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Abstract
Prawn crackers produced for cassava starch (CAS), pink (PPS) and orange (OPS) fleshed sweet potato
were investigated. Nine samples were produced using varying proportions (100%, 90:10%, and 80:20%)
of prawn and starch. Prawn crackers were formulated by mixing, steaming and refrigeration, sliced into
small pieces and then dried in an oven at 40 0C. The sliced, dried products were then stored for one
month and analyzed in a week interval. This study analyzed some selected functional properties (water
absorption capacity (WAC), oil absorption capacity (OAC), bulk density (BD), swelling capacity (SC),
particle size distribution (PS) and viscosity of the starches obtained from cassava, pink and orange
fleshed sweet potato. Proximate composition, vitamins, minerals, antinutritional factors, pH and sensory
evaluation were determined. Mould count was determined during one month storage. The results
revealed that the starch had WAC (1.85% for OPS, 2.10% for PPS and 2.19% for CAS; OAC (1.85% for
OPS, 1.94 % for PPS and 2.04% for CAS); BD (68.96 g / ml for OPS, 69.26% for PPS and 72.44 g/ml for
CAS); SC (5.60% for OPS, 5.35% for PPS, and 5.75% CAS). For viscosity, the peak viscosities had the
maximum viscosity developed during or soon after the heating portion (141.75 RVU for OPS, 274.17 RVU
for PPS and 168.92 RVU for CAS), pasting temperature (82.55 0C for PPS, 83.66 0C for OPS and 84.18 0C
for CAS), the gelatinization temperature (64.5 0C for PPS and 74.0 0C for CAS), breakdown viscosity
(29.42 RVU for OPS 40.17 RVU for PPS and 179.84 RVU for CAS), final viscosity (131.58 RVU for PPS,
165 RVU for OPS and 207.17 RVU for CAS), setback viscosity (37.25 RVU for PPS and 78.42 RVU for
CAS). Moisture (2.41 - 5.63%), protein (2.68 - 19.64%), fat (3.71 - 13.62%), carbohydrate (56.48 - 87.34%),
ash (0.07 - 4.24%), crude fibre (0.56 - 3.43%) and pH (5.46 - 8.23) were obtained. For Vitamins A (113 - 128
mg/100g), B1 (0.05 - 0.07 mg/100g), B3 (0.04 - 0.87 mg/100g), B6 (0.09 - 0.71 mg/100g), B12 (0.0019 0.0038 mg/100g), C (0.00 - 1.02 mg/100g), D (0.01 - 0.19 mg/100g), E (0.15 - 0.38 mg/100g). Mineral content
were Na (13.51 - 117 mg/100 g), Ca (15.56 - 29.92 mg/100g), Zn (0.15 - 0.44 mg/100g), Fe (0.22-0.71 mg/100
g), Cu (0.11 - 0.48 mg/100 g), Mg (20.84 - 23.58 mg/100 g), Se (0.61 - 4.77 mg/100g). During storage, mould
growth was observed at week three with CSC (90:10), OPC (80:20), and OPC (90:10).
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INTRODUCTION
Prawn cracker is a traditional means of extending the
shelf life of prawns or shrimps (shell fish) used by foreign
countries such as Malaysia and Australia (Cheow and
Yu, 1997). Nowadays, the product is becoming popular in
Nigeria, particularly urban centres. The product is
available in general stores, drinking bars and in general
supermarkets (Parkinson, 2006). It is available as fried
and unfried crackers may be coloured or transparent and

they are stored in low humidity environment or in an
airtight container to preserve its crispness (Anon.,
2012a).
Prawn cracker is produced by mixing prawns, food
starch, salt, sugar, monosodium glutamate (MSG) and oil
for frying. Other ingredients maybe added depending on
the producer’s choice (Parkinson, 2006). The ingredients
(after cleaning) are mixed, steamed/boiled, refrigerated,
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sliced into small piece and then sun-dried first before
frying, until the moisture content reaches around 10
percent (Huda et al., 2007). The sliced, dried product is
fried in cooking oil. In only a second, the products
expand into thumb –sized semi-transparent chips to white
fluffy crackers more like popcorn, with the water bound to
the starch expands as it turns into steam. If left in the
open air for more than few hours (depending on
humidity), they start to soften and become chewy and
therefore are ideally consumed within a few hour of being
fried (Anon., 2012b).
In recent times, kneading machine, pressure pot,
extruder and a dehydrator are used in the production of
prawn crackers (Hiu, 2012). Traditionally, the cut slices
are placed on trays or strainer and sun-dried. At intervals,
the cut slices are turned to avoid sticking and for effective
drying (Parkinson, 2006). There are five main stages in
the processing of prawn cracker. In the first stage, the
ingredients are prepared and mixed (blended) to form
dough, the second stage involves the steaming / boiling
of the dough in a pressure pot and allowed to cool in a
refrigerator. The third stage involves the slicing into thin
pieces and fourthly, the drying process using sun or a
dehydrator and lastly, the dried thin slices are deep fried
(Parkinson, 2006).
Prawn cracker is gradually receiving a worldwide
acceptability (Parkinson, 2006). It is an irresistible snack
for children and adult alike and it goes well with beer. The
product is enjoyed in Nigeria and internationally in
cocktail parties, various ceremonies such as in birthday
parties and can also be used as a welcome package as
well as take-away. According to Anon. (2012a),
processing of prawn crackers has being modernized
using a dehydrator-microwave oven.
Although the
processing is fast, it causes the product to cook and
expand in a way similar to when they are deep fried.
However the sun-dried products are preferred but it
stands the risk of attracting dust/dirts and being attacked
by local wildlife such as cats and others from sampling
the product (Hiu, 2012).
The product is of foreign
origin and it is being imported to Nigeria. However, there
are many food starches that could be used in the
production of prawn cracker and they include wheat,
maize (corn), rice, sago, rice and even mung bean are
available for prawn cracker making (Seth and Rao,
2008). It is possible to use starch obtained from cassava
and sweet potatoes in the production of prawn cracker
but no work has been carried out to investigate this in
Nigeria. Although in the South Eastern Nigeria, some
researchers have tried to assess cassava crackers (a
third generation snack) using protein sources according
to Obasi and Chukwuma (2015). Many types of proteins
and protein enrichment may be added to third generation
snack type recipes such as meats (whole fresh shrimp,
fresh chicken, beef, etc.), dairy products (cheese,
yoghurt, milk solids) and legume proteins (soy, pea,
bean).

Therefore, the main aim of this work was to
investigate the performance of the starch obtained from
cassava, pink and orange fleshed sweet potato in the
production of prawn cracker and ascertain the functional
properties,
microbiological
count
and
sensory
acceptability of the product as well as to determine the
storage stability of the product.

MATERIALS AND METHODS
Procurement of Raw Materials
Fresh prawn (Penaeus monodon) was purchased from
Sansan market in Warri, Delta State. Orange fleshed
sweet potato were purchased from National Root Crops
Research Institute (NRCRI) Umudike, Abia State. Pink
fleshed sweet potato and other ingredients such as salt,
monosodium (MSG) were purchased from Ogige main
market, Nsukka, Enugu State.

Sample Preparation
Processing of Starch
Cassava, pink and orange fleshed sweet potatoes were
cleaned for removal of soil and stones manually with the
aid of water and sponge. The materials were peeled with
sharp knife to remove the skin cortex covering the potato
and then rinsed with water. Then the cleaned cassava
and potatoes were grated for complete disruption of the
cells, thereby releasing the starch. The milled cassava
and potato slurries were then washed with the aid of
sieves and water was used for thorough washing. The
starch and filtrate passed through and the fibres were
retarded by the sieves. The remaining pulp was drained
or pressed off and used directly as feed while damp or
dried. The filtrate was seperated from the starch (residue)
with the aid of a muslin cloth. The starch was then deried
in a hot air oven to a moisture content not exceeding 15
2% of residual moisture to be suitable for storage
according to Strasse (2012) as shown in (Figure 1).

Processing of Prawn Stock
The wastes (shell, tails and legs) were removed from the
prawns and boiled to extract the stock and then used in
the mixing process (Figure 1).

Processing of the Prawn Cracker
The prawn meat was deveined, the legs removed and
boiled to extract the prawn stock. The prawn cracker was
prepared using following the unit operations (Figure 2).
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Raw Cassava / potatoes
↓
Cleaning
↓
Peeling
↓
Washing
↓
Grating
↓
Sieving
↓
Starch extraction
↓
Dewatering
↓
Drying (5% moisture content)
↓
Dried Cassava / Potato starch
↓
Storage
Figure 1. Preparation of cassava, pink and Orange fleshed sweet potato starches
Source: Strasse (2012)

Proportions of blending prawn meat and starch (from
cassava, pink and orange fleshed
sweet potatoes)
Table 1 shows the proportions for the blending of prawn
meat and starch (from cassava, pink and orange fleshed
sweet potatoes).
Functional properties
Determination of Bulk density
Bulk density was determined using the method described
by Onimawo and Egbekun (1998). About 20 g of each
sample starch was placed into a 100 ml graduated
cylinder was tapped gently about 10 times against the
palm and the final volume was expressed in g/dl. All
analysis was in duplicate.
Determination of pasting characteristics
The pasting profile was studied using a Rapid Visco
Analyzer (RVA) series 4 as described by Newport
Scientific Incorporated (1998). Three grams of sample
was weighed and 25 ml of distilled water was dispensed
into a canister. A paddle was placed inside the canister;
and then inserted into the RVA machine. The

measurement cycle was initiated by pressing the motor
regulator of the instrument. The profile was taken as it
runs in the monitor of the computer connected to the
instrument. A 12 minute profile was used, the timetemperature regime used was temperature 50 oC for 1
min, heated from 50 – 95 oC in 3 min 45 s, then held at
95 oC for 2 min 30 s, the sample was subsequently
cooled to 50 oC over a 3min 45 s period followed by a
period of 2 min where the temperature was controlled at
50 oC.
Particle size distribution
The particle size was determined by the method
described by Ihekoronye and Oladunjoye (1988). A nest
of 12 sieves (BS 5, 8, 10, 12, 22, 30, 44, 60, 85, 120,
150, and 170 mesh screens) corresponding to sieve
openings (2) was arranged in order. The upper sieve was
provided with a cover and the bottom sieve was provided
with a receiver. A 50 g sample of the product was put in
the top sieve, covered with the lid and the nest of sieves
placed in a suitable mechanical sieve shaker (Endecott
test sieve shaker, Britain). The material was stopped, the
nest removed and the residue on each sieve continuously
for 5 min after which sieving was stopped, the nest

