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Abstract This study was conducted to investigate some mechanical and thermal properties of four African 

culinary enhancers, namely Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna pruriens 

(Ukpo) and Brachystegia eurycoma (Achi). The properties are important for optimum design of their grading, 

conveying, processing, packaging, drying, storage, and heat treatment systems; and also for determining their 

susceptibility to mechanical damages that occur during harvest, transportation, and storages, which eventually 

leads to a pronounced reduction in commercial value. The mechanical properties showed that it would be easiest 

to crack the different seeds by loading across the widths than across the seed thickness, except for Ogbono 

which is hardest across its length (3480 N). The mean specific heat capacity for Ogbono, Ofor, Ukpo and Achi 

were 2458.1, 3639.6, 2689.62 and 1532.7 J kg
-1 o

C
-1

 respectively while their thermal heat conductivities and 

thermal heat diffusivity were 0.21 W m
-1o

C
-1

 and 3.110
-4

 m
2
s

-1
, 0.22 W m

-1o
C

-1
 and 1.1 10

-4
 m

2
s

-1
, 0.29 W m

-

1o
C

-1
 and 2.2410

-4
 m

2
s

-1
 and 0.19 W m

-1o
C

-1 
and 

 
2.110

-4
 m

2
s

-1
 
 
respectively. 
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1. Introduction 

Irvingia gabonensis (Ogbono in Ibo language), Detarium microcapum (Ofor in Ibo language), Mucuna pruriens 

(Ukpo in Ibo language) and Brachystegia eurycoma (Achi in Ibo language) are economic trees and leguminous 

plants that are traditionally found in the savannah and forest zones of Africa. Among the various crops used in 

Africa as culinary enhancing agents during soup making, Irvingia gabonensis (Ogbono), Detarium microcapum 

(Ofor), Mucuna pruriens (Ukpo) and Brachystegia eurycoma (Achi) are most profound due mainly to their 

thickening, emulsification, stabilization, drawability and spicing of soups and stews (for eating gari, pounded 

yam or cocoyam and fufu). The seeds are crushed to flour and when in powdered form have the ability to swell 

in water and thus are able to influence the viscosity of the food. They are also used as additives in other foods to 

impact desirable textural and functional properties to the finished food product particularly the “convenience 

foods”, due to their absorption capacity [1]. 

These seeds have excellent economic and nutritional advantages. They are good sources of bioactive 

compounds, consists mainly of alkaloids, saponins, flavonoids, phenolic compounds and tannins. They also 

contain protein, calories, minerals, vitamins, carbohydrate, fats and soluble fiber. The component vitamins are 

water soluble vitamins which play a key function in the nutritional status of consumers [2]. The proteins of these 

crops are rich in lysine but deficient in sulfur containing amino acids particularly cysteine and methionine. 

Precisely, Mucuna pruriens Ukpo) contains between 6-19% crude protein, 39.8- 61.49% carbohydrate, 1.84- 

5.9% fat and 11.24-17.10% vitamins. Brachystegia eurycoma seed (Achi) contains 56% carbohydrate, 15% 

crude fat, 9% protein, 4.5% ash and 2.9% crude fibre [2, 3]. Detarium microcapum (Ofor) contains 12.0- 15.6% 
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protein, 0.79% vitamins, 6.0% fat and 35.4- 68.2% carbohydrate [1, 3]. Irvingia gabonensis (Ogbono) kernel 

composed of about 62.8% fats, 19.7% carbohydrates, 8.9% protein, 5.3% dietary fibre and 3.2% ash [4]. 

