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ABSTRACT 
This study evaluated the effects of pressure cooking on the textural attributes of Bambara nuts using 
Response Surface Methodology (RSM).The  study optimized cooking condition {Weight of Bambara 
(250 – 1000g), cooking time (20 -90 min) and post cooking resident time (2-12 min)} for the pressure 
boiling on the textural and qualities of Bambara. Five out of the eleven optimised solutions (Desirability 
Index range of 0.919 to 0.936) were compared with samples from conventionally boiled Bambara for 
proximate and sensory (colour, texture, aroma and Overall acceptance) qualities.  Data were analysed 
using RSM, analysis of variance and PPMC. Models for hardness, springiness, cohesiveness, fractur-
ability and sensory texture with adjusted R2 values of 83.41%, 80.99%, 67.37% ,  93,75%  and  
88.96%  respectively adequately explained the textural and sensory qualities of boiled bambara. The 
range of values for moisture, fat, ash, crude protein and carbohydrate were 47.88, 2.24, 1.98, 24.30, 
20.91 % to 50.58, 2.58, 2.19, 25.49, 21.87% respectively.  Boiled Bambara produced at verified opti-
misation solutions (527.62g, 82.55, 10.43 min and 591.69g, 82.96, 9.52 minutes) were not significantly 
different (p >0.05) from that produced by conventional  method (weight and Cooking time: 500g and 
125 min.) in spite of the relatively longer cooking time  of the later.  
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INTRODUCTION 
Bambara nut is a neglected and underuti-
lized legumes that is cultivated mostly by 
rural farmers. Like most legumes, it is one 
of the most important sources of macronu-
trients for rural households. It has been 

ranked in most West African countries as the 
third most important grain legume after 
groundnuts and cowpea (Padulosi et al. 
2002; Adegunwa et al., 2013).  It is  droughts 
tolerant, easy to cultivate crop but under cul-
tivated and underutilized due partly to its 
hard to cook phenomenon (Bamshaiye,et al., 
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2011 ; Denis et al., 2015 and Mubaiwa, et 
al., 2016). The Bambara groundnut, or 
round beans is known by various names in 
different parts of Africa; Clô-Nglô, (among 
the Akan tribes of Côte d’Ivoire- Denis et 
al., 2015), jugo beans (South Africa), ntoyo 
ciBemba (Republic of Zambia), Gurjiya or 
Kwaruru (Hausa, Nigeria), Okpa (Ibo, Ni-
geria), Epa-Roro (Yoruba, Nigeria) and 
Nyimo beans (Zimbabwe). 
 
Bambara groundnut is eaten in several ways 
and at different stages of maturation. The 
fresh seeds may be boiled and eaten as a 
snack in a manner similar to boiled peanuts 
(Plahar et al., 2002; Hillocks et al., 2011 and 
Ani et al., 2013). It could also be made into 
pudding locally called moin moin  or okpa 
(Bean porridge) in some parts of Nigeria. 
The flour has been used to improve the nu-
tritional values of bread (Okpuzor et al. 
2010),  preparation of nut milk (Poulter and 
Caygill, 2006),  thin and stiff porridge 
(Amarteifio and  Moholo , 1998 ; Mubaiwa 
et al., 2017).  In some parts of East Africa, 
the flour of roasted Bambara groundnuts 
are used to make soup and relishes while 
the roasted nuts are also used as substitute 
for coffee. (Onwuka and  Abasiekong, 
2006).  
 
