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ABSTRACT

Objective: The study explored the potential of tigemut and pigeon pea flour blends in the preparation of

iscuits.
Rhlcrials and methods: Tigernut and Pig
blends. The chcn'.ncal composition of the
vitro (starch and’ protein) digestibility, ph
using standard methods.

con pea seeds were processed into flour and formulated into
ours and biscuits prepared from the flour blends as well as in-
ysical and scnsory propertics of the biscuits werc evaluated

Results: The chemical composition such as protein, moisture, fat, ash, crude fiber, ash, cncrg(v, iron,
calcium, zinc and phosphorus contents of composite biscuits ranged from (11.64 10 17.81%), (4.11 to

6.03%), (12.80 to 18.40%). (2.43 (o 3.63%), (3.8]1 10 4.95%),
3.81mg/100g), (60.15 to 87.69mg/100g), (0.50 to l.27mg/l(§0 ) and (223.19 10 248.17m
mﬁcamlI}([z 0.05) higher than 100 % W%

: tarch digestl to 44.18 %) than 100 % wheat flour biscuit (57.25 %) as well as
high protein digestibility (60.20 to 71.57 %). Biscuits prepared from tigernut and pigeon pea fl

blends were si niﬁcam:?' (i 0.05) higher in width and spread ratio than control samples while their
with increase in pigeon pea flour addition. There were no significant g0.05)

respectively and were si
had poor starch digestibility (25.

break strength decrease

(437.8410 453.36kcal) , (3.18 10
2/100g)
heat biscuit. The compositc biscuits

our

differences in appearance, flavour, crust colour and overall acceptability between composite biscuits and

control.

Conclusion: This study reveals that tigernut and pigeon pea flour could be used in the production of

nutritious biscuit and confirms their

tential as a functional food especially for diabetic and obese

patients due 1o their low starch and high protein digestibility.
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INTRODUCTION

Biscuits arc a popular foodstuff consumed by a
< wide range of populations due to their varied taste,
long shelf life and relatively low cost. Biscuit is a
well-known product; it is catcgonized as a
miscellancous food product. It consists of three
major components: flour, sugar, and fat, which
compose biscuit dough and influence the quality of
the final product (1).

Due 1o increased demand for functional products,
altempts are being made to improve the nutritive
value and functionality of biscuits by modifying
their nutritive composition. This involves the use
of non-wheat flour with attempt to increasc the
protein content and quality of biscuits (2. 3) and
Overcome the problems of high cost of wheat flour
due 1o jts importation in Nigeria and other
countries whose climates arc unfavourable for
Wheat culfivation. These limitations have prompted
the search for available or underutilized crops with
functional attributes to be incorporated as

composite flours for the production of baked
products.

Tigemut (Cyperus esculentus) is a wber crop that
belongs to the family Cwperaceae which is
cultivated throughout the world and is widely
found in the Northem parts of Nigeria. It has been
found to contain appreciable quantitics of the fatty
acids; myristic acid, oleic acid, linolcic acid (45.
Consumption of tigemuts helps in the prevention
of heart attacks, thrombosis by enhancing blood
circulation as well as assisting in reducing the risk

“of colon cancer (5). Tigermuts are rich in enerev

yielding nutrients (starch, fat. sugars and protein).
mineral {phosphorus, potassium) and vitamins E
and C (5). Tigemut is valued for its higli dictan
fiber content (6). The inclusion of flour rich in
dictary fiber in biscuit dough is useful iy
manipulating the rate of starch degradation o
biscuits during digestion. and may not necessarily

%
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. affect the starch and protein matrix necessary for

good biscuit quality (7). Comsequently, tigemut
ﬂpur has been considered by many researchers as a
highly valuable ingredient with tremendous
potential in designing functional food products
(8,9). Pigeon pea (Cajanus cajan) is a widely
cultivated legume in Nigeria and in other tropical
countries (10). Pigeon pea contains 20-22 %
proteins, 1.2 % f(at, 65 % carbohydrate and 3.8 %
ash (11). The mineral content and amino acid
profile of pigeon pea compares closely with that of
soybean except in methionine content (12, 13).
From literature review, there is scanty information
about any attempt to produce fortified protein
biscuits by using tigemut and pigeon pea flour
blends. The objectives of the study were to
evaluate the proximate composition of tigernut and
pigeon pea flour blends as well as the
physicochemical, physical, sensory properties and
in-vitro digestibility of biscuits prepared from the
blends.

