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Abstract

Resilient to the effects of climate change, Mung bean is a seed legume rich in nutrients and bioactive compounds.
The objective of the study was to determine the impact of cooking processes on its nutritional quality. Mung bean
seeds of the Beng-tigré variety are obtained from Belwet, the national sponsor. Plain Mung bean seeds (MBN) are
germinated for 24 and 48 h; roasted for 15 and 30 min; soaked for 6 and 12 h; dehulled after 6 and 12 h soaking

and boiled for 30 and 60 min. The methodology consisted of assessing the macronutrients, minerals and biomol-
ecules of MBN; and then characterizing the flours from the different processes. The results show a significant differ-
ence (p<0.05) in nutrient and biomolecule contents between MBN and seeds that have undergone the processes.
Protein in MBN (27.02%) increased with germination, cooking and roasting. Phytates in MBN (5.36 mg/g) decreased
significantly after 48 h of germination (1.16 mg/q). Iron and zinc decrease with the processes and still have a bet-

ter bioavailability in the processed Mung bean than in the plain seeds. Polyphenols in MBN (5.2 mg/100g) increase
after 12 h of soaking (12.56 mg/100 g) and 48 h of germination (21.5 mg/100 g). Thermal processes induce better
water absorption and non-thermal processes better oil absorption and swelling capacities. The results show an influ-
ence of the cooking processes on the indices of the different flours. Germination and soaking improve the nutritional
value of Mung bean and reduce anti-nutritional substances, making it healthier for consumption.
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Introduction

The plants of greatest dietary interest to address nutri-
tional and therapeutic deficits worldwide and particularly
in Africa belong to the order of legumes [1]. Legumes are
commonly used in the formulation of functional foods
with beneficial effects on consumer health [2]. They can
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be consumed cooked, alone or in combination with other
grains, sprouted or fermented [3]. Characterized by both
high energy and nutrient densities, Mung bean is a leg-
ume of Asian origin, with production in India in 2016
estimated at 2.99 million hectares [4]. Several authors
have reported that agronomic and soil factors, as well as
weather conditions, impact the amount of minerals in the
soil which in turn influence their concentrations in Mung
bean seeds [5, 6]. Due to its protein and micronutrient
composition as well as its sought-after organoleptic qual-
ity, Mung bean is used in infant porridge formulations for
the management and prevention of malnutrition [7, 8].
Mung bean is recently introduced and valued in Burkina
Faso for its resilience to the effects of climate change,
its high nutritional value and especially its physiological
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effects in preventing degenerative diseases such as diabe-
tes, hypertension and cancer [9, 10]. It contributes signif-
icantly to food and nutritional security, and to increasing
farmers’ income in Burkina Faso [11]. Households in Bur-
kina Faso use a variety of traditional thermal and non-
thermal cooking methods to consume mung bean [12].
In legumes in particular, to reduce anti-nutrients and
increase mineral bioavailability and digestibility, several
thermal or non-thermal processing steps are often nec-
essary. Studies have shown that certain culinary trans-
formations impact the nutritional value and functional
properties of foods [4]. The objective of this study is to
assess the nutritional composition of Mung bean grown
in Burkina Faso and to analyze the nutritional impact of
culinary processes such as cooking, roasting, sprouting,
soaking and shelling in order to know how to preserve or
even improve the nutritional value and functional prop-
erties of this legume for the benefit of the population.

Materials and methods

Materials

The plant material used consisted of mung bean (Vigna
radiata) seeds collected from The study involved the
only Mung bean variety in Burkina Faso registered in the
national catalogue of plant species and varieties at the
Institut de 'Environnement et de Recherches Agricoles
(INERA) in 2019 under the name Beng-tigré (SCHV
544).

Sample preparation
Samples were prepared based on traditional culinary pro-
cesses commonly used in Burkina Faso.

The plain seeds of the Beng-tigré variety of Mung bean
(MBN) have undergone several thermal and non-thermal
processes at different times.

The MBN seeds underwent two thermal cooking
processes:

+ Boiling in 30 and 60 min after soaking for 12 h in dis-
tilled water. This process resulted in samples MBB30
and MBB60 for Mung bean boiled for 30 min and
Mung bean boiled for 60 min respectively;

+ Roasting for 15 and 30 min yielded samples MBT15
and MBT30 respectively.