Boiling, stewing and roasting are some of 
the most common methods of cooking leg-
umes in West Africa. Boiling is a base meth-
od of cooking for most leguminous dishes. 
Most types of African bean soups and por-
ridges are prepared by combination of boil-
ing and stewing. Boiling is an easy and quick 
method of cooking and does not require 
constant attention,   makes food soft and 
easy to digest and it is suitable for cooking 
foods for children, invalids, convalescents, 
and the aged.  Many types of foods can be 
cooked in this way and liquids obtained af-

ter boiling can be used for soups and sauces. 
It is however, a longer method of cooking 
and consumes relatively more energy than 
some other methods of cooking. Bambara 
groundnuts require higher-energy expendi-
ture to cook it to the point of edibility be-
cause of the longer time of up to 3–4 hours 
(Mubaiwa et al., 2017) that it takes to soften 
the seed compared to cowpea or common 
bean Hillocks et al., 2011). This has been 
attributed to the hard to cook phenomenon 
(HTCP) in Bambara groundnut. Several fac-
tors have been adduced for the HTCP.  The 
hot and humid conditions under which leg-
umes are stored in many subtropical and 
tropical African countries make Bambara nut 
to be prone to a hardening phenomenon as-
sociated with modifications that occur in the 
cotyledons and seed coats (Mubaiwa et al., 
2017; Stanley and Aguilera, 1985). This is 
characterized by extended cooking time 
(Coelho et al., 2007; Garcia et al., 1998).  
Though, it may be possible to arrest the de-
velopment of the HTCP in legumes by ex-
ploring low temperature and humidity op-
tions (Hentges et al., 1991; Garcia et al., 
1998), but the economic and social sustaina-
bility of storing the legume under refrigera-
tion condition at domestic and industrial lev-
el is likely to be more challenging. Adoption 
of suitable processing technologies therefore 
seems to be a more feasible option but this 
may not also be versatile for most culinary 
operations. Processing technologies that 
have been explored in tackling the HTCP 
included the use of chemical pre-treatments, 
biological (germination and fermentation), 
and physical (milling, roasting and canning) 
treatments. However, information on the use 
of novel cooking methods like pressure 
cooking is very scarce. Pressure cooking may 
reduce drudgery; cooking time and also saves 
fuel and energy. 
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In Pressure cooking, food is cooked in a 
pressure cooker which is a sealed vessel that 
does not permit air or liquids to escape be-
low a pre-set pressure. The food is cooked 
more quickly than the conventional method 
because the trapped steam in the cooker 
increases the internal pressure and tempera-
ture. Pressure pots are versatile, affordable 
and accessible to both urban and rural 
households. However, the adoption of pres-
sure cooking for the boiling of Bambara 
nuts requires the standardisation of the 
cooking conditions and the identification of 
characteristics that may be applicable to var-
ious uses of the pulse. This study therefore 
evaluated the effects of pressure cooking on 
the textural attributes of Bambara nuts us-
ing Response Surface Methodology (RSM). 
Specifically, the study assessed the effect of 
weight of Bambara, cooking time, and post 
cooking time (Resident time) on the textural 
attributes of Bambara. It also assessed the 
sensory qualities and proximate composi-
tions of some of the optimized solutions. 

MATERIALS AND METHODS 
 Materials 
Brown Bambara seeds (Vigna subterranean) 
were purchased from a retail market in 
Odeda Local Government Area, Ogun 
State, Nigeria.  
 
Methods 
Pressure boiling of Bambara groundnut 
A domestic pressure pot (Model PC500, 5.5 
litter capacity (Black & Decker: 1910, Balti-
more, Maryland, United States) was used 
for the experiments.  The Bambara seeds 
were sorted and sieved to remove shaft and 
other dirt.  It was immersed in about 14.3% 
(w/w) of water, boiled under pressure for 
the required length of cooking time.   
 
 

Design of the study 
Box–Behnken design (Box and Behnken, 
1960) was used for the experiment. The 
three independent variables used for the pro-
cess optimisation were Weight of Bambara 
seeds (X1: 25 to 1000 g), cooking time (X2: 
20 to 90 min) and post cooking time (X3: 2 
to 12min). The range of values used for each 
of the independent variables (Table 1) was 
based on preliminary experiments. The de-
sign consisted of 17 generated experimental 
runs to which the dependent variables 
(Responses) were fitted after the laboratory 
experiments. The measured responses were 
textural (Hardness, springiness, adhesiveness, 
cohesiveness, chewiness, fracturability, gum-
miness, energy to break and stringiness) and 
sensory (colour, taste, texture, aroma and 
overall acceptability).  Optimisation criteria 
were set (Table 2).  The sensory and proxi-
mate qualities of optimised pressure cooked 
boiled seeds with five best desirability value 
were compared with conventionally cooked 
reference sample. 
 
