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Abstract: Starches of fine texture from cormels of cocoyam (Xanthosoma sagittifolium), cultivar Ede ocha and
cultivar Ede uhie were subjected to acid and enzyme modification treatments. Proximate composition,
functional and amylograph pasting properties of the starches were evaluated. The starch samples were also
used in the production of cookies at 5, 10, 15, 20 and 25% level of substitution with wheat flour. The cookies
produced were subjected to proximate analysis and sensory evaluation. The result of the sensory evaluation
showed that cookies prepared at 5% level of substitution were most acceptable. After eight weeks of storage
in light polythene bags, the cookies prepared at 5 and 10% levels of substitution with wheat flour were found
to be more acceptable by the panelists. Observations on the functional properties showed that the modified
cocoyam starches exhibited higher bulk densities than the untreated starches. Native and modified starches
with the high water absorption capacity and swelling index were produced from cultivar Ede uhie. There was
no significant difference (p>0.05) in the solubility of the starch samples.
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INTRODUCTION

Cocoyams  (Xanthosoma  sagittifolium)  contribute
significant portion of the carbohydrate content of the diet
in many regions in developing countries and provide
edible starchy storage corms or cormels. Although, they
are less important than other tropical root crops such as
yam, cassava and sweet potato, they are still a major
staple in some parts of the tropics and sub-tropics
(Opara, 2002).

Cocoyams have nutritional advantages over root crops
and other tubers crops (Lyonga and Nzietchueng, 1986).
It has more crude protein than root and other tubers and
its starch is highly digestible because of the small size
of the starch granules, its contents of calcium,
phosphorus, vitamins A and B vitamins are reasonable.
All these are lost to nutrition because of low production
and utilization.

Despite the economic importance of cocoyams as a
food material in some parts of the tropics and sub-
tropics, there is limited information on their post harvest
characteristics, which perhaps contributes to the very

limited application of improved post harvest
technologies to maintain quality and improve marketing
potential

Flours milled from other crops such as maize, millet,
sorghum, cassava, potatoes and rice had been added
to wheat flour to extend the use of the local crops and
reduce the cost of wheat importation. This is practiced
mostly in tropical countries where the soil and climate
are not favourable for commercial large scale production
of wheat. Satisfactory bread has heen made from such
composite flour through a blend of wheat flour with other
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cereals and root crops (Kent and Evers, 1994).
Composite flour incorporating cocoyams has been used
in extruded products such as noodles and macaroni
(FAQ, 1990). Akobundu et af,, (1982) reported that lack of
the knowledge of the functional, chemical and nutritional
properties of grain-legumes grown in developing
countries is responsible for the inextensive use of these
traditional crops in different food formulations.

Cocoyam consumption has been affected by the
presence of acridity factors, which cause sharp irritation
and burning sensation in the throat and mouth on
ingestion (Akpan and Umoh, 2004). The acridity factor
can also be reduced by peeling, grating, soaking and
fermentation operations during processing (FAO, 1990).
Removal of the thick layer of skin and long period of
cooking is required to remove acridity (Sakai, 1983,
Crabtress and Baldry, 1982). Other methods of removal
of acridity include fermentation, baking or extraction with
ethanol (Carpenter and Steinke, 1983). Traditional
cooking methods also can neutralize the acridity in
cocoyams (Okaka et al, 1992). There is also the
selection and breeding of non-or low acrid cultivars of
aroids (Akpan and Umch, 2004).

Cocoyam is a good base for food preparation for infants
because of the high digestibility of its starch, reasonable
content of calcium and phosphorus (for bone building),
B-complex vitamins and provitamin A (Onwueme, 1987,
Eleje, 1987). Infants in some developing countries are
traditionally weaned solely on starch prepared from pre-
cooked, wet-milled and wet-sieved corn (Akobundu and
Hoskins, 1987). Recent studies also show that cocoyam
starch can be incorporated in the development of
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weaning food which is easily digestible and accessible
to low-income earners in developing countries (Oti and
Akobundu, 2008).

According to Kent and Evers (1994), starch finds
numerous uses in the baking industry. Wurzburg (1989)
gave insight into the physical properties of native starch,
which limits its usefulness in many commercial
applications and defined a modified starch as a product
in which the chemical and {or) the physical properties of
the native starch may have been altered.

Starch modification involves the alteration of chemical
and/or physical properties of native starches. This
alteration has the main objective of producing more
satisfactory products for specific food applications. Food
consumers are primarily influenced by the sensory
properties of the food while the manufacturers are
interested in the technological and functional properties
of which starchy foods are linked closely to their
rheclogical behaviour. The most important of these are
viscosity, stability to heat, acid and shear, heat
penetration and workability (Rapaille, 1995).

The starches most commenly modified for commercial
use are those from normal maize, tapioca, potato and
waxy maize. Modified starches are used to improve
viscosity, shelf stability, particulate integrity, processing
parameters, textures, appearance and emulsification.
Different starches have different properties and are used
in the food industry for nutritional, sensory and even
aesthetic purposes (Rapaille, 1995).

In this study, starches from two cultivars of cocoyam
(cultivar Ede ocha and Ede uhie) were modified and the
effects of levels of modification on the production of soft
dough cookies, the functional, proximate and pasting
properties of the modified and unmodified cocoyam
starches were studied.