MATERJIALS AND METHODS

Source of raw material
Three kilograms each of fresh tigermut and pigeon
pea sceds were purchased from Minna Central
Market, Minna, Nigenia.

Preparation tigernut flour

Brown tigemut sceds were sorted, winnowed and
washed using cold tap water, dried at 60 °C in an
air-draft oven (Gallenkamp 300 plus senes,
England) and then ground into flour using attntion
mill (Globe P 44, China). The flour samples were
passed through a 0.45 mm mesh size sieve. [1 was
then packaged in an air tight polyethylene bag and
stored in a plastic container with lid and then
stored in a freezer at <18 °C from where samples
were taken for analysis.

Preparation of pigeon pea flour
Pigcon pea flour was prepared as described by
Onwuka (10). Pigeon pea scods (Cajomus cajan)
were sorted to remove foreign matters. The clcan
seceds were steeped n tap waler for 12hrs afier
- which the sceds were washed and drained. The
“drained sceds were pourcd into water that was
~ boiling at 100 "C, and cooked for 80 minuies. The
cooked pigeon pea sceds were sun dricd for 12
hours, dehulled. winnowed and ground into fMour
using attrition mill (Globe P 44, China). The fMour
samples were passed through a 0.45 mm mesh size

sieve. Jt was fhcn PHCKBEEU v an ay
polyethylene bag and stored in a plastic copyy,
with lid and then stored in a freezer at -1% “C 4,
where samples were taken for analysis,

Formulation of blends

Tigemut and pigeon pea flours were mixed
diffcrent proportions (95: 5 %: 90 : 10 %; 85
%: B0 : 20 % and 70 : 30% ) where 100% w)
flour served as control. A Kenwood mixer -
used for mixing samples at speed 6 for 3 minue
achicve unifonm mixing.

Chemical analysis

The AOAC methods (14) werc used in
determination of the following chemical contwe
moisture (by the oven drying method), protsi
macro kjeldahl method), fat (Soxhlet  saiy
extraction method), crude fiber, ash, carbohyd.
{was cstimated by difference), cnergy
calculated using Atwater factors of 9 > far,
protein and 4 * carbohydratc) and mincral (0
zinc, iodine and calcium) of flour blends
biscuit samples. The /n-vifro protein digestibilit
biscuit samples were determined  using
procedure described by Meriz et al and Aboub:
et al ( 15 and 16) while in-virro starch digestub
was determined as described by Sheib er al. (
Phytic acid was determined by the method
Haugh and Lantzch (18). '

Proportion of ingredients

The proportions of ingredients used in bisi
production were as described by Tyagi et al. (
with slight modification in tenms of liquid m
This consist of 100 g flour. 33.0 g of sugar, 26
of margarine, 1.10 g of sodium bicarbonate, 0.%
sodium chloride, 7.5 ml of unswecte

evaporated liquid wmilk (peak) and 120 m
water.

Preparation of biscuit

Creaming technique for biscuit production
adopted. The fat and sugar were first blended ¢
min. This was followed by the addition of 00
bicarbonate and salt which were dissolved w
of the water to be used followed by the liquad ¢
The Nour biend was wransferred into the bic
and blended well adding the remaning »
Mixing time was between 5 and 7 minutes
dough was rolled on a Oat rolling board spar
with the same Nour to a uniform thickness
om using a wooden rolling pin and <t
rectangular shapes using o moulding shel!

F——‘
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jscuit dough was pliced on o greas :

:.d baked in an oven m 160 " ?:: lgdm]i,:t::su !l":nz
piscwits were allowed 10 coal and packaged il'\ low
deasity polyethylene bags of thickness 0.5 ymm and
stored in air tight containers for futher analysis,

petermination of physical properties of biscu

The AAFZC method 10-50D  (20) with slil;::l
modifications was used 10 cvaluate biscust width,
thickness, andd spread ratio. The spread o of
biscuit samples was determined as follows: three
rows of well formed biscuits were made and the
hcigh* measured. Also the same were arranged
borizontally edge to edge and the sum diameter
measured. The spread ratio was calculated as widith
/ beight of biscuits, The break strength of the
biscuit was determined using Okaka and Isich (21)
method. Biscuit of known thickness was placed
between two parallel wooden bars {cm apart).
Weight was added on the biscuit until the biscuit
snapped. The lcast weight that caused the breaking

of the biscuit was regarded as the break strength of
the biscuits.

