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ABSTRACT

The research is aimed at adding value to acha based biscuits using less known and underutilized
crops such as tigernuts. The objective of the study was to add value to acha based biscuits
Tiger(brown) seeds were sorted, washed and oven dried(45°C for 12hrs), milled(Attrition Mill) and
sieved.Acha grains were washed, destoned, dried(dSDC): milled and sieved. The tigernut flour was
substituted at 2, 4, 6, 8 and 10% into acha flour to produce tigernut-acha composite flour and
100% acha as the control sample, used for production of biscuits with the addition of other
ingredients (baking fat, baking powder, salt and water). Powdered date palm was used instead of
sucrose (sugar). Functional and pasting properties of the composite flour and chemical, physical
and sensory properties of composite biscuits were determined. Bulk density, oil absorption
capacity, swelling power, swelling index, and foaming capacity increased from 0.772 to 0.91, 0.64
to 0.68, 235 to 370%, 3 to 9, 5.56 to 10.53 and 5.566 to 10.105, respectively with an increase in
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attributes. Addition of tigernut flour
crispness and texture of acha-tigernut- biscuit .

Keywords: Tigernut-acha composite flour; biscuits.

1. INTRODUCTION

The search for lesser known and underutilized
crops, many of which are potentially valuable as
human and animal food has been intensified to
maintain a balance between population growth
and agricultural productivity, particularly in the
tropical and sub-tropical areas of the world. The
worsening food crisis and the consequent
widespread prevalence of malnutrition in
developing and underdeveloped countries have
resulted in high mortality and morbidity rates,
especially among infants and children in low
income groups [1].

The ‘wheat trap’, a general phenomenon in which
most food products are principally made from
wheat is one major constraint in biscuit
production. This has greatly increased the unit
cost of biscuits. The low production of high-
quality wheat flour in Nigeria and the banning of
importation of same by the Nigerian Government
have called for research into alternative local
sources of flour baking e.g. cassava, acha, millet,
sorghum etc. [2]

Acha, one of the cereals belongs to the family
Graminae and the sub — family Poaceae [3].
Acha (Digitaria exilis) originated in West Africa.
The plant acha, belongs to the
monocotyledonous family the graminae family.
As an annual grass, it is about 45cm height with
tiny, slightly elongated, yellow grains. It grows on
poor sandy soil, which often will not support the
growth of some of the more popular cereals [4]. It
is an important crop in Southern Mali, Western
Burkina Faso, Eastern Senegal North East
Nigeria and Southern Niger [5,68]. D. exilis is
commonly called acha, hungry rice or fonio
[7,8,9]. It was adopted by growers as a marginal
grain and forage crop due to its tolerance to soil
stress and seasonal droughts [3,6].

the added tigernut flour. Peak, tough. Break down, final viscosity and set back values decreased
from 1322 t0-925, 1049 to 803,270 to 122, 2677 to 2158 and 1628 to 1356RVA, respectively, with
an increase in the added tigernut flour. The spread ratio and break strength increased (5.2-5.9)
and decreased (0.515 to 0.315kg), respectively with an increase in the added tigernut flour. The
protein, ash, moisture and carbohydrate contents of the composite biscuits decreased from 6.04 to
522,212 to 1.96, 9.42 to 8.81 and 68.84 to 66.46% respectively, while the fat, crude fibre and
energy content increased from 13.58 to -17.57, 2.06 to 4.01% and 421.72 to 444.77callg,
respectively, with increase in added tigernut flour. The average means scores for taste, aroma,
colour, and general acceptability decreased, while an increase were observed for other assessed
improved the fibre, fat and energy content as well as the

Digitaria is a large genus and includes two
cultivated West African species, which include
Digitari exilis and Digitaria Ibura, the former
being very close to the Wild West African specie
Digitaria Longiflora [10]. White fonio is the most
widely used and can be found in farmer field from
Senegal to Chad. It is grown particularly on the
upland plateau of Central Nigeria as well as
neighbouring regions, which include Togo and
Benin Republic [11].

Acha is considered as one of the nutritious of all
grains; its seeds contain 8.79% protein and may
be up to 11.89% in some black fonio sample
[12,7,4]. The grains are rich in amino acids;
leucine (9.8%), methionine (5.6%) and valine
(5.8%) [12] and cysteine which are vital to human
health but deficient in today’s major cereals [11].
Acha grains contain substantial minerals (mostly
iron, calcium and phosphorus) about 5% dry
matter. The grains are commonly used in the
production of local foods( ‘Caoscaus’, ‘gwate’ or
‘Tuwo’) in some countries in West Africa [4],
and could be mixed with other cereal flours to
make cookies, as candy and fermented
beverages [3,13,14]. Acha grain could be a
substitute for semovita and other wheat products
such as spaghetti and other pastas [11,8].

