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ABSTRACT

This research was aimed to purified beta-glucosidase from apricot seeds using ammonium
sulfate precipitation, followed by gel filtration chromatography, then ion exchange
chromatography. lon exchange chromatography resulted in the enzyme sample with a
specific activity of 41.3 U/mg with a purification fold of 15 and a yield of 30.3%. The apricot
beta-glucosidase had an optimum pH of 4 with good stability between pH 3 and 6. The
optimum temperature was 60°C and there was good stability between 5 and 40°C. Faba
beans treated at pH 5.5 containing beta-glucosidase showed higher total vicine removal than
with only water at pH 5.5 after 4 h. Additionally, treatment at 40°C showed higher total
vicine removal that treatments at 25°C. However, treating faba beans at pH 5.5 with and
without beta-glucosidase resulted in a lower total vicine content for the enzyme treatment
before cooking but the total vicine content after cooking was the same for the water treated
compared to the enzyme treated. As an industrial by-product, apricot seeds are a rich source
of beta-glucosidase that may be used to treat faba beans to increase their nutritional
composition.

Keywords: lon exchange, gel filtration, molecular weight, optimum temperature.
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INTRODUCTION

The bean Vicia faba L. is a legume with high
protein content, it considers as a source of
protein in many areas around the world. In
addition to the 24 to 32% protein, the legume

seeds have other important nutritional
compounds including fiber, minerals and
vitamins (9). In spite of this positive

nutritional content, faba beans still remain an
underutilized crop due to the antinutritional
compounds which include the pyrimidine
glycosides vicine (V) and convicine(C)
(14,27). These compounds are hydrolyzed by
beta-glucosidases in the intestinal tract to
produce isouramil plus divicine which are
responsible for favism disease which leads to
severe hemolytic anemia (9, 15, 17). The
amount of V and C in the seeds is about 5
mg/g and 2mg/g of dry weight respectively
(20, 27). The concentrations of vicine and
convicine in faba beans can be reduced by
roasting, boiling or soaking. Abd Allah et al.
(2) showed that faba beans soaked in water for
72 hours resulted in the elimination of 33% of
total vicine while soaking at pH 11.3 and pH
3.2 resulted in the elimination of 79 and 78.5%
respectively of total vicine after 72 h.
Cardador-Martinez et al, (11) showed that
roasting at 120°C for 10 min reduced the
amount of vicine by 1 to 12% and reduced the
amount of convicine by 3 to 30% depending
on the variety of faba bean. While boiling at
121°C for 20 min reduced the amount of
vicine by 1 to 40% and convicine by 13 to
61% depending on the variety of faba bean.
Some related researches found that using tap
water or alkaline , acid , or neutral agueous
solutions for soaking are active in removing
some of the total vicine from faba bean seeds
and flour but can also have a negative impact
on the other important properties (4,27). A
study investigated the use of raw almond fiour,
which is a potent source for beta-glucosidase
(EC 3.2.1.21) activity which can hydrolyze
vicine and convicine on the reduction of these
glycosides in faba beans (3). The degree of
hydrolysis differs from complete to partial
according to the duration of treatment (1 to 24
h), the temperature (1 to 30°C) and pH (6.4 to
4.6) with the highest hydrolysis occurring at
30°Cat pH 4.9 for 24 h. Fungal Dbeta-
glucosidase produced by Aspergillus oryzae,
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Fusarium graminearum and Lactobacillus
plantarum  efficiently  hydrolyzed  the
pyrimidine glycosides in faba bean suspension
and flour (27). The recent study designed to
optimize the extraction and purification
conditions for BGS enzyme from apricot seeds
and some of its characteristic and to evaluate
the potency of the enzyme in decreasing or
removing the total vicine and convicine from
faba beans (Vicia faba L.).

MATERIALS AND METHODS
Preparation of crude enzyme extract
Apricot seeds were obtained from apricots
bought from a local marketplace in Baghdad,
Irag. The seeds were defatted according to
(18). Briefly, the seeds were sopped in water
for 2 h, hulled, air dried then ground in cold
ethyl acetate with a blender. The powder was
defatted by an additional 3 washes of cold
ethyl acetate then left to air dry in a hood. The
extraction method used sodium phosphate
buffer (0.2 M, pH 7.0) containing 2% sodium
chloride in a ratio of (1: 5) (solid: liquid) under
refrigerated condition (4°C) and the blend was
agitated for 4 h. by a magnetic stirrer. The
sample was then filtered using a Whatman
filter No.1 then centrifuged at 6000 x g for 20
min. to remove the solid residues. The
supernatant was used as crude enzyme extract
(CEE), then its volume, enzymatic activity,
and protein content were determined and the
specific activity & total activity were
calculated as described below. The protein
content was determined using protein
determination kit (Pierce Chemical Co., USA).
Beta-glucosidase activity

