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ABSTRACT: Effects of thermal and non-thermal pre-processing methods on the physical parameters of jackbean seed 

were investigated. The bean was subjected to three pre-processing methods roasting and autoclaving which are thermal and 

sprouting a non-thermal pre-processing method. The physical parameters evaluated include length, width and thickness 
which were done by the use of digital venier caliper, sphericity index by the use of formula and aspect ratio which is the 

ratio between length and width. The results of physical characterization revealed that all the pre-processing methods used 

had effects on the seed. With roasting, there was decrease in all these parameters except sphericity index: length 19.00–

15.00 mm, width 13.00–11.00 mm, thickness 10.75–10.55 mm and sphericity index 72.88–80.20 %. The aspect ratio 

decreased with pre-processing time for all the treatments used from 1.46- 1.33. Kernel density (g/cm3), bulk density (g/cm3) 

and density ratio for the untreated seed were 1.24, 0.73 and 0.59 respectively. However, with autoclaving and sprouting, 

there was increase in length from 19.00–24.00 mm, width 13.00–18.00 mm, thickness 10.75-11.10 mm but a decrease in 

sphericity index (72.88- 67.46 %) as the pre-processing time increased. These results are very useful in designing of 

processing equipment for the jackbean seeds thus, encouraging the industrial utilization of the seed.  
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Legumes are all plants of the pea and beans family 

(Leguminoceae) which comprises the Caesalpinacea 

(Senna family), Mimosaceae (Locust bean) and 

Pappilionaceae (Agbolade, 2012). They are of 

economic importance as cheap sources of protein, 

energy and other nutrients in the diets in most 

developing countries of the world. Legumes seeds 

contained as high as 20 to 50% protein, which in 

general runs above twice the level found in cereal 

grains and significantly more than the level in 

convectional root crops (Chel-Guerrero, et al., 2002). 

The protein is high in lysine content (Duranti and 

Gaius, 1997). Legumes protein contained most of the 

essential and non-essential amino acids in proportion 

very similar to those of animal protein. (NSRL, 2002). 

The two categories of legumes include major ones e.g. 

soybean, groundnut, cowpea, african locust bean and 

minor ones also known as neglected or underutilized 

include Bambara groundnut, lima beans, pigeon peas, 

Lablab, Jackbean etc (Aremu et al., 2006). Jackbean 

(Canavalia ensiformis) – ‘Sese nla’ (Yor), family of 

leguminoceae is a tropical plant of the pea family with 

purple clustering flowers, native to tropical America, 

Southern United State (Agbolade, 2012). It is one of 

the minor legumes in Nigeria and other West African 

countries. It is rich in most essential amino acids, 

including those deficient in wheat (Lawal and 

Adebowale, 2005). It is usually planted in Nigeria as 

ornamental plant and in some places as “snake 

expellant”. Industrially, the crop is yet to enjoy 

adequate processing. The handling is done by the 

farmer and local processors manually. 

 

The physical properties of seeds and food generally go 

a long way in the design and fabrication of suitable 

machine and equipment for their handling and 

processing (Akande, 2008). There is paucity of 

information on the effect of pre-processing methods 

on the physical parameters of jackbean (Canavalia 

ensiformis). This work is designed to establish the 

effect of roasting and autoclaving (thermal) and 

sprouting (non-thermal) as pre-processing methods on 

the physical parameters of the seed.  

 

MATERIALS AND METHODS  
Materials: The seeds of Jackbean (Canavalia 

ensiformis) was procured from Germ-plasm unit of 

International Institute of Tropical Agriculture (IITA), 

Ibadan, Oyo State, Nigeria. Shelling: The fruits (pods) 

after maturity (four months) were harvested from the 

parent plants and sun dried to 15% moisture content. 

The beans were removed from the pod by shelling. The 

Jackbean were thereafter winnowed to remove chaff.  
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Roasting: The method reported by Adebiyi et al. 

(2002) was adopted for roasting of the Jackbean seed. 

Two hundred grammes (200 g) of the beans were 

roasted inside universal hot air regulated oven at 160 
oC for 10, 20, 30, 40 and 50 minutes after cleaning and 

sorting operation. The beans were allowed to cool 

before evaluation of their physical parameters. 