Brachystegia eurycoma and Detarium microcarpum are reported to be very effective in the lowering blood 

glucose level and blood cholesterol content and helps in stabilizing the body temperature [5]. The seed gum 

from Brachystegia eurycoma can be used as a binding agent in tablet formulation and compares favourably with 

the industrial type [6]. The seed, stem bark and exudates have been reported to possess antioxidant, anti-

inflammatory, antibacterial, antifungal activities as well as facilitating wound healing [7, 8, 9]. Irvingia 

gabonensis seed has very huge amount of soluble fibre and therefore commonly used in Western countries as a 

supplement for weight loss. It is also widely used in West Africa as a pharmaceutical binder and a very 

important ingredient in the manufacture of confectionary, edible fats, cosmetics and soap [10, 11]. Each species 

of the seed differs from the others and so have their individual mechanical and thermal properties, different 

flavours, taste, odour, texture and nutritional composition which they impart on foods. Often, choice depends on 

individuals, but Brachystegia eurycoma and Detarium microcarpum are the most favourite culinary enhancers 

in South Eastern, Nigeria.  

Many researchers have determined the physical, mechanical and thermal properties of other seeds and grains. 

Soybean [12], oil bean seed [13], neem nuts [14], karingda seed [15], cumin seed [16], lentil seeds [17], 

sunflower seeds [18], coffee [19], green  [20], chick pea seeds [21], quinoa seeds [22], hemp seed [23], [24], 

African yam beans [25], rapeseed [26], soybean [27]  and Jatropha  [28] have all been investigated. The 

following researchers have also worked on the physical and mechanical properties of other seeds and grains [29, 

30, 31, 32, 33, and 34]. However, there is scarcity of information in literature on mechanical and thermal 

properties of Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna pruriens (Ukpo) and 

Brachystegia eurycoma (Achi). 

The cracking force is an important parameter in designing the cracking machine because force applied along the 

axes can cause kernel breakage and decrease in kernel quality.  

The processing of Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna pruriens (Ukpo) and 

Brachystegia eurycoma (Achi) for value addition involves parboiling, soaking or roasting, frying, dehulling and 

size reduction. These processes are laborious and time consuming, still carried out manually across West Africa 

with low output. In order to take advantage of the huge economic, nutritional and culinary potentials of these 

African seeds, there is the need to develop machines, systems and equipment for carrying out the dehulling, 

processing, cooking and handling operations which requires knowledge of the mechanical and thermal 

properties. The objective of this study, therefore, was to determine the mechanical and thermal properties of 

Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna pruriens (Ukpo) and Brachystegia 

eurycoma (Achi) which will serve as baseline data for the development of their handling and processing 

facilities. 

 

2. Materials and Methods 

2.1 Sample Collection and Preparation 

Samples of harvested, matured and dried Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna 

pruriens (Ukpo) and Brachystegia eurycoma (Achi) were sourced from Afikpo market, Ebonyi State, Nigeria. 

The seeds were manually cleaned in other to remove all foreign matters such as pieces of stones, dirts, dust as 

well as broken, deformed and immature seeds. The seeds were manually cracked, grouped and measured for the 

analysis of the mechanical and thermal properties. Determination of the mechanical and thermal properties was 

conducted in the Food and Bioprocess Laboratory in the University of Nigeria, Nsukka, Nigeria. Figure 1 shows 

the seeds of Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna pruriens (Ukpo) and 

Brachystegia eurycoma (Achi) 
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Figure 1: Brachystegia eurycoma (Achi), Detarium microcapum (Ofor), Irvingia gabonensis (Ogbono) and 

Mucuna pruriens(Ukpo) 

 

2.2 Determination of Mechanical Properties 

The bio-yield force, Fb (N) of the Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna 

pruriens (Ukpo) and Brachystegia eurycoma (Achi) is the force at which the seeds begin to fail. This is the 

yielding force of the material. Further applied force beyond the bio-yield force causes the sample to rupture. 

Rupture force, Rf(N) is the minimum force required to cause the seed sample to break. Rf is expressed as the 

peak force in a force - deformation curve. 

Compressive strength c  is the ratio of rupture force to the area (A) in contact with the seed. It was calculated 

using Equation (1). 

A

Fr         (1) 

Deformation at rupture point, DR (cm) is the deformation at loading direction. Total energy, (N cm) is the energy 

needed to rupture the sample, which was determined from the area under the curve between the initial point and 

the rupture point. It was also calculated as the product of rupture force and deformation at rupture point as 

expressed in Equation (2). 