Determination of texture profiles of 
cooked Bambara 
The texture profile of the cooked Bambara 
kernels were measured using Food compres-
sion test with the aid of Testometric material 
testing machine (Machine  model No. 0500-
10080, Testometric Co., United Kingdom, 
Lancashire, England ol11 1NR)  The test 
distance of 0.50mm was selected after careful 
consideration of stickiness and adhesiveness 
of the product. The cooked samples were 
subjected to compressive force by the probe 
up to the distance of 0.50mm for two times 
resulting in two curves. The condition-set up 
in the Texture Analyser for measuring tex-
tural properties was as follows: speed: 102 
mm/min; preload test speed: 60.000 mm/
min; posttest speed: 1.0 mm/s; count: 2; de-
flection (mm): 3mm (50% Strain); preload 
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(trigger) force 0.50 N; break sensitivity: 0.20 
N; acquisition rate: 200 pps; load cell: 50 kg; 
probe diameter (mm):  Every test was repli-
cated a minimum of three times (Fig 6) and 
mean values for each parameter were calcu-
lated. 

Texture parameters were determined from 
the texture profile (Bourne, 1978; Bourne et 
al., 1978; Rosenthal, 1999). Hardness was 
calculated as the peak force of the first 
compression of the product. The cohesive-
ness, represents how well the product, with-
stands a second deformation relative to how 
it behaved under the first deformation. Co-
hesiveness was calculated as the ratio of the 
area under second peak to the first peak i.e. 
A2/A1 (Fig 1).  Springiness was measured 
by the distance of the detected height of the 
product on the second compression divided 
by the original compression distance. Chew-
iness was measured as a product of hard-

ness, cohesiveness, and springiness (Gupta et 
al., 2007). 

Proximate composition, dry matter con-
tents and absorbed water 
Proximate composition, dry matter and 
crude fibre of the samples were determined 
by standard procedure according to AOAC 
(2005) methods.   
 
Sensory evaluation  
Sensory appraisal of the boiled Bambara  
nuts were  carried out using thirty un-trained 
panellists consisting of staff and students of 
Federal University of Agriculture Abeokuta, 
Nigeria. The panellist rated their preference 
for colour, taste, texture, aroma and general 
Acceptance of the boiled Bambara samples 
from the samples using hedonic ratings (1= 
disliked extremely to 9 = liked extremely).  
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Table 1: The coded values for the independent variables 

Processing  variables Variable -1 0 +1 

Mass (g) (X1) 250.00 625.00 1000.00 
Cooking time (min) (X2) 20.00 55.0 90.00 
Post cooking cooling resident time 
(min) 

(X3) 2.00 8.50 12.00 

Data analysis 
Experimental data were fitted to a second 
order polynomial model and regression co-
efficients the various responses were ob-
tained. The generalized second-order poly-
nomial used in response surface analysis 
was. Y = β0 + β1x1 + β2x2 + β3x3 + β4x1x2 + 
β5x1x3 + β6x2x3 + β7x1x2x3 + € 
 
Where Y is the response, β0 is the intercept, 
where β1, β2 and β3 are linear, quadratic and 
interaction coefficients respectively 

while ,x1, x2, x3 are the independent variables 
and € is the error. The statistical significance 
of the terms in the regression equations was 
examined by analysis of variance for each of 
the responses.  
 
 The Design expert software version 7.00 
(Stat Ease Inc., Minneapolis, MN, USA), was 
used to generate response surfaces models 
graphs showing the relationship between the 
independent variable and the responses 
while holding a variable constant. 
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Optimisation goals/constraints were set 
(Table 2) and the responses were optimized 
by using the numerical method of RSM 
based on desirability concept to obtain 
range of optimised solutions. The adopted 
solutions were then used for the verification 
experiments to determine the validity of the 
model (Bakare et al., 2009). 
Data on the proximate and sensory qualities 
of pressure and conventionally cooked 
boiled seeds were compared using analyses 
of variance and means were separated using 
Duncan multiple range test. Statistical analy-
sis package software, version 17 for win-
dows was used for the analysis. 
 

