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ABSTRACT

Aim: To quantify the Trypsin Inhibitory Activity (TIA) and Alpha - Amylase Inhibitory Activity (AlIA)
in legume varieties with effect of cooking.

Study Design: Seeds of twelve legume varieties grown in Complete Randomized Block Design
(CRBD) in experimental field conditions were used and data analysis was performed using one-
way ANOVA at 95% confidence interval using MINITAB statistical software.

Place and Duration of Study: Grain Legumes and Oil Crops Research and Development Centre
(GLOCRDC), Angunakolapalessa and Industrial Technology Institute (ITl), Colombo, Sri Lanka
between June 2019 and Dec 2019.

Methods: Ethanolic (80%) extracts of raw and cooked grain legumes were used. In determining
TIA, N-a-benzoyl-DL-arginine-p-nitroanilide hydrochloride (BAPA) is used as a synthetic substrate
for trypsin enzyme and the rate of hydrolysis was measured by intensity of colour released by p-
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(Paired T-Test).

legumes.

nitroaniline. AlA was carried out determining the maltose content which was released by hydrolysis
of starch in the presence of amylase enzyme using reduction of 3, 5-dinitrosalicylic acid.

Results: TIA in raw legumes ranged from 0.65+0.02 mg/g (ANK- Brown) to 1.52+0.01 mg/g
(ANKCP1) while in cooked legumes ranged from -0.11£0.1 mg/g (ANK-Black) to 0.61+0.02 mg/g
(MI 5). In pressure cooking (120°C, 10 min) considerable reduction in TIA of 53.74% (MI6) to 100%
(ANK-Black, Bombay) was observed. A significant difference (p<0.05) in TIA among the varieties
as well as among cooked form of varieties were observed (one- way ANOVA). Further a significant
difference (p<0.05) in TIA was observed between cooked and raw form in each legume variety

AIA of cooked samples was ranged from - 11.61% (Ml 6) - 23.05% (MISB1) and there was no
significant difference (p<0.05) in AIA among the most of the legume varieties.

Conclusion: A significant reduction of TIA among the legumes varieties was observed in the
pressure cooking process while a significant activity of alpha- amylase was not seen in cooked

Keywords: Leguminosae; anti-nutritional factors; protease inhibitors; pressure cooking; starch

blockers.

1. INTRODUCTION

Grain legumes are annual crops belong to family
Leguminosae. They are an important source of
protein, minerals, fiber and energy requirement in
a diet [1,2]. Next to the cereals legumes provide
a range of essential nutrients and contribute to
address the under nutrition in the most of the
developing countries [3]. Since they are rich
source of protein more recently received a
particular attention as viable alternative to the
meat based diets.

Legume seeds are consumed widely in different
areas of the world. Cowpea and yard long bean
(Vigna unguiculata), green gram (Vigna radiata),
black gram (Vigna mungo), horse gram
(Macrotyloma uniflorum), soy bean (Glycine
max), ground nut (Arachis hypogaea), beans
(Phaseolus vulgaris), winged bean (Psopocarpus
tetragonolobus) have been recognized as
economically important varieties cultivated
especially in South Asia region [4].

Although legumes provide a variety of health
benefits their use in human diet is limited than
expected due to the presence of anti-nutritional
factors. Anti-nutritional factors (ANFs) are those
biological substances present in legumes that
reduce nutrient utilization thereby contributing to
decrease  gastrointestinal and  metabolic
performance. Legumes contain several anti-
nutritional and toxic factors which are either heat
labile or heat stable. Phytic acid, saponins,
polyphenols, lathyrogens, alpha--galactosides,
protease inhibitors, alpha--amylase inhibitors and
lecithins which are found in grain legumes [5].

Trypsin is a proteolytic enzyme which involved in
the protein digestion in humans. Trypsin
inhibitors, one of the major anti-nutritional factors
present in legumes bind with trypsin enzyme and
reduce the protein digestibility and absorption [6].