Tigernut (Cyperus esculentus) is an underutilized
sedge of the family Cyperaceae which produces
rhizomes from the base and tubers that are
somewhat spherical [15]. The plant is not really a
nut but a tuber first discovered some 4000 years
ago [16]. It has other names like yellow
nutsedge, chufa, flatsedge, rush nut, water
grass, earth almond, and Northern nut grass [16].
It is known in Nigeria as aya in Hausa, ofio in
Yoruba and akihausa in Igbo [17].

Cyperus esculentus was reported as healthy and
helps in preventing heart attack, thrombosis and



activates blood circulation. It helps in reducing
the risk colon cancer, due to the high content of
soluble glucose [18]. The nut is rich in energy
content (starch, fat, sugars and protein), mineral
(phosphorus, potassium) and vitamins E and C
[18]. Cyperus esculentus is suitable for diabetic
persons and also helps in checking weight [19].
Tigernut contain fairly high content of fibre and
arginine(2-Amino-5-guanidinopentanoic  Acid) a
precursor of nitric oxide which causes blood
vessels to open wider for improved blood
flow, liberation of the hormones that produce
the insulin that could help in immediate
decomposition of sugar in the system,
hence making it a good meal for diabetes [20]
and prevention and treatment of many
including colon cancer, coronary heart diseases,
obesity, diabetic patient and gastrointestinal
disorders [21].

Tigernut flour could be a good alternative to
many other flours like wheat flour, as it is gluten
free and good for people who cannot take gluten
in their diets. It is also used in the confectionery
industry [18]. It is considered a good flour or
additive for the bakery industry, since its natural
sugar content is  fairly high, avoiding the
necessity of adding too much extra sugar [20].

The research is aimed at adding value to acha
based biscuits.

2. MATERIALS AND METHODS

2.1 Preparation of Materials

Tigernut seed used (brown) was obtained from a
local market in Wukari, Taraba State, while acha
grain(cream coloured) was purchased from Jos
Central Market, Jos, Nigeria. The acha grain was
washed using bowls to remove stones, adhering
dust and destoned using local calabash by
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sedimentation. The grain was sun-dried, milled
(attrition mill), sieved (45 pym mesh size) to
produce acha flour, hermetically packed (using
polyethene bag) and stored at 6°C. The tigernuts
were cleaned, sorted, washed, drained, dried in
an oven and grounded into flour. The flour
samples were passed through a 45 pm mesh
size sieve and stored at 4°C until required for
use. Date palm was purchased from Wukari Old
Market, Wuakari. The seeds were removed,
dried (45°C for 12hrs), milled, sieved and packed
in polyethylene bag.

2.2 Production of Tigernut-acha Com-
posite Flour

The tigernut flour was substituted (2, 4, 6, 8,
10%) into acha flour and mixed using kenwood
blender to produce acha-tigernut composite
flour.

2.3 Production of Biscuits

The recipe (Table 1) was used. The Oyewole et
al. [22,9] method of biscuit production was
slightly modified and adopted (Fig. 1). The date
palm flour was beaten into fat using a Kenwood
mixer at medium speed until it becomes fluffy.
The acha-tigernut composite flour, baking
powder and salt with liquid milk were slowly
added into the fluffy date palm-fat mixture and
mixed until a uniform smooth paste was
obtained. The paste was rolled on a flat ciled
rolling board forming a uniform thickness of 0.4
cm using a wooden rolling pin. Circular biscuits
of 4.0 cm diameter were cut (using a biscuit-
cutter), placed on a greased baking tray and
baked at 160 C for 15 min (BCH- Rotary oven,
Great Britain). The biscuit was allowed to cool
down (to about 32 C) and hermetically sealed in
polyethylene bag.

Table 1. Reciepe of tigernut-date palm-acha composite biscuits

Material Samples
A B [ D E F

Acha flour (%) 100 98 96 94 92 90
Tigernut flour (%) 0 2 4 6 8 10
Date palm flour (%) 30 30 30 30 30 30
Baking fat (%) 50 50 50 50 50 50
Baking powder (%) 1.5 1.5 15 1.5 1.5 1.5
Salt (%) 1.5 1.5 1.5 1.5 1.5 1.5
Water(ml) 10 10 10 10 10 10
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Weighing of the raw materials(acha, tiger-nut flour, date palm,
baking powder, salt, baking fat)

Blending the date palm flour into the baking fat(using Kenwood blender)

Mixing other ingredients’(acha-tigemnut flour blend)

Kneading

Cutting {tlscun cutter)

Baking(170°C for 15mins and then at 210=C for 20mins)

Cooling(to atmospheric temperature 35°C)

Packaging

Fig. 1. Production of Acha-tigernut biscuits (modified Oyewole et al. [22,9] method)

2.4 Determination of Functional Pro-
perties of Acha-tigernut Composite
Flour

2.4.1 Water and oil absorption capacities

Water and oil absorption capacities of the flour
samples were determined by Beuchat [23,24]
methods. One gram of the flour was mixed with
10 ml of water/oil in a centrifuge tube and
allowed to stand at room temperature (30 £ 2C)
for 1 h. It was then centrifuged at 200 x g for 30
min. The volume of water or cil on the sediment
water measured. Water and oil absorption
capacities were calculated as ml of water or oil
absorbed per gram of flour.