RESULTS AND DISCUSSION 
Texture is an important quality attributes in 
boiled legumes. The various sensors in the 
mouth,   auditory organs and the brain are 
involved in processing and relating images 
of textural properties with information 
from past experiences about the accepted 
quality of a particular food (Bakare et al., 
2018). The growing interest in developing 
sensory and instrumental technique for 

evaluating the textural characteristics of food 
underscores the importance of texture in the 
quality assessment of foods. Sensorial texture 
is a primary determinant of the acceptability 
of cooked legumes like Bambara.  
 
Texture Profile of Cooked Bambara nuts 
Hardness 
The measured response  for hardness (Table 
3) indicated that the lowest (5.13N) and 
highest 81.16 N were obtained when the 
weight of Bambara, cooking and cooling 
time were  250g, 55.00 min, 12.00 min and 
625 g,  20.00 min and 2.00 min respectively. 
Hardness, in this case, is an indication of the 
force required to compress a food between 
the molars (Rosenthal, 1999; Scott-Blair, 
1958), it simulate the conditions to which the 
material is subjected to in the mouth. The 
lower the hardness values the softer the ker-
nel of the cooked Bambara nut.  The differ-
ences in relative hardness between lowest 
and highest values suggested that weight 
might be a factor for the attainment of edi-
bility at constant cooking and post cooling 
time.  
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Fig 1 :Typical Texture Curve Obtained from the Study 
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Springiness 
Springiness organoleptically depicted how 
well a product physically springs back after 
it has been deformed during the first com-
pression and has been allowed to wait for 
the target wait time between strokes. The 
spring back is measured at the down-stroke 
of the second compression. The lowest 
(0.10) and highest  0.39 were obtained when 
the weight of Bambara, cooking and cooling 
time were  625g, 55.00 min, 7.00 min and 
625 g, 20.0 min and  2.00 min respectively.  
 
Adhesiveness 
Adhesiveness is the work required to pull 
the food away from a surface of the probe. 
It is an indication of the extent of stickiness 
of products. It is the work required to over-
come the sticky forces between the sample 

and the probe (Trinh and Glasgow, 2012). 
Adhesion is measured as the negative work 
between the two cycles; however, in many 
instances the product has stuck to the probe 
and does not actually separate when the 
highest point between the two cycles is just 
back to the original product height.  The 
lowest (0.00 N.S) and highest  (11.97 N.S) 
were obtained when the weight of Bambara, 
cooking and cooling time were  625g, 20.00 
min, 12.00 min and 1000 g, 55.0 min and  
12.00 min respectively. Higher values of ad-
hesiveness may not necessarily imply that the 
product may have been over cooked as sam-
ple with the highest hardness value was also 
observed to have the highest adhesiveness 
values (Table 3) 
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Table 2:  Constraints to optimization of process variables 

Constraints Goal Lower limit Upper limit Importance 

Mass  (X1) range 250 1000 3 

Cooking time (X2) range 20 90 3 
 Holding / Post cooking 
time(X3)  range 2 12 3 
Hardness minimize 5.13 81.16 3 
springiness minimize 0.10 0.39 3 
Adhesiveness range -0.004 11.97 3 
Cohessiveness range 0.059 0.349 3 
Chewiness minimize 0.08 5.38 3 
Fracturability range 0.67 79.09 3 
Gumminess minimize 0.65 21.78 3 
Energy to break range 0.015 0.22 3 
Stringiness minimize 4.76 8.58 3 
Colour maximize 5.4 7.03 3 
Taste maximize 4.63 6.63 3 
Texture maximize 4.2 6.33 5 
Aroma maximize 5.03 6.77 3 

