colorimetrically by the procedure of
McCready & Hassid (1943).

RESULTS AND DISCUSSION

Figure 1(a)-(c) show the oil content in extruded and
fried snacks prepared using varying ratios of ISF and
the three starches. In the case of amaranth starch, it was
not possible to extrude samples containing 70% and
80% starch due to the stickiness of the product, and
great difficulties were encountered in handling these
batches. In all cases, the oil absorption of the extruded
snacks decreased as the starch content in the composite
blend increased. At levels below 20% starch and above
80% starch, disintegration during extrusion was
observed. However, the rate of decrease in each case
varied, as can be seen from the slopes of the graphs
(Fig. 1(a)(c)) of percentage oil absorption versus per-
centage starch content in the blend. The regression
equations so obtained for each of the three starches
were as follows:

Corn starch:

Y = —0.28X + 34.68(R? = 0.98)
Amaranth starch:

Y = —0.64X + 45.92(R® = 1.00)
Chenopodium starch:

Y = —0.44X + 43.44(R?* = 0.90)

From the values of the slope, it is evident that amar-
anth starch has a greater effect in reducing oil absorp-
tion. This is followed by chenopodium starch and then
by corn starch. These differences could be interpreted as
follows. Oil uptake during frying is a surface phenom-
enon. An increased hydrophobic character of the sur-
face would result in an increased oil uptake during
frying. This has recently been suggested (Pinthus &
Saguy, 1994). Similarly, the effect of product hydro-
phobicity has also been reported (Blumenthal, 1991).
The ability of powdered cellulose to reduce oil uptake in
fried foods has been attributed to its hydrophilic char-
acter (Ang & Miller, 1991). It can be speculated that,
the higher the amount of soya flour in the composite
blend, the greater would be the probability of the sur-
face being more hydrophobic. Hence, as the soya flour
level decreases, the hydrophobicity decreases, as a con-
sequence of which oil uptake decreases. The differences
in the behaviour of the three starches could also be
attributed to the surface characteristics. It seems prob-
able that the three starches interact to different extents
with soya protein. This affects the hydrophobicity and
hence the oil uptake. A reduced surface tension between
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oil and water also causes an increase in oil absorption
(Mohamed et al., 1995). Addition of starch to soya flour
probably increases the surface tension, and hence causes
a reduction in oil absorption.

The amylose contents of corn, amaranth and cheno-
podium starches were found to be 22%, 0% and 11%,
respectively. It appears that the effect of each starch
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type on oil uptake is correlated to its amylose content.
This can be seen from the plot of slope value (m) versus
amylose content in the starches (Fig. 2). This is sup-
ported by the fact that amylose has a tendency to form
complexes with lipids (Czuchajowska et al., 1991;
Szczodrak & Pomeranz, 1992). Further investigations
need to be carried out in this respect.
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Fig. 1. (a) Effect of the ratio of corn starch to inactivated soya flour on oil absorption of extruded snack; (b) effect of the ratio of
C. quinoa starch to inactivated soya flour on oil absorption of extruded snack; (c) effect of the ratio of A. paniculatus starch to
inactivated soya flour on oil absorption of extruded snack.
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Table 1. Effect of starch—ISF combination on bulk densities (o) of extruded smacks

N. T. Ahamed et al.

Starch (%)

Chenopodium starch + ISF

Corn starch + ISF

Amaranth starch + ISF

BF AF AF/BF BF AF AF/BF BF AF AF/BF
20 0.712+0.043 0.782+0.018 1.098 0.798+0.024 0.782+0.027 0.979 0.831+0.026 0.812+0.015 0.98
30 0.786+0.056 0.830+0.119 1.056 0.634+0.017 0.848+059 1.338 0.914+0.009 0.963+0.048 1.05
40 0.734+0.009 0.888+0.036 1.21 0.705+0.112 0.819+£0.090 1.162 0.841+0.008 1.077+0.101  1.28
50 1.335+0.104 1.482+0287 1.11 0.922+0.040 0.907+090 0.984 1.574+0.034 0.785+0.010 0.5
60 1.306+0.130 0.816+0.085 0.625 0.835+£0.075 0.782+0.071 0.937 1.564+0.059 — —
70 1.131+0.059 0.807+0.160 0.714 0.855+0.094 0.843+0.010 0.986 — — —
80 1.725+0.440 0.868+0.072 0.503 1.609+0.234 0.844+0.010 0.525 — — —

ISF, inactivated soya flour; BF, before frying; AF, after frying.

0.7 —

0.6

0.5

0.4

Slope

0.3

0.2

01—

0 5 10 15 20 25 30

Amylose content (%)

Fig. 2. Correlation between ‘m’ (from Fig. 1(a—)) and amylose
content.

Table 1 gives the bulk density of the extruded pro-
ducts before and after frying and the ratios of their bulk
densities after and before frying. It is interesting to
observe that the product prepared from 60% amaranth
starch and 40% ISF disintegrated during frying. No
general trend between the ratios of bulk densities and
amounts of starch and/or protein was observed. How-
ever, at the level of 50% soya flour, among the three
starches, amaranth starch had the lowest ratio of bulk
density after frying to that before frying; a low ratio
would indicate a lighter product, which is preferred
organoleptically. Fried snacks from ISF and chenopo-
dium starch had a higher ratio than amaranth starch,
and the corn starch-ISF combination had a higher ratio
than the chenopodium-ISF blend. Amongst the corn
and chenopodium starches at levels of 60%, 70% and

80% in a blend with ISF, chenopodium showed a lower
ratio of bulk density after frying to that before frying.
Although it would be premature to attribute this beha-
viour to the amylose content, this appears to be the
trend and needs further experimentation.

CONCLUSIONS

The findings from this study should be useful in utilizing
constituents of the grain chenopodium in food for-
mulations and could help in utilizing the grain itself.
This is of particular relevance since the grain as such has
limited organoleptic acceptability due to the presence of
bitter saponins. Amaranth starch gave the lowest oil
content in deep fat-fried snacks and could be used in the
development of low-fat fried formulations.
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