2.4.2 Foam capacity and foam stability

The method described by Narayana and
Narasinga [25] was used for the determination of
foam capacity (FC) and foam stability (FS). Two
grams of flour sample was added to 50 ml
distilled water at 30 + 2 C in a 100 ml measuring
cylinder. The suspension was mixed using glass
rod and properly shaken to foam and the volume
of the foam after 30 s was recorded. The FC was
expressed as a percentage increase in volume.

2.4.3 Bulk density

A 50 g flour sample was put into a 100 ml
measuring cylinder. The cylinder was tapped
continuously until a constant volume was
obtained. The bulk density (g cm-3) was
calculated as weight of flour (g) divided by flour
volume (cm’) [26].

2.4.4 Swelling capacity

This was determined by the method described by
Narayana and Narasinga [25] with modification
for small samples. One gram of the flour sample
was mixed with 10 ml distilled water in a
centrifuge tube and heated at 80°C for 30 min.
This was continually shaken during the heating
period. After heating, the suspension was
centrifuged at 10,000 rpm, decanted and the
paste weighed. The swelling power was
calculated as indicated below. : swelling power =
weight of the paste/weight of dry flour.

2.4.5 Pasting property

The pasting properties were determined using
Rapid Visco Analyser (RVA) [27]. 3.5 g of the
flour sample was weighed and dispensed into the
test canister,25 ml of distilled water was added,



mixed thoroughly and was analysed using
the RVA using the manufacturer recommended
parameters.

2.5 Analysis of Biscuit

2.5.1 Physical

The weight and the diameter of the baked biscuit

were determined using weighing balance
(Santual electronic weighing balance) and
measurement  with a  calibrated  ruler,

respectively. The spread ratio was determined
using the method of Gomez et al. [28]. A column
of five well-formed biscuits were made and the
height was measured. Also the same was
arranged horizontally edge to edge and the sum
diameter was measured. The spread ratio was
calculated as diameter/height.

The break strength of the biscuit was determined
using the method of Okaka and Isieh [29].
Biscuit of known thickness (0.4 cm) was placed
between two parallel wooden bars (3 cm apart).
Weights were added on the biscuit until the
biscuit snapped. The least weight that caused
the breaking of the biscuit was regarded as the
break strength of the biscuit.

2.5.2 Chemical properties

The moisture content (hot air oven method), fat
(soxhlet extraction method), ash, and protein
were determined using the methods of ACAC
[30]. The carbohydrate content was determined
by simple difference while calorie value was
estimated using Atwater factors by multiplying
the proportion of protein, fat, and carbohydrate
by their respective physiological fuel values of
4,9 and 4 keallg, respectively, and taking the
sum of the products [31].

2.5.3 Organoleptic properties

The sensory evaluation of the samples was
carried out for consumer acceptance and
preference using 20 randomly selected untrained
judges (students and staff of the Department of
Food Science and Technology, Federal
University Wukari Nigeria). Nine points Hedonic
scale (1 and 9 representing “ extremely dislike”
and “ extremely like”, respectively was used for
the preference test. Qualities assessed include
colour (crust and crumb), odour, taste, texture
(crumb and crust) and general acceptance.
Coded samples of the same size and
temperature (30 C) were served in a coloured
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(white) plate of the same size to judges in each
panel cupboard under the fluorescent light; only
one sensory attribute was tested at one sitting.
Unless  otherwise  maintained all  the
measurement were made in triplicate and the
values represented the average of the three
measurements.

2.6 Statistical Analysis

All data obtained from various analyses were
subjected to Analysis of Variance (ANOVA) using
Statistical Package for Social Sciences (SPSS)
version 16.0. Means were separated with
Duncan Multiple Range Test (DMRT) at 95%
confidence level (p=0.05).

3.RESULTS AND DISCUSSION

3.1 Functional Property of Tigernut-acha
composite Flour

The effect of the added tigernut flour on the
functional property of tigernut-acha composite
flour is shown in Table 2. The bulk density and
water absorption capacity decreased from
0.475+00 to 0.433+00 g/100 g and 1.06+.03 to
0.98+00 g/em3, respectively with an increase in
the added tigernut flour. The decrease in the bulk
density with added tigernut flour which could be
related to its high fibre content could reduce the
heaviness of the composite flour and that of the
products and consequently the transportation
costs and post handling of the same. The loose
density, oil absorption capacity, swelling power,
swelling index and foaming capacity increased
from 0.722+.01 -0.791+.00, 0.64+.06 — 0.68+.00,
235.33% 2.52 - 271.60+.00%, 3+.00 - 9.33£.58,
and 5.566+.3 — 10.53+.01%, respectively with an
increase in the added tigernut flour. Foam
stability (Fig. 2), showed a relative stability at 4%
added tigernut flour and decrease on further
addition (4 — 1 min) with an increase in whipping
duration(10-60 sec).

