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~ INTRODUCTION
~ As the number of people diagnosed with diabetes

. conmtinues to increase around the world. nutritional

approaches 1o diabetes prevention is one siep researchers
ought to take to address this senous situation by
formulating diets to optimize health and counteract the risk
factors of metabolic syndrome in an aging population [1]
For this reason, research into alternative starch sources
with slow and or low digestibility in staplc food
preparations such as stiff porridges have been reposted 2],
However. this study is a complementation of research
efforts af these authors towards exploiting the potentials of
non-conventional starch sources from traditional grams
(cercals and Jegumes) that are abundant in Africa in stiff
porridge preparations.

Acha starch is composed of resistant (2 1% jand digestibic
starch (41.4%) with low glycemic index |3]. Resistant
starch is part of some ingredients that assist in preventing
and managing pre-diabetes and type 2- dibetes |3
Resistant starches have mteresting functional propertics
for use in foods with better texture, -¢ and better
otganoleptic properties [4]. Bambara nut starch like other
legume sources, contain slow digestible starch that
promote slow and moderate postprandial ghicose and
insulin responses, and have low glycemic values. Also.
fegume starch contau varfahie amount of lipids which
interact with carbohydrates to play a significant role in

density (from 075 to 0,64g/cm3) and dispersability (
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sults: Addition of bambara nut starch 10 acha starch led to increase in moisture (from 6.55 to 8.93%), protein (from
1o 1 2%, fat(from 0 ISwDA}%}mduh(ﬁmO.!5wﬂAt%)mdamyiou(I'mmiS.ZGHoBIM)MAdu
gch gave a yield of 38.48% while hambara nut was 41.57%. Addition of bambara nut starch to acha starch decreased
from 48.60 to 36 11%) while blue value index and water
srption capacity increased from 37.30 to 52.46% and 2.38 1o 2.80g water/g sample, respectively. Peak, breakdown,
s mdmxviscmnmmﬂduﬁii:pul:tim:mdpuingmpamuedsmncddmbaddiﬁmefmm
h. There was no significant (p2 0.05) difference in colowr, stickiness, mouldability and texture between stiff
es prepared from 100% acha and bambara nul (up to 50:50) blends when compared to cassava stasch stiff
. Stiff porridge prepared from 70:30 (scha : bambara mut) blend had the highest overall acceptability score than

- The addition of barmhara nut starch to acha starch improved some desivable functional and sensory attributes
u preparstion of stiff porridge. Acha-bambars nut sufl parridge could serve as a functional food for groups with
ial caloric and glycemic requirements since the starch blends are low-digestible starch sources.

ords: Acha-bambara nut stiff porridge, chemical composition, functional propertics, pasting properties,

their functional properties, end-product quality, shelf life
and lexture of starch-based foods[5].

As s new food formulation, it is important to consider the
functional and seasory properties of acha and bambara nut
starches. According 1o Abu er al. [2], regardiess of the
source, the suitshility of starches in foods such as
porndges would depend on not oaly their pasting and
functional propertics but also the sensory acceptability by
the potential consumers.

Considering the importance of resistant starch in nutrition,
especially the pous digestibility of legume starches
compared to cercal starches 16], the use of resistant starch
sources such as acha and legume starch from bambara nut
starch may serve as a functional food for groups with
special ealoric and glycemic requirements suchas obesc or
duabetic people. 1t will reduce total dependence on the use
of cassava starch in stiff porridge preparation, reduce post-
harvest losses and increase the utilization and potential of
these largely underutilized crops in Nigeria and most parts
of sub-Saharan Africa.