Sensory evaluation

Sensory properties of biscuits were determined
using 2 twenty-member panclist consisting of
students and members of Food Scicnce option,
Deparunent  of Animal  Production Federal
University of Technology, Minna, Nigeria. Biscuit
samples prepared from cach flour blend were
presented in coded white plastic plates. The order
of presentation of samples 0 the pancl was
randomized. Tap water was provided to rinse the
mouth between evaluations. The panelists were
instructed to evaluate the coded samples for
appearance, crust colour, texture, flavour and
overall acceptability. Each sensory attributc was
rated on & 9-point Hedonic scale (l1=disliked
extremely while 9=liked extremely).

Statistical analysis .

Data were analyzed by analysis of variance (22).
The mcan values were scparaied by least
significant difference (LSD) test at S % probability
level.

RESULTS .

The chemical composition of tigemut and pigeon
pea flour is shown in Table 1. Tigernut flour had
higher moisture, fat, ash and crude fiber contents
than pigeon pea flour while pigeon pea Mowr had
higher contents of protein, crude fiber, phytic, iron,
calcium, zinc and phosphorus.

NIGERIAN JOURNAL OF NUTRITIONAL SCIENCES

Table 1; Proximetc compmitian of tigermet and plgeen pea Maur

Cariponition (76} Tigerass Tigean pea
Maisrare 1%) 205 21073
A% L0868 122025
Proveis (%) 1072 22500

P 0% 1372028 234001
Coode Ghar () alsanl [REL R )
Corbebydrute () Rzl f3.520.12
Mayvc acid dmg' 10090 K92:008% 40 5220 8)
Srom 070400 3132047
Cakisrs (%) 1800 163 01=1.20
Zione (e W00 nads00l1 2.07=000
Macaphaares (g 0OZ) 113.4021.00 13742+ 156

Mean valoe and siandend Oovialion of tiree determinations

The chemical composition of biscuits prepared
from tigemut and pigeon pea flour blends is
presented in Table 2. Addition of pigeon pea flour
to tigernut flour increased the contents of proten
(11.64 1o 17.81 %), moisture (4.11 to 5.92 %), fat
(12.80 10 18.40%), ash (2.43 o 3.63%), crude fiber
(3.8] to 4.95%) and energy value (43784 to
453,36 keal) while carbohydrate content decreased
(from 6902 te $4.13%) in biscuns. However,
protein, fai, carbobydratc and energy values of
biscuits prepared from tigemut and pigeon pes
flour blends were significantly (p < 0.05) highe
than wheat flour biscuit,

The results of mineral composition, phytic acid an
in-vitro (starch and protein) digestibility of biscun
are shown in Table 3. Mineral contents of tigemu
pigcon pea biscuits such as iron, calcium, zinc ar
phosphorus were significantly (p < 0.05) high
than wheat biscuit. Addition of pigeon pea flour

tigernut flour increased the contents of iron (3.

10 3. 81mg/100g),

calcium (60.15
87.65mg/100g), zinc (0.50 to 1.27mg/100g) =
phosphorus (223.19 to 248.17Tmg/ 10!
respectively,  The phytic acid contents of

biscuits ranged from 1.94 10 237 mg/100 g. Th
were no significam (p = 0.05) difference in ph
acid content between 100% wheat flour biscuit

composile biscuits. The in-vitro starch digestb
of biscuit samples ranged from 23.43 10 57.2
with composite  biscuits having low st
digestibility value than 100 % wheat biscuit. T
were significam (p <0.05) differences in in-
starch digestibility among biscuit samples, Th
vitro protein digestibility of biscuit samples 12
from 60.20 10 71.57%.
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g,’ ical properties of biscuis
Phy:nd pigeon pea flour blcn‘:;scp:c \:e:’:om
W‘w‘uwbe“‘ flour are shgwn in Table 4. The widtxl|s
A and spread ritio of biscuits ranged f :
1563 10 22.79 cm, Q.4l 10 0.51 cm and 38 4;om
5331 Mvcly. Biscuits Prepared from li‘ ot
“ad pigeon pe2 m?ur bleads were 5 VG
205) higher in \\rudth and spread

wheat flour biscuit.

