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Abstract

Acha is a less utilized cereal grain in Africa. Scaling up of the processing technology of acha seeds is
desirable if accurate information on effect of processing on its properties is available. This study inves-
tigated the effect of cooking duration on the chemical and physical properties of acha seeds. Cooking
times (2.5, 5, 7.5 and 10 minutes) at 100°C were used. The volume, length, breadth, thickness, porosity,
density, sphericity, aspect ratio, specific heat capacity, thermal conductivity, thermal diffusivity, mois-
ture, protein, fat, ash, crude fibre and carbohydrate were determined using standard methods. Data
were analysed using ANOVA at p = 0.05. The results obtained revealed that varietal difference had
a significant effect on volume, length, breadth, thickness, true density, bulk density, porosity, spheric-
ity and aspect ratio. The moisture content, ash, protein, crude fibre, fat, carbohydrate, specific heat
capacity, thermal conductivity and thermal diffusivity varied from 8.80 - 56.17 %, 0.32 - 1.87%, 1.92 -
11.50%, 0.29 - 1.58%, 0.32 - 2.81%, 40.94 - 76.26%, 1.66 -2.97 kJkg ™ *K~!, 0.26 -0.43 Wm'K~! and
0.85 x 1077 - 1.17 x 10™7 ms™? respectively, as significantly influenced by cooking time. Cooking for
7.5 minutes was appropriate using the moisture uptakes and thermal properties as criteria.

Keywords: Acha seeds; Cooking duration; Physical properties; Proximate composition; Thermal
properties

1 Introduction and low glycemic content, which makes it ade-
quate as a suggested diet for diabetic patients
(Obizoba & Anyika, ). Acha has high wa-
ter absorption capacity that gives it ability to
be utilized in baked foods. Its amino acid pro-

Acha (Digistiria exilis staph and Digistiria ibu-
rua kippis) is one of lesser known cereals found

in Africa and it is sometimes referred to as Hun- .
; . . file was compared to that of whole-egg protein,

gry Rice (NAS, ). It has important potential o > .

not only as a survival food, but also as a com- and showed that acha was rich in essential amino

plement for standard diets (NAS, ). Acha acids except for the low score of 46% in lysine.

It also contains pentosans (Lasekan, ) which
gives it the ability to form a gel in the presence
of oxidizing agents at room temperature. The
high levels of sulphur containing and hydropho-
bic amino acids in acha grains make it a use-

is easily digested, and it is traditionally recom-
mended for children, old people that cannot di-
gest other cereals, sick people, diabetic patients
and patients with stomach diseases (Cruz, ).
The diets from acha have relatively low free sugar
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ful crop for bakery products (Obizoba & Anyika,
).
Engineering properties of crops are essential pa-
rameters in utilisation, development of process-
ing methods and design of processing equipment
(Akinoso & Raji, ). Such properties include
rheological, thermal, optical, electrical, physi-
cal and mechanical properties. Some published
works on engineering properties of agricultural
products are on dika nut (Ogunsina & Koya,

), soybean (Kibar & Ozturk, ), wheat
straw (Tavakoli, Mohtasebi, & Jafari, ),
maize grain (Chemperek & Rydzak, ), faba

bean (Altuntas & Yildiz, ) and pea seed (An-
drejko, Rydzak, Slaska-Grzywna, Gozdziewska,
& Kobus, ). Researchers have clearly shown
that engineering properties of biomaterial signifi-
cantly depend on primary processing conditions.
Therefore, improvement of the processing tech-
nology of acha seeds requires accurate informa-
tion on the chemical, thermo-physical and me-
chanical properties of the grain, as affected by
primary processing. Studies on cooking time re-
duction, without compromising food value, will
provide information that can be used to reduce
energy demand and encourage interest in its con-
sumption, thereby increasing its utilization. The
aim of this research work was to determine effect
of cooking duration on some engineering proper-
ties and proximate composition of cooked acha
seeds.