Alpha--amylase is a prominent enzyme found in
the pancreatic juice which breaks down large
insoluble starch molecules into absorbable small
molecules. Alpha- amylase inhibitors are also
called as starch blockers since it prevents or
slows down the absorption of starch in to the
body by mainly blocking the hydrolysis of 1, 4 -
glycosidic linkages of starch and other
oligosaccharides into maltose and other simple
sugars. These alpha- amylase inhibitors prevent
dietary starches from being digested and
absorbed by the body lowering risk of diabetes
mellitus type-II.

During the cooking process some of those
factors are partly removed or inactivated [7]. In
the present study some selected legumes (mung
bean, cowpea, soybean and horse gram) were
evaluated for the changes in Trypsin inhibitory
activity and alpha-amylase inhibitory activity in
states of their raw and after cooking process.

2. MATERIALS AND METHODS
2.1 Sample Collection and Preparation

Twelve legume varieties were grown in Complete
Randomized Block Design (CRBD) in
experimental field conditions at Grain Legumes
and Oil Crops Research and Development
Centre (GLOCRDC), Angunakolapalessa, Sri
Lanka were used for screening purpose. Mature
seeds of those legume varieties six cowpea



(Vigna unguiculata) varieties (Bombay, Dhawala,
Waruni, MICP 1, ANKCP 1, and ANKCP 2), two
mung bean (Vigna radiata) varieties (Ml 5, M| 6),
two soy bean (Glycine max) varieties (Pb 1,
MISB 1) and two horse gram (Macrotyloma
uniflorum) varieties (ANK-Black, ANK-Brown)
were used for screening process.

For the raw legume samples the seeds were
milled to pass through a 0.5 mm sieve. For
cooking treatment, the seeds (25 g) were soaked
in distilled water in ratio of 1:10 (seed: water;
w/v) overnight at room temperature (25+2°C).
After decanting water the soaked seeds (seeds:
water 1:5 w/v) were subjected autoclaving for 10
min at 120°C. Soon after decanting the liquid the
autoclaved seeds were freeze-dried. The freeze-
dried seed samples were ground to fine powder
to pass through a 0.5mm sieve and stored at 4°C
till analysis [8].

2.2 Sample Extraction

Accurately weighed (around 1.000 g) ground
seed powder was extracted with 50 mL of 0.01M
sodium hydroxide at room temperature for 3 h.
After filtration the pH of the extract was adjusted
between 8.4 -10.0 and diluted to 100 mL with
distilled water and used for the Trypsin inhibitory
activity.

The ground grain powder (2.5 g) was shaken
overnight at room temperature (25+2°C) with 20
times of the sample weight of 70% ethanol.
Extracts were then centrifuged at 3000 rpm for
15 min. evaporated under vacuum in a rotary
evaporator and resulted solution was freeze
dried for the Alpha- amylase inhibitor activity [9].

2.3 Determination of Trypsin Inhibitory
Activity

Trypsin inhibitory activity of grain legumes was
determined according to the method described
by Hamerstrand et al. 1981 in accordance with
AACC International method [10,11]. Initially 0.25
mL of the suspension was mixed with 0.5 mL of
trypsin solution (1.00 mg in 50 mL of 0.001N
HCL) and incubated for 10 minutes at room
temperature (37°C). Then 1.25 mL of 0.04% N-a-
benzoyl-DL-arginine-p-nitroanilide hydrochloride
(BAPA) substrate was added and further
incubated for 10 minutes at room temperature
(37°C). Reaction was terminated by adding 0.25
mL of 30% acetic acid and the content was
mixed and filtered using 0.5 ym micro filters. The
trypsin standard was prepared by adding only
trypsin and distilled water without adding the
sample. A sample blank was prepared in which
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trypsin solution was added after termination of
the reaction. Absorbance was measured at 410
nm against a sample blank using 96 well micro
plate reader (SpectraMax Plus 384, Molecular
Devices, USA) and TIA was calculated using
following equation. All measurements were done
in triplicate.