Water absorption capacity describes flour-water
association ability under limited water supply.
The result suggests that added tigernut could
increase the baking application of the tigernut-
acha composite flour e.g cookies [32]. The
relatively low increase in the oil absorption
capacity could be due to low hydrophobic
proteins which shows superior binding of lipids
[33]. The increase in the oil absorption capacity
could improve flavour retainer in tigernut-acha
composite products. The increase in the forming
capacity with added tigernut flour could be due to



the soluble protein content [25] and the amount
of polar and non-polar lipids in a sample [34].
The increase in the foaming capacity could
improve the composite flour application in ice
cream and foam mat biscuits industries.

3.2 Pasting Properties of Acha-tigernut
Composite Flour

The peak, tough, break down, final viscosity and
set back of the tigernut-acha composite flour
decreased from 13223358 to 925.33%58,
1050.33£1.53 to 803.33£58, 272.00+1.73 to
122.00£00, 2677.67+58 to 2158.33:x29 and
1628.33£58 to 1357.57+38RVA, respectively,
with an increase in the percentage of
added tigernut (Table 3). The decrease in the
peak viscosity could be due to the high level of
fibre and low carbohydrate level of the added
tigernut.

The added tigernut flour decrease the hold-
period (trough) of the samples. It is an indication
of breakdown or stability of starch gel during
cooking [35]. The hold-period sometimes called
holding strength, hot paste viscosity or trough
due to the accompanied breakdown in viscosity
is a period when the sample was subjected to
constant temperature and mechanical shear
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stress. It is @ minimum viscosity value in the
constant temperature phase of the RVA profile
and measures the ability of paste to withstand
breakdown during cooling [27].

The decrease in the breakdown value could be
attributed to the relatively high fibre content,
which could decrease the stability of the food
product when stored at high temperature. The
higher the breakdown value the higher the
ability to remain undisrupted when subjected to
long period of constant high temperature and
ability to withstand beak down during cooking
[38].

The decrease in the set back value due to the
higher fibre content could be an advantage in the
improvement of the digestibility and lower
tendency for retrogradation of tigernut composite
food products. Higher set back values are
synonymous with reduced dough digestibility [37]
while lower setback during the cooling of the
paste indicates a lower tendency for
retrogradation [28]'.

The decrease in the final viscosity could be due
to the relatively high fibre value of the added
tigernut with subsequent negative effect on the
quality of starch [38].

Foaming stability[min)
[*8)

4 » 4
// \A‘i == 10sec whiping duration
L L

—— 20sec whipping duration

40sec whipping duration

VA/7AN

== H0sec whipping duration

0] 2 4 6

Tigernut flour{%)

Fig. 2. Effect of added tigernut flour on the foam stability
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Table 2. Effect of added tiger-nut flour on the functional property of acha based biscuits

Acha Tiger-nut Bulk Loose Oil absorption  Water absorption  Swelling Least conc. for Foaming Swelling
flour (%) flour (%) density density capacity capacity index gelatination capacity power
100 0 0.47+00a 0.71x01d 0.59+.08b 1.03+.03b 3.00+.00¢ 19.67+.58a 5.54+.03s  232.33£2.52e
98 2 0.47+.00a 0.72+02d 0.65+.01a 1.05+.01a 3.67+.58¢c 18.33+.58b 6.26+.00d  251.67+.58d
96 4 0.46+.00b 0.74+.00c 0.64+.01a 1.05+.01a 4.67+.58bc 18.33+.58b 7.27+.01c 262.67 +.58¢
94 6 0.46+.00c 0.74+.00c 0.65:.01a 1.01+.01bc 6.00+.00b 18.00+.00b 8.94+.04b  266.33£.58b
92 8 0.44+00d 0.77+.00b 0.66+.01a 1.00+.00¢ 7.00+.00b 18.00+.00b 8.93+.58b  269.33+.58a
90 10 0.43+£.00e 0.79+.00a 0.68+.00a .98+.00d 9.33£.58a 16.33+.58¢ 10.53t.01a  271.00 £.00a

Average means scores with the same alphabet in the same column are not significantly different, p=0.05

Table 3. Effect of added tiger-nut on the pasting properties of acha based biscuits