2 Materials and Methods

2.1 Samples Preparation

The two varieties of acha seeds used for this
study were purchased from Sokoto State, Nige-
ria. Cooking durations were 2.5, 5, 7 and 10
minutes, at atmospheric pressure (760 mm Hg
~ 1 bar) and boiling temperature (100°C). The
acha seeds were cooked in distilled water using
a 3 mm thick stainless steel container placed on
a kerosene stove. At attainment of the desired
heating duration, the container was removed and
the water was drained off after which the acha
seeds were cooled to ambient temperature (29°C)
in desiccators containing silica gel as a desiccant.

2.2 Physical Properties

A preliminary investigation was carried out in or-
der to establish some physical properties of the
two varieties of acha seeds that are common in
Nigeria. Physical properties such as size (length,
breadth, thickness), mass, shape and porosity of
the samples, were determined directly using stan-
dard methods (Akinoso & Raji, ). The true
density was determined by weighing 30 g of each
sample into 100 cm?® graduated cylinders and the
volume of the tiny seeds was recorded and ex-
pressed as kg/m3, while the tapped density was
determined by weighing 30 g of each sample into
100 ecm?® graduated cylinders which were then
tapped ten times against the palm. The volume
of the tiny seeds after tapping was recorded and
expressed as kg/m?® (Akinoso & Raji, ).

Mass
True Densit = 1
rue Density, py = 37— (1)
Mass
Bulk Densit = 2
i ensiy, pe Volume(tapped) @)
c=PrL=P 100 (3)

Pt

where ¢ = Porosity, p, = Bulk density, kg/m3
and p; = True density, kg/m?>.

The length, breadth and thickness of the
seeds were determined using a micrometer with
0.01mm accuracy (Cappera precision, China). A
digital weighing balance (Scout™ Pro OHaus
model SPU 401) of accuracy + 0.001g was used
for mass measurement. The sphericity and as-
pect ratio were determined according to Mohs-

enin ( ), using Equations 4 and 5, respec-
tively.
SI= (apd)s (4)
Ra=" % 100 (5)
@

where ST is sphericity (%), Ra is aspect ratio (%),
and «, 8 and 0 are length, breadth and thickness
in mm respectively.
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2.3 Chemical Analyses

The proximate compositions (moisture, protein,
ash, fat, crude fibre and carbohydrate) of the
acha samples were evaluated using the standard
AOAC procedure (AOAC, ).

2.4 Determination of Thermal
Properties

The specific heat capacity, thermal conductivity
and thermal diffusivity of the acha samples were
determined as a function of their proximate com-
positions by applying additivity principles.

Specific Heat Capacity (C,) and
Thermal Conductivity (K)

The above parameters were determined based on
weight fraction of water, fat, ash, protein and
carbohydrate component of food using the equa-
tions stated below (Choi & Okos, )-

Cp = 1.424X. 4 1.549X,, + 1.675X; + ...

(6)
oo+ 0.837X, +4.187X,,

k= 0.58X,, 4+ 0.155X, + 0.25X, + ...
.4+ 0.16X; +0.135X,

Thermal Diffusivity

Thermal diffusivity of each sample was deter-
mined based on weight fraction of water, fat, pro-
tein and carbohydrate components of the food,
using the equation stated below (Choi & Okos,

).

D =0.146 x 107X, + 0.10 x 107 °X; + ...
e 4+0.075 % 107%X, + 0.082 % 1076 X,

where X is the fraction of food component, and
the subscripts w, f, p, ¢ and a represent water,
fat, protein, carbohydrate and ash respectively.
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2.5 Statistical Analysis:

Data obtained were analyzed using SPSS version
14.0, Chicago.

3 Results and Discussion

3.1 Size Characteristics

Length, breadth and thickness of the acha
varieties were 0.57£0.03 mm, 0.53+0.06 mm
and 0.53£0.06 mm for the white variety and
0.53£0.03 mm, 0.474+0.03 mm and 0.42+0.03
mm for the brown variety, respectively (Table 1).
Seed size is important in the design and selec-
tion of equipment for primary processing of sep-
aration (Akinoso & Ralji, ). All the above
physical properties measured showed some devi-
ations from the average values which is typical of
agricultural biomaterials.