Rr DFE          (2) 

 

2.3 Determination of Thermal Properties 

Specific heat capacity, C (J kg
-1 o

C
-1

) of Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna 

pruriens (Ukpo) and Brachystegia eurycoma (Achi) was evaluated by the method of mixtures according to 

NouriJangi et al. [35], Asoiro and Ohagwu [36] and Aviara and Haque [37]. The energy balance equation 

according to Krishnan  and Nagarajan [38] for the calibration of the calorimeter is given in Equation (3). 

Cc=
  

  cec

ehhh

TtTM

tTTCM




1

1

      (3) 

Where, cC is specific heat capacity of calorimeter at mid temperature between )( 1tTe  and cT  (kJ kg
-1 o

C
-1

); 

hC  is specific heat capacity of hot water at mid temperature between hT  and )( 1tTe  (kJ kg
-1 o

C
-1

); hM is 

Ofor Achi 

Ogbono Ukpo 
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mass of hot water (kg); cM  is mass of calorimeter (kg); hT  is temperature of hot water (
o
C); eT is equilibrium 

temperature of calorimeter and hot water (
o
C) and 

1t is temperature correction (
o
C). The temperature correction 

was calculated using equation (4). 


11

rtt          (4) 

Where, 
1

rt  is rate of temperature loss (
o
C min

-1
) and   is elapsed time (min).   

 The specific heat of Irvingia gabonensis (Ogbono), Detarium microcapum (Ofor), Mucuna pruriens (Ukpo) and 

Brachystegia eurycoma (Achi) seed was estimated using a calorimeter according to the method by Asoiro and 

Ohagwu [36]. This was conducted by dropping a sample of known weight (5 g), temperature (within a range of 

25–30 
o
C) into the calorimeter containing water with known weight and temperature. The mixture was stirred 

continuously using a copper stirrer. The temperature was recorded at an interval of 60 s using digital 

thermometer. At equilibrium, the final or equilibrium temperature was noted and the specific heat capacity of 

the seeds were calculated according to the expression by Asoiro and Ohagwu [36] in Equation (5). 

    
   













ses

ehwhc

s
TtrTM

trTTCMC
C

1

1

     (5) 

Where, sC  is specific heat capacity of Prosopis Africana seeds (kJ kg
-1o

C
-1

); cC is specific heat capacity of 

calorimeter (kJ kg
-1o

C
-1

); hM is mass of hot water (kg); wC is specific heat of water (kJ kg
-1o

C
-1

); hT  is 

temperature of hot water (
o
C); eT is equilibrium temperature (

o
C); sM is mass of seed (kg); sT is temperature of 

seed (
o
C); 

1tr  account for the heat of hydration and heat of exchange with the surroundings; and 
1r is the rate 

of temperature rise of the mixture after equilibrium was reached.  

The guarded hot plate apparatus with steady-state heat flow method, described by Aviara and Haque [37] was 

used in determining the thermal heat conductivity of the seeds. The thermal heat conductivity of the sample was 

calculated using Equation (6). 

 
 12

12

TTA

XXQ
K




        (6)  

Where, K  is thermal heat conductivity (W m
-1o

C
-1

); Q is rate of heat transfer (W s
-1

); 2X  is longer distance 

(m); 1X  is shorter distance (m); A  is area (m
2
); 1T  is inside hotter temperature (

o
C) and 2T  is outside cooler 

temperature (
o
C). 

Two basic methods are normally employed in evaluating thermal diffusivity of biomaterials. They are the 

mathematical method and experimental method. For the seeds, mathematical method was employed in the 

determination their thermal diffusivity. This was computed using equation (7) as reported by Fadele [39]. 

sbCD

K
           (7) 

Where,   is thermal heat diffusivity (m
2
s

-1
); K is thermal heat conductivity (W m

-1o
C

-1
); bD is bulk density (kg 

m
-3

) and sC  is specific heat capacity (kJ kg
-1o

C
-1

). 