 

Autoclaving: Two hundred grammes (200 g) of the 

seed samples were autoclaved at 151b pressure (121 
oC) in distilled water (1:10) bean: water for 30, 60, 90 

and 120 minutes. The autoclaved seeds were dehulled 

and oven dried at 55 oC (MODEL: YX-280A, 

England) to a moisture content of 12%. The physical 

parameters were thereafter determined (Adegunwa et 

al., 2012).   

 

Sprouting: Modified method of Hassan et al. (2006) 

was used for sprouting of the seed. 200g of beans were 

steeped in 1500 ml of water for 24 hours at room 

temperature. The steeped beans were drained while 

allowing each portion to malt for 5, 6, 7, 8, and 9 days 

respectively. The malted beans were dried in a cabinet 

dryer at 45 + 2 oC for 6 hrs to moisture content of 12%. 

The plumules were removed before determining the 

physical parameters. 

 

Measurement of Length and width: The length and 

width of 100 seeds randomly selected was measured 

with digital vernier caliper. This was repeated five 

times. The arithmetic mean was determined and this 

was used to compute the length and width and reported 

in millimeter (Ghaniyah and Abiodun, 2016). 

 

Measurement of Thickness: The thickness of the 

randomly selected seed was measured using digital 

vernier calliper. Fifty (50) seeds from every 500 were 

randomly picked and measured. This was repeated 

five times and the average taken (Akande et al., 2014 

and Ghaniyah and Abiodun, 2016. 

 

The Sphericity Index (SI): The size of the seeds was 

measured by taken 100 each of randomly picked seeds. 

Their length (L), width (W) and thickness (T) were 

measured using venier caliper. The sphericity index 

was determined by using the formula of 

Dhineshkumar, Ramasamy and Ksudha (2015).  

SI =  
�� � � � 	


�
�

�
  x 100%  

 

The Aspect Ratio (AR): This is the ratio between the 

length and the width of the seed. The length and width 

of the sample were taken for each of the 100 randomly 

picked seeds, the ratio of these parameters were 

determined and the mean was calculated using the 

method described by Dhineshkumar, Ramasamy and 

Ksudha (2015). 

 

Seed Density (SD): The seed density was determined 

for untreated Jackbean alone using the method of 

Dhineshkumar, Ramasamy and Ksudha, 2015.  

 

Bulk Density (BD): The bulk density was done for 

untreated jackbean alone. The volume and weight of 

sample placed in 25cm3 measuring cylinder under 

constant condition was measured and expressed in 

g/cm3 (AOAC 1990).  

 

Density Ratio: This was done only for raw jackbean. 

Raw jackbean was carefully selected and bulk and 

seed densities were determined. The density ratio was 

evaluated by finding the ratio of the bulk density to the 

seed density of the sample.  

 

RESULTS AND DISCUSSION  
Effect of Roasting on Physical Parameters of 

Jackbean Seed: The result of effect of roasting on 

physical parameters of jackbean is as presented in 

table 1. It was discovered that the length for untreated 

sample (Ro) recorded 19.00 mm, which gradually 

decreased as result of roasting. Roasting as a form of 

pretreatment incorporates high temperature to food 

products and may lead to alteration on the basic 

structure of the raw material. Roasting is a dry heat 

treatment leading to moisture removal and consequent 

shrinkage of the seed (Knoor, 1999; Fellow, 2000). 

The length was found to reduce steadily as roasting 

time was on the increase. It reduced from 19.00 mm in 

Ro to 18.00 mm in R1 and R2 and 16.00 mm in R3 and 

R4 and finally to 15.00 mm in R5. Samples R3 and R4 

were not significantly different at P≤0.05. 

 

There was gradual dehydration of the seed because of 

increase in roasting time, which might be responsible 

for the reduction in length. The same trend was 

observed for width and thickness. This reduced from 

13.00 in Ro to 11.00 in R5. Due to the dehydrating 

effect of roasting as a form of pretreatment, there was 

a steady decrease in the width of jackbean seed. The 

seed recorded similar value for Ro and R1, R2 and R3 

and R4 and R5 respectively with steady reduction in 

that order. Ro and R1 recorded 13.00 mm, R2 and R3 

recorded 12.00 mm while R4 and R5 recorded 11.00 

mm. The thickness reduced from 10.75 mm in Ro to 

10.55 mm in both R4 and R5 respectively. R1 recorded 

10.70 mm, R2 10.62 mm and 10.60 mm in R3. 