MATERIALS AND METHODS

Source of materials: The two cocoyam cultivars were
supplied by the Cocoyam Programme of the National
Root Crops Research Institute, Umudike. The cocoyams
supplied were Cultivar Ede ocha and Cultivar Ede uhie
of the Xanthosoma sagittifolium variety. The ingredients
for the cookie production were purchased from the
Umuahia main market in Abia State, Nigeria.

Cocoyam cormels of cultivar Ede ocha and cultivar Ede
uhie were washed and peeled after harvesting. They
were wet milled using double disc attrition milling
machine. The slurry was then sieved with a starch sieve
(200 mm Endicott sieve).

The cocoyam starch was allowed to settle at the bottom
of the container before decanting the water. The
extracted starch slurries were transferred into a clean
tray and sun-dried. The starch was dry milled and stored
in air-tight plastic containers prior to use.

The acid and enzyme modification treatments of
cocoyam starch was performed using the method of
Asinobi ef al. (1988).
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Proximate and functional determination: The proximate
analysis of the cookie samples were carried out using
the method of AOAC (1990). The wettability, packed bulk
density and loose bulk density of the starch samples
were determined by the method of Okezie and Bello
(1988). Gelation property, water absorption capacity and
foaming capacity/foam stability were estimated by
employing the method of Abbey and Ibeh (1988). The
swelling index was determined by the method of Ukpabi
and Ndumele (1996). An ANOVA one-way test was
performed on all the values collected. All determinations
were in triplicate. The oxalate content was determined by
the method of Eheart and Hurst (1962).

Production of cookies: The native and modified
cocoyam starches were used in the preparation of
cookies at different levels of substitution (5, 10, 15, 20
and 25%) with wheat flour. The cookies were prepared
using the cream-in method (Asumugha and Uwalaka,
2000). One hundred percent wheat flour was used as
the standard.

Sensory evaluation: The sensory evaluation was
performed using the method of Iwe (2002). A 20 man
panel was used for the sensory evaluation of the
cookies for taste, appearance, texture, flavour and
general acceptability. The scoring was based on a 9-
point hedonic scale ranging from 1 {extremely like) to ©
(extremely dislike) and 5 (neither like not dislike). The
values obtained from the sensory evaluation was

statistically analyzed using MSTAT-C program
(Anonymous, 1988).
RESULTS AND DISCUSSION

Functional properties of modified cocoyam starches
Bulk density: There were significant differences (p<0.05)
in the bulk densities of the starch samples (Table 1).
The 1.5% HCI treated Ede whie and 1.5 mL
glucoamylase treated Ede ocha had the highest bulk
densities of 0.75 g/mL. Native Ede ocha starch had the
lowest bulk density of 0.62g/mL. The modified cocoyam
starches had higher bulk densities than the native
cocoyam starches. Bulk density of foods increases with
increase in starch content (Bhattacharya and Prakash,
1994). High bulk density of protein material is important
in relation to its packaging (Okezie and Bello, 1988). The
results of the bulk density of the starch samples also
shows that the native starch from the 2 cultivars of
cocoyam will be good for developing foods that requires
more protein while the modified starches will be good
for energy foods. This means that modified cocoyam
starch will exhibit better packaging properties that the
native cocoyam starch.

Water absorption capacity: The results from Table 1
showed that significant differences (p<0.05) existed
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Table 1: Functional Properties of Native and Modified Cocoyam starches

Packed bulk Loose bulk  Water

density Density absorption  Swelling  Solubility Foam Wett-ability
Code Sample (g/mL) (g/mL) capacity index in water Capacity (secs)
NRC Native Ede uhie starch 0.67°° 0.49>° 1.67° 3.71% 10.00 11.64° 25.77°"
NWC Native Ede ocha starch 0.62 0.47"* 1.23% 3.15¢ 23.33 3.86%° 19.33°¢
RCA 0.5% HCl treated Ede uhie starch 0.73=¢ 0.50%¢ 1.23v¢ 3.91= 20.00 -2.80¢ 40.67¢
RCB 1.0% HCl treated Ede uhie starch 0.71>° 0.49>= 1.60° 4.31° 10.00 -2.80° 17.33¢
RCC 1.5% HCl treated Ede uhie starch 0.75 0.48* 0.97¢ 3.85*¢ 13.33 8.33% 63.67+
WCA 0.5% HCl treated Ede ocha starch 0.65%* 0.45° 0.93¢ 3.29% 10.00 1.07>° 73.3%
WCB 1.0% HCl treated Ede ocha starch 0.70" 0.47"* 0.97¢ 3.52" 13.33 444 91.00°
WCC 1.5% HCl treated Edle ocha starch 0.65%° 0.45% 1.30° 3.80°" 13.33 8.88°° 69.33"
EVWA 0.5mL glucoamlylase treated Ede ocha starch 0.89>¢ 0.46°- 1.00°¢ 3.49- 26.67 1.07°¢ 16.00°¢
EWB 1.0mL glucoamlylase treated Ede ocha starch 0.72: 0.46>* 0.87¢ 3.58 16.67 0.53* 16.00°¢
EWC 1.5mL glucoamlylase treated Ede ocha starch 0.75° 0.56° 0.97¢ 3.5 10.00 1.07°¢ 9.33°
ERA 0.5mL glucoamlylase treated Ede uhie starch 0.73** 0.51=* 1.034 3.58 16.67 =227 6.00¢
ERB 1.0mL glucoamlylase treated Ede uhie starch 0.74°¢ 0.51% 1.67° 3.41°° 20.00 1.07°¢ 10.67"
ERC 1.5ml glucoamlylase treated Ede uhie starch 0.72°° 0.51>° 0.83¢ 3.64>° 13.33 1.60°° 15.00°¢