Acha Tigernut Peak Trough | Break dowm Final viscosity Set back viscosity Peak time Pasting
flour (%) flour (%) viscosity viscosity (Min) temperature(°C)
100 0 1322.33£.58a  1050.33£1.53a 272.00+1.73a 2677.67+.58a 1628.33t.58a 5.57+.06ab 83.13z.06bc
98 2 1242.33£.58b  1012.33£.58b 230.33+.58b 2677.33+.58a 1665.33+.58b 5.61+.06a 83.18+.02b
96 4 1159.33£.58c  952.67+.58¢c 207.33+.58¢ 2571.33+.58b 1619.33+.58¢ 5.55+..08b 83.132.06bc
94 6 1100.16+.29d  925.33+.58d 180.33+.58d 2506.00+.00c 1580.57+.38d 5.57+00ab 82.83+.06d
92 8 980.33+.58e 837.33+£.58e 144.00+.00e 2281.33+.58d 1445.33+.58e 5.55+.06b 83.09+.08¢c
90 10 925.33z.58f 803.33+.58f 122.00+.00f 2158.33+.2%e 1356.57+.38f 5.53+.00b 83.51£.01a

Average means scores with the same alphabet in the same column are not significantly different, p=0.05



3.3 Physical Property of Tigernut-acha
Composite Flour

The spread ratio increased (5.20 + .00 to 5.93
+.06) while the break strength decreased (0.57
+.00 to 0.32+.00 kg) with increase in the added
tigernut flour (0-10%) (Table 4). The increase in
the spread ratio could be due to high fibre
content of the tigernut, which could decrease the
viscosity of the paste prior to baking. The
decrease in the break strength could be caused
by the increase in the fibre content resulting in
weakening of the bond between the
carbohydrates-carbohydrates and carbohydrate-
protein molecules [39].

3.4 Chemical Composition of Tigernut —
acha Composite Biscuit

The effect of the added tigernut flour on the
chemical composition of tigernut-acha composite
biscuit is shown in Table 5. The protein, ash,
moisture and carbohydrate contents decreased
from 6.04+.01 to 5.20+.01, 2.12+.01 to 1.97+.02,
9.41+.01 to 8.82+£.02, 68.84+.01 to 66.46+.00%
respectively while the fat, crude fibre and the
energy calorie content increased from 13.57+.01
to 17.54+.05%, 2.06+.01 to 4.01+.00% and
421.71+.01 to 444.78+.01cal/g, respectively with
an increase in the added tigernut flour.

The decrease in moisture content with increase
in the added tigernut could have a positive effect
on the shelf life stability, as moisture could lead
to product spoilage due to oxidation reaction [24].
There was a progressive increase in the fat
content with increase in added tigernut. This may
be due to the higher level of fat (32.88%) in
tigernut flour [40]. A fat content of 7.7 — 17.3%
was reported by Ade-Omowaye et al. [41]. The
fat content (13.57+.01- 17.54+.05%) of the
samples were higher than the recommended
value Protein Advisory Group (PAG) weaning
food [41,42]. Hence, partial defatting of the
tigernut flour before utilization might yield a better
result, though fat is important in the infant diet
because it contains essential fatty acids which
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promote good health. It is also a carrier of fat-
soluble vitamins promoting the absorption of
vitamin A and carotene [19].

Fiber content increased with increase in the
addition of tigernut flour. The value of fiber
obtained was within the recommended Protein
Advisory Group (PAG) of 5%. Ade-Omowaye et
al. [41] reported a fiber value of 0.8-3.2% for
wheat and tigernut composite bread. The fiber
content of the samples was higher than reported
by Akapo et al. [43,44,45,46,47]. Dietary fiber is
reported to have some beneficial effects on the
muscles of the large and small intestine [48]. It is
well known that soluble fibres generally increase
transit time through the gut, slow emptying of the
stomach and slow glucose absorption [49,50].
Tigernut tubers have high dietary fibre content
[51], so they may play a major role in lowering
blood glucose level. This observation supports
an earlier hypothesis that the tuber may be
important for diabetics and those seeking to
reduce weight [52]. However, a higher fibre diet
is believed to have some adverse effect on
mineral elements in the body [53].

3.58ensory Quality of Acha-tigernut
Composite Biscuit

The average means scores for taste, aroma,
colour, mouthfeel and general acceptability
decreased from 5.89 + 04 - 522+ 31, 6.06
10 - 5.05+.07 ,6.83+ .04 -6.08+.11,5.95+ .07
- 503 .04 and 5.98 .74 - 6.00£.00 while the
crispness and appearance increased from 6.35
+07- 675+ 07and 560 +00- 6.05=zx .07,
respectively, with the increase in the percentage
of added tigernut flour(Table 6). The increase in
the crispness could be due to the increase in the
fibre content which agrees with the finding of Ayo
et al. [54]. The decrease in taste and aroma are
not significant, p=0.05, however at 8% and
above of added tigernut, a significant effect
was observed for other assessed parameters.
Generally, the products were fairly acceptable
(5.98 = .74 - 6.00+£.00).