 

3. Results and Discussion 

3.1. Mechanical properties of Irvingia gabonensis (Ogbono) 

The mechanical properties of Ogbono seed are shown in Table 1. 
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Table 1: Mechanical properties of Irvingia gabonensis (Ogbono) 

Loading across seed length, L 

Property No. of 

Replications 

Range Mean Standard 

Deviation 

Coeff. of 

Variability (%) 

Bio-yield force, Fb (N) 100 2600-3800 3000 421.64 14.06 

Rupture force, Fr (N) 100 3200-4000 3480 300.84 8.65 

Compressive strength, 

c  (N/cm
2
) 

100 101.52-

216.02 

139.41 25.42 18.23 

Deformation at rupture, 

DR (cm) 

100 0.53-0.65 0.58 0.05 8.62 

Total Energy, E (kJ)  100 1.76-2.34 2.02 0.23 11.39 

Loading across seed width, W 

Bio-yield force, Fb (N) 100 1200-2000 1440 321.61 22.33 

Rupture force, Fr (N) 100 1600-2400 1880 300.84 16.00 

Compressive strength, 

c  (N/cm
2
) 

100 48.42-

135.01 

75.46 17.97 23.81 

Deformation at rupture, 

DR (cm) 

100 0.23-0.38 0.32 0.05 15.63 

Total Energy, E (kJ) 100 3.2-9.0 5.77 2.09 36.22 

Loading across seed thickness, T 

Bio-yield force, Fb (N) 100 2200-2600 2360 150.42 6.37 

Rupture force, Fr (N) 100 2800-3050 2890 111.90 3.87 

Compressive strength, 

c  (N/cm
2
) 

100 86.07-

189.02 

115.96 20.57 17.74 

Deformation at rupture, 

DR (cm) 

100 0.38-0.48 0.41 0.04 9.76 

Total Energy, E (kJ) 100 10.5-13.3 11.68 0.93 7.96 

It has a maximum bioyield force of 3000±421 N when loaded across seed length and a minimum value of 

1440±321 N when loaded across seed width. Its mean rupture force is 3480±300 N (across seed length); 

2890±112 N (across seed thickness); and 1880±301 N (across seed width). Its mean compressive strength is 

139±25 N/cm
2 

(across seed length); 116±21 N/ cm
2
 (across seed thickness); and 75±18 N/cm

2
 (across seed 

width).The mechanical properties of Ogbono seed show that it would be easiest to crack the seed by loading 

across its width.  

 

3.2 Mechanical properties of Detarium microcapum (Ofor) 

Table 2 shows the measured mechanical properties of Ofor seed at a MC of 9.88±0.25% w.b. 

Table 2: Mechanical properties of Detarium microcapum (Ofor) 

Loading across seed length, L 

Property No. of 

Replications 

Range Mean Standard 

Deviation 

Coeff. of 

Variability 

Bio-yield force, Fb (N) 100 125-175 145 18.80 12.97 

Rupture force, Fr (N) 100 168.75-200 182.5 10.81 5.92 

Compressive strength, c  

(N/cm
2
) 

100 11.31-19.11 13.94 1.86 13.34 

Deformation at rupture, 

DR (cm) 

100 0.2-0.28 0.23 0.03 13.04 

Total Energy, E (kJ)  100 0.34-0.48 0.42 0.05 11.91 

Loading across seed width, W 

Bio-yield force, Fb (N) 100 75-125 100 17.77 17.77 
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Rupture force, Fr (N) 100 100-162.5 132.5 21.90 16.53 

Compressive strength, c  

(N/cm
2
) 

100 6.62-15.17 10.08 1.86 18.45 

Deformation at rupture, DR 

(cm) 

100 0.18-0.26 0.21 0.04 19.05 

Total Energy, E (kJ) 100 0.17-0.43 0.29 0.10 34.48 

Loading across seed thickness, T 

Bio-yield force, Fb (N) 100 125-175 151.25 16.09 10.64 

Rupture force, Fr (N) 100 150-212.50 192.5 21.90 11.38 

Compressive strength, c  

(N/cm
2
) 

