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Morama beans were heated for 60, 90, and 120 s at 200, 600, and 1000 W using a domestic microwave 
oven to assess their potential as a pre-decortication treatment and to evaluate the effects on peak force, 
work, and modulus of deformability, which are key textural properties determined by compression 
using a texture analyzer. One sample was left unheated as a control for comparison. Bean temperatures 
after microwave heating ranged from 33 to 86°C, with rates of temperature increase of 0.09, 0.32, and 
0.61°C/s at 200, 600, and 1000 W, respectively. Peak force significantly decreased (p<0.05) from 579.3 N 
in the control sample to 437.2 N in the sample heated for 60 s at 600 W, while the work done during 
compression did not differ significantly with microwave heating (p>0.05) and ranged from 469.9 to 313.7 
Nmm. Similarly, the modulus of deformability did not change significantly (p>0.05) with microwave 
heating and ranged from 34.3 to 24.2 MPa. It can be concluded, therefore, that microwave heating of 
morama beans can affect their textural properties in a way that facilitates cracking during decortication, 
and there is potential for further optimization of the process. 
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INTRODUCTION 
 
Morama (Tylosema esculentum), also known as marama 
or gemsbok bean, is a nutritious wild legume native to the 
hot and arid regions of Southern Africa. It occurs in the 
desert areas of Botswana and Namibia, as well as in the 
western and north-western Transvaal and northern Cape 
regions of South Africa, where it forms an important part 
of the diet of local indigenous communities (Castro et al., 
2005; van der Maesen, 2006). In Botswana, it is found in 
the districts of Ghanzi, Kgalagadi, Kweneng, Southern, 
and Kgatleng. Morama is a perennial plant that produces 
trailing, prostrate stems up  to  3 m long. It  yields  two  to 

three seeds enclosed in a thick pod and also has an 
edible underground tuber. Fresh morama beans are bitter 
and require cooking to make them palatable, while dry 
beans may be roasted and consumed as a tasty snack. 
The cotyledons can also be pressed for oil, ground into 
powder, or milled into a paste to be used in various 
applications, such as ingredients in baked goods or as 
morama butter (Kgosikoma et al., 2020; Patterson et al., 
2018). Morama seeds contain approximately 30% 
protein, 40% oil, and several biologically active 
phytonutrients  (Kobue-Lekalake et al., 2022; Mazimba et  
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al., 2011; Mosele et al., 2011). Although currently 
underutilized, the bean has garnered attention as a plant 
species with the potential to improve food and nutrient 
security, as well as to increase household incomes 
through value-added processing (Cullis et al., 2023; 
Jackson et al., 2010). 

The morama seed coat (cortex) has high mechanical 
strength due to its woody nature, making it difficult to 
decorticate by cracking (Emesu and Mabuza, 2014; 
Tjiparuro, 2013). This presents a major challenge for its 
processing and utilization. Traditionally, to aid cracking, 
the beans are mixed with sand and roasted in a pot for 15 
to 45 min, after which they are manually cracked by 
hitting them with sticks or stones. During traditional 
roasting, it is difficult to control the temperature and 
achieve uniform heat distribution, which often leads to the 
beans being burned (Patterson et al., 2018). Additionally, 
these traditional methods lack the sanitary conditions 
necessary for commercial processing. Studies by 
Mmonatau (2005) and Maruatona (2008), where morama 
was roasted at 100 to 150°C for 20 to 40 min, have 
shown that roasting at 150°C for 20 min is optimal for 
developing desirable sensory characteristics and 
inactivating trypsin inhibitors. These optimal conditions 
were later adopted by Nyembwe et al. (2015), who used 
an electric forced convection roaster and found that 
roasting for longer than 20 min increased bitterness. 
However, none of these studies examined the effects of 
roasting on the textural properties of the beans, which are 
crucial for decortication. Furthermore, to reduce electricity 
costs, it would be ideal to shorten the processing time.  

Nguyen et al. (2019) utilized microwaves to decorticate 
tamarind seeds—whose mechanical properties are 
similar to those of morama beans (Mohite et al., 2019; 
Emesu and Mabuza, 2014)—and found that heating the 
samples at 850 W for at least 180 s completely removed 
the seed coat. However, prolonged heating for 210 s 
produced darker end products. Bolek and Ozdemir 
(2017) examined the effects of microwave power and 
heating time on various properties of Pistacia terebinthus 
beans and found that, as microwave power and heating 
time increased, the breaking force significantly decreased. 
In a study comparing microwave and conventional oven 
roasting of sunflower seeds, Goszkiewicz et al. (2020) did 
not observe significant differences in texture and sensory 
characteristics as a function of the roasting methods and 
their intensities. Nevertheless, the study recommended 
microwave heating over conventional roasting because 
microwave treatment seemed to improve seed oil quality 
and protect against oxidative rancidity, as it did not 
adversely affect seed porosity. Additionally, Schouteten 
et al. (2023) found that microwave roasting of cocoa 
produced superior product quality compared to 
conventional roasting—though the difference was not 
statistically significant—while achieving a notable 75% 
reduction in energy consumption. Shayanfar and 
Kashaninejad   (2012)  and  Kouchakzadeh  (2013)  used 