3.2 Density and Porosity

The results of the true density and bulk density
of the two varieties of acha seeds are shown in Ta-
ble 1, with the white variety having the highest
values (867.28+17.17 kgm—3 and 877.37415.40
kgm 2 respectively) and the brown variety hav-
ing the lowest values (810.86%7.63 kgm~2 and
838.0448.16 kgm—3). Bulk density has practical
application in determining separation of prod-
uct from undesirable materials (Fellows, ).
Cleaning is an important unit operation in food
processing (Fellows, ). It was observed that
brown acha, with smallest dimensions, had the
lowest bulk density. This could be attributed to
the fact that white acha seeds are likely to be bet-
ter compacted than the brown acha seeds. This is
in agreement with findings of Tunde-Akintunde
and Akintunde ( ) who reported that smaller
seeds had smaller bulk density than the bigger
seeds. The porosity of the white acha seeds was
0.01£0.01, and that of the brown acha seeds was
0.03+£0.02 (Table 1). It was observed that white
acha seed with the highest bulk density and mois-
ture content had the lowest porosity. This in-
dicates that there is an inverse relationship be-
tween the bulk density and porosity. Porosity
is an essential characteristic used in the calcu-
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Table 2: Effect of Cooking Time on the Proximate Composition of White Acha Seeds

Cooking Protein Crude Fibre Fat Ash Moisture Carbohydrate
Time (min) (%) (%) (%) (%) (%) (%)

0.00 9.404+0.10  1.5840.02° 1.4440.01¢ 1.4540.05¢ 9.87+0.23%  76.26+0.18%
2.50 2.4840.03°  0.4440.02° 0.404£0.01° 0.4140.01®*  37.9140.09¢ 58.3640.08"
5.00 2.08+£0.07¢  0.36+0.01¢ 0.3540.02¢  0.3840.01%¢  50.8340.76®  46.0040.85¢
7.50 2.0040.00°¢  0.36+0.01¢ 0.3240.02%  0.34+0.01°¢  55.67+0.58% 41.314+0.59¢
10.00 1.9240.08¢  0.34+0.01¢ 0.3240.01¢  0.32+0.01¢  56.174+0.76* 40.9440.84¢

Values are means of three replicates. Mean values having different superscripts within a column are significantly different (p<0.05)

lation of rate of aeration, cooling, drying and
heating. It is also used in the design of heat
exchangers and packaging equipment (Davies &
Zibokere, ).

3.3 Shape

The mean sphericity and aspect ratio of the sam-
ples varied from 0.514+0.03 to 0.58+0.04%, and
88.68+1.48 to 92.98+6.37%, respectively (Table
1). The range of sphericity and aspect ratio ob-
served in this study were low, when compared
with the values reported by Mohsenin ( ) for
plant seeds. High sphericity and aspect ratio
are indications of seeds that tend to a spherical
shape. These properties are useful in the design
of dehulling equipment Mohsenin ( ).

3.4 Effects of Cooking on the
Proximate Composition Acha

Seeds

Proximate compositions of the acha seeds are
presented in Table 2-3. The cooking durations
had significant influence on all the determined
chemical properties at the 95% confidence level.
A similar observation on wheat cooked at tem-
peratures of 80°C, 100°C and 120°C was reported
by Chukwu, Sunmonu, and Ismaila ( ).