Trypsin Inhibitory Activity (TIA=(A) (B)*100
(C) (1000) (W) (V)
Where,

A = Absorbance of ftrypsin standard -
Absorbance of test sample, corrected for
absorbance sample blank, B = Dilution
factor, C = TU factor, 0.019 based on the fact
that 1ug of pure trypsin produced 1.9 TU
under conditions of the assay, W = Sample
weight (g), V = Sample volume (mL).

2.4 Determination of
Inhibitory Activity

Alpha-Amylase

Alpha-amylase inhibition of grain legumes was
determined according to the method described
by Bernfeld, 1955 with slight modifications [12].
Initially 50 yL of the suspension was mixed with
40 pL of 1% starch solution. Then 860 pL of 100
mM sodium acetate buffer was added to it and
incubated at 40°C for 10 minutes. Then 50 uL of
alpha-- amylase enzyme (porcine pancreas) was
added and further incubated at 40°C for 15
minutes. After that 500 uL of 3, 5-dinitrosalicylic
acid (DNS) reagent was added and placed in a
boiling water bath for 5 minutes and allowed to
cool in a water bath containing ice. Control
experiments were carried out in an identical way
replacing sample extracts with 100 mM sodium
acetate buffer. A sample blank was prepared by
replacing the sample extracts, starch and
enzyme solution with 100mM sodium acetate
buffer. Absorbance was measured at 540 nm
against a sample blank using 96 well micro plate
reader (SpectrMax Plus 384, Molecular Devices,
USA) and alpha-- amylase inhibition % was
calculated. All measurements were done in
triplicates.

Inhibition (%) = [Ac — (As —Ap / AJ*100

Where A. is the absorbance of the control, Ay is
the absorbance of the blank (sample blank) and
A is the absorbance in the presence of sample.

2.5 Statistical Analysis

Statistical analysis of data was done using one-
way ANOVA to identify the significant differences
among the samples at 95% confidence interval



using MINITAB statistical software and Tukey
Pair wise comparisons to identify whether there
is a significant difference among raw and cooked
forms of each variety.

3. RESULTS AND DISCUSSION

Trypsin Inhibitory Activity content of grain
legumes mainly depends on the extracting
solvent and extracting time. Further the factors
involved in protein solubility and recovery depend
on the ratio of content of protein and type of
solvent, particle size of flour, temperature, length
of extraction time, pH, ionic strength and
concentration of extractant as well as the
hydration properties of proteins [13].

The aqueous alkali has been popular among
other solvents due to high capability for protein
solubilisation. Therefore, in this study trypsin
inhibitors were extracted using alkaline media.

3.1 Trypsin Inhibitory Activity of Raw
Legumes

TIA of raw and processed legume samples is
shown in the Table 1.

According to the results obtained, TIA of raw
legumes ranged from 0.65 + 0.02 mg/g (horse
gram variety; ANK BROWN) - 1.52 + 0.01 mg/g
(Cowpea variety; ANKCP1) on dry basis. A
significant difference (p< 0.05) in TIA among the
varieties was observed. Varieties of MICP 1
(1.39 + 0.05 mg/g), MI5 (1.37 £ 0.02 mg/g),
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Waruni (1.35 £0.03 mg/g) and Bombay (1.34 £
0.02 mg/g) showed the second highest TIA
without significant (p<0.05) differences among
each other. Considerable differences within the
species were observed in mung beans, cowpea
and soybeans except among the species of
horse gram.