 
 
 
 
microwaves to split pistachio nuts, reporting 25% splitting 
at 900 W for 3 min, and 100% splitting at 540, 720, and 
900 W after 16 min of irradiation, respectively. The 
comprehensive review by Kutlu et al. (2022) on the 
impacts of microwaves on food texture under different 
application scenarios highlighted the time-saving, rapid 
heat generation, and good product quality advantages of 
the technology, though it also emphasized the need for 
process optimization to maximize these benefits. Given 
the potential of microwaves to reduce heating time and 
save energy while preserving the quality of various foods, 
the current report investigates the effects of microwave 
heating on the textural properties of morama, which are 
relevant to its mechanical decortication. 

Textural properties of foods, as defined by Bourne 
(2002), refer to a group of physical characteristics 
resulting from the structural elements of the food, which 
are primarily sensed by consumers through touch. These 
properties are related to the deformation, disintegration, 
and flow of food under force and can be measured 
objectively through functions of mass, time, and distance 
using instruments such as texture analyzers. These 
properties are essential in describing food product 
quality, consumer acceptance, process control, and the 
design of machinery for handling and processing solid 
foods (Alade et al., 2020; Jokanović et al., 2012; Rao and 
Quintero, 2014; Sinha and Bhargav, 2020). Parameters 
that can be derived from texture analyzers to describe 
food texture include peak force (N), work (Nmm or Joule), 
and modulus of deformability (Pa), which are related to 
terms such as firmness, hardness, strength, and stiffness 
of food materials. 
 
 
MATERIALS AND METHODS 

 
Microwave treatment procedure 

 
Raw morama beans were obtained from various locations in 
southern Botswana, and random samples of 20 beans at a time 
were heated at 200, 600, and 1000 W for 60, 90, and 120 s in a 34 
L capacity domestic microwave (Model DMO 343, Defy Appliances, 
Durban, South Africa) with an input power rating of 1300 W and a 
microwave power output rating of 1000 W at 2450 MHz. The 
treatments were conducted in triplicate, and compression testing 
was performed after the beans had cooled to room temperature. An 
infrared thermometer (Model HE8830, Huato, Shenzhen, China) 
was used to measure the average surface temperature of the 
beans immediately after each run, and the rate of temperature 
increase, dT/dt (°C/s), was calculated as follows: 

 

 
 
where Tf   and Ti  represent final and initial temperature (°C), 
respectively, and t is the heating duration (s). For each power level, 
an average rate of temperature increase was computed from the 
three time settings used. Morama bean moisture content was 
determined using the AOAC method 925.10 (AOAC, 2005) by oven 
drying at 130°C for 1 h.  

𝑑𝑇 𝑑𝑡 =  
𝑇𝑓 −  𝑇𝑖

𝑡
 



 
 
 
 
Determination of textural properties 
 
To measure the textural properties of morama beans, a universal 
materials testing machine (Model LR 10K Plus, Lloyd 
Instruments/Ametek Inc., West Sussex, UK) equipped with a 10,000 
N load cell was used to compress individual beans along the lateral 
axis (with the bean lying normally on its side) using a 140 mm 
diameter flat aluminium plate. The crosshead was set to run at a 
speed of 30 mm/min and to stop compression at 20% strain. The 
diameter and thickness of each morama bean were measured 
using a digital vernier caliper (Model M5 0-300 mm, TA, China) with 
0.01 mm precision for calibration prior to each test, which was 
repeated 20 times to complete one batch. Using the pre-installed 
NEXYGEN Plus Data Analysis Software (Lloyd Instruments/Ametek 
Inc., West Sussex, UK), peak force or maximum load (N), work or 
energy (Nmm), and modulus of deformability or apparent Young's 
Modulus (MPa) were calculated as descriptors of morama's textural 
properties.  
 
 
Data processing and analysis 
 
Microsoft Excel Spreadsheet (Microsoft 365, Release 16.0) was 
used to capture and process data, while the R Statistical 
Environment, version 4.4.0 (R Core Team, 2024), was used to 
establish statistical inferences at α = 0.05 through analysis of 
variance (ANOVA) and Tukey HSD tests. R was also used to 
visualize treatment effects using response surface and contour 
plots from the response surface methodology (RSM) package 
(Lenth, 2009). Prior to generating the surface and contour plots, 
mean normalization was applied to scale all variables (xc) to lie 
within the range -1 ≤ xc ≤ 1, using the following formula adopted 
from Kocabaş (2001): 
 

 
 

where  𝑥 is variable value being scaled, 𝜇 is the mean value for the 
variable, and s is the range (difference between the maximum and 
minimum value) for the variable. 