Nwaoha and Itoje, 069

Raw prawn
↓
Cleaning / weighing (removal of the tails, heads and deveined)
↓
Making prawn starch paste
↓
Mixing (addition of prawn stock to form a dough ball)
↓
Blending (using a food processor to form a homogenous mixture)
↓
Forming dough into rolls
↓
Steaming for 45 minutes – 1 hour
↓
Refrigerating overnight
↓
Slicing to 1 mm thickness
↓
o
Drying (sun drying or dehydrator at 35 C for 18 hours)
↓
Storage (in airtight containers)
↓
Frying in oil
↓
Cool / Serve
↓
Prawn cracker
Figure 2. Production of prawn cracker
Source: Parkinson (2006)

removed and the residue on each sieve transferred to a
tarred weighing dish using a brush. Each dish was
weighed and the percentage of the product retained on
each sieve was calculated.

Oil absorption capacity
The oil absorption capacity was determined by the
method of Beuchat (1977). One gram of each sample
was mixed with 10 ml of edible vegetable oil for 30 sec in
a mixer (super mixer cat No. 1291 Labeline instruments
Inc, USA). Samples were allowed to stand at room
temperature (25± 1 oC) for 30 min and the volume of the
supernatant noted in a 10 ml graduated cylinder. Density
of oil was assumed to be 0.38 g/dm and the result was
expressed on dry weight basis. The determinations of
density of the samples were calculated as the ratio of
mass to volume. The difference in densities gives the oil
absorption capacity of the samples.

Water absorption capacity
The water absorption capacity was determined by the
method of Beuchat (1977). One gram of each sample
was mixed with distilled water for 30 sec in a mixer (super
mixer cat No.1291, Labeline Instrument Inc, USA). The
samples were then allowed to stand at room temperature

(25 oC) for 30 mins, centrifuged at 500 rpm for 30 min
and the volume of the supernatant noted in a 10 ml
graduated cylinder. Density of water was assumed to be
1.0 g/ml to volume and the results were expressed on dry
weight basis after the determination of the density of the
sample (ratio of the mass to volume). The difference of
the densities gives the water absorption capacity of
samples.

Swelling power and solubility
The swelling power and solubility was determined by the
method of Tester and Morrison (1990). One gram of
samples
accurately
weighed
and
quantitatively
transferred into a clear dried test tube and re-weighed
(w1). The flour/starch was then dispersed in 50 cm3 of
distilled water using a mixer. The resultant slurry was
heated at the desired temperature (65, 75, 85 and 95 °C)
for 30 min in a water bath. The mixture was cooled to
28±2 °C and centrifuged at 2200 rpm for 15 min to
separate the gel and supernatant. Then, the aqueous
supernatant was removed and poured into dish for
subsequent analysis of solubility pattern. After this, the
weight of the swollen sediment was determined (w2). The
supernatant liquid (5 ml) was poured into a tarred
evaporating dish and dried to a constant weighed in air
oven at 100 °C for 4 h. Water solubility index was
determined from the amount of dried solids obtained after
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drying the supernatant and was expressed as gram dried
solids per gram of sample.
Solubility (%) = W1 x100/ Ws (1-Mc)
Swelling power (%) = W2 x100/ Wdm (100 - solubility)
Dry matter weight = Ws (1 – MC)
Where,
W1, W2 = Weight of supernatant and centrifuged swollen
granules; Ws = weight of sample; Mc = moisture content
of sample, Dry basis (decimal); Wdm = weight of dry
matter.

The distillation unit was cleaned and the apparatus was
set up. A 100 ml conical flask, (receiving flask) containing
5 ml of boric acid and drops of methyl red indicator was
placed under the condenser. Five milliliters (5 ml) of the
digest was pipette into the apparatus through the small
funnel and washed down with distilled water and followed
by addition of 5 ml of 60 % NaOH solution. The distillate
was collected in the receiving flask. The distillate in the
receiving flask was titrated with 0.049 M H2SO4 to a pink
colour. The same procedure was carried out on the blank
(with filter paper).

Proximate analyses

% Protein = (Titre – Blank) x 0.00014 x dilution factor x
6.25 x 100
Weight of sample

Determination of moisture content
Moisture content was determined by hot air oven method
as described by AOAC (2010). Cleaned crucibles were
dried in the oven at 100 oC for 1 hr to obtain a constant
weight (w1) and then cooled in the desiccator (w2). Two
grams of the sample was weighed into the crucible and
dried at 105 oC until a constant weight was obtained (w3).
Moisture content was calculated as follows;
% Moisture content = (w2 - w3) / (w2 - w1) × 100
Where: W1 = initial weight of empty crucible; W2= weight
of dish + sample before drying; W3= weight of dish +
sample after drying.

Determination ash content
The ash content was determined using AOAC (2010)
procedure. Then, 2 g of finely ground sample was
weighed (w1) into a preheated cooled crucible. This
sample was charred on a Bunsen flame inside a fume
cupboard (w2). The sample was transferred into a
preheated muffle furnace at 550 oC for 3 hrs until a white
or light grey ash was obtained. It was cooled in a
desiccator and weighed (w3). The ash content was
calculated as follows;
%Ash content= (w2 - w3) / (w2 - w1) × 100
Where: W1 = weight of empty crucible; W2= weight of
crucible + sample before ashing; W3= weight of crucible
+ ash (sample after ashing).

Determination of crude protein content
The crude protein content was determined as described
by AOAC (2010) using micro-Kjeldahl method. Two
grams of sample was weighed into Kjeldahl flask. Ten
milliliters of concentrated H2SO4 and five grams of
anhydrous sodium sulphate was added. It was heated in
the fume chamber until solution became clear. The
solution was cooled to room temperature after which it
was transferred into a 100 ml volumetric flask and made
up to the level with distilled water.

Determination of fat content
The Soxhlet extraction method of AOAC (2010) was
used. A Soxhlet extractor with a reflux condenses and a
500 ml round between flasks is fixed. About 2 g sample
was weighed into a labelled thimble. Petroleum ether
(300 ml) was filled into the round bottom flask. The
extraction
thimble was sealed with cotton wool. The
Soxhlet apparatus was allowed to reflux for about 6 h, the
thimble was removed
with care and petroleum ether
collected at the top and drained into a container for reuse. When the flask is free of ether, it was removed and
dried at 105 oC for 1hr in an oven, cooled in desiccator
and weighed.

% Fat 

weight of fat
100
Weight of sample

Determination of crude fiber content
The crude fiber was determined according to the method
of AOAC (2010) method. Petroleum ether was used to
defat 2 g of sample. This was put in boiled 200 ml of 1.25
% H2SO4 and boiled for 30 min. The solution was filtered
through linen or muslin cloth on a fluted funnel. It was
washed with boiling water until it is free of acid. The
residue was returned into 200 ml boiling NaOH and
allowed to boil for 30 min. It was further washed with 1 %
HCl boiling water, to free it of acid. The final residue was
drained and transferred to a silica ash crucible (porcelain
crucible), dried in oven to a constant weight and cooled.
% Crude fiber = loss in weight after ignition x 100

Determination of carbohydrate content
Carbohydrate content of the samples was determined by
difference as described by AOAC (2010) using the
equation below.
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% Carbohydrate =100- (% Moisture +% Ash+ % Protein
+% Crude fibre + % Crude fat)

Determination of vitamin contents

solution as compared to the expected value 15 ml stated
by AOAC). Similarly, 3 blanks composed of 7 ml HPO3HO Ac plus volume water equal to volume dye were
titrated with dye. Average blank (usually 0.1 ml) was
subtracted from standardized titrations.

Determination of vitamin A content
Procedure
The colorimetric method of AOAC (2010) method was
adopted which measures the unstable colour at the
absorbance of 620 nm that result from the reaction
between vitamin A and SbCl3. Pyrogallol (an antioxidant)
was added to 2 g sample prior to saponification with 200
ml alcohol KOH. The saponification took place in water
bath for 30 minutes. The solution was transferred to a
separator funnel where water was added. The solution
was extracted with 1.0 to 1.5 ml of hexane. The extract
was washed with water. The extract was filtered through
filter paper containing 5 g anhydrous Na2SO4 into volume
flask. The filter paper was rinsed with hexane and made
up to the volume. The hexane was evaporated from the
solution and blank. About 1 ml chloroform and SbCl3
solution was added to the extract and blank. The reading
of the solution and blank was taken from the colorimeter
adjusted to zero absorbance or 100 %.

Vitamin C was determined using fifty gram of each
sample was homogenized for 3 min in 150 ml of aqueous
3 % metaphosphoric acid, 8 % acetic acid using a
warring blender. The slurry was made up to 200 ml with
the extracting solution and vacuum filtered using a
Buchner funnel and Whatman No. 1 filter paper to give
the extract. The vitamin C content was determined by
directly titrating 50 ml of the extract with dye solution (2, 6
dichlorophenol indophenols) for 15 seconds. The
procedure was followed for the standard as well.
Calculation: mg ascorbic acid / 1 g sample = C x V x (DF
/ Wt)
Where: C= mg ascorbic acid 1 ml dye; V = volume of dye
used for titration of diluted sample; DF= dilution factor; Wt
= weight of sample.