The objectives of the study were o characterize the
physicochemical, functions] and pasting properties of
acha and bambara nut starch blends and to evaluate the
sensory properties of stiff porridges prepared from their
hh’ﬂr.ﬁ
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MATERIALS AND METHODS
Source of raw maieriak

Acha and bambara nui seeds used in this study were
purchased at central market, Minna, Niger state, Nigeria.
Cmmmdzwnwmuipm
Abaia, Nigeri

Starch extraction

Acha and bambars nut seeds were scparately soricd,
washed with clean tap water and soaked in water for 12
hours, The soaked seeds were wet-milled into shumics. The
mmmbwawmm
and sieved with a white muslin cloth 1o remove the
fibrous material leaving the starch in solution. The starch
mwawmmwn‘mmm&me
1o 7 times, until the settled starch gave a firm, dense deposit
at the bottom. The final sediment was suspended in cold
deionized water and screened through |50 pm screen to
kcqp&cmilwnﬂoﬂ'ﬂnmnhslwry.fhmdnmidmm
mmmmmmumahmm
suspensions obtained were scparately dried 10 10%
maistufe content in 3 convection oven at S0°C . The dried
mmihmegromdinbﬁmruhgwitmmili(ﬁwbc
P44, China) and sieved using 3 75 ppm screen to obtain the
starch. Swarch yicld was caiculated as s percentage of
wei'btormhfweighlufglmdlch'hmmmi
seeds.

Mixing of the starch hlends

Acha and bambara nut starches were mixed at different
praportions (100 0. 90 10 80:20: 70:30; 60-40, 50:50 and
tibﬂ}whavmwsuwduml.ham
blender (Mode! no. BLG-450, China) was used for mixing

samplesat speed I for 3 minutes

Determination of functional properties

The bulk density and water absorpiion capacity was
determined by the method of Okezie and Belio [7] The
dispersibility was determined as described by Kulkami e
al. [B]. The method of Sathe and Salunkhe [9] was adopted
to determine the swelling pawer and soluhility. Blue value
index was determined by modified iudine method of Birch
and Prietly [10]. Pasting parameters was determined using
rapid visco analyzer (Newport Scientific Prv Lid., Warrie-
wood NSW 2102, Australis). A 2.5 g of each starch sample
was weighed into a dried empty canister, and 25 ml of
distilled water was dispensed info the canister containing
the sample. The suspension was thoroughly mixed and the
canister was fitted into the rapid visco analyzer. Each
suspension was kept at 50 °C for | minute and then heated
up 095 °C at 12.2°C /min and heid for 2.5 minal 95°C It
was then cooled to 50 °C at 11.8 °C /min and kept for 2
minutes at S0°C

Determination of chemical properties

The moisture, protein. fat. ash and crude fiber contents
were determined by AOAC method [ 1], The moistare was
determined by hot air oven method o 105°C for 5 hours
‘The macro kjeldah! method was used for the determinalion

into a tarred porcelain crucible which was incinerated at
600 °C for 6 hours in an ash mufTle furmance until ash was
obtained. The crude fiber was determined by exhaustive
extraction of soleble substances in sample using 1.25%
H.SO4 acid and 125% NaOH solution after which the
residue was ashed and the loss in weight was recorded as
crude fiber. Amylose content was determined as described
by Williams ef af. [12]. AQ.1 gof starch was weighed
100 ml. volumetnc flask, then | mL of 99.7-100% (viv)
ethanoi and 9 mL IN sodium hydroxide were carefully
added. The mouth of the flask was covered with parafilm
and the contents were properly mixed. The samples were
heated for 10 min in a boiling water bath to gelatinize the
starch (the timing was started when boiling began). The
samples were removed from the water bath and allowed to
cool, then made up to the mark with distilled wator and
shaken thoroughly. Then, S miL was pipetted into another
100 mL volumetric flask and 1.0 mLof | N acetic acid and
2.0 mL of idine sofution were added. The flask was
umpcdupwdwmtmthdwllodm.wm)
was read using a a1 620 nm wavelength.
The blank contained | mL of ethanol and § mL of sodium
hydmide.boihdmdwppedwwttwwkwihdiﬂhd
water Finally, S mi was pipetted into a 100 mL volumetric
flask; 1 mL of | N acetic acid and 2 mL of iodine solution
were added and then topped up 1o the mark. This was used
1o standardize the spectrophotometer at 620 nm. The
amyiose content was calculated as:

Amylose content (%)= 3 06 absorbance x 20

Preparation of stiff purridge and sensory cvaluation

Fifty gammes of starch blends were scparately
reconstituted mio paste using approximately 130 ml of
boiling water over a low gas flame with continuous stirring
for five minutes. A twenty-member panel consisting of
students and Staff of Food Science option, Department of
Animal Production Federal University of Technology,
Minna Nigeria were cnrotied based on their familiarity
with stiff porridge for (he sensory evaluation. Suff
pntﬁdsesmpmﬁmﬂwvmm“tmvﬁdh
coded white plastic plates and cassava starch served as
standard. The order of presentation of samples to the panel
was randomized. Tap water was provided (o each panelist
to wash their hands i between evaluations. The samples
were cvaluated for appearance, colour, stickiness, mould
ability, texture and overall acceptahility on a 9-point
Hedonic scale where | =distiked extremely, 5= neither like
nor dislike and 9= liked extremely.

Statistical analysis

Data were analyzed by analysis of varance [13]. The
difference betweoen mean values was determined by least
significant difference (LSD) test. Significance was
accepled at § . probability level [ 14], All the data repored
in the tables are average values of duplicate
determinations.
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RESULTS

Substitution of acha starch with bambara nut starch
Mﬁem(ﬁmé.SSwEMLM(ﬁm
021 10 1.2%), fat (from 0.15 10 0.43%). ash (from 0.15 to

O.M)mdmyhne{ﬁuﬁﬂhn.&lﬁjdhm
(Table 1). Acha starch gave a yield of 38.48% while
bambara nut was 41.57%(Table 1).

Table 1: Chemical ition of acha and Bambara nut starch blends
k————_—______
Starch blead Starch yicid Molsture Protein Fat Ash Amylose

Acha: bambera sut (%) (%) (%) (%) (%) (%)

100:0 38484029 6.5540.05° 021000 0.1540.00° 0.1540.00° 25.29+0,01°
0:100 41574029  898+013" 0.64+001" 0.43+0.02° 0.48+0.00" 31.68+0.05°
90:10 ND 7232004  024:0.00° 0.17+0.01* 0.19:0.01° 258740.14° -
80:20 ND 746+0.10% 027+0.01" 0.20+40.01' 02240.01° 26.43+0.23¢
70-30 ND 7.6940.02% 0331000° 0.22:0.00° ©0.24£0.008 26.9040.12¢
60-40 ND 7.9040.09"  038+001° 025+001° 02540.00' 27 5840.05
50:50 ND 8.15:0.01" 047:003" 0.28:0.01° 0.3140.01' 2890s035°

Mﬂtﬁuﬂiﬁl:ﬂhﬂnwmd%mmrﬁnﬂpﬁﬁcﬂu!y(pso‘%}m

ND= Not determined

The functional properties of starch blends (Table 2)
showed that addition of bamabara nut starch to acha starch
decreased the bulk density (from 0.75 to 0.64g/cm’) and
dispersability (from 48.60 to 36.11%) while blue value
index and water absorption capacity increased from 37.30
1052.46% and 2.3810 2 80¢ water/g sample, respectively.

Table 2: Functional Properties of Starch blends D
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Mecan values within a column with differont superscript
are significantly {p £ 0.0%) different.

The swelling power and solubility of the various starch
blends increased with increase i lemperature and
bambara nut starch level (Table 3). The pasting properties
of acha and bambara nut starch blends are presented in
Table 3. Addition of bambara nut 10 achs starch
significantly (pS0.05) mcreased the peak viscosity (from
23734 10 472.20RVU ). trough (from 95.19 1o
IBLAZRVU), breakdown (from 90.78 o [42.15RVL),
final viscosity (from 304.11 1 546 TORVL ) andd setback
(from 170.90 to 224.63RVU) values of the blends while
peak time and pasting temperature decreased from 5.09 10
455 mmand 76.01 10 73.73 respectively

- = e
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mmymumnuofuiﬁmw&mm
and bambara nut starch blends is presented in Table .
There was no significant (p2 0.05) difference in calour,
stickiness, mouldability and texture between stiff porsidge
prepared from 100% acha and bambara nut (up to 50 :50)
bkndswhcncommnedmcasslvasmﬂlﬂiﬁpuridge.