Table 4. Effect of added tiger-nut flour on the physical properties of acha based biscuits

Acha flour (%) Tigernut flour (%) Spread ratio Break strength(kg)
100 0 5.20 + .00f 0.57 +.00a

98 2 525+ .00e 0.52+.00b

96 4 5.30+.00d 0.47+.00c

T94 6 5.43 +.06c 0.37+.002d

92 8 5.70 +£.006b 0.34+.00e

90 10 5.93 +.06a 0.32+.00f

Average means scores with the same alphabet in the same column are not significantly different, p=0.05



Ayo et al; AFSJ, 1(3)7 1-12. 2018; Article no. AFSJ.39644

Table 5. Effect of added tigernut on the proximate composition acha based biscuits

Acha flour (%) Tiger nut flour (%)  Protein (%) Fat (%) Ash (%) Moisture (%) Carbohydrate (%) Energy callg Fibre (%)
100 0 6.04+.01a 13.57+.01f 212:.01a 9.41+.01a 68.84+.01a 421.71£.01f  2.06+.01f
.98 2 5.87+.00b 14.21+.01e 2.08£.00b 9.02+.01 68.83+.00b 426.83+.16e  2.62e+.01d
96 4 5.45+.00c 15.06+.00d 2.06+.00c 8.88+.01 68.55+.01¢c 431.89+.60d  3.22+.00c
94 6 5.36+.00d 16.22+.01¢c 2.01+.01d 8.88+.01 67.53+.00d 437.55+.01c  3.17+.01d
92 8 5.21+.00e 17.49+.01b 2.00+.00d 8.84+.00 66.46+.00e 444.09+.00b 3.63+.00e
90 10 5.20+.01f 17.54+.05a 1.97+.02e 8.82+.02 66.46+.00e 44478+.01a  4.01+.00f
Average means scores with the same alphabet in the same column are not significantly different, p=0.05
Table 6. Effect o f added tigernut flour on the sensory quality of acha-tigernut biscuits
Acha flour (%)  Tigernut Flour (%) Taste Aroma Colour " Crispness Appearance  Mouth feel Gen accept
100 0 5.89 £ .04ab 6.06+.10a 6.83x .04a 595+ 07bc 6.35 +.07b 5.60 +.00d 598 +.74a
98 2 6.02 £ .03a 622+ 18a 6.65x.07a 6.15¢ .07ab 6.43+ .04b 6.02 £ .04c 6.42 +.04a
96 4 595 +04ab 623+ .04a 643tb.04db 635+ 07a 6.38%x .11b 573+.04b 6.32 +04a
94 6 5.73+ .0dab 550+ .14b 6.38 +11b 5.88+ .18bc 6.30+ .07b 5.98 + .04a 6.28 + .04a
98 8 563+ .01b 533+.04b 590 £14c 568+ .18c 6.90+ .14a 5.48 + .04a 6.03+.04a
90 10 5.22+ 31c 5.05+.07¢ 6.08+ .11c 503+ .04c 8.75+ .07a 6.05+.07a  6.00+ .00a

Average means scores with the same alphabet in the same column are not significantly different, p=0.05



4. CONCLUSION

The use of acha and tigernut composite flour in
the production of biscuits with improved
nutritional and sensory quality without adversely
affecting most properties or characteristics is
possible. The fat, fibre and energy content of the
acha(13.57+  0.01, 206 +01% and
421.71+.01callg respectively) was relatively
improved to 17.54+ .05, 4.0+ .00% and 444.75%
.O1cal/lg on addition of 10% tigernut flour.
Biscuits prepared from such composite flour
could help in combating protein-energy
malnutrition; have the potential as a functional
food especially for celiac, diabetic and obese
patients considering the relatively slow
digestibility of acha starch and high crude fiber
contents of the blend than 100% acha flour
biscuits.

COMPETING INTERESTS

Authors have declared that
interests exist.

REFERENCES

no competing

1. Enujuigha VN, Akanbi CT. Composition
changes in African oil bean (Pentaclethra
macrophylla Benth) seeds during thermal
processing. Pak. J. Nutr. 2005;4:27-31.

2. Ayo JA, Gidado FE. Physicochemical,
phytochemical and sensory evaluation of
acha-carrot flours blend biscuit current.
Journal of Applied Science and
Technology. Article no. CJAST.38142
Previously known as British Journal of
Applied Science & Technology. ISSN:
2231-0843, NLM ID: 101664541 2017,
25(5):1-15.

3. Pablo JM, Richard JO, Julio C, Fransisco
T. Digitaria exilis as a crop in the Dominica
Republic. 2003;51-53.

4. Jideani |A, Akingbala JA. Some
physiochemical properties of Acha
(Digitaria exilis Staph) and Iburu (iburua) A
review. Plant Foods Human Nutr. 1993;
54:363-374.