Another batch of MBN seeds was subjected to three
non-thermal cooking processes:

+ A soak in distilled water for 3 h, 6 h and 12 h yields
the samples MBTr3, MBTr6 and MBTrl2 respec-
tively;

+ Dehulling after soaking in distilled water for 6 h and
12 h giving samples MBD6 and MBD12 respectively;
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+ Germination in 24 and 48 h after hydrating the
seeds for 12 h. This process resulted in MBG24 and
MBG48 for 24-h germinated Mung bean and 48-h
germinated Mung bean respectively.

Methods

Biochemical analysis

The moisture content of the samples was determined in
accordance with the French standard [13], which con-
sisted of a differential weighing of a 5 g sample before and
after it had been subjected to the study at 130 degrees.

The lipid content was determined according to the [14]
standard using the Soxhlet extraction method.

The protein content was determined according to the
Kjeldahl method of the [15] standard. The conversion
factor considered was 6.25.

The carbohydrate content was obtained according to
the formula of [16].

Carbohydrate content
(%) +ash (%) +water (%)].

The energy value was calculated using the coefficients
of [17] according to the following formula:

Energy (Kcal/100g)=% carbohydratex4 (Kcal)+%
protein x4 (Kcal) + % fat x9 (Kcal).

The mineral contents were determined by flame atomic
absorption spectrometry using [18].

The determination of total polyphenols was carried out
by an adaptation of the protocol of [19] using the com-
mercial Folin—Ciocalteu reagent.

The determination of phytates was carried out follow-
ing the protocol developed by [20].

The culinary quality assessment of water absorption
capacity and water solubility index were determined
according to the method of [21]. The swelling and oil
absorption capacity of the different samples were evalu-
ated according to the protocol of [22].

(%) =100—[protein (%) + fat

Statistical analysis

The results are expressed as the mean values of three sep-
arate determinations, except for the contents of minerals,
total phenols and phytates, which were determined in
duplicate. The Excel spreadsheet (2010) was used for the
calculation of means and standard deviations. The data
were statistically analyzed using ANOVA with XLSTAT
software. Differences were considered significant for
p<0.05.

Results and discussion

Effect of thermal and non-thermal processes

on the macronutrient composition of mung bean

Table 1 shows the macronutrient content of Mung bean
that underwent thermal and non-thermal processes. The
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Table 1 Effect of thermal and non-thermal processes on the macronutrient content of mung bean
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Protein in g/100g

Fatin g/100g

Carbohydrate in g/100g

Energy in kcal/100g

MBN 27.02 +0.26¢ 1.33 +0.02a 60.17 +0.21h 360.81 f
MBG24 27.73 +0.11b 0.74 +0.02ef 62.57 +0.07f 36794 e
MBG48 2836 +0.07a 0.72 oof 63.69 +041e 37480 ¢
MBB30 27.90 +0.02b 1.07 00b 61.45 +0.069 367.12e
MBB60 25.20 +0.05f 0.96 00bc 68.34 +0.05a 38292a
MBD6 2537 +0.09f 0.72 +0.01f 66.54 +0.08¢c 37425¢
MBD12 25.95 +0.01°¢ 0.75 +0.02ef 67.32 +0.25b 37991b
MBTr3 24.85 +0.169 0.87 +0.05cd 64.88 +0.65d 36684 e
MBTr6 2545 +0.22f 0.60 +0.099 66.68 +0.1bc 37398 ¢
MBTr12 26.09 +0.15de 0.84 +0.03de 67.00 +0.07bc 380.00 b
MBT15 27.29 +0.01c 1.02 +0.01b 60.35 +0.06h 35983 f
MBT30 2635 +0.38d 073 oof 64.80 +0.11d 371.22d

Values are expressed as mean + standard deviation; within a column, if the letters are different, this indicates a significant difference (p <0.05)

results show an impact on macronutrients with a signifi-
cant difference depending on the process.