LSD 0.05 0.05 0.05 0.26 0.48 6.58 29.82

*Any sample mean not followed by the same superscript in the same column is significantly different (p<0.05)

among the samples. The water absorption capacity
of native Ede whie starch and 1.0 mL glucocamylase
treated Ede uhie were 1.67, closely followed by 1.0%
HCI treated Ede uhie starch which has water absorption
capacity of 1.60. This implies that cultivar Ede uhie
produced native starch that has good water absorption
characteristics. Also, modified Ede whie starch using
1.0% and 1.0 mL glucoamylase also has better water
absorption capacity than the other samples. Better water
absorption and retention suggests better performance
in texture and/or comminuted meats and baked products
(Okezie and Bello, 1988).

Increase in water absorption capacity implies increase
in digestibility of the starches. The difference might
depend on the amount and nature of hydrophilic
constituents (Ayele and Nip, 1994). The increase in
water absorption capacity of the starches from cultivar
Ede uhfe suggested possible increase in the level of
their incorporation into food formulation like dough in
order to improve its handling characteristics and also to
maintain freshness of product.

Swelling index: Significant differences (p<0.05) occurred
among the starch samples. The 1.0% HCI treated Ede
uhie starch had the highest swelling index of 4.31
followed closely by 0.5% HCL treated Ede vhie starch
which has a swelling index of 3.91. Native starch from
Ede ocha had the lowest swelling index. The results
showed that modified starch from cultivar Ede uhie
produced starches with better swelling index than those
of cultivar Ede ocha. It could be attributed to the cold
water used and that possibly the starch from Ede uhie
could be more readily digestible than Ede ocha starch.

Generally the samples showed good swelling index
when compared to other root crops like cassava. This is
because of the smaller particle size of cocoyam starch
and its highly digestible nature. The starch grain of
cocoyam is about one tenth of potato starch grain
(Akomas ef af., 1987). Cocoyam starch is a better quality
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starch than other root crops because of its high swelling
volume and swelling power (Bainbridge et al., 1996).

Solubility in water: There were no significant difference
(p=0.05) observed in the solubility of the cocoyam starch
samples. Their values ranged from 10.00-26.67%. Both
acid and enzyme medified starches have approximately
the same solubility in cold water with their
corresponding untreated starches. Shipman (1967)
reported that some acid modified starches have
approximately the same solubility in cold water with their
corresponding untreated starches.

Bremiller (1993) also reported that modification of
starches could bring about increased solubility of the
starches. Bainbridge ef al/ (1996) stated that good
quality starch with a high starch content and paste
viscosity will have a low solubility and high swelling
volume and swelling power.

Foam capacityffoam stability: The starch samples
showed significant differences in foaming capacities.
Native Ede uhie starch showed a higher whipability than
that from Ede ocha. The foams were however very
unstable and so its stability could not be measured. The
foaming capacity of all the starch samples can be rated
as low since they do not contain considerably high
amounts of proteins, a good foaming agent (Ayele and
Nip, 1994). The inability of the modified starch samples
to foam very well could probably be due to the processes
of the modification treatment.

Wettability: Significant differences (p<0.05) existed
among the samples. The results showed that HCI
treated starches have higher wettability values when
compared to the glucoamylase treated starches. This
could be attributed to the levels of concentration of HCI
used to modify the starch samples. The 1.0% HCI
treated Ede ocha had the highest wettability value of
91.00 sec while the lowest wettahility value was 6 sec by



Pak. J. Nutr, 8 (5): 558-567, 2009

Table 2: Least gelation concentration

Code Sample % Concentration 2 4 3] 8 10 12 14 16 18 20
NRC  Native Ede uhie starch - - - - G G G G G G
NWC  Native Ede ocha starch - - - - G G G G G G
RCA  0.5% HCl treated Ede uhie starch - - - - - - G G G G
RCB  1.0% HCl treated Ede uhie starch - - - - - - G G G G
RCC  1.5% HCl treated Ede uhie starch - - - - - - G G G G
WCA  0.5% HCl treated Ede ocha starch - - - - - - G G G G
WCB  1.0% HCl treated Ede ocha starch - - - - - - G G G G
WCC  1.5% HCl treated Ede ocha starch - - - - - - G G G G
EWA 0.5 mL glucoamlylase treated Ede ocha starch - - - - - - G G G G
EWB 1.0 mL glucoamlylase treated Ede ocha starch - - - - G G G G G G
EWC 1.5 mL glucoamlylase treated Ede ocha starch - - - - - - G G G G
ERA 0.5 mL glucoamlylase treated Ede uhie starch - - - - - - G G G G
ERB 1.0 mL glucoamlylase treated Edle uhie starch - - - - - G G G G G
ERC 1.5 mL glucoamlylase treated Ede uhie starch - - - - - G G G G G
Table 3: Viscosity of starch samples
Gelatinization Peak Viscosity at 92°C Stability