5. Ayo JA, Nkama |. Effect of acha flour on
the quality of bread. International Journal
of Food Properties. 2004;7(3):561-569.

B. Ayo JA, Nkama |. Acha in West Africa
International  Journal of Food and
Agriculture. 2006;1(1):129-144.

7. National Research Council (NCR). Lost
Crops of Africa. National Academy Press
Washington DC. 1996;1:58-71.

20.

Ayoetal. AFSJ, 1(3): 1-12, 2018, Article no AFSJ.39644

Jideani IA. Acha (D.exillis) the neglected
cereal. Agriculture International.
1990;42:5.

Ayo JA, Kajo N. Effect of soybean hulls
supplementation on the quality of acha
based biscuits. American Journal of Food
Nutrition. 2016;6(2):49-56.

Irvine FR. West African Agriculture 3 Ed.
Oxford University. 1979;2:234.

Axtiel J, Norman EB. Lost crop of African
Grain (1) board on science and
Technology for international development,
National research council assoc. lationof
Official Analytical Chemist Washington DC
USA. 1996;345-350.

Temple WJ, Bassa DJ. Proximate
Chemical Composition of Acha (Digitaria
exilis) grain J.Sci. Food Agri. 1981;56:561—
564.

Gibbon D, Pain A. Crops of the driver
region of the tropics. Longman ELBAS,
publisher Essex U.K. 1985;77-80.

Ayo JA, Nkama |. Effect of acha grain flour
on the physical and sensory quality of
biscuit. Nutrition and Food Science. 2003;
33(3):125-130.

Cortes C, Esteve M, Frigola A, Torregrosa
F. Quality characteristics of horchata (a
Spanish vegetable beverage) treated with
pulsed electric fields during shelf life. Food
Chemistry. 2005;9(12):319-325.

Lowe DB, Whitewell T. Yellow nutsedge
(Cyperus esculentus) management and
tuber reduction in Bermuda grass turf with

selected herbicide programmes. Weed
Technology. 2000;14:72-76.
Ayo JA, Adedeji OE, Ishaya G.

Phytochemical composition and functional
properties of flour peoduced from two
varities of tigernuts. FWU Trends in
Science and Technology Journal (Federal
University Wukari based Journal). 2016;
1(1):261-266.

Belewu MA, Abodurin OA, Preparation of
kuunu from unexploited rich food source,
Tigernut (Cyperus esculentus). Pak. J.
Nutr. 2006;7:109-111.

Bogert JL, Briggs GM, Galloway, DH.
Nutritional and Physical fitness. Int. Food
Se. Nutri. 1994;45:225-230.

Anderson JW, Smith BM, Gustafson NJ.
Health benefits and practical aspects of
high fibre diets. Am. J. Clinical Nutr. 1994;
59:12425-12478S.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Adejuyitan JA. Tigernut processing: lts
food uses and health benefits. American
Journal of Food Technology. 2011;3:197-
201.

Oyewole OB, Sani LO and Ogunjobi MA.
Production of Biscuit using cassava flour.
Nigerian Food Journal. 1996;14:24-29.
Bassey F. Chemical compesition, funtiona
properties and shelf life sudy of weaning
food processed from cooking banana.
Unpublished PhD Thesis, University of
Calaba, Niggeria; 2004.

Narayana K, Narasinga MS. Functional
properties of raw and heat processed
winged bean flour. J. Food Sci. 1982;47:
1534-1538.

Okaka JC, Potter NN. Physicochemical
and functional properties of cowpea
powders processed to reduce beany
flavour. J. Food Sci. 1979;44:1235-1240.
Newport Scientific. Application manual for
the rapid visco analser using thermocline
for windows. New Scientific Pty Ltd, %
Apollo Street, Warriewood NSW 2102,
Australia. 1998;22.

Gomez MI, Obilantan AB, Martin D,
Madvamase T, Manyo ES. Grain quality
evaluation in manual of lab procedure for
quality evaluation of sorghurm and peal
millet tech manual No 2 international crop
research institute for the semi aid crops
(ICRISAT). 1997;78-1086.

Sandhu KS, Singh N, Malhi NS. Some
properties of corn grains and their flours:
Physiochemical. Functional and chapatti-
making properties offlours. Food Chem.
2007;101:938-946.

Okaka JC. Cereals and legume storage
and Processing Technology. Data and
Micro System Publishers Enugu Nigeria.
1997;133.

Association of official analytical chemists
(AOAC). Official methods of Analysis.
Association of official chemists, 15th Edn.,
Association of official analytical chemists,
Washington DC. 2005;10-30.

Eneche EH. Biscuit making potential of
millet/pigeon pea flour blends Plant Foods
Hum. Nutri. 1999:54:21-27.