tgnificanily (px
ratio than 100%

The beeak strength of biscuits varied
1nd 3_?0 kg, The‘ brpak strength of blct;:'fsmw:::
fows biscuit was significantly (p< 0.05) higher than
iscuis prepared from tigemut and Pigcon pea
fiour b_lmd§ However, the break strength of
camposite biscuits decreases with increasing level
W pea flour addition.
mlz 5 shom‘lhe sensory propertics of biscuits
F‘P'"d from tigemut and pigeon pea flour blends
aed 100% zwhal biscuil. There was no significant
@20.05) difference in appearance, flavour, crust
colour and overall acceptability between control
sample 2nd composite biscuits

pPISCUSSION

The high protein content in pigeon pea flour was
expected  since legumes contain higher protein
content than tubers. The vanation in moisture
content between tigemut and pigeon pea flour
samples may be due to variation in drying time and
aven temperature. The increase in protein values of
coenposite biscuits may be attributed to addition
effect caused by pigeon pea flour duc to the
complementation of tigemut flour with pigeon pea
flour that contain higher amount of protein. Based
co the results of the protein values of composite
biscuits obtained in this study when compared to
100% wheat flour biscuit, it can be inferred that the
composite biscuit samples are nutritious. This is
because about 100 g of cach product formulation
would provide more than half of the recommended
daily requirement for protein (25 w0 30 g /day) and
about one of six of the requirement for encrgy
{1790 to 2500 kcal /day) as recommended by
FAO/WHO (23) for children aged between S and
19 years. This fact suggests that biscuits preparcd
from flour blends comprising of tigemul and
pigeon pea could usefully be included schoal
feeding programmes for children. The incrcase in
moisture of biscuits prepared from tigemut and
pigeon pea flour blends as a result of mcrease in
addition of pigeon flour could be due to the
presence of polar amino acids and the posiive

influence of increasing levels of protein on water-
holding capacity, 1aking into consideration the
higher bydration rote that is associated with higher
protein content. The moisture values (4.05 1o 5.92
%} of biscuits obtained in this study were below
the maximum level (6.0 %) recommended by
Nigerian Industrinl Standard (NIS) requirement for
biscuits by SON (24). The protein, ash, fat and
energy values of biscuit samples obtaned in this
study is higher than the values of 9.21 to | 1.00 %
{protein), 1.80 to 1.91 % (ash), 2.05 to 2.70 %
{crude fiber) reporied by Hooda and Jood (25) for
wheat-femugreek flour biscuits and 5.00 to 14.19
% (protein) reported by Ayo ef al. (2) for Acha-
soybean biscuits,

The increase in mineral contents of composite
hiscuits as a result of pigeon pea flour addition to
tigemut flour could be attributed to the relatively
higher mineral contents of the former. From the
results of the mineral composition of biscuits as
shown in Table 3, it is cvident that biscuits
prepared from tigernut and pigeon pea flour blends
are more nutritious than 100 % wheat flour biscuit.
The mineral content of biscuits obtained in this
study is in agreement with the values reported by
Skrbic and Cvejanov (26) for wheat-sunflower-
baricy cookies.

The phytic contents in composite biscuits increased
slightly with increasing level of pigeon pea flour
addition. Manufacturing processes such as
kneading, soaking and baking. play a key role on
the reduction of phytic acid coatent of the final
product and thus on the mineral biocavailability
(27). The phytic acid levels (1.94 to 2.20 mg/10C
g) of the composite biscuits obtained in this study
were Jower than the range (6.2 10 9.9 mg /100 g
reported for wheat-pumpkin biscuit by (28) am
69.7 10 244 mg/100g reported by Hooda and Joo
(25) for wheat-fenugreek biscuits.