Samples, R4 and R5 were not significantly different 

from one another at P≤0.05. Sphericity index (%) 

displayed increment in this parameter. There was 

increase from 72.88 in both Ro to 75.44 in R2. Samples 

R5 recorded the highest value of 80.20 while the least 
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value of 73.27 was recorded by sample R2. All the 

values recorded for sphericity index were greater than 

0.83 that was reported for locust bean seed. This 

revealed that the seed would roll easily inside hopper 

of dehuller in the industrial processing of the seed. 

This is needed in designing of this processing 

equipment for the seed (Oyelade, et al., 2005; Olajide 

and Ade-Omowaye, 1991). There was serpentine 

order of presentation in the aspect ratio of the samples. 

There was slight decrease in value from 1.46 in Ro to 

1.39 in R1 and sudden increase to 1.50 in R2 which 

reduced to 1.33 in R3. Sample R4 recorded 1.46 and 

final reduction to 1.36 in R5.  

 
Effect of Autoclaving on the Physical Parameters of 

Jackbean Seeds: The physical properties of kernels, 

grains and seeds are necessary for the design of 

equipment to handle, transport, process and store the 

crop (Adelakun, 2009). These properties are very 

important in design and operation of specific 

equipment or machines in food materials handling 

(Akande, 2008). The Physical characteristics 

measured include the length, breadth, width, sphericity 

index, aspect ratio and density characteristics. The 

values obtained for these parameters are as presented 

in Table 2. There was gradual increase in length of the 

seeds as the autoclaving time was on the increase. The 

untreated sample (To) recorded 19.00 mm, this 

increased to 21.00 mm when the autoclaving time was 

30 min and to 22.00 mm at 60 min of autoclaving. 

There was no further increase in the length of the seed 

after this time. The increase might be due to the 

absorption of water (hydration) because of increase in 

temperature and time (Odedeji, 2010; Okpala, 2010) 

leading to swelling of the seed. Maximum increase in 

length was recorded at 60, 90 and 120 min of 

autoclaving because of maximum absorption of water. 

The recorded values for autoclaving at these times 

were not significantly different from one another but 

were significantly different from untreated sample 

(To) and sample autoclaved for 30 min. The same trend 

was observed for width and thickness. It was observed 

that the width was on the increase as the autoclaving 

time was on the increase. The value recorded for 

untreated sample (To) was 13.00 mm. There was no 

increment when the sample was autoclaved for 30 min 

but the width increased to 14.00 mm at 60 min and 

16.00 mm at 90 min. There was no further increase in 

the width at 120 min of autoclaving. This might also 

be due to maximum absorption of water at this level. 

The untreated sample (To), T1 and T2 were not 

significantly different at P≤ 0.05. T3 and T4 were not 

equally significantly the same but significantly 

different from To, T1 and T2 respectively. There was 

steady increase in the thickness of the seeds as the 

autoclaving time increased. The value recorded for To 

was 10.75 mm which steadily increased to 10.79 mm 

at 30 min (T1). Maximum thickness was recorded at 

120 min (11.10 mm) of autoclaving. This might be due 

to swelling of the seed. The values recorded were all 

significantly different from one another at P≤ 0.05 

except at T2 and T3. The sphericity index (%) for To 

was found to be 72.88 %. There was steady decrease 

in this parameter as the autoclaving time increased. 

The recorded values ranged between 67.98 and 71.59 

for treated samples. The highest value for treated 

sample was recorded at 120 min of autoclaving. All 

the values were significantly different from one 

another at P≤0.05. The sphericity index was found to 

be higher than the value recorded for locust bean seed 

(0.83), which was interpreted as presenting difficulty 

in getting locust bean seed roll easily (Olajide and 

Ade-Omowaye, 1991). The higher values recorded for 

untreated and treated Jackbean seeds suggest that it 

will roll easily. This property is important in the design 

of hoppers and dehullers for the seed (Olajide and 

Ade-Omowaye, 1991; Oyelade et al., 2005). The 

aspect ratio, which is the ratio between the length and 

the width of the seed recorded 1.46 for sample To 

which increased to 1.62 for sample T1 and reduced 

back to 1.57 for sample T2 and there was further 

reduction to 1.38 for T3 and T4. The density 

characteristics of Jackbean seed determined include; 