Code Sample Temp. (Tg) Viscosity (Vm) after peak (V) Vm-\r)
NWC Native Ede ocha Starch 73.05°C 1150 BU 720 BU 555 BU
NRC Native Ede uhie Starch 72.00°C 1250 BU 638 BU 612 BU
XWT Wheat flour 72.00°C 1125 BU 622 BU 503 BU
EWB 1.0 mL Glucoamlylase

treated Ede ocha starch 71.25°C 1250 BU 920BU 330BU
RCB 1.0% HCI treated Ede uhie starch 69.00°C 1250 BU 921 BU 612 BU

0.5 mL glucoamylse treated treated Ede uhie starch.
Although the samples have high wettability values
due to its low protein content, it is still a better substitute
when compared to other root and tuber crops. It was
also discovered that the lower the level of denatured
protein in the starch, the slower it takes to get wetted or
imbibe water (Oti and Akobundu, 2008).

Least gelation property: Table 2 shows that the gelling
ability of the native and enzyme modified starches could
be due to the nature of the starch and protein and also
their interaction during processing. The 10% (wfv) of
three starch samples (Native Ede uhie starch, Native
Ede ocha starch and 1.0 mL glucoamylase treated Ede
ocha starch) gelled (Table 2). However at 14% (w/v) all
the starch samples gelled. Hence the least
concentration of all the acid modified starch samples
was 14% (wfv). The native starch and glucoamylase
treated starch could be used in food production as gels
enhance the body and texture of a product by solidifying
the free water in the food. Gelatinization affects
digestibility and texture of starch containing foods,
leaching amylase enhances susceptibility of starch to
enzyme attack (Rickard, 1991) and the textural quality
when starch is incorporated in food products such as
creams, soups, puddings, pie fillings and many sauces
in viscosity (Osman, 1967).

It is also observed that gel forming capacity increased
with increase in concentration of the starch samples
(Lawal et al, 2004). Although the result of this study
showed that acid modification did not affect gelation.
Sester (1993) reported that acid hydrolysis may make
starch to loose its ability to gel.
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Viscosity: Amylograph pasting viscosity studies on
some of the cocoyam starch samples (Table 3) showed
that their gelation temperature ranged between 69.00
and 73.05°C. Amani et af. (2005) in a study of the stability
of yam starch gels during processing found that native
cassava starch and xanthosoma starch gelled at a
temperature of 64.30 and 76.50°C, respectively. This
agrees with the result in Table 3.

The result also showed that the samples have high
gelatinization temperature which is a desirable property.
Native Ede uhie starch and 1.0% HCI treated Ede uhie
starch had the highest paste stability of 612BU which is
a requirement for industrial use of starch (Bainbridge et
al., 1996). This was closely followed by Native Ede ocha
starch with 555BU while 1.0 mL glucoamylase treated
Ede ocha had the lowest paste stability of 330BU. It will
be observed from the results that the lower the drop in
viscosity the more stable the paste.

The results showed that native Ede wuhie starch and
1.0% HCI treated Ede uhie starch formed more stable
paste and higher thickening on cooling. Increase in
viscosity on cooling is due to retrogradation and
congelation of the amylase (Schoch, 1967) and
retrograded starch is not readily digestible. Low viscosity
values have been reported for Xanthosoma starch
(Rickard, 1991). Cocoyam starches produce pastes
which show some breakdown on prolonged heating and
stirring (Rasper, 1969). Cocoyam starch is not readily
susceptible to retrogradation. This makes it suitable for
use as a source of carbohydrate in complementary food
production (Oti and Akobundu, 2008).

Ogazi (1985) in determining the amylograph
characteristics of plantain-wheat composite flour found
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Table 4: Proximate Composition of cocoyam-wheat based cookies

Moisture Ash Crude Crude Crude Total Energy
Code sample % % Protein% fiber% fat% carb.% (Kcal)
A= 0.5 mL glucoamlylase treated Ede ocha starch 848 145" 6.13¢c 0.85°¢ 2.25%¢ 80.849 368.13°°
B=1.5% HCI treated Ede uhie starch 8.18° 1.45a-b 6.06°¢ 0.65' 2.00%¢ 81.66¢ 368.88°
C = Native Ede uhie starch 8.66° 145 6.48b 0.93"° 2.01%* 80.47% 365.89°¢
D =1.0 mL glucoamlylase treated Ede ocha starch 9.16%° 1.30°" 5.86e 0.85"* 2.35°" 80.48° 366.61°°
E= 0.5% HCI treated Ede uhie starch 9.26* 1.43* 5.69' 0.90%¢ 211 80.61*7 364.19°
F =0.5 mL glucoamlylase treated Ede uhie starch 9.21=° 143 5.32° 0.80°" 227 80.97%9 365.59°"
G=1.5 mL glucoamlylase treated Ede uhie starch 8.90~" 1.26*¢ 5.97¢: 0.95° 2.05% 80.87"* 365.81¢¢
H=1.0% HCl treated Ede ocha starch 8.87¢ 1.25°¢ 5.25%" 0.79° 2.03%f 81.81"¢ 366.51%°
1=100% Wheat flour 8.90°° 1.48° 10.98° 1.90° 247° 74.27" 363.23°
J=1.0 mL glucocamlylase treated Ede uhie starch 8.82% 1.25%¢ 5.60f 0.73% 2.22% 81.38% 367.90%°
K=1.5% HCI treated Ede ocha starch 8.78% 1.13°: 5.08i 0.73%f 1.810 82.47° 366.49°
L=1.5 mL glucoamlylase treated Ede ocha starch 9.05> 1.28%¢ 5.12% 0.70* 1.89%¢ 81.96=* 365.33%¢
M=0.5% HCl treated Ede ocha starch 9.14=* 1.05° 5.58° 0.72+ 213 81.38> 367.01°
N=1.0% HCl treated Ede whie starch 9.07¢ 1.20%: 4.55 0.73+ 2.33% 82.12%¢ 367.65%
O=Native Ede ocha starch 873" 1.05° 4.38" 0.83"" 2.31° 82.30° 369.11°°
LSD 0.05 0.18 0.18 0.15 0.15 2.15 2.23 10.57