100 10.05-19.11 14.70 2.33 15.85 

Deformation at rupture, DR 

(cm) 

100 0.25-0.48 0.37 0.10 27.03 

Total Energy, E (kJ) 100 0.38-0.95 0.71 0.22 30.99 

Its bio yield force (151±16 N), rupture force (193±22 N), and compressive strength (14.7±2.3 N/cm
2
 is greatest 

when loaded across seed thickness; but lowest when loaded across seed width (100±17.8 N, 132.5±21.9 N, and 

10.1±1.86 N/cm
2
 respectively). Thus, cracking of Ofor seeds to release the kernels would be easiest when 

loaded across seed width. 

 

3.3. Mechanical properties of Mucuna pruriens (Ukpo) 

Table 3 shows some mechanical properties of Mucuna pruriens (Ukpo) seed. 

Table 3: Mechanical properties of Mucuna pruriens (Ukpo) 

Loading across seed length, L 

Property No. of 

Replication 

Range Mean Standard 

Deviation 

Coeff. of 

Variability 

Bio-yield force, Fb (N) 100 1800-2200 2000 142.13 7.11 

Rupture force, Fr (N) 100 2200-2400 2320 98.47 4.24 

Compressive strength, c  

(N/cm
2
) 

100 109.60-

221.13 

133.01 23.14 17.40 

Deformation at rupture, DR 

(cm) 

100 0.5-0.68 0.57 0.06 10.53 

Total Energy, E (kJ)  100 11-16.2 13.27 1.91 14.39 

Loading across seed width, W 

Bio-yield force, Fb (N) 100 800-1000 940 80.40 8.55 

Rupture force, Fr (N) 100 1200-1400 1310 92.11 7.03 

Compressive strength, c  

(N/cm
2
) 

100 59.45-

120.61 

74.91 11.82 15.78 

Deformation at rupture, DR 

(cm) 

100 0.23-0.33 0.29 0.04 13.79 

Total Energy, E (kJ) 100 2.7-4.55 3.81 0.63 16.54 

Loading across seed thickness, T 

Bio-yield force, Fb (N) 100 1800-2200 2000 179.79 8.99 

Rupture force, Fr (N) 100 2200-2600 2400 127.13 5. 30 

Compressive strength, c  

(N/cm
2
) 

100 112.76-

241.23 

137.86 26.64 19.32 

Deformation at rupture, DR 

(cm) 

100 0.58-0.63 0.60 0.02 3.33 

Total Energy, E (kJ) 100 13.75-15.60 14.39 0.67 4.66 
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The seed has maximum mean bioyield force (2000±180 N), rupture force (2400±127 N), and compressive 

strength (137.86±26.64 N/ cm
2
) when loaded across seed thickness; but has minimum values when loaded 

across seed width (940±80.4 N, 1310±92 N, and 74.91±11.82 N/cm
2
, respectively). It is therefore more energy 

saving (3.81±0.13 kJ) to crack Ukpo seeds by loading across seed width. 
 

3.4. Mechanical properties of Brachystegia eurycoma (Achi) 

Table 4 shows some mechanical properties of Brachystegia eurycoma (Achi) seed. 

Table 4: Mechanical properties of Brachystegia eurycoma (Achi) 

Loading across seed length, L 

Property No. of 

Replications 

Range Mean Standard 

Deviation 

Coeff. of 

Variability (%) 

Bio-yield force, Fb (N) 100 150-193.75 171.25 18.46 10.78 

Rupture force, Fr (N) 100 200-256.25 216.25 22.33 10.33 

Compressive strength, c

(N/cm
2
) 

100 44.91-

161.82 

73.04 20.61 28.22 

Deformation at rupture, 

DR (cm) 

100 0.19-0.28 0.22 0.03 13.64 

Total Energy, E (kJ)  100 0.40-0.55 0.48 0.05 10.42 

Loading across seed width, W 

Bio-yield force, Fb (N) 100 150-200 180 18.80 10.44 

Rupture force, Fr (N) 100 187.5-225 207.5 15.08 7.27 

Compressive strength, c  

(N/cm
2
) 