Overall acceptability maximize 5.57 6.87 3 
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Cohesiveness 
Cohesiveness reflects the strength of the 
internal bonds binding the food particles 
together and suggested how well the cooked 
Bambara nut withstood a second defor-
mation relative to its resistance under the 
first deformation. The lowest (0.06) and 
highest  (0.35) were obtained when the 
weight of Bambara, cooking and cooling 
time were  625g, 20.00 min, 12.00 min and 
1000 g, 90.0 min and  7.00 min respectively. 
The cohesiveness of the sample obtained at 
cooking condition of 1000 g, 90.0 min and 
7.00 min was not significantly different (p > 
0.05) from that  obtained at  1000g, 55 
minutes , 12 minutes  and 1000g, 55 
minutes , 2 minutes  respectively but both 
were  significantly ( p <0.05) different from 
that of other samples. 
 
Chewiness 
Chewiness applies only to solid products 
and is calculated as the product of gummi-
ness and springiness. It is energy required to 
chew a solid food till it is ready for swallow-
ing. It is sometimes estimated as the prod-
uct of Hardness,   Cohesiveness and Elas-
ticity, the latter being the extent to which a 
compressed food returns to its original size 
when the load is removed (Rosenthal, 
1999).  The lowest (0.08N) and highest  
(5.38 N ) were obtained when the weight of 
Bambara, cooking and cooling time were  
625g, 55.00 min, 7.00 min and 1000 g, 55.0 
min and  12.00 min respectively. 
 
Fracturability 
 It is the force required to crack the cooked 
Bambara.   It also imitates the first bite 
force of the seed during at the commence-
ment of chewing. The lowest (0.00N) and 
highest  (73.33 N ) were obtained when the 
weight of Bambara, cooking and cooling 
time were 1000g, 55.00 min, 12.00 min and 

1000 g, 20.0 min and  7.00 min respectively. 
This suggested that Bambara pulses cooked 
at lower cooking time and held after cooking 
for less than 12 minutes  may require more 
force to fracture or crack the pulses.   
 
Gumminess 
Gumminess was conceived as the energy 
required to disintegrate a semi-solid food to 
make it ready for swallowing ((Trinh and 
Glasgow, 2012). Gumminess, for most solid 
product is mutually exclusive with chewiness 
since such product would not be both a semi
-solid and a solid at the same time. This not 
entirely true for the pressure cooked Bamba-
ra nuts boiled in excess water since they may 
become sticky with sufficient cohesive bond 
to hold them in place. The lowest (0.65 N) 
and highest  (21.78 N ) were obtained when 
the weight of Bambara, cooking and cooling 
time were 625g, 55.00 min, 7.00 min and 
1000 g, 55.0 min and  12.00 min respectively. 
 
Stringiness 
This is distance travelled by the probe during 
the negative force area (Trinh and Glasgow, 
2012).  It is the measured stretched distance 
of the samples when pulled from the area in 
which it rest during the test. The lowest 
(4.76) and highest  (6.13) were obtained 
when the weight of Bambara, cooking and 
cooling time were 625g, 20.00 min, 2.00 min 
and 250 g, 55.0 min and  12.00 min respec-
tively. 
 
Measurement of texture by empirical meth-
ods in which forces required to shear, pene-
trate, compress or cut food are often used as 
indicators of textural characteristics (Kilcast, 
1999; Rosenthal, 1999 and Lawless and Hey-
man 1998) of food. It is an objective means 
of assessing the textural quality of food, alt-
hough, this may not necessarily be regarded 
as an absolute indicator of texture properties 
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of food. It has also been argued that not all 
the textural parameters defined in the Tex-
ture Profile Analyses (TPA) test are correct 
and useful. However, Trinh and Glasgow 
(2012) suggested  such limitation can be  
reduced through the use of replicated meas-
urements  for the same food samples with 
fairly consistent dimensions  and standard-
ised test conditions as used in this study 
(Fig 7).  
 