*Any sample mean not followed by the same superscript in the same column is significantly different (p<0.05)

that as the proportion of plantain flour in the mixture
increased, the maximum viscosity increased
dramatically and he also ohserved that the gelling
temperature was higher for the mixtures than the control
(Leviathan flour, a strong Canadiean wheat flour). lwe
(1998) also found that peak viscosity of soy-sweet potato
blends decreased with increase in protein content and
Oti and Akobundu (2008) observed that the proportion of
cocoyam flour increased as the peak viscosity increased
in cocoyam-soyahean-crayfish composite flour.

Oxalate: The oxalate content in the modified cocoyam
starch samples could not be detected and therefore
could not be measured. The levels of oxalate in the
hative Ede ocha and Ede uhie starches were 0.021 and
0.024%, respectively. Akpan and Umoh (2004) reported
that the use of heat treatment and different
concentrations of tetracycline during cooking reduced
the level of acridity in cocoyam. It will be observed that
modification of starch using HCl and glucoamylase
reduced the level of acridity in the cocoyam starch
samples. Also no taste panelist reported irritation of the
mouth or throat during or after the organocleptic
evaluation of the cocoyam-wheat based cookies. This
indicates the very low level of oxalate in the starch
samples, if any.

Selection and breeding of non-or low acrid cultivars of
aroids also helps in reduction of the acrid levels in
cocoyam (Akpan and Umoh, 2004). Fermentation,
baking or extraction with ethanol also helps in reduction
of acridity levels in cocoyam (Carpenter and Steinke,
1983). Traditional cooking methods also can neutralize
the acridity in cocoyams (Okaka ef af., 1992).

Proximate composition of the cocoyam-wheat based
cookies: Significant differences (p<0.05) occurred
among the cookies in terms of moisture, protein fat, ash,
crude fibre and total carbohydrate (Table 4). All the
cookie samples were low in crude fibre the control
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(100% wheat flour) with the value of 1.90. The ash

content of all the cookies ranged from 1.05 -1.48% while
the crude protein ranged from 4.38-10.98%. This is in
agreement with Asumugha and Uwalaka (2000) who
reported that the protein content of cookies prepared
from cocoyamfwheat flour ranged from 5.95-12.25%.
The total carbohydrate lies between 74.27 and 82.47%.
This agrees with the findings that cocoyam being high in
starch content should be eaten together with other high
protein foods (Akpan and Umoh, 2004).
The higher energy content of the cookies in kilo calories
made from cocoyam starch as shown in Table 4
(363.23-368.88) is higher than those of Asumugha and
Uwalaka (2000). This could be attributed to the type of
cocoyam starch used in the cockie production.

Sensory evaluation of cocoyam-wheat based cookies
Taste: There was significant difference (p<0.05) in the
taste of the cookie samples (Table 5). The 100% Wheat
flour was the best in terms of taste of all the cookies.
This was closely followed by the 15% substitution level
(0.5% HCl treated Ede ocha starch). The least preferred
of the cookies with regards to taste was the 10% level of
substitution (1.5 mL glucoamylase treated Ede ocha
starch) and the 20% level of substitution (1.5 mL
glucoamylase treated Ede uhie starch) having 4.45, even
though it translates to like slightly on the hedonic scale.
There was no significant difference {(p>0.05) detected at
the interaction between the concentration and cookies.
However the taste of cookies baked at 5% level of
substitution were preferred most to those of other
substitution levels.