The Beng-tigré variety of Mung bean grown in Burkina
is an excellent source of protein (27.96%). Our results
are close to those found by [23] which were 27.5%. How-
ever, they are far from those of [24] and [4], which were
respectively 23.86% and 30.64%. Mung bean counts sev-
eral varieties and this disparity in protein contents could
be due to these multiple varieties but also to storage con-
ditions that influence the nutritional value of legumes
according to [25, 26].

Domestic processing of MBN has a significant impact
on macronutrients. The protein contents of MBG24
and MBG48 are 27.73% and 28.36% respectively. There
is a significant difference in protein between MBG
and MBN on the one hand and between MBG24 and
MBG48 on the other. This increase in protein content
was reported by [23] who observed that after germina-
tion of Mung bean the protein content increased from
27.5 to 30.0%. The increase in protein content with ger-
mination time is thought to be due to the increase in
non-protein nitrogen content during the process releas-
ing bounded nitrogen compounds such as tannin-protein
bonds. Also, the increase in proteases during germina-
tion leads to a degradation of large molecule proteins
into small molecule proteins according to the study of
[27]. For cooking and roasting, the results show that the
protein content decreases with the time applied. MBB30
and MNB60 have 27.90% and 25.37% respectively. For
roasting, MBT15 and MBT30 have 27.29% and 26.35%
respectively. This decrease in protein could be due to the
presence of heat-labile proteins in the Mung bean which
are destroyed by temperature.

The lipid content (1.33%) of plain Mung bean remains
low compared to other legumes of the same rank such

as soybean which is 18.73% [28]. Studies have reported
similar values for plain Mung bean of 1.85% and 1.15%
according to [23, 24] respectively. Higher values were
found in [4] which were 2.58%. These differences could
be related to soil types, genetic and environmental fac-
tors [29]. The different domestic processes resulted
in a decrease in lipids without a significant difference
with MBN except for germination. This significant
decrease in lipids during germination is thought to be
due to the use of energy contained in the seed to initi-
ate germination.

The carbohydrates of MBN (60.17%) increase signifi-
cantly with the different processes applied, except for
MBT15 (60.35%). These carbohydrates increase sig-
nificantly with sprouting, soaking, hulling and roast-
ing due to heat-induced denaturation on the one hand,
and leaching which will have reduced the other compo-
nents leading to the increase in hydrates on the other.
The processes with the highest carbohydrate content
are MBB60, MBD12, and MBTr12, which are 68.34%,
67.32% and 67.00% respectively.

The energy value of MBN (360.81 kcal/100 g)
increases with the different processes except for MBT15
which is 359.83 kcal/100 g. MBG48 (374.80 kcal/100 g)
is energetically richer than MBG24 (367.94 kcal/100 g)
in spite of the decrease in lipid content during germi-
nation. The increase in energy value with germination
time is related to the increase in protein content dur-
ing the process. Significant differences were observed
in the different times of the soaked Mung bean; this
could be explained by the increase of the carbohydrate
content with soaking time. The energy values of MBB30
(367.12%) and MBB60 (382.92%) increased significantly
with cooking time. [30] had also reported the increase
in energy value of Mung bean with boiling time.
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Influence of thermal and non-thermal processing

on the micronutrient composition of mung bean

Impact of culinary processes on minerals

Figure 1 shows the different Zinc and Iron contents of
natural and processed Mung bean.

Our results show a significant difference between plain
Mung bean (MBN) and sprouted, soaked, dehulled,
roasted and boiled Mung bean for both iron and zinc.
The Zinc content of MBN (3.32 mg/100 g) shows a signif-
icant difference with the other samples except for MBB30
(3.33 mg/100 g). It increases significantly with germi-
nation, i.e. 3.38 mg/100 g for MBG24 and 3.7 mg/100 g
for MBG48. The zinc content also increases with hull-
ing and soaking. On the other hand, it decreases signifi-
cantly with roasting, i.e. 3.16 mg/100 g. The iron content
of MBN (7.44 mg/100 g) decreases significantly with the
applied cooking processes. This decrease is even more
pronounced with cooking, soaking and hulling, which are
6.64 mg/100 g, 7.03 mg/100 g and 7.03 mg/100 g respec-
tively for MBB30, MBTr12 and MBD12. Our results are
in agreement with those of [23] who reported a decrease
in minerals with the applied technological processes. This
significant decrease of iron would be due to a diffusion in
the soaking and/or cooking water.