TIA of cowpea exhibited maximum value for
ANKCP1 (1.52+0.01 mg/g) and minimum value
was found for ANKCP2 (0.90 + 0.002 mg/g) in
raw form. The values for MICP 1(1.39 + 0.05
mg/g), Waruni (1.35 + 0.03 mg/g) and Bombay
(1.34 £ 0.02 mg/g) were not significantly different
and had significantly higher than those for
Dhawala (1.11 + 0.03 mg/g) and ANKCP2 (0.90
+ 0.002 mg/g). In comparison of mean values of
TIA in mung bean varieties, MI5 (1.37 £ 0.02
mg/g) is significantly higher (p<0.05) than MI6
(1.18 + 0.06mg/g. A significant difference
(p<0.05) was found between two soybean
varieties MISB 1 (0.83+0.05 mg/g) and Pb 1
(0.98+0.03 mg/g). TIA of Pb 1 is significantly
higher than TIA of MISB1. Su and Chang 2002
had reported that soybean contains the highest
amount of trypsin inhibitors that accounts for two
to six percent of whole soybean protein [14].
Further, other legumes contain trypsin inhibitors
in significant quantities but the soybean inhibitor
quantities were found to be the largest by far
[14]. In the present study, TIA of soybean was
not observed in significantly (p<0.05) higher
amounts. The reason for the variation in TIA may
be due to the differences in genetic and
environmental conditions [15].

Table 1. Trypsin inhibitory activity in raw and cooked form of legume varieties

Legume Variety Trypsin inhibitory activity
Raw (mg/g) Cooked Percentage
Mean * SD (mgl/g) reduction
Mean * SD
Horse Gram Macrotylomauniflorum(ANK-Brown)  0.650.02" 0.04+0.12%  93%
Macrotylomauniflorum(ANK-Black) 0.69+0.01" -0.11£0.1° 116%
Soya bean Glycine max (MISB 1) 0.83+0.05° 0.35+0.04° 57.28%
Glycine max (Pb 1) 0.98+0.03° 0.35x0.04° 63.79%
Mung bean  Vigna radiata (Ml 6) 1.18+0.06° 0.55+0.02° 53.74%
Vigna radiata (Ml 5) 1.37+0.02° 0.61+0.02° 55.86%
Cowpea Vignaunguiculata (ANKCP 2) 0.90+0.002"  0.02+0.02° 98.01%
Vignaunguiculata (ANKCP 1) 1.52+0.01° 0.09£0.05°°  94.31%
Vignaunguiculata (MICP 1) 1.39+0.05° 0.32+0.02° 77.33%
Vignaunguiculata (Waruni) 1.35+0.03" 0.16%0.05° 88.42%
Vignaunguiculata (Dhawala) 1.11+0.03° 0.130.06" 88.23%
Vignaunguiculata (Bombay) 1.34£0.02°  -0.04+0.08"  103%

Data presented as mean + SE (n=3). Mean values in a column superscripted by different letters are significantly
different (p<0.05)



3.2 Trypsin Inhibitory Activity of Cooked
Legumes

In pressure cooked samples, TIA ranged from -
0.11 £0.1mg/g (horse gram variety: ANK Black) -
0.61+£0.02 mg/g (mung bean; MI5) on dry basis.
A significant difference (p<0.05) among varieties
was observed in cooked form. Mung bean variety
MI 5 showed the highest TIA. Pb 1, MISB1, M| 6
and MICPI showed the second highest TIA.
Considerable differences in TIA among the
varieties were observed in cowpea and horse
gram while significantly difference (p<0.05) was
not observed within the species of mung bean
and soybean.

Comparison between cooked and raw form of
each legume variety using Paired t-Test was
shown that there is a significant difference
(p<0.05) in TIA. Legume seeds exhibited
considerable reduction in TIA which is ranging
from 53.74% (MI 6) to 100% (ANK-Black).

Mung bean varieties had shown low percentage
reduction of TIA in cooking showing M| 6 53.74%
and MI 5 55.86%. This result is deviate to the
literature stated by Grewal and Jood 2006, where
percentage of inhibition ranged between 65-70%
in mung bean [16]. It has been further observed
that temperatures above 80°C can damage
some important nutrients, such as lysine, sulfur
amino acids and heat-labile vitamins. According
to the information published for mung beans,
autoclaving or pressure-cooking represents the
best option for home cooking since this method
preserves the highest amount of minerals in the
seed [17].