Chinma CA, Igbabul BD, Omotayo QO.
Quality characteristics of cookies prepared
from unripe plantain and defatted sesame
flour blends. American Journal of Food
Technology. 2012;7(7):398-408.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ayoetal. AFSJ, 1(3): 1-12, 2018, Article no AFSJ.39644

Kinsella JE. Functional properties of
protein foods. Crit., Rev. Sci., Nutri., 1976;
1:219-229

Nwakolo E. Nutritional quality of the seeds
of the African beadfruit 9 Treculia Africana
Decne. Trop. Sci. 1985;27:39-47.

Zaidhu 1, ISM, Hiroakai Y, Sun-Ju. K,
Naoto N, Takahiro N. RVA Study of
mixtures of wheat flour and potato

starches with different phosphorus content.
Food Chemistry. 2006;101.

Akanbi TO, Nazamid S, Adebowale AA.
Functional and pasting properties of
tropical bread fruit starch from lle Ife
Nigeria, Intern. Food Reser. Journal. 2009;
16:151-157.

Shittu TA, Lasekan QO, Sanni, LO,
Oladosu MO. The effect of drying methods
on the functional and sensory
charactristics of pukuru-a fermented
cassava product. ASST-An Itern. J. 2001;
1(2):9-16.

Brooks MA, Schizsach U. Food Science
and Technology, Abstracts. International
Food Info Services (IFIS). 1999;4(70).67-
74.

Adejuyitan JA, Otunola ET, Akande EA,
Bolarinwa IF, Oladokun FM. Some
physicochemical properties of flour
obtained from fermentation of tigernut
(Cyperus esculentus) sourced from a
market in Ogbomoso. Nigeria. Afr. J. Food
Sci. 2009;3:24-35.

Addy EO. Eleshola E. Nutritive value of a
mixture of tigernut tubers and bbaobab
seeds J. Science Food Agric. 1985;35:
437-440.

Ade-Omowaye BTO, Akinwade BA,
Bolainwa IF, Adbuyi A. Evaluation of
tigernut  (Cyperus esculentus), wheat
composite flour and bread. African Journal
of Food Science. 2008;2:87-91.

ljarotimi OS, Keshinro OO. Formulation
and nutritional quality of infant formula
produced from germinated popcorn,
bambara groundnut and african locust
bean flour. Journal of Microbiology,
Biotechnology and Food Sciences. 2012;
1(6):1358-1388.

Akapo SO, Oguntade AT, Ogundare OF.
Nutritional Evaluation of Foods formulation
prepared from soybeabn, sorghum and
cray fish. Nigerian Food Journal.
1995;13:1-2.



44.

45.

48.

47.

48.

49.

Sheikah 1A, Aslam M, Adil R. Preparation
and nutritional evaluation of weaning food
based on whaet, rice and soybean
(Soylac). Pakistan Journal of Science
1986;129:151-154.

Abbey DW, Mark BT. Nutritional quality of
weaning foods prepared from composite
flour of maize, unfermented and
germinated cowpea. Nutritional Report
International. 1988;38(9):519-526.
Sofowora EA. Medicinal plants and
Traditional Medicine in Africa. Ibadan
Oweri — Kaduna-Lagos Specrum Books
Limited. 1993;159-238.

Oladele KA, Osundahunsi FO, Adebowale
AY. Influence of processing techniques on
the nutrients and antinutrients of tigernut.
World Journal of Dairy and Food Sciences.
2009;4(2):88-93.

Fisher P, Bender AE. The value of food.
Oxford University Press. England. 1977;
45-56.

Swaminathan M. Essentials of blood and

nutrition. The Bangalore Printing and
Publishing Co. Ltd. Delhi India. 2002;1:
345.

50.

51.

52.

53.

54.

Ayoetal. AFSJ, 1(3): 1-12, 2018, Article no AFSJ.39644

Chukwuma ER, Obioma N, Christopher OI.
The phytochemical composition and some
biochemical effects of Nigeria Tigernut

Tuber. Pakistan Journal of Nutrition.
2010;9(7):709-715.
Umerie SC, Okafor EP, Uka AS.

Evaluation of the tubers and oil of Cyperus
esculentus.  Bioresource  Technology.
1997:61:171-173.

Kordylas JM. Processing and preservation
of tropical and subtropical food. J. Agric.
Food Tech. 1990;13:28-40.

lkpeme CA, Ekpeyoung 10, Igile GO.
Nutritional and Sensory characteristics of
an infant food sbased on soybean seeds
and Tigernut tubers. British Journal of
Applied Science and Technology. 2012;
2(4):356-366.

Ayo A, Nkama |, Ibrahim A. Effect of acha
flour on feed intake, body Weight,
haematological and nutritional quality of
rabit. Journal of Research in Bioscience.
2007;3(3):76-83.

© 2018 Ayo et al; This is an Open Access arlicle distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
hitp://prh.sdiarticle3.com/review-history/23829