The hard to cook phenomenon (HTCP) in 
Bambara groundnut has been attributed to 
the hot and humid conditions under which 
legumes are stored in many subtropical and 
tropical African countries which made them 
to be prone to hardening. This phenome-
non is associated with modifications that 
occur in the cotyledons and seed coats 
(Mubaiwa et al., 2017; Stanley and Aguilera, 
1985) which resulted in extended cooking 
time (Coelho et al., 2007; Garcia et al., 
1998).  It was further suggested that the 
hardening of the seeds occurred through 
structural modifications of the cotyledons 
and seed coats and also, through composi-
tional changes. Structural modifications has 
been linked to the autolysis of cytoplasmic 
organelles, weakling plasmalemma integrity, 
and lignification of middle lamella while  
compositional changes has been attributed  
the formation of insoluble pectate, lipid oxi-
dation, and polymerization, phytic catabo-
lism, interactions of proteins and phenolic 
compounds and polymerization of phenolic 

compoundsas well as deposition of lignin-
like material. (Garcia et al., 1998, Stanley, 
1985, Aguilera and Rivera, 1992). 
 
The mucilage and gums binding the hulls 
and cotyledons together is broken down dur-
ing cooking, but at relatively faster rate dur-
ing high pressure cooking than during con-
ventional cooking.  The rate at which the 
break down occurs in pressure cooking was 
also dependent on the cooking  conditions  
and Table 3 suggested that this may depend 
more on the  weight of the cooked samples 
and the time of cooking. 
 
Sensory Attributes of Cooked Bambara 
nuts 
The range of values for colour, taste, texture, 
aroma and overall acceptability were 5.40 to 
7.03, 4.63 to 6.53, 4.20 to 6.33, 5.03 to 6.77 
and 5.57 to 6.87 respectively (Table 4) . The 
samples were significantly different (p <0.05) 
from each other even at replicated points. 
The lowest texture score was recorded in 625 
g of the samples cooked 20 minutes and held 
for 2 minutes while cooling. The highest tex-
ture score was recorded in 1000 g of the 
samples cooked 55 minutes and held for 12 
minutes while cooling (Table 4). The results 
also indicated that the  Bambara needs to be 
cooked for at least 55 minutes and held for 
not less than 7 minutes to have soften the 
Bambara for reasonably high texture scores. 
Most of the samples were generally accepta-
ble to the panellists.  
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Relationships between Texture Profile 
Parameters and Sensory Texture of 
Bambara 
Correlations between sensory texture and 
the texture profile parameters (Table 5) re-
vealed negative correlation relationships 
between sensory texture and springiness 
(n=17, r = -0.733. p= 0.001)  as well as 
fracturability ( n=17, r = -0.673  p= .003) 
but positive relationship with stringiness 
( n=17, r = 0.650 p= .005). These implied 
that the sensory texture score increased as 
the stringiness value increases but decreased 
as the springiness and fracturability values 
increases. These suggested that sensory pan-
elists preferred cooked Bambara that frac-
tures easily.  
 
 Model Descriptions 
Texture profile 
The optimisation process was carried out by 
analysing fitness of the model for each of 
the responses. This was done by testing the 
fitness of each of the model using the se-
quential model sum of squares (SMSS).  
The SMSS indicated the contributions of 
the linear, two-factor interaction (2FI), 
quadratic and cubic polynomials terms to 
the totality of the model.  
 
The SMSS suggested that the Quadratic vs 
2FI terms made better (Prob > F was below 
0.05) contributions to the model for all the 
texture parameters (Table 4). This was then 
used as basis for testing the fitness of the 
model. The main reason for conducting the 
fitness test was to identify the model that 
can best be used as a response predictor.  
The desire was for the selected model to 
have insignificant lack-of-fit in order to 
demonstrate that the model actually fits the 
data (Myers et al., 2009). This was done by 
comparing the residual error with the “Pure 

Error” from replicated design points. An 
insignificant lack of fit is indicated by a low 
probability value (“Prob>F”), low standard 
deviation, high adjusted R-squared values 
and a low predicted residual sum of squares 
(PRESS).  The Quadratic model was there-
fore selected for all the measured texture 
parameters (Fig 2-6) except stringiness for 
which the linear model was selected (Table 
6).  
 