kernel density (g/cm3), bulk density (g/cm3) and 

density ratio. These parameters are used in predicting 

the grain machine operation. The density has also been 

established to be proportional to the material 

components in a grain food sample. It is good in 

calculating the throughput capacity of the machine and 

the materials samples in relation to the power of the 

machine (Romeo, 2000). The values obtained for 

kernel density, bulk density and density ratio were 

1.24 + 0.02 (g/cm3); 0.73 + 0.01 (g/cm3) and 0.59 + 

0.01% respectively. The kernel density was higher 

than 1.00 g/cm3 which implies that the seeds are 

heavier than water and this characteristic can be used 

to design a separation or cleaning process for the seeds 

since their lighter fractions will float (Olajide and 

Ade-Omowaye, 1991; Oyelade et al., 2005).  Bulk 

density determines the capacity of storage and 

transport systems. Density is useful for separation 

equipment; porosity of the mass of seeds determines 

the resistance to airflow during aeration and drying 

(Kachru et al., 1994). The bulk density recorded for 

Jackbean flour is higher than that recorded for 

untreated Jackfruit seeds 0.80g/cm3 (Odoemelan, 

2005). This is expected because of the compactness of 

the seed. Bulk density is a measure of heaviness of a 

flour or food sample. It is important for determining 

packaging requirements, materials handling and 

application in wet processing in food industry (Ocloo 

et al., 2010).  
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Table 1 Effect of Roasting on Physical Parameters of Jackbean Seeds 

Parameters Ro R1 R2 R3 R4 R5 

Length (mm) 19.00±0.01a 18.00±0.01ab 18.00±0.01ab  16.00±0.01bc  16.00±0.01bc   15.00±0.01c 

Width (mm)  13.00±0.01a                13.00±0.01a  12.00±0.01b    12.00±0.01b  11.00±0.01c 11.00±0.01c 

Thickness (mm)  10.75±0.01a                         10.70±0.01b       10.62±0.01c   10.60±0.01bc 10.55±0.01c 10.55±0.01c 

Sphericity Index (%) 72.88±0.01f 75.44±0.01d 73.27±0.01e 79.20±0.01b 76.82±0.01c 80.20±0.01a 

Aspect Ratio 1.46±0.01b 1.39±0.01c 1.50±0.01a 1.33±0.01e  1.46±0.01b 1.36±0.01d 

Values are means and standard deviation of triplicate determinations; Means followed by the same alphabet in a row are not significantly 

different (P≤0.05) according LSD test Ro= Raw (Untreated Jackbean Flour); R1 = Roasted Jackbean Flour at 160 oC for 10 min ; R2=Roasted 

Jackbean Flour at 160 oC for 20 min; R3 = Roasted Jackbean Flour at 160 oC for 30 min; R4 = Roasted Jackbean Flour at 160 oC for 40 min; 

R5 = Roasted Jackbean Flour at 160 oC for 50 min 
 

Table 2. Effect of Autoclaving on Physical Parameters of Jackbean Seeds 

Parameters To T1 T2 T3 T4 

Length (mm) 19.00±0.01c 21.00±0.01b 22.00±0.01a 22.00±0.01a 22.00±0.01a 

Width (mm) 13.00±0.01b 13.00±0.01b 14.00±0.01b 16.00±0.01a 16.00±0.01a 
Thickness (mm)  10.75±0.01d   10.79±0.01c   10.86±0.01b   10.88±0.01b  11.10±0.01a 

Sphericity Index (%)  72.88±0.01 a  68.49±0.01d   67.98±0.01e   71.12±0.01c  71.59±0.01b 

Aspect Ratio       

Kernel Density (g/cm3) 1.24±0.02 ND ND ND ND 

Bulk Density (g/cm3) 0.73±0.01 ND ND ND ND 

Density Ratio  0.59±0.01 ND ND ND ND 

Values are means and standard deviation of triplicate determinations (n=3); Means followed by the same alphabet within the same row are 

not significantly different (P≤0.05) according to LSD test; ND = Not determined; To = Raw (untreated) Jackbean flour; T1 = Autoclaved 

Jackbean flour at 121 0C for 30 min; T2 = Autoclaved Jackbean flour at 121 0C for 60 min; T3 = Autoclaved Jackbean flour at 121 0C for 90 

min; T4 = Autoclaved Jackbean flour at 121 0C for 120 min 

 
Table 3 Effect of Sprouting on Physical Parameters of Jackbean Seeds 

Parameters Do D1 D2 D3 D4 D5 

Length (mm) 19.00±0.01c 19.00±0.01c 21.00±0.01b 22.00±0.01b 24.00±0.01a 24.00±0.01a 