Determination of vitamin E content
Calculation
Mg Vitamin A = A620mm x Sl x (v/wt)
Where A620nm – absorbance at 620nm; Sl - Slope of
standard curve (Vit. A conc)/A620 reading); V - Final
volume in colorimeter tube; Wt - Weight of sample.

Determination of Vitamin C content
2, 6 dichlorophenol titrimetric method was used according
to AOAC (2010) method.
Apparatus: Warring blender, Buchner funnel, vacuum
pump, Whatman No. 1 filter paper, 50 ml burette, retort
stand.
Reagents: Metaphosphoric acid, acetic acid, ascorbic
acid standard (1 mg/ml), 2,6-dichloroindophenol sodium
salt (Eastman Kodak Co. No. 3463), sodium bicarbonate.
Standardization of the method: A 50 mg 2, 6dichloroindophenol sodium salt was dissolved in 50 ml
water to which has been added 42 mg sodium
bicarbonate. The mixture was shaken vigorously, diluted
to 200 ml with water, filtered, stored in an amber bottle
and kept in the refrigerator.
The dye was standardized daily by taking three 2 ml
aliquots ascorbic acid standard solution and transferring
into each of three 50 ml Erlenmeyer flask containing 5 ml
HPO3-HOAc solution. The solution was titrated rapidly
with the dye from a 50 ml burette until light but distinct
rose pink persisted. (Each titration required 16.5 ml dye

Vitamin E was determined using Pearson (1976) method.
One gram of the samples each was weighed into a 100
ml flask. Then, 10 ml of the clear solution was pipette into
a test tube and heated in a water bath at 90 0C for 30
mins. It was allowed to cool and the absorbance was
read in a spectrophotometer at wavelength of 470 nm.
The blank and the standard were prepared and the
absorbance was taken at 470 nm wavelength.
Vitamin E in mg / 100g = (a - b) c / (s - bw)
Where: a = absorbance of test sample; b = absorbance of
the standard solution; c = concentration of standard in
mg/100 g; w = weight of the sample used

Determination of Thiamin (Vitamin B1) Content
Thiamin was determined using AOAC (2010) procedure.
A 75 ml of 0.2 N HCl was added to 2 g of sample and the
mixture boiled over a water bath. After cooling, 5 ml of
phosphatase (enzyme solution) was then be added and
the mixture incubated at 37 oC overnight. The solution
was placed in 100 ml volumetric flask and the volume
made up with distilled H2O. The solution was then be
filtered and the filtrate purified by passing through silicate
column. To 25 ml of the filtrate in a conical flask was
added 5 ml acidic KCl eluate, 3 ml of alkaline ferricyanide
solution, and 15 ml isobutanol, and shaken for 2 min. The
solution was then allowed to separate and the alcohol
layer taken. Then, 3 g of anhydrous sodium sulphate was
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added to the alcohol layer. A 5 ml of thiamine solution
was accurately measured into another 50 ml stoppered
flask. The oxidation and extraction of thiochrome as
already carried out with the sample was repeated using
the thiamin solution. Then, 3 ml of 15 % NaOH was
added to the blank instead of alkaline ferricyanide. The
blank sample solution was poured into fluorescence
reading tube and reading taken at the expression:
% thiamin = X / Y x 1 / 5 x 25 / V x 100 / W
Where: W = weight of sample; X = reading of sample –
reading of blank; Y = reading of thiamin standard –
reading of blank standard; V = volume of solution used
for test on the column.

quantity of 2.5 ml of standard tannic acid solution was
dispersed into a separate 5 ml flask. Then, a quantity of
0.1 ml Folin – Denis reagent was measured into each
flask, followed by 2.5 ml of saturated Na2CO3 solution.
The mixture was diluted to the mark in the flask (50 ml)
and incubated for 90 min at room temperature. The
absorbance was measured at 250 nm. The reading was
taken, with the reagent blank at zero.
Tannin content was given as follows
Tannin (g/100g) = conc. of standard x absorbance of
sample

Determination of trypsin inhibitor content
Determination of Mineral Content
Calcium, iron, zinc, copper and manganese content was
determined using atomic absorption spectrophotometer
(AAS)
Calcium was determined using AAS as described by
AOAC (2010). About 1.0 g of the sample was first
digested with 20 ml of acid mixture [650 ml concentrated
HNO3; 80 ml Perchloric acid (PCA); 20 ml conc. H2SO4]
and aliquots of the diluted clear digest used for atomic
absorption spectrophotometer using filters that match the
different elements.

Sample preparation
One gram of each dried sample was weighed out into a
digestion flask and 20 ml of the add mixture was added
(650 ml concentrated HNO3; 80 ml PCA; 20 ml
concentrated H2SO4). The flask was heated until a clear
digest is obtained. The digest was diluted with distilled
water to the 500 ml mark. Appropriated dilution was then
made for each element. For the determination of
Calcium, enough SrCl2 solution containing 10,000 mg/ml
was added to yield a 1,500 mg/ml of Sr2+ in the final
solution. Calibration curves were prepared for each
element using standard solution (Appendix 1). The
appropriate lamps and correct wavelength for each
element are usually specified on the instruction manual of
the instrument.

Determination of anti-nutritional factors

The method of Kakade et al. (1995) was employed in the
determination of trypsin inhibitor activity. A 0.5 g of the
sample was dispensed in 50 ml of 0.5 M NaCl solution
and shaken for 30 min at room temperature. The mixture
was centrifuged and the supernatant was used as the
extract. An assay for trypsin inhibitor activity involved
mixing a portion (1 ml) of the extract with 90 ml of 0.03 %
Trypsin substrate (BAPA) in a test tube containing 1 ml of
0.6 % trypsin enzyme solution. After mixing, the mixture
was allowed to stand for 15 min before its absorbance
was reached at 410 nm in a spectrophotometer. A
control which consists of 1 ml enzyme solution in 9 mls of
trypsin substrate (BAPA) but no extract was set up as
described above and its absorbance was also measured.
Trypsin inhibitor activity was calculated using the formula
below:
TUl / g = 1 / w x au / 0.01 – as x vf / va
Where: W = Weight of sample; au = Absorbance of
sample at 410 nm; as = Absorbance of control; vf = Total
extract volume; va = Volume of extract analyzed.

Determination of total phenols
Total phenol (TP) was determined calorimetrically using
Folin ciocalteu reagent, as described by Pasko et al.
(2008). Total phenol assay was conducted by mixing 2.7
ml of de-ionized water, 0.3 ml of extracts, 0.3 ml Na2CO3
and 0.15 ml Folin ciocalteu reagent. Absorbance of
mixture was measured at 725 nm using the
spectrophotometer (Jasco UV-530; Medson, Paczkowo,
Poland).

Determination of tannin content
Determination of hydrocyanic acid content
The Folin – Denis spectrophotometric method as
described by Pearson (1976) was used. One gram of the
sample was dispersed in 10 ml distilled water and
agitated. This was left to stand for 30 min at room
temperature and shaken every 5 min. After this, it was
centrifuged at 3000 rpm for 5 min to obtain the extract. A

This was determined by the alkaline picrate colorimetric
method of Armtfiled et al. (1985). A measured weight of
each sample (0.5 g) was dispensed in 200 ml of distilled
water in a conical flask and mixed properly. A strip of
alkaline picrate paper was suspended over the mixture
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Table 1 . Proportions for the blending of prawn meat and starch (from cassava, pink and orange fleshed sweet potatoes)

Raw material
Cassava starch
Pink fleshed sweet potato starch
Orange fleshed sweet potato starch

with the aid of rubber stopper in a way that the paper did
not touch the surface of the mixture. The set up was
incubated for 18 hours at room temperature and at the
end of the incubation period. The picrate paper was
carefully removed and eluted in 60 ml of distilled water.
Meanwhile, a standard cyanide solution (KCN) was
prepared and treated as described above. The
absorbance of the elutes from the standard and the
samples were measured in a spectrophotometer at 540
nm with the reagent blank at zero. The cyanide content
(HCN mg /kg) was calculated using the formula:
HCN mg / kg = 100 / 1 x Au / As x C x D
Where; W = Weight of the samples analyzed; Au =
Absorbance of the sample; As = Absorbance of the
standard HCN solution; C = Concentration (mg/ml of
standard HCN solution); D = Dilution factor (where
applicable).

Starch
100
90
80
100
90
80
100
90
80

:

Prawn
0
10
20
0
10
20
0
10
20

how to use the test method. A nine point Hedonic scale
was used, where 1 represented extremely dislike and 9
represented extremely like (Ihekoronye and Ngoddy,
1985).

Data analysis and Experimental Design
Data was analyzed using the method of Steele and Torrie
(1980). Data was obtained in duplicate and the errors
reported as standard deviations from means. The
Completely Randomized Design (CRD) was used. Mean
separation was done by one-way ANOVA using
Statistical Package for Social Sciences (SPSS) version
20. Significance was accepted at p< 0.05 level.

RESULTS AND DISCUSSION
Microbial Analysis
Determination of Mould Count
The pour plate method was used as described by
Harrigan and McCance (1976). About 0.1 ml of the
sample dilution was transferred from each dilution
corresponding plates and 15 ml of sterile Sabourand
Dextrose Agar (SDA) medium was poured and mixed
thoroughly with the inocula by rocking the plates. The
plates was incubated at ambient temperature for three
days after which colonies formed was counted and
expressed as colony forming units per gram (cfu/g). The
samples were stored for one month and the samples
were drawn and analyzed at one week interval.