 
 

RESULTS AND DISCUSSION 
 

Moisture content and rate of temperature increase 
 

Moisture content in foods influences their ability to absorb 
microwave energy and, consequently, their heating 
characteristics (Sahin and Sumnu, 2006; Singh and 
Heldman, 2009). Water molecules, being polar, undergo 
back-and-forth rotation induced by the rapidly alternating 
polarity of the microwave electric field, generating heat 
through molecular friction (Meloni et al., 2023). The mean 
moisture content of morama beans was determined to be 
8.1%, which is higher than the 6.4-6.9% range reported 
by Jideani et al. (2009). In a study examining the 
relationship between moisture content and the texture of 
green coffee beans, Pittia et al. (2007) found that the 
fracture mechanism shifted from brittle failure at low 
moisture content to plastic failure at intermediate and 
higher moisture content. 

Temperature changes before and after heating morama 
beans, along with the computed rates of temperature 
increase at the different  power  levels,  are  presented  in  
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Table 1. As expected, heating the beans for a longer 
duration resulted in higher final bean temperatures, 
ranging from 33 to 86°C. The rate of temperature 
increase also rose with increasing power levels, from 
0.09°C/s at 200 W to 0.61°C/s at 1000 W. Combined with 
technical parameters such as microwave field strength, 
sample volume, and the dielectric properties of the 
material being heated, the current results can be used to 
compute the heating rate of morama beans, which is 
useful for controlling the microwave heating process 
(Heldman, 2011; Meloni et al., 2023).  
 
 

Textural properties 
 

Textural properties are presented in Table 2 as mean 
values, including standard deviations, while a comparison 
of the data-fitting models and a summary of the canonical 
analysis of the second-order RSM model used to fit the 
data are shown in Tables 3 and 4, respectively. The first-
order RSM model was not employed to fit the response 
variables due to a significant lack of fit for peak force as a 
function of time and microwave power at the p < 0.05 
level of significance. The second-order model was 
deemed suitable and was therefore utilized to fit the data, 
as all the response variables showed no significant lack 
of fit at the p > 0.05 level of significance (Kocabaş, 2001; 
Lenth, 2009). Response surface plots, superimposed 
over their corresponding contours for the textural 
parameters, are presented in Figures 1 to 3. 

The mean peak force required to compress the beans 
to 20% strain decreased steadily as microwave power 
and heating time increased, as shown in Figure 1. 
However, beyond 600 W, peak force was observed to 
increase with heating time, though this change was not 
statistically significant. The lowest peak force value was 
recorded for the sample heated for 60 sec at 600 W, 
which differed significantly from the control sample at the 
p < 0.05 level of significance. Bolek and Ozdemir (2017) 
also reported a reduction in hardness as a textural 
property of microwave-heated P. terebinthus beans 
roasted for 5 to 17 min. The observed reduction in peak 
force in this study suggests that microwave heating of 
morama beans has the potential to serve as a pre-
decortication thermal treatment, effectively weakening the 
beans. As shown in Table 4, the canonical analysis of the 
second-order RSM model predicts that the minimum 
peak force would occur at a time of approximately 201 
sec and a power of approximately 616 W, since both 
eigenvalues are positive (Kocabaş, 2001; Lenth, 2009). 

Work, as a textural parameter, is a measure of the 
energy expended by the texture analyzer while 
compressing the sample (Bourne, 2002). During the 
compression of morama beans, the work done—or 
energy expended—decreased as a function of microwave 
power and heating time but did not differ significantly 
from the control sample. The curvature of the response 
surface plot (Figure 2)  shows  that the magnitude of work  

𝑥𝑐 =  
𝑥 −  𝜇

𝑠
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Table 1. Rate of temperature increase (°C/s) of morama beans at different microwave power levels (W). 
 

Microwave 
power (W) 

Heating 
time (s) 

Initial bean 
temperature (°C) 

Final bean 
temperature (°C) 

Rate of temperature 
increase, dT/dt (°C/s) 

Mean rate of temperature 
increase per power level (°C/s) 

200 

60 27.0 33.0 0.10 

0.09 90 27.1 36.0 0.10 

120 27.9 38.0 0.08 
      

600 

60 28.3 44.0 0.26 

0.32 90 29.7 60.3 0.34 

120 28.2 71.7 0.36 
      

1000 

60 32.0 79.4 0.79 

0.61 90 30.0 81.0 0.57 

120 31.0 86.0 0.46 
 
 
 

Table 2. Textural properties of morama beans as a function of microwave power (W) and heating time (s). 
 