Impact of processes on biomolecules

Figure 2 shows the phytates and polyphenol contents
of natural and thermally and non-thermally processed
Mung bean.
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The analytical results show a significant difference
between the phytates of MBN (5.35 mg/g) and those of
Mung bean subjected to different processes. Germination
MBG24 (1.73 mg/g) and MBG48 (1.16 mg/g) significantly
reduced phytates. These results are in agreement with
those reported by [31]. The phytate contents of MBTr3
(3.72 mg/g), and MBT15 (3.72 mg/g) on the one hand
and MBD6 (2.47 mg/g) and MBD12 (2.47 mg/g) on the
other hand did not differ significantly, and time remains
insufficient for the reduction of these phytates. Sprout-
ing, soaking (MBTr12), dehulling (MBD12), and roast-
ing (MBT30) are processes that can significantly reduce
phytates, which are anti-nutritional substances in Mung
bean, but the duration of the process is crucial. Sprout-
ing, cooking and roasting after 30 min are the best pro-
cesses to reduce phytate content in Mung bean according
to our results which are consistent with those reported
by [23, 31] for sprouted or cooked chickpeas and Mung
bean.

The polyphenols contained in natural Mung bean MBN
(5.2 mg/100g) are significantly degraded with shelling
and roasting according to our results. These low levels of
polyphenols in MBD6 and MBD12 which are respectively
2.61mg/100g and 2.41mg/100g suggest that the polyphe-
nols are located in the germ or wall of the legumes and
are eliminated during the hulling process.

The polyphenol contents of MBG24 and MBG4S,
which are respectively 17.84 mg/100 g and 21.5 mg/100 g,
show a very significant increase with germination and
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Fig. 1 Effect of thermal and non-thermal processes on the mineral content of Mung bean seeds. The means of Zinc and Iron with different letters

at the end of the diagram are significantly different (p <0.05)
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Fig. 2 Effect of thermal and non-thermal processes on the biomolecule content of Mung bean seeds. The means of phytates and polyphenols
with different letters at the end of the diagram are significantly different (p <0.05)

germination time. This increase in polyphenols with
sprouting in legumes has been reported by [32, 33].
Sprouting in addition to transforming Mung bean into a
healthy and digestible food increases the content of poly-
phenols which are important bioactive molecules with
many benefits for the human body according to [32, 34].

Bioavailability of minerals in mung bean

The proportion of the ingested nutrient used by the
body’s vital biological functions indicates the bioavail-
ability of the food. The technological processes and treat-
ments applied to Mung bean positively influenced the
bioavailability of Iron and Zinc. The phytate/mineral
ratio shown in Table 2 was used to estimate the propor-
tion of bioavailable Iron or Zinc in plain Mung bean and
in Mung bean that had undergone the different culinary
processes.

The iron contained in our different flours has a good
bioavailability except for MBN, MBTr3 and MBT15
according to the work of [35]. Their work reveals that in
humans the phytate/iron molar ratio must be less than
1 or preferably less than 0.4 for good iron absorption in
legume or cereal dishes without the addition of activa-
tor. Zinc is also very bioavailable in natural Mung bean
as well as in those that have undergone various thermal
and non-thermal processes according to the work of [36].
This work on rats showed a decrease in zinc absorption

for phytate/zinc ratios greater than 15. The different ther-
mal and non-thermal processing of Mung bean improves
the iron and zinc bioavailability of Mung bean.