Sensory evaluation
The colour, texture, mouth-feel, taste, aftertaste and
overall acceptability of the prawn cracker were assessed.
Twenty semi-trained panelists were maintained for
assessment. The panel was drawn from staff and
students of the Department of Food Science and
Technology, University of Nigeria, Nsukka and trained on

Functional properties of tapioca, pink and orange
fleshed sweet potato starches
The starches (Plate 1) had swelling power which
indicated that the starch obtained were highly restricted.
The pink fleshed sweet potato starch (5.35 %) had
significantly (p < 0.05) lower swelling power than that of
cassava (5.75 %) and orange fleshed sweet potato starch
(5.60 %) probably due to the higher amylose contents of
the latter two starches (Table 2). Leach et al. (1959)
reported that the amylose acts both as diluent and
inhibitor of swelling. The lower swelling power of the pink
fleshed sweet potato starch suggests a more highly
ordered arrangement in its granules than the other two
starches. The ability to absorb water is a very important
property of all flours and starches used in food
preparations.
The range of water absorption capacity (1.85 - 2.19
%) observed for the different starches showed that
cassava starch had the highest (2.19 %) while pink
fleshed sweet potato starch had the lowest (1.85 %)
water absorption capacity. The starch samples were
significantly (p < 0.05) different in their water absorption
capacity. The observed water absorption capacity of the
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Table 2. Functional properties of starch extracted from cassava, and sweet potato starches
Sample

OPS
PPS
CAS

WAC (%)

SC (%)

OAC (%)

1.85c±0.01 5.60b±0.01
b
c
2.10 ±0.03 5.35 ±0.02
2.19a±0.02 5.75a±0.01

1.85c±0.02
1.94b±0.01
2.04a±0.01

Bulk density (g/ml)

68.96c±0.00
69.26b±0.02
72.44a±0.02

Values are means ± standard deviation of duplicate determinations. Values with the same superscript
within a column were not significantly different (p<0.05)
Key: OPS → Orange fleshed sweet potato starch; PPS→ Pink fleshed sweet potato starch; CAS→
cassava starch /Cassava starch; WAC→ Water absorption capacity; SC→ Swelling capacity; OAC→ Oil
absorption capacity

Table 3. Particle size distribution starch extracted from cassava and sweet potato starches

Sample
OPC

Pore size
1 mm (µm) 710 mm (µm) 500 mm (µm) base mm(µm)
18.26a±0.01 24.78b±0.00
28.43a±0.02
28.52a±0.00

PPS

c
a
17.62 ±0.00 25.06 ±0.01

CAS

18.07b±0.02

23.65c±0.01

28.55a±0.00

28.76a±0.01

28.43a±2.12

29.84a±2.14

Values are means ± standard deviation of duplicate determinations. Values with the same superscript within a column were not
significantly different (p > 0.05)
Key: 1 mm (µm) + 710 mm (µm) + 500 mm (µm) + base mm (µm) = 100 %
OPC = Orange fleshed sweet potato starch; PPS = Pink fleshed sweet potato starch; CAS = Cassava starch

three native starch as used in this study ware lower than
those reported by Omodamiro et al. (2007) for lafun and
starch from improved cassava. The ability of food
materials to absorb water could sometimes attribute to its
proteins content (Kinsella, 1976). The observed water
absorption capacity of the starches studied cannot,
however, be attributed to their protein content since
cassava and cassava starch in particular is very poor in
protein. The observed differences in water absorbed may
have been due to the nature of the starch (Sathe and
Salunkhe, 1981).
The oil absorption capacity value of the starch
samples used in this study ranged between 1.85 % and
2.04 %. Cassava starch had the highest value (2.04 %)
and orange fleshed sweet potato had the lowest (1.85 %)
value. The oil absorption value of the starch samples
were significantly (p < 0.05) different.
Bulk density is a function of the closeness of the
packaging material. Orange fleshed sweet potato starch,
pink fleshed sweet potato and cassava starch recorded
values of 68.96, 69.26 and 72.44 g/ml, respectively
(Table 2). There were significant (p < 0.05) differences
recorded between cassava starch and pink fleshed sweet
potato flour bulk densities, while non significant effect
was recorded for orange fleshed sweet potato starch and
pink fleshed sweet potato starch. Peleg and Hollenbach
(1983) emphasized that density variation of particulates is
based only on moisture content and particle size. The
bulk density of the flours could be used to determine their
handling requirement because it is the function of mass
and volume.
Table 3 shows the particle size distribution starch
extracted from cassava, pink and orange fleshed sweet

potato. The particle size distribution of the starch samples
extracted from the cassava ranged from 18.07 -29.84
(µm), pink ranged from 17.62 - 28.76 (µm) and orange
fleshed sweet potato had 18.26 - 28.52 (µm) (Table 3).
For pore size 1 mm (µm), pink fleshed sweet potato
starch had the least particle size distribution of 17.62 μm
followed by cassava starch and then orange fleshed
sweet potato starch 18.26 (µm). For 710 mm (µm),
cassava starch had the least particle size distribution of
23.65 (µm) followed by orange fleshed sweet potato
starch and then pink fleshed sweet potato starch 25.06
(µm). For 500 mm (µm), orange fleshed sweet potato
starch had the least particle size distribution of 28.43
(µm) followed by cassava starch 28.43 and then pink
fleshed sweet potato starch 28.55 (µm). For the base
(µm), orange fleshed sweet potato starch had the least
size distribution of 28.52 (µm) followed by pink fleshed
sweet potato starch 28.76 (µm) and then, cassava starch
had 29.84 (µm). The particle size of starch is one of the
most important characteristics, which might influence
other physicochemical properties such as swelling power;
paste clarity, and water-binding capacity (Singh et al.,
2003). Based on these properties these starches may
find several different applications in the food industry,
particularly for products that require starch of a smaller
particle size which allows for smooth textured starch gel
(Tattiyakul et al., 2006). Previous studies have indicated
this, such that, fine granules of taro starch improved
binding and reduced breakage of a snack product (Huang
et al., 2006). Although, the starches had different particle
size distribution, it is probably due to the similarity in their
chemical composition and identical values obtained for
their bulk density (Sefa-Dedeh, 1989). Cassava flour,
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Table 4. Pasting properties of the starch from cassava and sweet potato starches

OPS
PPS
CAS

Peak
viscosity

Viscosity
trough put

Breakdown

Final
viscosity

Setback

141.75
274.17
168.92

112.33
94.33
128.75

29.42
179.84
40.17

165.67
131.58
207.17

53.33
37.25
78.42

Pasting
time
(mins)
5.60
5.35
5.75

Pasting
o
temp
(
C)
83.66
82.55
84.18

Values are means ± standard deviation of duplicate determinations. Values with the same superscript within a column were not
significantly different (p > 0.05) Key: OPS→ Orange fleshed sweet potato starch; PPS → Pink fleshed sweet potato starch; CAS→
cassava starch; P / Viscosity → peak viscosity; V / trough → Viscosity trough; B / down→ breakdown; F / Viscosity → Final viscosity,
RVU → Rapid Visco Units

which had a medium particle size distribution (Figure 1),
had the lowest bulk density. This could be attributed to
the relatively lower protein and fat contents of cassava.
Table 4 showed the pasting properties of starch
samples from orange flesh sweet potato starch, cassava
starch and pink fleshed sweet potato starch. Peak
viscosities, which is the maximum viscosity developed
during or soon after the heating portion, were 141.75,
168.92 and 274.17 RVU (Rapid Visco Units). Pink
fleshed sweet potato starch gave the highest (274.17
RVU at a temperature of 82.18 °C in 5.35 min) while
sample orange fleshed sweet potato starch had the
lowest (141.75 RVU at a temperature of 83.66 °C in 5.60
min). There were significant differences (p < 0.005) in the
peak viscosities of the starch samples. This variation in
the peak viscosity might be as a result of the amylose
contents of the starches. Oguntunde (1987) reported that
the associative bonding of the amylose fraction is
responsible for the structure and pasting behaviour of the
starch granule. The viscosity (or more correctly the
consistency of a cooked starch paste) simply reflects the
resistance to stirring of the swollen mass gel particles.
Peak viscosity has been reported to be closely
associated with the degree of starch damage and high
starch damage results in high peak viscosity (Sanni et al.,
2001).
The results show that there were significant
differences (p < 0.05) in the pasting temperatures of the
three starches. Pasting temperatures of the starches
were 83.66 o C for orange fleshed sweet potato starch,
82.55 oC for pink fleshed sweet potato starch and 84.18
o
C for cassava starch respectively. The gelatinization
temperature obtained was not similar to the results for
CMD resistant cassava starch 64.5 to 74.0 °C
(Omodamiro et al., 2007). The pasting temperature is one
of the pasting properties of which provide an indication of
the minimum temperature required for sample cooking,
energy cost involved and other components stability.
Starch from sample pink fleshed sweet potato starch
would cook faster and less energy consumed, thereby
saving cost and time compared to the other starch
samples because of its lower pasting temperature.
The breakdown viscosity varied from 29.42 to 179.84
RVU. Pink fleshed sweet potato starch had the highest

(179.84 RVU) and Orange fleshed sweet potato starch
had (29.42 RVU). The values of breakdown viscosity of
the starch samples were significantly different (p < 0.05).
Adebowale et al. (2005) reported that the higher the
breakdown in viscosity, the lower the ability of the sample
to withstand heating and shear stress during cooking.
Hence, the starch sample from orange fleshed sweet
potato starch and cassava starch would withstand
heating and shear stress compared to starch samples
from pink fleshed sweet potato starch because of their
low breakdown value.
The final viscosity ranged from 165.67 to 207.17 RVU.
The starch sample from Tapioca starch had the highest
final viscosity (207.17 RVU), while sample from Pink
fleshed sweet potato starch had the lowest final viscosity
(165.67 RVU). There was significant difference (p > 0.05)
in the final viscosity of the starch samples. Shimelis et al.
(2006) reported that final viscosity is used to indicate the
ability of starch to form paste or gel after cooling less
stability of starch paste could be commonly accompanied
with high value of breakdown. This implied that starch
paste from cassava starch would be less stable after
cooling compared to the other starch samples. The
variation in the final viscosity might be due to the simple
kinetic effect of cooling on viscosity and the reassociation of starch molecules in the samples. The set
back viscosity of the starch samples varied from 53.33 to
78.42 RVU. Cassava starch had the highest (78.42
RVU) and pink fleshed sweet potato starch was the
lowest (9.75 RVU). There was significant difference (p <
0.05) in the set back viscosity of the starch samples.
Sanni et al. (2001) reported that lower set back viscosity
during the cooling of garri indicates higher resistance to
retrogradation. This means that cassava starch would
exhibit a higher resistance to retrogradation.