Protein

The protein content of the white acha samples
varied from 1.92 £ 0.08 to 9.40 £ 0.10 %, and
that of the brown samples varied from 2.03 +
0.06 to 11.50 £ 0.50%. It was observed that as

the cooking duration increased the protein con-
tent was reduced. This is similar to previous
work reported on the decrease in protein content
of Canavalia cathartica from 32.1 to 28.1% after
cooking (Seena, Sridhar, Arun, & Young, ).
In addition, Baiyeri, Aba, Otitoju, and Mbah
( ) reported a reduction in protein content of
cooked banana from 3.21 to 2.48%. Protein qual-
ity is a measure of the usefulness of a food protein
for the purpose of growth and maintenance of tis-
sue. Reduction in crude protein content was due
to thermal denaturation that resulted in coagula-
tion and decreased solubility of protein (Akinoso
& El-alawa, ).

Fat

The fat content of the white acha samples varied
from 0.32 £ 0.01 to 1.44 £ 0.01%, and that of the
brown samples varied from 0.64 £ 0.01 to 2.81
+ 0.02%. It was noticed that cooking reduced
the fat content of acha seeds significantly at the
95% confidence level. Heating fractionated the
intact oil bodies and ruptured cellular structure
(Akinoso & El-alawa, ).

Carbohydrate

The carbohydrate content of the white acha sam-
ples varied from 40.94 + 0.84 to 76.26 + 0.18%,
and that of the brown samples varied from 42.60
+ 0.34 to73.58 + 0.45%. The remarkable re-
duction in the carbohydrate content was due to
hydrolysis of starch to simple sugars during the
cooking period. Hydrophilic groups in carbohy-
drate molecules caused it to take up moisture in
proportion to the relative humidity of the envi-
ronment (Akinoso & El-alawa, ). This char-
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Table 3: Effect of Cooking Time on the Proximate Composition of Brown Acha Seeds

Cooking Protein Crude Fibre Fat Ash Moisture Carbohydrate
Time (min) (%) (%) (%) (%) (%) (%)

0.00 11.504+0.50%  1.4540.05% 2.8140.02  1.87+0.15*  8.80+0.20¢  73.5840.45%
2.50 2.744£0.01®  0.36£0.01° 0.734£0.03®  0.48+0.01> 37.894+0.11¢ 57.80+0.16°
5.00 2.2840.03¢  0.32+0.02% 0.6840.04%¢  0.40+0.02°¢  48.5040.50° 47.8340.54¢
7.50 2.14+0.04¢  0.29+0.01¢ 0.6840.04%¢  (0.35+0.01%¢  53.67+0.58% 42.86+0.65¢
10.00 2.03+£0.06¢  0.29+0.01¢ 0.64£0.01¢  0.34+0.01¢  54.10+0.36° 42.6040.34¢

Values are means of three replicates. Mean values having different superscripts within a column are significantly different (p<0.05)

acteristic increase in moisture uptake might re-
sult in the apparent reduction in percentage of
carbohydrate.

Crude Fibre

The crude fibre content of the white acha sam-
ples varied from 0.34 £+ 0.01 to 1.58 &+ 0.02%,
and that of the brown samples varied from 0.29
+ 0.01 to 1.45 £ 0.05%. It was observed that
as the cooking duration increased the crude fibre
content reduced. Losses in crude fibre might be
due to thermal-induced degradation. Adequate
intake of dietary fiber can lower the level of serum
cholesterol and reduce the risk of developing hy-
pertension, constipation, diabetes, colon, cancer
and coronary heart disease (Ishida et al., ).
The lowest value (0.41%) of crude fiber content
for the uncooked acha seeds was reported by
Jideani and Akingbala ( ) while the highest
value (11.3%) was reported by Serna ( ). The
high variation in the crude fiber contents of fonio
grains could also be attributed to environmen-
tal influences, geographical location, agronomic
factors, genetic factors and different analytical
methods.