Appearance: The results of the sensory evaluation
showed that there were no significant difference
(p=0.05) at the interaction between the substitution
levels and cookies in terms of appearance (Table 6).
The appearance of the cookies at 5% level of
substitution was best compared to other substitution
levels.
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Table 5: Effect of levels of modification on the Taste of cookie samples

Cookies

Code Sample 5 10 15 20 25 means
A Native Ede uhie starch 2,704 2.90 3.20%° 3.15% 2.25v 2.84

B Native Ede ocha starch 2.80" 285" 3.05 3.70% 3.25% 311

c 100% Wheat flour 2,200 3.50¢% 3.05% 435" 3.45" 331

D 0.5% HCl treated Ede uhie starch 2.80% 2.65% 3.45¢ 2.400 3.20% 3.10

E 1.0% HCl treated Ede uhie starch 3.30% 2.45m 3.90% 4.35% 2.80w 3.36

F 1.5% HCI treated Ede uhie starch 2,704 3.06% 2.80% 3.60° 3.20% 3.06

G 0.5% HCl treated Ede ocha starch 2.80w 2.60% 2.25m 4.15% 2.60% 2.88

H 1.0% HCl treated Ede ocha starch 2.65" 2.851 3407 4.30% 3.75M 319

| 1.5% HClI treated Ede ocha starch 2.55"4 3.15% 2.90" 3.65%" 2.85" 3.02

J 0.5 mL glucoamlylase treated Ede ocha starch 2.45M™ 3.05% 3.60% 3.75% 3.10= 3.19

K 1.0 mL glucoamlylase treated Ede ocha starch 2.554 2.851 2.65 3.40:m 2.90% 2.87

L 1.5 mL glucoamlylase treated Ede ocha starch 2.5Qma 4.45° 3.50% 3.60% 3.05® 342

M 0.5 mL glucoamlylase treated Ede uhie starch 3.10= 3.350 2.90 2.80% 3.559 3.14

N 1.0 mL glucoamlylase treated Ede uhie starch 2.50™ 2.901 3.10% 4.30% 2.900 3.14
o] 1.5 mL glucoamlylase treated Ede uhie starch 2.50™ 3.65% 3.35% 4.45% 3.55% 3.50
Caoncentration Means (Different levels of substitution) 2.68° 3.13° 3.14° 3.7 3.03"

*Cookie means with different superscript down the row are significantly different (p<0.05), *concentration means with different
superscript in the same column are significantly different (p<0.05), *any cookie X concentration means with different superscript are
significantly different (p<0.05), LSD, - for any two cookie means =ns, LSD, ;; for any two concentration means =0.24, LSD, ,; for any

two cookie x concentration = 0.94

Table 6: Effect of levels of modification on the Appearance of cookie samples
Cookies
Code Sample 5 10 15 20 25 means
A Native Ede uhie starch 2.45M 290" 2.65" 3.20n 2.50% 274
B Native Ede ocha starch 2.90%= 2.85m 3.05% 3.50" 2.90%= 3.04
Cc 100% Vvheat flour 2.600 3.150 2.75hn 4.05% 2.70hn 3.05
D 0.5% HCl treated Ede uhie starch 2.65" 3.70%" 3.20" 3.05% 3.25 3.17
E 1.0% HCl treated Ede uhie starch 2.90%" 2.300 3.30 3.10% 3.30¢ 298
F 1.5% HCI treated Ede uhie starch 2.65" 3.25'm 3.754 3.95% 2.70hn 3.26
G 0.5% HCl treated Ede ocha starch 2.7Qhn 245" 2.70m 3.600" 2.80m 2.85
H 1.0% HCl treated Ede ocha starch 2.80¢ 3.150 3.35¢ 3.90* 2550 3.15
| 1.5% HCl treated Ede ocha starch 3.10Q9n 2.85m 2.75m 3.50" 2.80m 3.00
J 0.5 mL glucoamlylase treated Ede ocha starch 2.50% 2.45" 3.10% 4.60° 2.90% 311
K 1.0 mL glucoamlylase treated Ede ocha starch 2.35™ 3.45° 3.15% 3.80°° 3.20% 319
L 1.5 mL glucoamlylase treated Ede ocha starch 2.45" 455 3.40% 2.958n 3.250m 332
M 0.5 mL glucoamlylase treated Ede uhie starch 2.550n 3.10% 2.95" 2.45n 3.05% 2.82
N 1.0 mL glucoamlylase treated Ede uhie starch 2.809n 290" 290" 4.20° 2.809n 312
e} 1.5 mL glucoamlylase treated Ede uhie starch 2.65" 3.25m 3.954 3.30¢ 3150 3.26
Concentration means (Different levels of substitution) 2.67° 3.00° 3.13" 3.54° 2.92"

*Cookie means with different superscript down the row are significantly different (p<0.05), *concentration means with different
superscript in the same column are significantly different (p<0.05), *any cookie x concentration means with different superscript are
significantly different (p<0.05), LSD, - for any two cookie means = ns, LSD, - for any two concentration means =0.23, LSD, ;- for any

two cookie x concentration =0.91

The best sample in terms of the appearance of the
cookie was the 10% substitution level (1.0%HCI treated
Ede uhfe starch), while the least preferred of the cookies
were the 10% level (1.5 mL glucoamylase treated Ede
ocha) and the 20% level (0.5 mL glucoamylase treated
Ede ocha starch). This could be attributed to the cultivar
type used. Modification treatments of the cocoyam
starches did not alter their appearance but the pinkish
colour of the starch from Cultivar Ede uhie starch was
prefered.