The models were assessed for the adequacy 
for the experimental conditions and the sig-
nificant terms in each of the models were 
identified. Results from the analysis of vari-
ance conducted in this respect indicated that 
model for hardness, springiness, cohesive-
ness and fracturability were significant (The 
probability >F were less than 0.05) while  the 
models for adhesiveness, chewiness and 
gumminess were not significant (The proba-
bility >F were greater than 0.1.).  There were 
no significant terms in the model for gummi-
ness, energy to break and stringiness.  
 
The terms in each of these model that were 
significant for exploration were A (Mass), B 
(cooking time), AC (Interaction s between 
mass and cooling time), A2 (exponential 
function of the Mass) C2 (exponential func-
tion of the cooling time) for hardness, the B 
(cooking time), AC (Interaction s between 
mass and cooling time) and C2 (exponential 
function of the cooling time) were the signif-
icant terms for springiness. The A (Mass ), 
AB (Interactions between mass and  cooking  
time  ) , A2 (  exponential function of the  
mass of Bambara) for cohesiveness and A, 
B, C ( cooling time) , AB , BC (Interactions 
between Cooking time and  cooling  time ) , 
B2 (exponential function of the Cooking 
time). 
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Fig 2: Response Surface Plots of Change in Hardness of Boiled Bambara at 

Different Experimental conditions. 
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Fig 4 : Response Surface Plots of Change in Cohesiveness of Boiled Bambara at 
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Fig 5 : Response Surface Plots of Fracturability  of Boiled Bambara at Different 
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Fig 6 : Response Surface Plots of Sensory  Texture of Boiled Bambara at Different  
            Experimental conditions 
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The regression coefficients therefore con-
firmed that the models for hardness, spring-
iness, cohesiveness and fracturability were 
the best responses for the  processing con-
ditions with adjusted R2 of 83.41%, 80.99%, 
67.37%  and 93,75% (Table 7)  respectively. 
The graphs for the responses are indicated 
in Fig 1-5. The graphs for instance indicated 
that the hardness value of the cooked Bam-
bara nut decreased with increase in cooking 
time but increased with the weight of the 
Bambara (Fig 2).   
 
Sensory profile 
The model properties for sensory properties 
( Table 8) indicated that only  the models 
for texture were significantly adequate for 
exploration and had model terms that can 
be explored. The adjusted R2  and predicted 
error sum square (PRESS ) of 88.96%  and 
1.65 respectively indicated texture was the 
most distinguished sensory characteristics 
of the pressure cooked Bambara. This is not 
unexpected since the attainment of suitable 
texture characteristics is a pre-requisite for 
subsequent uses to which the Bambara 
might be put.    
 
Targets for Numerical Optimization 
Setting of targets for optimisation was im-
portant to getting appropriate numerical 
optimisation solution. A reasonable under-
standing of the importance of each of the 
responses to the textural quality of Bambara 
nut was necessary for the elimination of 
irrelevant constraints in the optimisation 
process and for the setting optimisation 
goals. In view of this, the optimisation goal 
for hardness, springiness, chewiness, gum-
miness and stringiness were set at minimum 
while other parameters were set within the 
range of their values (Table 2).  This was 
considered necessary so that the experi-
mental conditions would be able to capture 

the different culinary uses for boiled Bamba-
ra nut.  
 
In Nigeria, cooking by boiling is an interme-
diate processing activity in the preparation of 
most African dishes. Many of these dishes 
have specific range of functional and organo-
leptic culinary attributes. Bambara is con-
sumed mostly in boiled form or as porridge, 
attainment of suitable textural characteristics 
during the boiling stage usually serve as basis 
for final end use.  
 
Eleven possible optimisation solutions were 
identified from the models each with desira-
bility index ranging from 0.909 to 0.936, five 
of which were selected for verification ex-
periment (Table 6) and for comparison of 
the sensory and proximate qualities with the 
control samples prepared using conventional 
method of cooking. 
   