The percentage of reduction of TIA in cowpea
varieties ranged from 77.33%- 100%. That range
is within the range stated by Khattab [7] and it
was higher compared to reduction in soybean
varieties (57.28%- 63.79%). Percentage
reduction of horse gram varieties ranged from
93%- 100%. Results of the present study
revealed that pressure cooking at 120°C for10
mins had significant effects on TIA (Fig. 1).

The Trypsin Inhibitory Activity is found to be
significantly (p<0.05) higher in raw samples
when compared to the cooked samples.
Pressure cooking brought a total removal of
trypsin inhibitory activity in horse gram variety
ANK Black and cowpea variety Bombay. A
relatively high reduction was observed in cowpea
and horse gram varieties, with lower reductions
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for Mung bean and Soy bean varieties. A
complete removal of trypsin inhibitory activity due
to cooking has been reported previously for
legumes by many researchers for common
beans [18,19,20]. As all the food legumes are
heat treated before consumption by humans the
destruction of those inhibitors is expected.
However some residual activity can be found
when proper conditions were not achieved. Since
the TIA is time and temperature dependent in the
present processing conditions could be
effectively used to increase the nutritional quality
of legumes by destroying most of the trypsin
inhibitors and other anti-nutrients. According to
the present results, for complete inactivation of
TIA it may be longer duration of cooking
required. While extending the time periods for
thermal treatment can inactivate TIA effectively
denaturing of essential proteins resulting in
amino acid degradation, browning reaction and
other deteriorative reactions were occurred [21].
According the present study, autoclaving 10 min
may not be sufficient enough to totally
deactivation of TIA. Therefore the longer time
duration (around 15 or 20 min) could be achieved
for better results.

3.3 Alpha- Amylase Inhibitory Activity

Alpha- amylase catalyzes the hydrolysis of
glycosidic linkages in the starch and releases the
hydrolyzed products, which constitute the first
step in the enzymatic degradation of this
polymer. Maltose released from starch is
measured by the reduction of 3, 5-dinitrosalicylic
acid. The intensity change in colour was
measured spectrophotometrically. Since high
amylase inhibition results in many harmful side
effects in human beings, low level of alpha -
amylase inhibitors from natural fruits, vegetables
and legume grains are reported to offer a good
strategy to control postprandial hyperglycemia
over the synthetic drugs [22]. Alpha- amylase
inhibitory activity of grain legumes is presented in
Table 2.

According to the results, percentage inhibition of
legume varieties varied from 11.61% -23.5%. A
significant difference (p<0.05) in AIA was not
observed among the legume varieties. All the
varieties showed percentage inhibitory activities
below 50% at concentration of 100 pg/ml. The
highest percentage of inhibition was observed in
soybean variety MISB 1 (23.5%) and the lowest
was observed from mung bean variety Ml 6
(11.61%).
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Fig. 1. Trypsin Inhibitory activity in raw and cooked legume varieties
Table 2. Percentage Alpha- amylase inhibition in cooked legume seeds
Legume Variety Alpha- amylase inhibition %
Mean * SD
Horse gram Macrotylomauniflorum (ANK-Brown) 19.05+ 2.43°
Macrotylomauniflorum (ANK-Black) 20.26 + 2.83°
Soybean Glycine max (MISB 1) 23.50 £ 1.53%
Glycine max (Pb 1) 16.80 + 1.78%
Mung bean Vigna radiata (M| 6) 11.61 +2.90°
Vigna radiata (M| 5) 19.70 + 3.35°
Cowpea Vignaunguiculata (ANKCP 2) 2249 £ 2.77°
Vignaunguiculata (ANKCP 1) 18.41 + 2.93%®
22.65 + 1.88°