DISCUSSION

The higher starch yield of bambara nut than acha starch
could be atiributed 10 high starch content in bambara nut
:mmmgmmdmmmfmm-&
contents of the blends with § ing level of bambara nut
starch substitution could be due to the addition effeet of
bambara nut starch with higher moisture, prolein, fat and
ash contents than 100% acha starch (Table 59

Amylase content is one of the important factors affecting
starch pasting and retrogradation behaviours, Tt provides
surface and textural regularity, clasticity and sticky
charactenistics to starch-based products {15], The amylose
contents of the blends increased with increase in bambara
nut addition. In general. the amylose content of legume
starch 15 hugher than cereals, roots and tuber starches.
Legume starches have previously been reported [16] o
contain relatively high amylose content (30 1o 40 %). The
higher amylose content in the composite blends than 100%
acha starch may be indicative of possible textursl
differences when used in stiff porridge preparations.



“I:Mdmmhmmmﬁwm&yﬁmmmmm%

Starch Swelling power (g water/ g starch¥Solubilty
himd 4
s Temperature (°C)
Bambars 60 70 L] w4 o0 70 #0 90
ant
tego 4104005 4894027 6.05+0.19 948008 I-001T 54540057 4190000 6054007
0160 CIRIOOF 714201  R2301F 80004 2 ORZOGET 2950001 31120014 4.60%0.01°
W10 46610100 5961025 6290026 7485012 2TT_0M° 14120010 $26,000°  $7420.00°
80:20 B0 6104007 E4THO0E 10 77-0.10" 321-001" 3.37-000° 485+0.00° 633+0.01"
70.30 5301005"  ®174023F 9751043 1260005 37700 LEE0.00°  5.1940.01° 91001
60:40 S.78+002° 9254014  1030+0.11" 14 26-007 185-0.0% 378+001 5 804000° 756+0.11*
50:50 620:011 10880 1" 14 861028 17 NB001" 4532000 S 1001 6 570001 8204008
Mean vatues within a column with ﬁwmmmiﬁmb (p S 0.05) different.
Table 4: Pasting propertics of acha and bambara nut starch bleads S
Starch  Peak Froagh Breuk dowe  Final Sethud Peak time Pasting
MHETr (RYL} myvLy {RYLD Vincemity (RYL {mwn,)
: ARV} )
T100  D7ivoe @ 172060 14215:670 10411%68 208613043 3 0200  76.01°.06%
7 5 4
0100 $T220°.063 381 2051 90 IHH0K <46 MWL09T 165282088 458100 350074
(]
9010 LITS0L0K1 162 Weaar 98 =062 37k s3'snxy 218 74%07  s8ts00 7 T 080
L] !
8620 ME2F.084 1799606 10 W 08K 19629%07T 2142 VDS 3 90tson
4 6 3 i THU 0.8
4
T30 WIHLI106 177 4= 89 2R.60°+095 409 670 69 , 22 6Y'4D 4 4 =00 N‘Dq‘_to,&
B o 6
60 3 290102 201 2M%ary 147 204 32 11080 17090%069  267i00 73R8 50 5
6 7 (] »
SO 34808 Miaetenv 11 A'07 434 sw%as 2094 FHSR 2xeh00 09w 4540 6
4 % ' 1

I 4]
anﬂMMdmm

Values followed by different superscnpt leflers 0 a column are significantly (p<f 05) different