Texture: There was no significant difference (p>0.035)
detected in the texture of the all the cookie samples
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(Table 7). But significant difference (p<0.05) existed at

the interaction between cookies and their different
substitution levels. The 0.5% HCI treated Ede uhie
starch and 0.5 mL glucoamylase treated Ede uhie starch
were most preferred to other cookies of different
substitution levels.
There were significant differences in cookies prepared
at different substitution levels. Cookies baked at 5, 10
and 15% levels were preferred in terms of their texture to
the other substitution range. This significant difference
in texture could be due to the effect of the modified
starches incorporated into the wheat flours which
improved the plastic-elastic properties of the cookie
dough.
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Table 7: Effect of levels of modification on the Texture of cookie samples

Cookies
Code Sample 5 10 15 20 25 means
A Native Ede uhie starch 3.20 3.35 3.05 2.45 3.50 311
B Native Ede ocha starch 2.85 245 3.20 2.95 3.45 2.98°%
Cc 100% Vvheat flour 3.05 3.40 3.90 3.25 4.55 3.63
D 0.5% HCl treated Ede uhie starch 275 3.05 3.05 3.20 2.60 293
E 1.0% HCI treated Ede uhie starch 3.60 2.50 3.15 3.45 3.30 3.20"
F 1.5% HCI treated Ede uhie starch 3.50 3.30 3.10 3.00 4.35 3.45%
G 0.5% HCl treated Ede ocha starch 3.10 255 2.95 3.20 3.45 3.05
H 1.0% HCl treated Ede ocha starch 3.25 295 3.40 2.90 4.40 3.38%
| 1.5% HCl treated Ede ocha starch 2.70 3.10 315 2.95 3.35 3.05
J 0.5 mL glucoamlylase treated Ede ocha starch 2.60 2.55 3.40 2.95 3.85 3.07¢
K 1.0 mL glucoamlylase treated Ede ocha starch 2.85 3.65 2.60 315 4.45 3.36%
L 1.5 mL glucoamlylase treated Ede ocha starch 2.65 355 310 3.00 3.60 3.18"
M 0.5 mL glucoamlylase treated Ede uhie starch 2.85 315 2.95 2.85 2.80 2.94
N 1.0 mL glucoamlylase treated Ede uhie starch 3.50 3.20 3.30 2.35 4.30 3.53%®
8] 1.5 mL glucoamlylase treated Ede uhie starch 290 3.50 3.50 3.40 4.55 3.57+®
Concentration menas (Different levels of substitution) 3.04° 3.08° 3.19° 3.07° 3772
*Cookie means with different superscript down the row are significantly different (p<0.05), *concentration means with different
superscript in the same column are significantly different (p<0.05), * any cookie x concentration means with different superscript are
significantly different (p<0.05), LSD, ;- for any two cookie means = 0.39, LSD, ;- for any two concentration means = 0.23, LSD, for
any two cookie x concentration = ns
Table 8: Effect of levels of modification on the flavour of cookie samples

Cookies
Code Sample 5 10 15 20 25 mean
A Native Ede uhie starch 2.60 3.20 2.95 3.15 2,70 292
B Native Ede ocha starch 2.80 3.05 3.30 3.85 3.30 3.26
Cc 100% Vvheat flour 2.60 3.55 3.45 4.40 3.35 3.47
D 0.5% HCl treated Ede uhie starch 2.60 325 3.25 3.80 3.65 331
E 1.0% HCl treated Ede uhie starch 2.95 240 3.60 4.35 3.40 3.34
F 1.5% HCl treated Ede uhie starch 2.60 3.20 3.25 4.10 3.30 3.29
G 0.5% HCl treated Ede ocha starch 2.45 3.20 2.85 3.90 3.05 3.09
H 1.0% HCl treated Ede ocha starch 2.25 3.50 3.20 4.95 3.30 3.44
| 1.5% HCl treated Ede ocha starch 2.85 330 3.25 3.70 2.95 321
J 0.5 mL glucoamlylase treated Ede ocha starch 2.65 3.30 3.65 4.30 2895 3.37
K 1.0 mL glucoamlylase treated Ede ocha starch 2.80 3.25 3.05 4.05 275 318
L 1.5 mL glucoamlylase treated Ede ocha starch 3.10 420 3.30 3.80 3.10 352
M 0.5 mL glucoamlylase treated Ede uhie starch 3.15 3.40 2.85 3.10 3.05 311
N 1.0 mL glucoamlylase treated Ede uhie starch 2.50 3.30 3.70 5.10 3.50 3.62
8] 1.5 mL glucoamlylase treated Ede uhie starch 245 3.55 3.80 425 3.80 357
Concentration means (Different levels of substitution) 2.69° 3310 329 4.06° 3.21°

*Cookie means with different superscript down the row are significantly different (p<0.05), *concentration means with different
superscript in the same column are significantly different (p<0.05), *any cookie x concentration means with different superscript are

significantly different (p<0.05), LSD,,; for cookie means = ns

Flavour: The results of the sensory evaluation for flavour
showed that there were no significant difference
{(p>0.095) in the flavour of the cookies and the interaction
between the cookie and their different substitution levels
(Table 8).

However, significant difference (p<0.05) existed among
the levels of concentration. The flavour of the cookies
baked at the 5% level of the substitution were better and
more liked by the members of the panel than those of
other substitution levels.

Acceptability: There were significant difference (p<0.05)
in the general acceptability if the cookies. Table 9 shows
that the most acceptable cookie was sample with 5%
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level of substitution (1.0% HCI treated Ede ocha starch)
while the least accepted was the 25% substitution level
(1.0 mL glucoamylase treated Ede uhie).