100 47.21-

144.56 

70.37 20.52 29.16 

Deformation at rupture, 

DR (cm) 

100 0.24-0.33 0.28 0.03 10.71 

Total Energy, E (kJ) 100 0.45-0.73 0.59 0.10 16.95 

Loading across seed thickness, T 

Bio-yield force, Fb (N) 100 200-225 205 10.05 4.90 

Rupture force, Fr (N) 100 225-250 242.5 10.05 4.14 

Compressive strength, c  

(N/cm
2
) 

100 53.12-

179.80 

82.21 23.5 28.59 

Deformation at rupture, 

DR (cm) 

100 0.25-0.33 0.30 0.03 10.00 

Total Energy, E (kJ) 100 0.63-0.81 0.73 0.06 8.22 

It has a maximum bioyield force (205±10.05 N), rupture force (242.50±10.05 N), and compressive strength 

(82.21±23.5 N/cm
2
) when loaded across seed thickness; but shows minimum values when loaded across its 

width (180±18.8 N, 207.5±15.08 N, and 70.37±20.52 N/cm
2
, respectively). 

 

3.5 Thermal properties of Irvingia gabonensis (Ogbono) 

The thermal properties of Irvingia gabonensis (Ogbono) kernel are shown in Table 5. 

Table 5: Thermal properties of Irvingia gabonensis (Ogbono) 

Properties No. of 

Replication 

Range Mean Standard 

Deviation 

Coeff. of 

Variability 

Specific heat capacity, C 

(J kg
-1 o

C
-1

) 

100 1284.98-

3599.40 

2458.10 830.80 33.80 

Thermal heat conductivity, 

K (W m
-1o

C
-1

) 

100 0.20-0.24 0.21 0.02 9.52 

Thermal heat 

diffusivity,γ(m
2
 s

-1
) 

100 1.710
-4

-5.5

10
-4

 

3.1 10
-

4
 

1.210
-4 

38.71 

Its mean specific heat capacity is 2458±831 Jkg
-1o

C
-1

. The mean thermal heat conductivity is 0.21±0.02 W m
-

1o
C

-1
 and thermal diffusivity of 3.1 x 10

-4
±1.2 x 10

-4
 m

2
 s

-1
.  The thermal conductivity of Irvingia gabonensis 

kernel determines how fast heat can be evenly transferred to the entire kernel mass during drying or other heat 
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treatment operations. Specific heat capacity influences heat treatment energy costs and dimensions of heat 

treatment equipment. 

 

3.6 Thermal properties of Detarium microcapum (Ofor) 

The thermal properties of Ofor kernel are shown in Table 6. 

Table 6: Thermal properties of Detarium microcapum (Ofor) 

Properties No. of 

Replication 

Range Mean Standard 

Deviation 

Coeff. of 

Variability 

Specific heat capacity, C 

(J kg
-1 o

C
-1

) 

100 1894.2-

4534.9 

3639.6 921.29 25.31 

Thermal heat conductivity, 

K (W m
-1o

C
-1

) 

100 0.21-0.23 0.22 0.01 4.55 

Thermal heat diffusivity, γ 

 (m
2
 s

-1
) 

100 7.510
-5

-2.2

10
-4

 

1.1
10

-4
 

4.3 10
-5 

39.09 

The specific heat capacity of Ofor kernel is 3696.6±921.3 J kg
-1 o

C
-1

. Its mean thermal conductivity and thermal 

diffusivity are 0.22±0.01 W m
-1 o

C
-1

 and 1.1 x 10
-4

 ± 4.3 x 10
-5 

m
2
 s

-1
 respectively. 

 

3.7. Thermal properties of Mucuna pruriens (Ukpo) 

The thermal properties of Mucuna pruriens (Ukpo) kernel are shown in Table 7. 