Proximate composition (%) of prawn crackers
produced from blends of cassava, pink and orange
fleshed sweet potato starches
Table 5 shows the proximate composition (%) and pH of
prawn crackers produced from blends of cassava, pink
and orange fleshed sweet potato starch.
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Table 5. Proximate composition (%) and pH of prawn crackers formulated from blends of cassava, pink and orange fleshed sweet potato starch

Samples
CPC (100:0)
CPC (90:10)
CPC (80:20)
PPC (100:0)
PPC (90:10)
PPC (80:20)
OPC (100:0)
OPC (90:10)
OPC (80:20)

Moisture
(%)
d
3.91 ±0.05
3.48e±0.06
4.09e±0.05
3.45e±0.06
2.41g±0.02
a
5.63 ±0.02
f
3.16 ±0.02
3.47e±0.04
5.17b±0.04

Protein
(%)
h
2.68 ±0.03
e
7.46 ±0.03
16.92c±0.04
3.91g±0.02
7.74d±0.03
b
18.80 ±0.01
f
4.09 ±0.04
7.71d±0.01
19.64a±0.02

Fat
(%)
g
3.71 ±0.00
d
8.40 ±0.01
13.62a±0.01
2.14h±0.00
7.47e±0.00
c
12.03 ±0.00
c
1.67 ±0.00
6.67f±0.00
12.15b±0.00

Carbohydrate
(%)
a
87.34 ±0.00
e
77.74 ±0.00
60.40g±0.00
84.96c±0.00
80.85d±0.01
h
56.48 ±0.01
d
87.07 ±0.02
76.78f±0.01
52.92i±0.01

Ash
(%)
h
1.79 ±0.04
g
1.97 ±0.00
3.31d±0.02
3.96b±0.04
0.07i±0.02
a
4.24 ±0.06
e
3.03 ±0.49
2.88f±0.14
3.70c±0.02

Crude fibre
(%)
g
0.56 ±0.06
g
0.59 ±0.03
1.66d±0.04
1.57de±0.12
1.48e±0.08
b
2.82 ±0.02
f
0.95 ±0.02
2.49c±0.02
3.43a±0.08

pH
g

5.30 ±0.00
bc
7.10 ±0.10
5.46g±0.11
8.23a±0.05
6.66de±0.05
b
7.26 ±0.05
f
6.23 ±0.57
6.76cd±0.23
7.03bc±0.05

Values are means ± standard deviation of duplicate determinations. Values with the same superscript within a column were not significantly different (p
> 0.05).
Key: CPC (100:0) → cassava based prawn cracker (control); CPC (90:10) → cassava based prawn cracker; CPC (80:20) → cassava based prawn
cracker; PPC (100:0 ) = Pink fleshed based prawn cracker (control); PPC (90:10) → Pink fleshed based prawn cracker; PPC (80:20) → Pink fleshed
based prawn cracker; OPC (100:0)→ Orange fleshed based prawn cracker (control); OPC (90:10) →Orange fleshed based prawn cracker; OPC
(80:20) → Orange fleshed based prawn cracker

There were significant differences (p < 0.05) in
the proximate composition of the samples
except for moisture content as shown in Table
5. As a dried product, the low moisture content
of the prawn crackers was expected. The
moisture content of the product ranged from
2.41 to 5.63 %. Pink fleshed based prawn
cracker sample (80:20) had the highest score
and pink fleshed based prawn cracker sample
(90:10) had the lowest. Commercial fish
crackers (unfried crackers) studied had
moisture content between 9.37 and 13.83 %.
Yu (1991b), King (2002) and Huda et al.
(2007) also reported moisture content of 9, 12
and approximately 9 – 13 %, respectively.
These suggest that the product’s low moisture

content might be attributed to frying. Control of
moisture content in crackers might be
necessary to optimize the quality of the
product and the production process. Mohamed
et al. (1988) concluded that insufficient water
might lead to incomplete gelatinization of
starch during the steaming process. Thus, fish
crackers do not expand well. Furthermore,
excess water could cause a decrease in
expansion and result in a thinner fish cracker
after drying. In addition, too much moisture
also results in dough thereby making it difficult
to slice.
The protein content of the prawn crackers
ranged from 2.68 to 19.64 %. Orange fleshed
based prawn cracker (80:20) had the highest

score and sample cassava based prawn
cracker (100:0) had the lowest. It is commonly
known that fish is a good source of protein
while cassava, pink and orange fleshed sweet
potato starch contains a lower amount of
protein.
According
to
Yu
(1991a);
Peranginangin et al. (1996); Huda et al.
(2000); King (2002), the more fish used in the
crackers, the higher the protein content of the
crackers. Thus, the low contents of protein
indicate low fish content in the formulation.
Increasing the fish proportion not only
increases protein content but also increases
the fat content. A similar trend, but with
different degrees of increase, was also
reported by Yu (1991b), Peranginangin et al.
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Table 6. Vitamin content of prawn crackers produced with blend from cassava, pink and orange fleshed sweet potato starch

Samples

Carotenoid
(mg/100kg)

Vitamin B1
(mg/100kg)

Vitamin B3
(mg/100kg)

Vitamin B6
(mg/100kg)

Vitamin B12
(mg/100kg)

Vitamin C
(mg/100kg)

Vitamin D
(mg/100kg)

Vitamin E
(mg/100kg)

CPC(100:0)
CPC(90:10)
CPC(80:20)
PPC(100:0)
PPC(90:10)
PPC(80:20)
OPC(100:0)
OPC(90:10)
OPC(80:20)

113.23f±0.00
116.25e±0.00
d
118.85 ±0.00
120.43c±0.00
b
123.25 ±0.00
122.14b±0.01
b
123.25 ±0.00
126.16a±0.00
a
128.25 ±0.01

0.05b±0.00
0.05b±0.00
0.06b±0.00
0.05b±0.00
0.65a±0.05
0.05b±0.05
0.05b±0.00
0.70b±0.01
0.05b±0.00

0.65d±0.00
0.77b±0.00
0.87a±0.00
0.07f±0.01
0.61e±0.00
0.71c±0.01
0.04g±0.00
0.67d±0.00
0.75b±0.00

0.070e±0.0
0.19b±0.00
0.71a±0.01
0.09d±0.00
0.18b±0.00
0.16c±0.00
0.10d±0.00
0.19b±0.00
0.18b±0.00

0.0025c±0.00
0.0019d±0.00
0.0027c±0.00
0.0032b±0.00
0.0028c±0.00
0.0033b±0.00
0.0038a±0.00
0.0033b±0.00
0.0037a±0.00

1.02a±0.16
0.03b±0.17
0.06b±0.01
0.00
0.00
0.00
0.00
0.00
0.00

0.01f±0.00
0.16b±0.00
0.08c±0.00
0.05e±0.00
0.19a±0.00
0.06d±0.00
0.05e±0.05
0.18a±0.00
0.05e±0.00

0.15f±0.00
0.38a±0.00
0.16f±0.00
0.20e±0.00
0.25c±0.00
0.30b±0.00
0.15f±0.00
0.23d±0.00
0.38a±0.00

Values are means ± standard deviation of duplicate determinations. Values with the same superscript within a column were not significantly different (p > 0.05)
Key: CPC (100:0) → Cassava based prawn cracker (control); CPC (90:10) → Cassava based prawn cracker; CPC (80:20) → Cassava based prawn cracker; PPC
(100:0) – Pink fleshed based prawn cracker (control); PPC (90:10) → Pink fleshed based prawn cracker; PPC (90:10) → Pink fleshed based prawn cracker; OPC
(100:0) → Orange fleshed based prawn cracker (control); OPC (90:10) → Orange fleshed based prawn cracker; OPC (80:20) → Orange fleshed based prawn
cracker.

1996; 1997) and King (2002).
Starch is not a source of fat. The fat content of
prawn crackers ranged from 3.71 to 13.62 %.
Cassava based prawn cracker (80:20) had the
highest score and cassava based prawn cracker
(100:0) had the lowest. However, the degree of
the fat content increased with higher prawn
content and from the oil used during frying.
The carbohydrate content of the prawn
crackers ranged from 56.48 to 87.34 %. From the
results obtained, some samples were found to
have a high carbohydrate content of more than 70
%; samples cassava based prawn cracker
(100:0), cassava based prawn cracker (90:10)
and orange fleshed based prawn cracker (100:0).
Tee et al. (1997) reported carbohydrate value of
66 % and Huda et al. (2001) had 68.3 %. The
carbohydrate content is reduced by increasing the
prawn proportion. However, the carbohydrate
content maintained its position as the main
component of fish crackers. Huda et al. (2007)
reported that commercial fish crackers contained
carbohydrates within the range of 65 – 80 %. The

higher or lower content of carbohydrates is one of
the reasons for the substitution of starch with
prawn to provide a more nutritional product.
The ash content observed from the prawn
crackers ranged from 0.07 to 4.24 % which was
similar to the 4.2 % reported by Tee et al. (1997).
pink fleshed based prawn cracker samples
(80:20), pink fleshed based prawn cracker
(100:0), orange fleshed based prawn cracker
(80:20), cassava based prawn cracker (90:10),
cassava based prawn cracker (80:20), orange
fleshed based prawn cracker (90:10), orange
fleshed based prawn cracker (100:0) and orange
fleshed based prawn cracker (80:20) exhibited
significantly
(p < 0.05) higher ash content
compared to the other samples (p < 0.05). The
variation in the ash content is most probably due
to the difference in the amount of prawn used for
blending. The higher the amount of prawn used,
the higher the ash content was. King (2002) found
that ash content increased linearly with an
increase in fish content.