At the interaction between cookies and substitution
levels, samples with native Ede uhie starch, 0.5% HCI
treated Ede ocha starch and 0.5 mL glucoamylase
treated Ede uhie starch were the most accepted.. Also
significant difference (p<0.05) also occurred at the
different substitution levels. Cookies bhaked at 5%
substitution level was most preferred to other
substitution levels. This was closely followed by cookies
prepared at 10 and 15% substitution levels. Roberta and
Jovita (1986) ohserved that cassava and sweet potato
flour used at 50% level of substitution for cookie
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Table 9: Effect of levels of modification on the General Acceptability of cookie samples

Cookies

Code Sample 5 10 15 20 25 mean
A Native Ede whie starch 3.00° 3.40%° 3.15 2.55m 3.60" 314
B Native Ede ocha starch 2.05° 3.30% 3.35% 3.40% 4.05" 3.41%
c 100% YWheat flour 2.85" 3704 3.55M 3.80¢ 4.90* 3768
D 0.5% HCl treated Ede uhie starch 2.65™ 3754 3.55M 3.70¢ 2.80"° 3.29"
E 1.0% HCI treated Ede uhie starch 3.30% 2.55m 3.90° 4.05¢" 3.754 351
F 1.5% HCl treated Ede uhie starch 3.20" 3.45% 3.15" 3.45% 4,250 3.50%
G 0.5% HCl treated Ede ocha starch 2.80 3.05" 2.950 3.00° 3.90% 3140
H 1.0% HCI treated Ede ocha starch 2.45" 3.00° 3.55M 2.95° 5.25% 3.44*
| 1.5% HClI treated Ede ocha starch 3.15" 3.10° 3.10° 3.00° 3.959 3.26b*
J 0.5 mL glucoamlylase treated Ede ocha starch 3.00° 290K 4.00° 3.30% 4.10% 3.46%
K 1.0 mL glucoamlylase treated Ede ocha starch 3.15% 3,50 3.15¢ 3.80¢ 3.65' 3.45%
L 1.5 mL glucoamlylase treated Ede ocha starch 3.05" 4.50 3.45% 4.00% 3.500" 370
M 0.5 mL glucoamlylase treated Ede uhie starch 3.20° 3.40°° 3.05m 3.55% 3.00° 3.24
N 1.0 mL glucoamlylase treated Ede uhie starch 2.80% 3.35% 3.45% 4.05" 5.30° 3.81°
e} 1.5 mL glucoamlylase treated Ede uhie starch 3.30% 3.75¢ 3.75¢ 4.15¢ 3.959 3.78°
Concentration means (Different levels of substitution) 2.99° 3.38" 3.41° 3.52 3.99°

*cookie means with different superscript down the row are significantly different {p<0.05), *concentration means with different
superscript in the same column are significantly different (p<0.05), *any cookie X concentration means with different superscript are
significantly different (p<0.05), LSD, 4 for any two cookie means = 0.45, LSD, o, for any two concentration means = 0.26, LSD, ; for

any two cookie x concentration = 1.02

Weigh out all ingredients

Sift together the cocoyam starch and wheat flour with salt into a bowl

Rub in the fat with the finger tips until

@ mixture resembles breadcrumbs

Stir in the sugar, add the beaten agg to bind the ingredients

Blend the mixture together and knead gently to give a firm smooth dough

Roll our thinly to about 3 mm thickness (1/8 m) on a floured surface
Cut into rounds with cookies cutter and place on a well greased baking tray, prick with a fork

Bake in moderate hot oven at gas mark 4 for 15 min (180-200°C) until they are pale in colour

Remove from oven and cool oh racks

Remove portions for organoleptic and proximate analysis

{Source: Asumugha and Uwalaka, 2000)

Fig. 1: Flow diagram for the preparation of cookies

production were more acceptable to cookies baked with
100% wheat flour. Our result shows that cookies
produced with cocoyam starch will be highly marketable.

Conclusion: Modified starch of Xanthosoma sagittifolium
can be utilized as major raw materials for cookie
production. Studies show that modified starch from
cultivar Ede uhie produced starch with high water
absorption capacity and swelling index. Most of the
cookies preferred had native and modified starch from
cultivar Ede uhie which also performed well in the
functional and pasting properties.

Modification of cocoyam starch for use in the food
industry especially in cookies production should he
encouraged by the government as this will add variety
and also reduce level of oxalate in cocoyam. The use of
cocoyam starch in cookie production at 5 and 10% level
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of substitution with wheat flour should also be
encouraged since its starch is readily digestible, it will
be a very good substitute for children, diabetics and the
aged.

Government should encourage the substitution of some
part of wheat flour with cocoyam starch in the production
of snack products, this will help minimize the rate of post
harvest losses and encourage cocoyam cultivation.
Cocoyam has proved to be a good source of
carbohydrates for meeting the energy requirement in
human diets, including those of the aged, diabetics,
invalids. Efforts should be made to exploit its usage in
the bakery industry.

Research on cocoyam starch modification should also
be intensified in order to find new food applications and
to determine the potential of cocoyam starch as
substitute to other starches needed in food processing.
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