Ash

The ash content of the white acha samples var-
ied from 0.32 + 0.01 to 1.45 £ 0.05%, and that
of the brown samples varied from 0.34 £ 0.01 to
1.87 + 0.15 %. It was observed that as the cook-
ing duration increased the ash content reduced.
The ash contents (1.45 = 0.05% (white) and 1.87
£ 0.15% (brown)) obtained for uncooked acha
seeds in this study were slightly higher than the
1.0 % found by Jideani and Akingbala ( )

and Fliedel, Ouattara, Grabulos, Drame, and
Cruz ( ), but lower than the 6.0 % value re-
ported by Serna ( ). Ash content is an index
of mineral content in biota (Akubugwo, Obasi,
Chinyere, & Ugbogu, ). The observed high
ash content in the uncooked brown acha seeds
indicates higher amounts of minerals in brown
acha seeds compared to the white varieties.

Moisture Content

The moisture content of the white acha samples
varied from 9.87 + 0 .23 to 56.17 & 0.76%, and
that of the brown samples varied from 8.80 +
0.20 to 54.10 £+ 0.36%. Cooking of acha seeds
for 10 minutes significantly increased moisture
levels of the seeds. Moisture uptake of 46.14%
was recorded. Significant changes in chemical
composition of the seeds during cooking might
be attributed to water absorption capacity of
the biomaterials which causes re-distribution of
chemicals within the seeds (Akinoso & El-alawa,

). The moisture content of seeds determines
their susceptibility to microbial attack and hence
spoilage (Olusanya, ). The observed low
moisture content in the uncooked brown acha
seeds could mean that the brown acha seeds
might have storage advantage over that of white.
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3.5 Relationship between the
Moisture Content and
Thermal Properties of
Uncooked and Cooked Acha
Seeds

Thermal properties express the reaction of a sub-
stance when a change in temperature occurs.
The relationships between the moisture uptake of
acha seeds during cooking and the thermal prop-
erties of acha seeds are shown in Figures 1 and
2. The moisture content of the white acha sam-
ples varied from 9.87 + 0.23 to 56.17 £+ 0.76%,
and that of the brown samples varied from 8.80 +
0.20 to 54.10 £ 0.36%. The specific heat capacity
of the white acha samples varied from 1.68 to 2.97
kJkg~'K~! and that of the brown samples varied
from 1.66 to 2.92 kJkg=!K~!. The thermal con-
ductivity of the white acha samples and brown
samples varied from 0.27 to 0.43 Wm—'K~'1 and
0.26 to 0.43 Wm~'K~! respectively. The ther-
mal diffusivity of the white acha samples var-
ied from 0.86 x 1077 to 1.17 x 107 ms~? and
that of the brown samples varied from 0.85 x
1077 to 1.16 x 1077 ms~2. It was observed that
there were linear relationships between the mois-
ture uptakes of the two varieties of acha seeds
during cooking and the thermal properties (the
specific heat capacity, the thermal conductivity
and thermal diffusivity). The high coefficients of
determination R? indicate that the linear model
equations established in Figures 1 and 2 had good
fits.
However, the effect of variation in composition
of a food on thermal properties had been previ-
ously reported (Choi & Okos, ). Design of
an efficient boiler is a function of thermal proper-
ties (Barbosa-Canovas, Juliano, & Peleg, ).
Specific heat capacity determines the amount of
heat a substance can absorb (Singh & Heldman,
). The values obtained in this study are be-
low the specific heat capacity of water. Lewicki
( ) proved that there was a direct correlation
between the specific heat capacity and moisture
content of a food product. This implied that
as the moisture content increased, the specific
heat capacity increased. This was observed in
the cooked acha samples, with the white acha
samples having the highest moisture content and
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specific heat capacity. The thermal conductivity
of a material is a measure of its ability to trans-
mit heat (Singh & Heldman, ). High values
were reported for acha seeds cooked for 10 min-
utes, with the white variety having the highest
values. This connotes that white acha seeds will
have greater advantage for absorption and dis-
sipation of heat during processing and storage
than brown acha seeds. Thermal conductivity
of food depends on the structure and chemical
composition of the sample and it increases with
increasing water content for all food products at
temperature above freezing (Ishida et al., ).
Bamgboye and Adejumo ( ) reported a rise in
thermal conductivity of Roselle seed from 1.56 to
1.22 Wm~'K~! with increased moisture content
of 8.8 to 19.0%, respectively. Therefore, an in-
crease in temperature might have also influenced
their results. Similar results were obtained in
this study for the thermal conductivity of cooked
and uncooked acha seeds. The thermal diffusiv-
ity quantifies a material‘s ability to conduct heat
relative to its ability to store heat (Stroshine &
Hamann, ). The results in this study indi-
cated that thermal diffusivity increased with in-
crease in moisture content, as was observed for
thermal conductivity and specific heat capacity
of the acha samples.