Verification experiment 
Verification experiment conducted on the 
selected optimisation solutions showed that 
samples from all the five selected solutions 
produced at the identified optimisation con-
ditions were adequately cooked (Table 9)  
 
Proximate Composition of Bambara 
Cooked by Conventional and Pressure 
Cooked methods 
The moisture, fat, ash, crude protein and 
carbohydrate contents of the samples ranged 
from 44.31, 2.24, 1.98, 24.30 and 20.74 to 
50.58, 3.02, 2.84, 25.85 and 23.99 respective-
ly. The Proximate results also (Table 10) re-
vealed that the moisture, ash, and carbohy-
drate contents of the optimized solution 1 
were not significant different (p >0.05) from 
conventionally cooked samples and there 
were no significant difference (p >0.05) in 
the protein contents of the samples cooked 
by both methods. These findings are in 
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agreement with previous reports on the nu-
tritional quality of Bambara nut. Hillocks et 
al.( 2011) and Bamshaiye et al., ( 2011) had 
reported that it has relatively lower protein 
contents than other legumes but  higher  
proportion of methionine as a percentage 
of the protein than most other legumes. It 
was also reported that it  contains essential 
and nonessential amino acids that conforms 
with FAO requirements.( Aykroyd et al., 
1982).  As well as substantial quantity of 
vitamin A, thiamine, riboflavin, niacin, caro-
tene, and trace quantities of ascorbic acid 
(Adeyeye et al., 2013 ; Oyenuga, 1968).  
 
 

Sensory Properties of Bambara Cooked 
by Conventional and Pressure Cooked 
methods 
The  colour, texture ,  aroma and general ac-
ceptance of the samples ranged from 4.67, 
4.40, 4.90 and 5.23 to  and 7.83, 6.83, 6.10  
and  7.23 respectively with the pressure 
cooked samples having significantly ( p< 
0.05) higher  colour, texture  and general ac-
ceptance values. The sensory properties  
(Table 11) of the conventionally cooked 
samples were also not significantly different 
(p >0.05)  from the pressure  cooked sam-
ples in terms of colour, texture, aroma and 
general acceptability but was significantly 
different in taste. 
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CONCLUSION 
The aim of this study was to evaluate the 
effects of pressure cooking on the textural 
attributes of boiled Bambara using Re-
sponse Surface Methodology (RSM). This 
was done by assessing the effects of weight 
(Mass) of Bambara, cooking time, and post 
cooking time (Resident time) on the textural 
attributes of the boiled Bambara.  Model 
characteristics and adequacy were explored; 
the proximate and sensory characteristics of 
samples from the optimized solutions were 
also compared with Bambara cooked by 
conventional methods.   Eleven possible 
optimisation solutions were identified from 
the models each with desirability index 
range of 0.919 to 0.936, five of which were 
used for the verification experiment and 
comparison of their proximate contents and 
sensory properties with the control samples.  
Two of the suggested solutions were suita-
ble as the boiled Bambara samples pro-
duced at the identified optimisation condi-
tions were adequately cooked but not over 
cooked and pulpy as the samples cooked by 
conventional method.  This implied that 
Bambara of 527.62g can be adequately 
cooked by boiling at cooking time and  post 
cooking  time   82.55 and  10.43 minutes 
respectively.  In addition, exploration of the 
models suggested that the textural qualities 
of pressure cooked Bambara nuts would 
better assessed by hardness, springiness, 
cohesiveness and fracturability (Fig 1-5) 
while the sensory qualities would be ex-
plained by the sensory texture.   This study 
has provided the baseline findings and ne-
cessities for the standardisation of pressure 
cooking of Bambara as a means of address-
ing the hard to cooked phenomenon usually 
associated with Bambara.  The results of 
this study should be of interest to culinary 
engineers, food production managers and 
other personnel involve in equipment de-

sign, foodservice research and mass produc-
tion of food 
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