Effect of thermal and non-thermal processes on the different
indices of flours from Mung bean processing
The water and oil absorption capacities and swelling of
flours play an important role in the food preparation pro-
cess by influencing a number of functional and sensory
properties. Table 3 gives a summary of the characteristics
of Mung bean flours according to the cooking processes.
The results show that there is a significant difference
between MBN flour and the other flours from the differ-
ent samples for both water absorption capacity and flour
swelling. However, there was no significant difference
in water absorption capacity between MBTr3 (46.01%),
MBTr6 (45.50%), MBTr12 (45.92%) and MBG24 (45.59%)
flours. This water absorption and swelling capacity is
believed to be related to the hydrophilic character and
the starch granules [37]. Water absorption and swell-
ing result in thickening and increasing the viscosity of
the food, thus improving its handling qualities. MBD12
(42.79%) has a low water absorption capacity and will be
less workable than MBT30 (53.69%) which has a higher
water absorption capacity. [38] correlated the swelling
power of the flours with the viscosity of the porridges.
For the oil absorption capacity, we note a significant

Table 2 Theoretical bicavailability of Zinc and Iron in natural and processed Mung bean

MBN MBG24 MBG48 MBB30 MBB60 MBD6 MBD12 MBTr3 MBTr6 MBTr12 MBT15 MBT30
Phytate/Zinc 1.61 0.51 0.31 0.58 0.35 0.7 0.7 1 0.68 0.55 1.17 041
Phytate/Iron 0.72 0.21 0.15 0.29 0.18 0.34 035 0.51 033 0.27 0.51 0.18
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Table 3 Characteristics of Mung bean flours according to culinary processes

% Absorption capacity % Oil index % Swelling
MBN 46.80 +0.04e 37.58 +0.02d 235.00 +0.04a
MBG24 4444 +0.16g 40.99 +0.06a 225.00 +0.02 cd
MBG48 45.59 +0.03f 35.70 +0.45f 227.50 +0.25bc
MBB30 59.89 +0.57b 36.19 +0.12ef 225.00 +0.03 cd
MBB60 64.30 +0.08a 38.33 +0.18c 222.50 +0.10d
MBD6 43.04 +0.27h 39.98 +0.31b 222.50 +0.39d
MBD12 42.79 +0.38h 34.66 +0.67 g 227,50 +0.08bc
MBTr3 46.01 +0.63f 3839 +0.22c 225.00 +0.13 cd
MBTr6 45.50 +0.01f 37.86 +0.21 cd 227.50 +0.44bc
MBTr12 45.92 +0,38f 37.60 +0.05d 230.00 +0.25b
MBT15 47.75 +047d 36.55 +0.37e 205.00 +0.14e
MBT30 53.69 +0.28c 36.01 +0.36f 222.50 +0.01d

Values are expressed as mean + standard deviation; within a column, if the letters are different, this indicates a significant difference (p <0.05)

difference between MBN (37.58%) and MBG24 (40.99%)
which records the best absorption capacity. The ability of
a food component to trap oil is an important character-
istic in fatty food formulations as it would act as a flavor
retention device and mouthfeel enhancer according to
[39, 40]. The oil absorption capacity of legume flours is
negatively correlated with the water absorption capacity.
MBT15 (36.55%) and MBT30 (36.01%) which have good
water absorption capacity would absorb less oil than
MBG24 (40.99%) and MBD6 (39.98%). Processed and
unprocessed Mung bean flour has a low oil absorption
capacity compared to cowpea (88.3 g/100 g) and horse
gram (82.4 g/100 g) according to the findings of [40].

Conclusion

The Beng-tigre variety of Mung bean grown in Bur-
kina Faso is a good source of protein and minerals. The
results of this study revealed that thermal processes lead
to a decrease in protein and non-thermal processes to an
increase; germination being the best of the non-thermal
processes contributing to a significant increase in protein
content. On the other hand, this sprouting lowers the lipid
content and contributes to the reduction of fat in Mung
bean. The different cooking processes allow the reduc-
tion of phytates in the different samples and improve the
bioavailability of minerals. The sprouting and soaking
processes contribute to a significant reduction of these
anti-nutritional substances contained in the Mung bean.
The various cooking processes, whether thermal or not,
contribute to a significant increase in the polyphenol con-
tent, with the exception of the dehulling process. They also
improve the characteristics of the flours from the different
samples. Germination after 24 h significantly improves the
oil absorption capacity, while cooking increases the water
absorption capacity of the flours. The cooking processes

affect the chemical composition, anti-nutritional quality
and characteristics of the flours from the different samples.
Germination and soaking remain the best processes to
obtain a healthy food maximizing the crude protein con-
tent, minimizing the fat content and reducing the content
of anti-nutritional substances.
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