3.6 Relationship between the
Cooking Duration and

Thermal Properties of Acha
Seeds

The effect of cooking time on the thermal prop-
erties of acha seeds are shown in Figures 3 and
4. The cooking duration had significant influ-
ence on all the determined thermal properties.
It was observed that as the cooking duration in-
creased, the thermal properties increased. Pre-
dictive model equations were developed for the
relationships between the cooking time and the
thermal properties (specific heat capacity, ther-
mal conductivity and thermal diffusivity). High
coefficients of determination R? suggested that
all the models had good fits (Figures 3 and 4).
The values for the specific heat capacity of the
acha samples were lower than specific heat ca-
pacity of 1.39 kJkg 1K~! for guna seed (Aviara,
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Figure 1: Influence of Moisture Content on the Thermal Properties of Cooked and Uncooked White Acha
Seeds. Cp= Specific Heat Capacity, kJkg '!K~!, K= Thermal Conductivity, Wm~'K~!, D= Thermal
Diffusivity, ms=2 - 10~
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Figure 2: Influence of Moisture Content on the Thermal Properties of Cooked and Uncooked Brown Acha
Seeds. Cp= Specific Heat Capacity, kJkg7?K~!, K= Thermal Conductivity, Wm~'K~!, D=Thermal

Diffusivity, ms=2 - 10~7

Haque, & Ogunjimi, 2008) and 5.63 kJkg 1K~*
for roselle seed (Bamgboye & Adejumo, 2010).
Specific heat is an essential parameter in design
of heat exchangers. The information will be use-
ful for selection of heat transfer medium and pro-
cessing conditions (Akinoso & El-alawa, 2013).
Thermo-physical properties are significantly de-
pendent on changes in moisture content and tem-
perature (Barbosa-Canovas et al., 2006). Ther-
mal conductivity is important to predict or con-
trol heat flux and processing time. This ensures
the efficiency of equipment, improves economics
of the process, and enhances quality of the prod-
uct (Akinoso & El-alawa, 2013). Thermal diffu-

sivity relates to the ability of the material to con-
duct heat compared to its ability to store heat.
Thermal diffusivity is the ratio of thermal con-
ductivity to density and specific heat. Therefore,
speed of heat diffusion through a material is also
relevant information in processing time predic-
tion models (Akinoso & El-alawa, 2013).
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Figure 3: Effect of Cooking Time on the Thermal Properties of White Acha Seeds
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Figure 4: Effect of Cooking Time on the Thermal Properties of Brown Acha Seeds. Cp= Specific Heat
Capacity, kJkg7'K—!, K= Thermal Conductivity, Wm 'K, D=Thermal Diffusivity, ms=2 - 10"
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4 Conclusions

All the physical properties measured showed
some deviations from the average values which is
typical of agricultural biomaterials. Cooking du-
ration influenced the chemical and thermal prop-
erties of acha seeds. Effects of cooking time on
the thermal properties of acha seeds were poly-
nomial, thus an optimum cooking duration is re-
quired. The relationships between the moisture
uptake of acha seeds during cooking and the ther-
mal properties were linear. The model linear and
polynomial equations established in this study
had good fits. Cooking for 7.5 minutes was ap-
propriate using the moisture uptakes as well as
the thermal properties as criteria. Further cook-
ing above 10 minutes might affect the chemical
and thermal properties drastically. However, the
generated data will be useful for selection of heat
transfer medium and processing conditions.
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