The crude fibre content of the prawn crackers
ranged from 0.56 to 3.43 %. Orange fleshed
based prawn cracker sample (80:20) had the
highest score and tapioca based prawn cracker
sample (100:0) had the lowest. However, the
degree of the crude fibre content increased with
higher prawn content.
The pH content of the prawn crackers ranged
from 5.30 to 8.23 pink fleshed based prawn
crackers (100:0) had the highest score and
cassava based prawn cracker (100:0) had the
lowest. The product fell within the range of low
acid foods as specified by McCurdy et al. (2009)
and within the specified limit of 7.0 - 8.5 (Neeraj
and Shamas, 2007).
Vitamin composition of prawn crackers
produced from cassava starch, pink and
orange fleshed sweet potato starch
Table 6 shows the vitamin content of prawn
crackers produced with blend from cassava, pink
and orange
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Table 7.Mineral content of prawn cracker blends from cassava, pink and orange fleshed sweet potato starch

Samples
CPC(100:0)
CPC(90:10)
CPC(80:20)
PPC(100:0)
PPC(90:10)
PPC(80:20)
OPC(100:0)
OPC(90:10)
OPC(80:20)

Sodium
13.51i±0.01
72.34h±0.00
g
81.15 ±0.00
112.05d±0.00
f
109.01 ±0.51
116.50b±0.00
c
113.46 ±0.43
110.71e±0.01
a
117.51 ±0.00

Calcium
15.56a±0.00
17.35e±0.00
19.10c±0.00
28.56b±0.00
16.58f±0.01
19.01d±0.00
29.92a±0.01
17.34e±0.00
19.11c±0.00

Magnesium
20.84g±0.01
21.24f±0.01
21.61d±0.00
23.05b±0.01
20.23i±0.00
21.51e±0.01
23.58a±0.01
21.24f±0.01
21.64c±0.00

Iron
0.26e±0.01
0.38d±0.00
0.71a±0.02
0.55c±0.00
0.22f±0.00
0.38d±0.00
0.58b±0.01
0.38d±0.03
0.48c±0.00

Copper
0.12c±0.00
0.12c±0.01
0.11c±0.00
0.12c±0.00
0.36b±0.00
0.48a±0.00
0.12c±0.00
0.37b±0.00
0.48a±0.01

Zinc
0.33c±0.00
0.34c±0.00
0.15e±0.00
0.33c±0.00
0.35c±0.00
0.43a±0.01
0.30d±0.00
0.38b±0.01
0.44a±0.01

Selenium
0.67f±0.00
2.70c±0.00
4.21b±0.01
0.61e±0.00
2.13e±0.01
4.75a±0.00
0.66f±0.00
2.34d±0.00
4.77a±0.00

Values are means ± standard deviation of duplicate determinations. Values with the same superscript within a column were not significantly
different (p > 0.05)
Key: CPC (100:0) → cassava based prawn cracker (control); CPC (90:10) → cassava based prawn cracker; CPC (80:20) → Cassava based
prawn cracker; PPC (100:0) – Pink fleshed based prawn cracker (control); PPC (90:10) → Pink fleshed based prawn cracker; PPC (80:20) →
Pink fleshed based prawn cracker; OPC (100:0) → Orange fleshed based prawn cracker (control); OPC (90:10) → Orange fleshed based
prawn cracker; OPC (80:20) → Orange fleshed based prawn cracker.

Table 8. Anti- nutritional factors of prawn cracker from blends of cassava, pink and orange fleshed sweet potato starch

Samples
CPC (100:0)
CPC (90:10)
CPC (80:20)
PPC (100:0)
PPC (90:10)
PPC (80:20)
OPC (100:0)
OPC (90:10)
OPC (80:20)

Tannins
a
0.18 ±0.00
0.13b±0.00
a
0.16 ±0.00
0.16a±0.00
c
0.11 ±0.02
0.13b±0.01

Trypsin inhibitors
0.19c±0.00
0.14d±0.01
0.11d±0.01
0.27a±0.00
0.23b±0.00
0.25a±0.00

Polyphenols
0.62c±0.01
1.02a±0.00
0.68b±0.00
0.46d±0.00
0.40e±0.00
0.43e±0.00
0.48d±0.02
0.42e±0.01
0.45d±0.01

Hydrogen Cyanide
1.47a±0.01
0.56c±0.01
1.05b±0.02
1.02a±0.00
1.00a±0.02
1.01a±0.00
1.00a±0.00
0.98a±0.00
0.89b±0.00

Values are means ± standard deviation of duplicate determinations. Values with the same superscript within a column were not significantly different (p >
0.05)Key: CPC (100:0) → cassava based prawn cracker (control); CPC (90:10) → cassava based prawn cracker; CPC (80:20)→ cassava based prawn
cracker; PPC (100:0) – Pink fleshed based prawn cracker (control); PPC (90:10) → Pink fleshed based prawn cracker; PPC (80:20) → Pink fleshed based
prawn cracker; OPC (100:0) → Orange fleshed based prawn cracker (control); OPC (90:10) → Orange fleshed based prawn cracker; OPC (80:20) → Orange
fleshed based prawn cracker; - → Not detected.

fleshed sweet potato starch. There were
significant differences (p < 0.05) in the vitamin
content of the samples studied. The vitamin
content of the prawn crackers is shown in Table 6.
Carotene, a precursor of Vitamin A, of the prawn
cracker ranged from 113 to 128 mg /100 g. The
levels of vitamin A in the controls were 113.23 mg
/100 g for cassava based prawn cracker, 120.43

mg / 100 g for pink fleshed based prawn cracker
and 123.25 mg /100 g for orange fleshed based
prawn cracker. They differed (p < 0.05)
significantly from the values exhibited by the other
samples. The recommended daily allowance
(RDA) for vitamin A is 900 µg (men) and 900 µg
(women) .The level of vitamin in the samples
suggest that consumption of large quantities of

the prawn cracker or combining it with other
dietary sources is needed to meet the daily
requirement. Vitamin A is an antioxidant and also
plays a major role in vision. It serves as element
of immune system whose functions are influenced
by vitamin A. In vitamin A deficiency, both cell
mediated and antibody –mediated immunity
responses are depressed.
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The values for vitamin B1 ranged from 0.05 to 0.07 mg
/100 g with orange fleshed based prawn cracker (90:10)
having the highest score and cassava based prawn
cracker (100:0), cassava based prawn cracker (90:10),
pink fleshed based prawn cracker (100:0), pink fleshed
based prawn cracker (80:20), orange fleshed based
prawn cracker (100:0) and orange fleshed based prawn
cracker (80:20) having the lowest score. The daily
recommended value for vitamin B1 is 1.5 mg (men) and
1.2 mg (women). In other words, to meet the required
daily intake means consumption of large quantities of the
prawn cracker combining it with other dietary sources is
needed to meet the recommended daily requirement. It
serves as part of enzymes needed for energy
metabolism; important for nerve functioning.
Vitamin B3 values were 0.04 to 0.87 mg / 100 g with
tapioca based prawn cracker (80:20) having the highest
score and orange fleshed based prawn cracker (100:0)
(Control) are having the lowest score. The daily
recommended allowance for vitamin B3 as recommended
by Food and Nutrition Board (1989). The levels of vitamin
in the samples suggest that consumption of large
quantities of the prawn cracker or combining it with other
dietary sources is needed to meet the daily requirement.
It serves as an integral part of enzymes needed for
energy metabolism; for nervous system, digestive system
and for healthy skin growth.
The values for vitamin B6 were between 0.07 to 0.71
mg /100 g with cassava based prawn cracker (80:20)
having the highest value and cassava based prawn
cracker (100:0) the lowest value. The daily recommended
allowance (RDA) for vitamin B6 is 2 mg (men) and 1.7 mg
(women) as recommended by Food and Nutrition Board
(1989). The levels of vitamin in the samples suggest that
consumption of large quantities of the prawn cracker or
combining it with other dietary sources is needed to meet
the daily requirement. It forms part of an enzyme needed
for protein metabolism. It aids the formation of red blood
cells.
The vitamin B12 content of prawn crackers samples
ranged were between 0.0019 to 0.0038 mg /100 g.
Orange fleshed prawn cracker (90:10) had the highest
value while orange fleshed prawn cracker (100:0) had the
lowest value. The daily recommended allowance for
vitamin B12 as recommended by Food and Nutrition
Board (1989) is (RDA) for vitamin B12 is 6 µg (men) and
2.4 µg (women). The levels of vitamin in the samples
suggest that consumption of large quantities of the prawn
cracker or combining it with other dietary sources is
needed to meet the daily requirement. It functions as part
of an enzyme needed for making new cells (important to
nerve function).
The level of vitamin C was only seen in the cassava
based samples cassava based prawn cracker (100:0),
cassava based prawn cracker (80:20) and cassava
based prawn cracker (90:10). The processing treatments

given to the samples caused significant (p < 0.05) loss in
the vitamin C content of the prawn crackers. The loss in
vitamin C during processing agrees with earlier report by
Oboh and Akindahunsi (2004). They reported that
various conventional food processing methods caused a
significant (p < 0.05) decrease in the vitamin C content.
This loss in vitamin C during processing could be
attributed to the fact that vitamin C is very soluble in
water and not stable at high temperature (Nagy and
Smooth, 1977). The minimal amount of vitamin C in the
prawn cracker might be attributed to the high temperature
used during frying. The daily recommended value for
vitamin C as recommended by Food and Nutrition Board
(1989) is 60 mg (men) and 90 mg (women). Vitamin C
acts as an antioxidant in the blood and other body fluids.
It regenerates the active antioxidant form of vitamin E
and enhances non-haem iron absorption by keeping iron
in its more readily absorbed form (Grosvenor and Smolin,
2002). The daily recommended daily allowance for
vitamin E is 30 I.U (men) and 15 I.U (women) as
recommended by Food and Nutrition Board (1989). It
also helps in binding of cells together and quick healing
of wounds and cuts and fights mouth infection.
The vitamin E content of prawn crackers were between
0.15 to 0.38 mg /100 g. Orange fleshed based prawn
cracker (80:20) had the highest value cassava based
prawn cracker while (100:0) and orange fleshed based
prawn cracker (100:0) had the lowest value. These
showed significant decrease in relation to the control. The
level of vitamin E (0.15 mg /100 g) in the control differed
significantly (p < 0.05) from the values obtained from the
other samples. Vitamin E, as a powerful antioxidant,
helps to protect cells from damage by free radicals
(Wardlaw and Kessel, 2002). It is also important in
maintaining the integrity of the red blood cells and cells of
the immune system (Grosvenor and Smolin, 2002). It has
also been shown that vitamin E reduces the synthesis of
molecules that cause cells to stick to the lining of blood
vessels and to increase the synthesis of enzymes
needed for the reduction of blood clot formation (Steiner,
1999; Emmert and Kirchmer, 1999). It is also essential for
absorption of iron and slowing of the ageing process.
Generally, the vitamin content of the prawn crackers were
very low compared to their availability in its natural form.
However, the decrease may be due to high temperature
of frying during the final processing (Huda, 2007).