Width (mm)    13.00±0.01e 14.00±0.01d 15.00±0.01c 15.00±0.01c 16.00±0.01b 18.00±0.01a 

Thickness (mm)  10.75±0.01d 10.80±0.01 11.10±0.01a 11.10±0.01 11.05±0.01b 11.05±0.01b 

Sphericity Index (%) 72.88±0.01b 74.82±0.01a 72.28±0.01c 70.07±0.01d 67.46±0.01f 70.16±0.01e 
Aspect Ratio 1.46±0.01c 1.36±0.01e 1.40±0.01d 1.47±0.01b 1.50±0.01a 1.33±0.01f 

Values are means and standard deviation of triplicate determinations; Values with similar alphabet are not significantly different (P≤0.05) 

according to LSD test; DO  =  Raw Jackbean Flour; D1 = Sprouted Jackbean Flour day 5; D2 = Sprouted Jackbean Flour day 6; D3 = Sprouted 

Jackbean Flour day 7; D4 = Sprouted Jackbean Flour day 8, D5 = Sprouted Jackbean Flour day 9 

 

Effect of Sprouting on Physical Parameters of 

Jackbean Seeds: The result of the effect of malting on 

the physical parameters of jackbean is as presented in 

table 3. Sprouting is a natural biological process of all 

superior plant by which seed comes out of its latency 

stage once the minimal environmental conditions 

needed for its growth and development, such as 

humidity, temperature, nutrients etc are provided. 

(Sangronis and Machado, 2005). There was gradual 

increase in the length of the seed as sprouting period 

increased. There was no noticeable change in length of 

the seed on the first appearance of sprout but there was 

gradual increase in the length of the seed from 19.00 

mm in Do to 21.00 mm in D2. The gradual increment 

continued to day 9 of sprouting (D5) which represented 

the highest value (24.00 mm). The increase in length 

might be due to hydration of the seed during sprouting 

of the seed leading to temporary swelling and bulging 

of the seed. Samples Do and D1,  D2 and D3 and D4 and 

D5 were not significantly different from one another 

but each pair is significantly different at P≤0.05. There 

was gradual increase in the width of the seeds as the 

sprouting day progressed. Maximum increase (18.00 

mm) was recorded at the maximum period of 

sprouting (D5) while the least (14.00 mm) was 

recorded at the first day of sign of sprout D1. Samples 

D2 and D3 were not significantly different from one 

another but significantly different from samples Do 

and D5. Moisture uptake (hydration) might equally be 

responsible for the increase in width. The thickness 

was equally increasing steadily as the sprouting day 

progressed. Maximum increase in thickness was 

recorded at D2 and D3 (11.10 mm). It was observed that 

there was slight decrease in the thickness in D4 and D5 

respectively (11.05 mm). This might be due to uptake 

of nourishment from the parent seed and 

photosynthetic process of the sprout for survival. It 

was observed that the colour of the sprout at this period 

was becoming more green making it suitable for 

photosynthesis.  

 

The values for sphericity index for untreated (Do) and 

treated samples ranged from 67.46 – 72.88. The least 

value (67.46) was recorded by sample D4.  All the 

treated samples recorded lower values compared to the 

untreated sample (Do). The values recorded for 

sphericity index were greater than 0.83 reported for 

locust bean seed (Olajide and Ade- Omowaye, 1991). 
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The serpentine order as were observed in the other two 

pretreatments (autoclaving and roasting) for aspect 

ratio was equally observed for sprouting. All the 

samples were significantly different from one another. 

Maximum value (1.50) for this parameter was 

recorded at D4 while the least value (1.33) was 

recorded at the last day of sign of sprout (D5). 

 

Conclusion: The study revealed that the pre-

processing methods recorded higher values for 

sphericity index of the samples. This property is 

important in the design of hoppers and dehullers. The 

density characteristics of the seed is very useful in 

calculating the through-put capacity of processing 

machine, parameter like bulk density is useful for 

separation equipment, determination of packaging 

requirements, materials handling and application in 

wet processing in food industry. Jackbean is therefore 

a seed with industrial potential. 
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