Vignaunguiculata (Waruni)
Vignaunguiculata (Dhawala)
Vignaunguiculata (Bombay)

(
Vignaunguiculata (MICP 1)

(

(

18.25 +1.86®
17.91 + 1.75%®
20.26 + 0.28°

Data presented as mean + SE (n=3). Mean values in a column superscripted by different letters are significantly
different (p<0.05)

In comparison of AIA values in varietal wise no
significant difference (p<0.05) was observed
within the cowpea variety. The highest
percentage of inhibition was observed in MICP 1
(22.65%) followed by ANKCP 2 (22.49%),
Bombay (20.26%), ANKCP 1 (18.41%), Waruni
(18.25%), Dhawala (17.91%) respectively.
Olusegun and Emmanuel, 2019 had reported the
percentage inhibitory activities above 50% at
concentrations of 0.20 mg/ml to 1.0 mg/ml in

cowpea [23]. In mung bean Vvarieties, a
significant difference (p<0.05) in alpha- amylase
inhibition was observed between MI 5 and MI 6.
Within the variety the highest inhibition was
observed in Ml 5 (19.70%) and the lowest was
observed from MI 6 (11.61%). In soybean, there
was no significant difference (p<0.05) between
the two varieties MISB 1 and Pb 1. Within the
variety highest inhibition percentage was
observed in MISB 1 (23.50%) and the lowest was



observed in Pb 1 (16.80%). Minor information is
available in the nature, whether heat-resistant or
heat-labile amylase inhibitor present in legume
seeds. Singh [24] stated that the amylase
inhibitors of chickpea and pigeonpea as heat-
labile. Irshad & Sharma [25] reported the study
on purification of heat-resistant amylase inhibitor
from peanut. Likewise a study on presence of
amylase inhibitors with different heat-stabilities
has been revealed in bean seeds [26].

Lan Shi1 and Kaiwen Mul [27] reported that
approximately 80-93% reduction of AIA and a
complete inactivation of alpha- amylase in
soybean. According to the previous literature
amylase inhibitory activity of common beans was
comparatively higher. This may be due to the
differences in cultivars, climatic conditions,
location, soil type and crop year. The cellular
structure of the seed and the concentration of the
solvent also affect the removal of alpha- amylase
inhibitors from legumes. The factors which refer
to alpha- amylase inhibitor activity are the
reaction temperature, incubation period and
presence of certain ion. The optimal reaction pH
value for the inhibitor is 4.5-5.5 and optimal
temperature is 22-37°C and it becomes
inactivated completely after 10 minutes of
cooking.

According to the results obtained in the present
study there was no significant difference between
the two horse gram varieties. Highest percentage
inhibition was observed in ANK-Black (20.26%)
and lowest in ANK-Brown (19.05%).

4. CONCLUSION

TIA of raw legumes ranged from 0.65+0.02 mg/g
(Horse gram variety; ANK BROWN) -
1.5240.01mg/g (Cowpea variety; ANKCP1). In
pressure cooked samples, TIA ranged from -
0.11 + 0.1mg/g (Horse gram variety: ANK Black)
- 0.611£0.02 mg/g (mung bean; MI5). A significant
difference (p<0.05) in TIA among the raw form of
seeds as well as a significant difference (p<0.05)
in TIA among cooked form of seeds were
observed (one- way ANOVA). Further a
significant difference (p<0.05) in TIA was
observed in comparison (Paired T-Test) between
cooked and raw form in each legume variety.
According to the results legume seeds exhibited
considerable reduction in TIA 53.74%-100%
when cooking. AIA was ranged from 11.61% (Ml
6)-23.05% (MISB1) at concentration of 100
pg/ml. There was no significant difference
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(p<0.05) in AIA among most of the legume
varieties. Conclusively, the study revealed that
thermal processing methods can be used to
increase the nutritional quality of legumes by
destroying most of the protease inhibitors or the
anti-nutrients.
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