Mineral composition of prawn cracker produced from
cassava, pink and orange fleshed sweet potato
starch
Table 7 shows the mineral content of prawn cracker
blends from cassava, pink and orange fleshed sweet
potato starch. The mineral content of the fried prawn
crackers are shown in Table 7. The sodium values were
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Table 9. Sensory score of prawn crackers from blends of cassava, pink and orange fleshed sweet potato starch

Samples

Colour

Flavour

Texture

Taste

Aftertaste

Mouth feel

Crispiness

CPC(100%)
CPC(90:10)
CPC(80:20)
PPC (100%)
PPC (90:10)
PPC (80:20)
OPC (100%)
OPC (90:10)
OPC (80:20)

7.55a±1.95
6.60ab±1.66
6.20ab±1.88
ab
7.05 ±1.09
4.20c±2.56
c
4.45 ±2.37
4.85c±1.87
ab
6.95 ±1.23
6.35ab±1.42

6.75a±2.19
5.90ab±1.83
5.00cd±2.63
5.55bc±2.01
4.40d±2.16
4.35d±1.98
5.75cd±2.09
7.05ab±1.50
6.70ab±1.41

6.20ab±1.8
4.85cd±2.23
5.75bc±1.94
5.45bc±1.93
4.60cd±1.98
4.35d±1.30
5.10cd±2.14
7.00a±1.12
6.70ab±1.41

6.90ab±1.97
5.80b±1.32
4.10c±2.31
5.95b±1.79
3.80c±2.04
4.05c±2.18
6.40ab±2.21
7.40a±0.868
6.10b±1.68

7.00a±1.74
5.50bc±2.03
5.00bc±1.77
5.55bc±2.13
4.50c±2.18
4.80cd±1.76
5.60bc±2.28
7.15a±2.18
6.20ab±2.44

6.40a±2.60
5.75ab±1.91
5.90b±1.65
5.90ab±1.80
4.80b±1.79
4.85b±1.81
6.25a±1.68
6.80a±1.93
6.10b±1.68

7.40a±1.39
5.75bc±1.71
6.10bc±1.86
5.35c±1.72
4.15d±2.13
3.95d±1.43
5.85bc±1.66
6.65ab±1.63
5.95bc2.13

Overall
acceptability
6.80a±2.04
5.70a±1.38
5.70a±2.02
5.70a±1.38
4.25b±2.12
5.60a±2.06
5.90a±1.88
6.95a±1.76
6.10a±2.26

Values are means ± standard deviation of duplicate determinations. Values with the same superscript within a column were not significantly different (p > 0.05)
Key: CPC (100:0) → cassava based prawn cracker (control); CPC (90:10) → cassava based prawn cracker; CPC (80:20) → cassava based prawn cracker; PPC (100:0)
– Pink fleshed based prawn cracker (control); PPC (90:10) → Pink fleshed based prawn cracker; PPC (80:20) → Pink fleshed based prawn cracker; OPC (100:0) →
Orange fleshed based prawn cracker (control); OPC (90:10) → Orange fleshed based prawn cracker; OPC (80:20) → Orange fleshed based prawn cracker.

between 13.51 to 117 mg /100 g with orange
fleshed based prawn cracker (80:20) had the
highest value while cassava based prawn cracker
(100:0) had the lowest value. The addition of table
salt and monosodium glutamate during the
manufacturing process probably contributed to the
sodium content in the fish crackers. The
recommended daily allowance RDA for sodium is
2400 mg (men) and 2400 mg (women) as
recommended by Food and Nutrition Board
(1989). The level of minerals in the prawn
crackers suggests large quantities of the prawn
cracker or combining it with other dietary sources
is needed to meet the recommended daily
allowance. It is a very common electrolyte; (in
general not found in dietary supplements, despite
being needed in large quantities) because the ion
is very common in food typically as sodium
chloride or common salt. Excessive consumption
can deplete calcium and magnesium leading to
high blood pressure and osteoporosis.
The calcium content ranged from 15.56 to 29.92
mg /100 g with orange fleshed based prawn
cracker sample (100:0) had the highest value

while tapioca based prawn cracker (100:0) had
the lowest value. The recommended daily
allowance RDA for calcium is 1000 mg (men) and
1300 mg (women) as recommended by Food and
Nutrition Board (1989). However, the level of
minerals in the samples suggest that consumption
of large quantities of the prawn cracker or
combining it with other dietary sources is needed
to meet the recommended daily allowance
Calcium functions as a constituent of bones and
teeth. It also regulates the nerve and muscles
function. Calcium activates the conversion of
prothrombin to thrombin, takes part in milk clotting
and plays a vital role in enzyme activation.
The magnesium content were 20.23 to 23.58
mg /100 g with orange fleshed based prawn
cracker (100:0) had the highest value and pink
fleshed based prawn cracker (90:10) had the
lowest value. The recommended daily allowance
RDA for magnesium is RDA of 400mg (men) and
420mg (women) as recommended by Food and
Nutrition Board (1989). Magnesium is required for
processing ATP and related reactions (builds

bones, causes strong peristalsis, increases
flexibility and alkalinity).
The iron content of the prawn cracker ranged
from 0.22 to 0.71 mg /100 g with cassava based
prawn cracker (80:20) had the highest value while
pink fleshed based prawn cracker (90:10) had the
lowest value. The recommended daily allowance
(RDA) for iron is 18 mg (men) and 18 mg (women)
as recommended by Food and Nutrition Board
(1989). However, the level of minerals in the
samples suggest that consumption of large
quantities of the prawn cracker or combining it
with other dietary sources is needed to meet the
recommended daily allowance. According to
Pelletier et al. (1993), iron is essential for the
production of hemoglobin which helps to deliver
oxygen from lung to body tissues, transport
electrons in cells, and synthesize enzymes that
are required to utilize oxygen for the production of
cellular energy. Iron deficiency is the commonest
and most widespread micronutrient deficiency in
the world and affects over one million people in
tropical and sub-tropical zones, (ACC/SCN,
1992).
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Table 10. Mold count (cfu/g) of fried prawn cracker during one month storage period

Samples
CPC(100:0)
CPC(90:10)
CPC(80:20)
PPC(100:0)
PPC(90:10)
PPC(80:20)
OPC(100:0)
OPC(90:10)
OPC(80:20)

Week 1
1.05×10
-

Week 2
1.05×102
2
9.50×10
-

Week 3
1.05×103
1.55×103
3
9.50×10
1.05×103
3
2.05×10
1.05×103
3
1.05×10

Week 4
2.05×104
2.55×104
4
1.05×10
9.50×104
1.95×104
1.05×104
1.05×104

Values are means ± standard deviation of duplicate determinations. Values with the same
superscript within a column were not significantly different (p > 0.05)
Key: CPC (100:0) → cassava based prawn cracker (control); CPC (90:10) → Cassava based
prawn cracker; CPC (80:20) → Cassava based prawn cracker; PPC (100:0) – Pink fleshed based
prawn cracker (control); PPC (90:10) → Pink fleshed based prawn cracker; PPC (80:20) → Pink
fleshed based prawn cracker; OPC (100:0) → Orange fleshed based prawn cracker (control); OPC
(90:10) → Orange fleshed based prawn cracker; OPC (80:20) → Orange fleshed based prawn
cracker; - → no growth.