Microwave 
power (W) 

Time (s) 
Peak 

force (N) 
sd 

 
Work 

(Nmm) 
sd 

 Modulus of 
deformability 

(MPa) 
sd 

0 (Control) 0 (Control) 579.3a 159.7  469.9 160.3  34.3 8.6 
          

200 

60 506.3 145.0  383.3 178.1  32.2 16.6 

90 483.5 84.1  364.2 117.0  24.2 5.4 

120 484.4 139.3  386.3 166.0  26.1 10.8 
          

600 

60 437.2a 91.0  347.2 133.0  24.9 9.2 

90 450.1 149.6  347.0 219.6  24.2 8.5 

120 448.2 136.5  313.7 157.2  25.2 10.0 
          

1000 

60 564.7 119.6  466.1 196.3  29.3 9.6 

90 542.0 127.2  389.7 189.4  34.2 23.5 

120 507.4 129.7  354.5 139.0  27.9 5.4 
 

For each parameter, values with the same superscript are significantly different at p<0.05 level of significance. 
 
 
 

Table 3. Comparison of RSM models for data fitting. 
 

Parameter 
p-value  Lack of fit 

First order Second order  First order Second order 

Peak force 0.009724 0.0002409  0.029810 0.882379 

Work 0.01582 0.008904  0.37179 0.9694 

Modulus of deformability 0.03034 0.01797  0.08243 0.20348 
 

 
 

was responsive to both microwave power and heating 
time. This aligns with the prediction derived from the 
RSM model, which indicated that increasing microwave 
power and heating time would lead to further reductions 
in work (Table 4). During food roasting processes aimed 
at facilitating cracking, brittle fracture, characterized by 
low energy absorption (or less work done) up to fracture, 
is desirable (Bourne, 2002; Rao and Quintero, 2014). 

According to Bourne (2002), the term Young's modulus  
of  elasticity   is   a  textural  property  that  measures  the 

stiffness of elastic materials, whereas "modulus of 
deformability" or "apparent Young’s Modulus" is 
suggested to refer to the stiffness of non-elastic 
materials, such as foods. On this basis, the term modulus 
of deformability is adopted in this report to describe 
morama beans' resistance to deformation. As seen in 
Figure 3, the modulus of deformability of morama beans 
decreased with increasing microwave power and heating 
time, from a value of 34.3 MPa in the control sample to 
the lowest value of 24.2 MPa. However,  there  was  no 
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Table 4. Summary of second order RSM models for texture response variables. 
 

Parameter p-value Eigen values 
Stationary points 

Time Power 

Peak Force 0.0002409 
0.55520413 

201 616 
0.02673378 

     

Work 0.008904 
0.42621557 

138 718 
0.08563866 

     

Modulus of Deformability 0.01797 
0.22460307 

63 570 
-0.09077868 

 
 
 

 
 

Figure 1. Peak Force (N) as a function of 
microwave power (W) and heating time (s). 

 
 
 

 
 

Figure 2. Dependence of work (Nmm) on microwave 
power (W) and heating duration (s). 

 
 
 

significant difference (p > 0.05) among the data. Low 
values of modulus were recorded at medium microwave 
power levels, after which it increased at higher  microwave  

 
 

Figure 3. Effects of microwave power (W) and heating 
time (s) on modulus of deformability (MPa) of morama 
beans. 

 
 
 

power levels. A similar trend was observed with heating 
time, leading to the saddle shape of the surface plot, 
which was confirmed by positive and negative 
eigenvalues for time and power (Table 4). This suggests 
that the stationary point for the modulus of deformability 
is neither a minimum nor a maximum (Kocabaş, 2001). 
The RSM plot, therefore, indicates that heating morama 
beans at intermediate microwave power levels with 
longer heating durations may be considered an 
optimization strategy to reduce the stiffness of morama 
beans.   
 
 

Conclusions 
 

Morama beans, with a mean moisture content of 8.1% on 
a wet basis, were heated in a domestic microwave as a 
potential pre-decortication heat treatment method, and 
the effects of microwave power and heating duration on 
their textural properties were determined. Compression 
testing revealed a significant reduction in peak force 
required to compress the morama beans to 20% strain (p 
< 0.05), with the lowest peak force recorded at 600 W 
and  a  60 s  heating   treatment.  Furthermore,  response 
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surface modeling estimated that the optimal reduction in 
peak force could potentially be achieved with prolonged 
heating for 201 sec at 616 W microwave power settings. 
However, no significant effects were found on work and 
modulus of deformability under the test conditions 
reported herein. Given the potential of microwave heating 
to significantly weaken the mechanical strength of 
morama beans in a short period of time, further 
evaluation at higher treatment intensities and with varying 
moisture levels is recommended. 
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