Table 7: Thermal properties of Mucuna pruriens (Ukpo) 

Properties No. of 

Replications 

Range Mean Standard 

Deviation 

Coeff. of 

Variability (%) 

Specific heat 

capacity, C 

(J kg
-1 o

C
-1

) 

100 1903.7-3493.6 2689.62 523.42 19.46 

Thermal heat 

conductivity, K 

(W m
-1o

C
-1

) 

100 0.26-0.32 0.29 0.02 6.90 

Thermal heat 

diffusivity, γ 

 (m
2
 s

-1
) 

100 1.4710
-4

-

3.3310
-4 

2.24
10

-4 

4.4610
-5 

19.92 

The mean specific heat capacity, thermal conductivity, and thermal diffusivity of Ukpo kernels are 

2689.62±523.42 J kg
-1 o

C
-1

, 0.29±0.03 Wm
-1 o

C
-1

, and 2.24 x 10
-4

±446 x 10
-5 

m
2 
s

-1 
respectively. 

 

3.8 Thermal properties of Brachystegia eurycoma (Achi) 

The thermal properties of Brachystegia eurycoma (Achi) seed are shown in Table 8. 

Table 8: Thermal properties of Brachystegia eurycoma (Achi) 

Properties No. of 

Replications 

Range Mean Standard 

Deviation 

Coeff. of 

Variability (%) 

Specific heat capacity,  

C(J kg
-1 o

C
-1

) 

100 734.5-2473 1532.7 590.36 38.52 

Thermal heat 

conductivity,  

K (W 
1o

C
 1
) 

100 0.18-0.20 0.19 0.01 5.26 

Thermal heat 

diffusivity,  

γ  (m
2
 s

-1
) 

100 1.010
-4

-4.0

10
-4

 

2.1
10

-4
 

9.3910
-5

 44.29 

Its mean specific heat capacity, thermal conductivity, and thermal diffusivity are 1532.7±590.36 J kg
-1o

C
-1, 

0.19 

± 0.01 Wm
-1

, and 2.1 x 10
-4

±9.39 x 10
-5

 m
2
 s

-1
 respectively. 
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Deviations from the mean values of and mechanical properties are common in most agricultural materials [40]. 

These values agree very closely with those reported by Orhevba et al. [41], who studied the Engineering 

properties of African Bush Mango at moisture contents of 13.75% and 8.74%. Apart from the density, porosity 

and total energy, (as well as thermal properties), all the properties measured had a coefficient of variability 

below 25% and are recommended for application in engineering design of processing devices with a good 

measure of reliability.  

Information on previous studies by other researchers on Detarium microcapum is rather scanty in published 

literature. This is not surprising, considering the fact that Ofor is used as a food ingredient in some parts of 

Nigeria. The mechanical and thermal properties of Brachystegia eurycoma varied widely. The observed values 

were, however, in agreement with those reported by Ndukwu (2009) [40]. 

 

4. Conclusions 

It is easier to crack the seeds by loading across seed width than across seed length and thickness. Based on 

compressive strength, Ogbono seed is stronger (75±18 N/cm
2
) than Ukpo seed (74.91±11.82 N/cm

2
), Achi seed 

(70.37±20.52 N/cm
2
) and Ofor seed (13.94 1.86 N/cm

2
). 

The specific heat capacity of Ogbono seed (2458±831 J kg
-1o

C
-1

) is lower than that of Ofor seed (3696.60±921.3 

J kg
-1o

C
-1

) and of Ukpo seed (2689.62±523.42 J kg
-1o

C
-1

) but higher than  that of Achi seed (1532.7±590.36 J kg
-

1o
C

-1
). The thermal conductivity of Achi kernel (0.19±0.01 W m

-1 o
C

-1
) is lower than that of Ogbono kernel 

(0.21±0.02 Wm
-1 o

C
-1

), Ofor kernel (0.22±0.01 Wm
-1 o

C
-1

), and Ukpo kernel (0.29±0.02 Wm
-1 o

C
-1

). It would 

therefore take longer time to cook Achi soup than Ogbono, Ofor, and Ukpo soups. 
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