The copper content of the prawn cracker ranged from
0.11 to 0.48 mg /100g with orange fleshed based prawn
cracker (80:20) had the highest value while cassava
based prawn cracker (80:20) had the lowest value and
pink fleshed based prawn cracker (80:20). The
recommended daily allowance (RDA) for copper is 2 mg
(men) and 900 µg (women) as recommended by Food
and Nutrition Board (1989). However, the level of
minerals in the samples suggests that consumption of
large quantities of the prawn cracker or combining it with
other dietary sources is needed to meet the
recommended daily allowance. Copper is involved in
many enzyme processes including cytochrome C
oxidase. It is necessary for photosynthesis and also
involved in the manufacture of lignin.
The zinc content range from 0.15 to 0.44 mg /100 g
with orange fleshed based prawn cracker (80:20) having
the highest value while cassava based prawn cracker
(80:20) had the lowest value. The recommended daily
allowance (RDA) for zinc is 15 mg (men) and 11 mg
(women) as recommended by Food and Nutrition Board
(1989). However, the levels of minerals in the samples
suggest that consumption of large quantities of the prawn
cracker or combining it with other dietary sources is
needed to meet the recommended daily allowance. Zinc
is an important component of carotenoid which forms a
non-enzymatic covalent bonding with chlorophyll
(Adeyemi et al. 2009).
The selenium content of the prawn cracker ranged
from 0.66 to 4.77 mg/100 g with orange fleshed based
prawn cracker (80:20) had the highest value while orange
fleshed based prawn cracker (100:0) had the lowest
value of 4.77 mg /100 g. The recommended daily
allowance (RDA) for selenium is 70 µg (men) and 55 µg
(women) as recommended by Food and Nutrition Board
(1989). The level of minerals in the samples is suggestive
that consumption of large quantities of the prawn cracker
or combining it with other dietary sources is needed to

meet the recommended daily allowance. Selenium is
required for peroxidase (antioxidant proteins).
Anti-nutritional composition of prawn crackers
produced from cassava, pink and orange fleshed sweet
potato starch.
Table 8 shows the anti- nutritional factors of prawn
cracker from blends of cassava, pink and orange fleshed
sweet potato starch. From Table 8, the tannin content of
the prawn crackers ranged from 0.11 to 0.18 mg/g, the
trypsin inhibitor content ranged from 0.11 to 0.27 Tiu/g.
There was decrease in tannins and trypsin inhibitor
content with reduction in the starch content for the potato
based prawn crackers but it was not observed in the
cassava based prawn cracker. The cyanide content in
cassava based samples ranged from 0.40 to 1.02 mg/g,
pink fleshed based prawn cracker ranged from 1.00 to
1.02 mg/g and that of orange fleshed based prawn
crackers 0.89 to 100 mg/g. Cyanide decreased with
reduction in starch ratio. It was observed that the values
for the antinutritional factors for all the prawn crackers
were low and this reduction was expected as soaking
helped in the removal of the soluble anti-nutrients. This
result was in agreement with the report of Philips and
Abbey (1989), that steeping hydrates the tuber and
induces the leaching out of water soluble anti-nutrients
such as glycoside, alkaloids, phytates, oligosaccharides
and tannins. As recommended by Egbe and Akinyele
(1990), the application of heat on foods for longer period
helps to reduce drastically anti-nutrients in foods. It has
been deduced that from the preprocessing treatment
given (soaking, steaming/ boiling and frying) to the prawn
cracker during the production process was adequate in
the removal of most of this anti-nutrients. All the antinutrients were found below or within the permissible level
(1 %), showing that the samples were fit for consumption.
Thus, the significant reduction of these anti-nutrients as
observed in this study was indicative of improved safety,
hence is desirable.
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Plate 1. Starches extracted from cassava, pink and orange fleshed sweet potatoes
Where A = Starch from cassava; B = Starch from pink fleshed sweet potatoes; C =
orange fleshed sweet potatoes.

C
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Plate 2. Plates containing fried prawn crackers
Key: A (100:0) → Cassava based prawn cracker (control); B (80:20) → Cassava based prawn cracker; C (90:10) → Cassava
based prawn cracker; D (100:0) – Pink fleshed based prawn cracker (control); E (80:20) → Pink fleshed based prawn cracker; F
(90:10) → Pink fleshed based prawn cracker; G (100:0) → Orange fleshed based prawn cracker (control); H (80:20) → Orange
fleshed based prawn cracker; I (90:10) → Orange fleshed based prawn cracker.
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Generally, anti-nutrients are considered toxic. For
instance, tannins may form insoluble complexes with
proteins thereby decreasing the digestibility of proteins
(Uzoechina, 2007). Tannins may decrease protein quality
by decreasing digestibility and palatability, damaging the
intestinal tract, and enhancing carcinogenesis (Makkar
and Becker, 1996). Furthermore, tannins could impair
iron availability (Svanberg et al., 1993; UdayasakharaRao, 1995) whereas phytates up to 1 % could interfere
with mineral bioavailability (Anigo et al., 2009), including
iron and calcium (Alonso et al., 2001). Various authors
have suggested different minimal levels of toxicity for
cassava. Rosling (1987) was of the opinion that an intake
of over 20 mg/g of cassava could be toxic while Bolhuis
(1954) set the toxic level at an intake of 50- 60 mg daily
for a European adult. The only available information on
the dietary intake of polyphenols are 1 g/day (USDA), 23
mg/day (Dutch) and 28 mg/day (Demark) accordingly to
Santosh et al (1998).
Sensory scores of prawn crackers produced from
cassava, pink and orange fleshed sweet potato
starch.Table 9 shows the sensory scores of prawn
crackers from blends of cassava, pink and orange
fleshed sweet potato starches (Plate 2). There were
significant differences (p > 0.05) in terms of colour,
texture, flavor, taste, aftertaste and mouth feel (Table 9).
However, there were no significant (p < 0.05) differences
in terms of overall acceptability. The colour of the prawn
crackers ranged between 4.20 - 7.55 % (Table 9). All the
colour values showed significant (p <0.05) differences
between each fried prawn cracker.
However, increasing the prawn ratio or decreasing the
tapioca starch ratio contributed to a darker product.
Cassava based prawn cracker samples (100:0) and pink
fleshed based prawn cracker (100:0) exhibited a bright
and clear product. The lighter product which resulted may
be related to the cassava starch. Similar reports where
obtained by other researchers where the panelists
preferred the lighter colour of the prawn crackers (Yu,
1991a; Huda et al., 2000; 2001; 2009).
Cassava flour is a white colored product while prawn
contains some pigments which contribute to the colour of
the product. A variety of nitrogenous compounds such as
myoglobin, hemoglobin and hemocyanins contribute to
the colour of the prawn (Haard et al., 1994). The colour of
prawn varied depending on the specie. Peranginangin et
al. (1997) found that fish crackers made from snapper
fish were shown to be the darkest as compared to the
pike conger and the feather back fish. The frying process
would result in the loss of the lighter colour of the fried
product. A frying process with a high temperature
contributed to the denaturation and oxidation of fish
protein which led to the darker colour of the product. The
formation of coloured compounds related with
involvements of water released from amino acid and in
Maillard-type reactions (Sikorski and Pan, 1994). Ngadi
et al. (2007) stated the decrease in the fried food sample

may be attributed to Maillard browning and caramelizing
at a high frying temperature. The rate of Maillard reaction
depends on its chemical environment such as the
chemical composition of food, water activity, pH and the
reaction temperature.
Huda et al. (2007) reported that commercial fish
crackers showed a wide range of linear expansion which
is within 38 – 145 %. Mohamed et al. (1988) found a
similar trend and this is because more oil was trapped on
the surface layer of the bigger air “cells” when expansion
increased. Huda et al. (2000; 2001) as well as King
(2002) reported that as a result of oil absorption, the fat
content of fried fish crackers is higher in the sample with
the higher linear expansion compared to the sample with
a lower linear expansion. As shown in Table 8, the more
the degree of the expansion of the crackers, the more air
cells would form and the more oil was trapped,
consequently, the higher the degree of oil absorption.
The hardness of fried crackers increased with the
decrease in linear expansion. As previously mentioned,
the lower degree of linear expansion is related to the
increase of fish protein. Cheow et al. (1999) studied the
microstructure of fish crackers and found that poorlyexpanded fish crackers contained large aggregates of
fish protein. This prevented the starch from expanding in
hot cooking oil and made the filaments more dense and
thick and the final result was the increase in the hardness
value. Hardness was determined by sensory evaluation
in terms of crispiness which is an opposite term for
hardness. Low hardness was shown as a high crispiness
score and consumers prefer fish crackers with a high
crispiness score. Peranginangin et al. (1996) found that
increasing linear expansion would increase the crispiness
score of fish crackers which means that the product has
lower hardness value. Similar results were also reported
by Yu (1991b).

Microbial count of prawn crackers
Table 10 shows Mold count (cfu/g) of fried prawn cracker
during one month storage period.
Mold growth (cfu/g) of prawn crackers in room (28 ± 2
°C) gradually increased during the storage period (Table
10). At week one, mold growth was observed in orange
fleshed based prawn cracker sample (100:0) 1.05 × 10
cfu/g. At week two, mold growth was observed in
cassava based prawn cracker (100:0) 1.02 ×10 cfu/g and
pink fleshed based prawn cracker (100:0) 9.50 × 102
cfu/g. It increased with the progress of storage time. At
week three, cassava based prawn cracker samples
(90:10), orange fleshed based prawn cracker (80:20),
and orange fleshed based prawn cracker (90:10) had
1.05× 103 cfu/g. On the other hand, in the case of
cassava based prawn cracker (80:10) storage no
remarkable change was observed. This was
unacceptable for consumption. Therefore the results
showed that the products made with 10 % shrimp shell
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powder had an acceptable bacterial for up to 30 days.
The reason for the growth according to Neeraj and
Sharma (2007) may be attributed to available nutrients,
its low pH, and leakage in the packaging material.

CONCLUSION
The results of this study showed that blending of prawn
and starch affected the quality of formulated prawn
crackers. Increasing the prawn in the formulation
increased the amount of protein in the prawn cracker,
reduced the expansion rate, increased oil absorption and
gave low crispy products. The hardness of the products
increased with increase of prawn content. The vitamin,
mineral and antinutritional content were generally low.
The quality of the prawn cracker with blends for orange
fleshed sweet potato (90:10) produced high expansion,
low bulk density and hard textured product. The colour of
the product was light brown. This formulation also
resulted in crackers with big air cells and thin cell walls.
The product had high crispiness and was highly accepted
by the pane lists. During storage there was mold growth
as storage time progressed, therefore the product is most
suited when consumed few hours after production. Based
on the findings, it was recommended that the utilization of
the prawn waste could minimize the cost of waste
disposal that would realize substantial savings. The
prawn crackers could be a remarkable source of high
quality protein, because of its abundance and cost. Value
added products like protein fortified prawn crackers could
be prepared from under-utilized shrimp shell wastes.
Prawn crackers could be served as a high quality protein
source for people suffering from malnutrition.
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