The decrease in in-vitro starch digestibility «
biscuits may be attributed to increase in crude fiby
content in the blends which may have causc
reduced starch digestibility by trapping stan
granules within a viscous protein-fiber—stan
network. The  presence of  nom-siarcel
carbohydrates (dictary fiber) has been reported
influence the starch digestibility due to the nc
specific adsorption of the enzyme molecules
dietary fiber or entrupment of starch in the fibre
matrix (29). Another possible reason may be
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: 3o from acha-
limitation of water availability as a consequence of for b"“""bmk ;::mh is a mcci::,‘?“" X
soluble non-starch polysaccharide hydration which bicnds. The «nt in determining the M pregy,,
¢an restrict gelatinization of starch and hence that is i ;:::mouu: mdplaysani::mm"”'
feduce hydrolysis by a-amylase (30). Apart from the biscuit B ptsiice. . The “rodicsinr g
Srude fiber, an increase in pigeon pea flour that in Produet ST Coe e biccuit may b Ve
caused an increase in protein and fat contents of !"3"3“‘;"“’. ffect the fiber has onyb"' Telay
composite biscuits (Table 2) may be responsible to the diRON S0 C e since & he sty
for the decrcase in smrch digestibility. The protein matnx o amount of crude ﬁll?:mm Jow
R S baiss Mroted mereh rildies ﬁl“'??a?l‘&?m formation of & homage." "
may - restrict  granule  swelling and  starch  likely e o
gclatinization and hence, reduces lﬁc susceptibility matrix and hence lead to a weakening iy b, it
:’9 cn;.ymalic attack (31). The poor starch struciurc.
igestibility of biscuits prepared from tigemut and . R .

pigeon pea flour blends indicates their potential as  An mvggm::it?:np:lq:ﬂ‘“g'e si'su:::sn:i':::,:: With
& functional food for use in nutrition therapy in the  improved nu gensory characteristics b::n‘

treatment  of i i a wect’s n -
diabcte:. of conditions such as obesity and coml::'dm. acceptability remains the key 7,..°

which determines the successful applicayoy uf ‘
newly developed product. There was 0o signf.,. .
(p=0.05) difference in appearance, flaveyr. Chise
colour and overall acceptability between ¢,
sample and composite biscuits. Although. i,
scores between the control sample and COMmpnLs.

/n-virro protein digestibility is an imporant
criterion for evaluation of protein quality as well as
an indicator for protein bioavailability in foods.
The in-vitro protein  digestibility of biscuits
prepared from tigemut and pigeon pea flour blends R
were significantly (p < 0.05) higher than control biscuits did not show any sigmificant (p >
sample up to 15 % level of pigeon pea flour differences up to 20% pigeon pea flour sdd -
addition, which implics thal these composite the scores decreased slightly with incres..

biscuits have better nutritional value than 100% pigeen pea flour addition. The 1exture scores o -,
wheat biscuit. According to Ali er al (32), a in good agreement with the results of the beowi -
protein with high digestibility is potentinlly of a strength of biscuits. In terms of o .,
better nutritional value than the one of low acceptability, biscuit prepared from s -
digestibility because the former provides more (tigemut: pigeon pea) ﬂwhfc blends had the 5zl
amino acids on protcolysis. On the other hand, the 5core and considening other sensory REREbwES 3¢
decrease in  Jo-vire protwein  digesubility  of Judged by the panalist, tils hicnd wes vaged big

composite biscuits as the level of pigeon pea o000 LoioN
g:t::: m:;f:f::u?:::f b::;m:::i;: m::a?:::: This study has ncv:ealef! that an accepiable e
complexes which increases the degree of cross- ;T:ng: p.lr’f';p:r::i, d‘:;'“fn:gcm‘:da’:d P’!-:'C"‘i: :
linking thereby decreasing the solubility of protein .- = inevsased i SPISes ‘““‘-“*:l S
and making protein complexes less susceptible to floor | SHL IOICINS - VY Sl Pate
proteolytic attacks thereby affecting the protein pea flour in the blend while thickness and =
digestibility. The /n-viro protein  digestibility "':"3;‘" d“'.““‘-‘:; The use of tigemut and 713
values of biscuits obtained in this study is in close P°2 q our in biscult preparation restiiol
range with the values of 37.2 10 70.8 % reported by sn?‘u ieant improvement in protein, crude oo
Hooda and Jood (25) for wheat-fenugreek biscuits, 0 SNErEY values with docreased carroin il
The width and spread ratio of composite biseuils ;:’gmcpn in composite biscuits than 1007w
increased with increasing level of pigeon pea flour | Iscuit. The composite biscuits had poor st -
in the blend while thickness and break strength igh protem “'Sc'S“b"“.\’ which continms
decreased. The changes in width and height are  POISPHAlas a functional food.

reflected in spread ratio which depends on widith - .
and height of the biscuit. Biscuits having higher REFERENCES

spread ratio arc considered most desirable (33). I. O'Bric N
Our results for spread factor and thickness were in Keogh n;:ﬂf b'l Ch‘!: pé‘;:“l‘r ::“ o
close agreement to those reporied by Avo o7 ol (2) the “mi Cfo-‘cncnpsnlmio;; p i
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