Thedecminbufkdcmityafmmhbimdsuith
increasing level of bambars nut starch may partly be
attributed to the Jow bulk nature of bambara nut starch as
weﬂnmvmmmﬂw&pmkmwhi:hmwbc
of advantage during packaging and distribution of the
starch blends. The slight increase in water absarption
capacity of the starch blends with increasing level of
bambara nut starch could be attributed 1o high water
binding ability of bambar nut starch. Also, water
absorption capacity of stanch depends on molecules, lipids,
shape. conformation attributes, hvdrophilic and
hydrophobic balance in the moiecule, thermodynamic
propertics of the svstem (such as bond energy, mterfacial
lension etc.), physicochemical en ironment {such as pH,
ion concentration, temperature. pressure etc.} and starch
solubility[2]. The decreasce in dispersiblity of starch blends
with increasing Jevel of bambara nut starch could be
attributed 1o high quantity of dry matter contained in acha
as compared 1o that contained in bambara nut o vanations
w starch solubility. Dispersibility values obtained in this
study were higher than the value (40.66%) reported by
Akanb et af. [17] for breadfruit starch. Blue value index
represents the degree of starch damage o tragility of starch

[18]. High blue value index vatue in 100% bambara aut
starch may bcamihauedmhtghdumammm
in bambara nut starch

Table 5: Sensary properucs of stiff portidge prepared from acha
and bambara nut starch blends,

Sures ndend sear Sickinew  Moshsiins Temars e ol
Achebombaraner

o A W EE 14 ‘W
oy b (L AL " &3

" 0 1§ i L5 o (T T

N X " w LS o T N
T* W ¥ 1 e4 13 T

W 13 " A 5 o
W T Y 1y 18 T

1 mewey vech 2y 14 L 4 LY EF 4
Mean value of twenty nember panelist

Mean values within a colums with different seperseript are
significantly (p £0.05) different.

Damage starch granules have greater aflinity for water,
resufting i increased water absorption and swelling
power. The increase in swelling power of starch blends
with increase in temperature could be atteibuted 10
swelling of the starch granules due to thermal effect w hin by
caused an increase in solubility value.  Also, swelling

T
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m“m&kyvﬂofwmwm
humhbwnbuawmhmebwdﬁsmldbc
mﬁdbmhmbmcmhmebhﬂsdu
fo decrease in starch content, since amylose acts as a
dilstor and a swelling inhibitor [19]). The high swelling
power of starch blends could be an indication of increased
mmorwwm
mh@mw.mmmwmmx
values of acha-bambara nut blends may be attributed 1o
Mb@mm’ capacity that caused increased
mmnguwmmism, High values of
arc associated with high peak VISCosities,
which correlate the degree of swelling of starch granuics
during heating [20). High peak viscosity is an importan
attribute of textural quality in foads [2, 21) According 1o
Abu et al. 2],  sarch blends with high peak viscosities
Mniﬁm%;mmﬂlmm.m
m;m&:ofmmwlnurmhbkadaisia
line with the reports of Novelo-Cen and Betancur-Ancons
[22] and Chinma er o/, 123] for bean and cassava starch
ch&mmb-nymcnmnm blends,
respectively,
Thclcnsaymihmcsofachniffpmidg: increased with
ixmscinhnmnmiwe!wptowﬁj.mcimmin
texture and mouldability scores of acha-bambara nut stiff
mﬂpwﬁhWMr!arhmMnmmldbc
wwmhigkpeﬁvmmyofﬁxbkads, Intermsof
overall acceptability, there was no significant (p2 0.05)
difference berween still porridges prepared from 100%

had the highest overal] acceptability score than composite
blends and 100% cassava starch stiff porridge

CONCLUSIONS

The functional, chemical and pasting properties of acha
and bambara nut starch blends indicate that they may be
useful as sternatives 10 cassava starch for the preparation
of stiff porridge.

The sensory results show that acceptable stifl porridges
could be prepared by using up 1o 70.30 acha and bambary
aut starches. Stiff pottidge prepared from acha-bambary
nut starch blend could be used a as 3 nuirition therapy
especially in siwations Fequiring restricted intake of high ly
digestible starch-based foods by diabetic patients
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