A 70 uL aliquot of the crude enzyme was
added to the same volume of citrate phosphate
buffer (0.1 mM, pH 5.2 containing the
substrate 0.63 mM  p-nitrophenyl-B-D-
glucopyranoside  (pNPG,  Sigma-Aldrich,
USA)), and incubated at 37 °C for 30 min. The
reaction terminated by adding 70 uL of 0.4 M
Na,COs, and the samples were centrifuged at
15490 xg for 15 min. The absorbance at 410
nm was read (BioSpeec-1601 dual bean
spectrophotometer, Shimadzu) to determine
the amount of p-nitrophenyl produced. One
unit of BGS activity was defined as the
amount of enzyme requisite to cause a 0.01
variation in absorbance under experiment
conditions, according to the method described
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by Blondin et al, (9). The kinetic parameters
including maximum reaction rate (Vmax) and
Michaelis-Menten  constant  (Kp)  were
calculated using the initial rates of dilutions of
PNPG in 0.2 M sodium citrate buffer, pH 5.2
at 37°C. The Lineweaver-Burk plot was used
to determine Vmax and Ky by linear regression
analysis of the reciprocal of the initial
velocities graphed versus the reciprocal of the
substrate concentration and the best-fit line
was obtained.

Beta-glucosidase purification

Ammonium sulfate saturation (20, 30 40, 50,
55, 60, 65, and 70 %) were set up to
fractionate the CEE. The crude enzyme
precipitated after about 4 h. from the salt
addition while mixing, then the sample was
centrifuged at 10,000 x g for 30 min. The
supernatant was decanted off and the pellets
dissolved in proper amount of 0.2 M sodium
phosphate buffer ( pH 7). The entire process
was done at 4°C. The ammonium sulfate
precipitated enzyme was dialyzed against
sodium phosphate buffer (pH 7, 0.2 M) for 24
h. with three changes of dialysis buffer (1,26).
The enzyme  activity and  protein
concentrations of both the supernatants and
dialyzed pellets were determined and the
specific activity was calculated. The dialyzed
ammonium sulphate precipitation pellet at
65% ammonium sulfate were dissolved in
running buffer (0.2 M phosphate buffer pH 7)
and loaded onto a Sephadex G-100 column (70
cm X 2 cm, Sigma-Aldrich, USA) and
fractionated at flow rate of 1 ml/min(5, 13).
Fractions volumes of 3 ml each were collected
and estimated for protein content via
absorbance at 280 nm and the enzyme activity
using pNPG as the substrate. Fractions 13 to
24 from the G-100 column containing f-
glucosidase activity, were pooled and
fractionated by ion exchange chromatography
(2.5x30 cm column) with DEAE-cellulose
(Sigma-Aldrich, USA) equilibrated with
10 mM phosphate-citrate buffer( pH 6.8). The
column was eluted with same buffer at a flow
rate of 0.5mL/min and linear gradient of
phosphate-citrate buffer containing NaCl ( 0
to 80 mM) . Fractions of 5 mL were collected
and the protein concentration estimated via
absorbance at 280 nm and p-glucosidase
activity using pNPG as the substrate were
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determined. Fractions 9 to 18 with f-
glucosidase activity were pooled and used for
further study.

Polyacrylamide gel electrophoresis

The extent of purification of BGS was
followed by  SDS-polyacrylamide  gel
electrophoresis according to (16,30). SDS-
PAGE was conducted using a 5% stacking gel
and a 12% running gel. Samples containing
(20 pg) of protein in 20 pl buffer were mixed
with (10 pl) of SDS sample buffer (3X=1M
Tris HCL pH 6.8, 10% SDS, 0.3%
Bromophenol blue, 1% [B-mercapto-ethanol,
and 30% glycerol) and heated at 90 °C for 5
min. Running buffer 0.1% (w/v) SDS
dissolved in 25 mM Tris and 192 mM glycine(
pH 8.3) was used at 60 V for the first 15 min.
and 100 V for an extra 90 min using a Mini-
Protean Tetra Cell (Bio-Rad Laboratories,
USA). Gels were stained using (0.1% wi/v)
Coomassie Brilliant Blue R-250, 45% (v/v)
methanol plus 10% (v/v) acetic acid for 20
min.. Molecular range protein standards were
used as molecular weight markers (GenScript
and Thermo Scientific Prestained Protein
Molecular Weight Marker, USA). The
migration distances of the standards was
plotted vs the log molecular weight of the
standards. The migration distances of the
assumed BGS band were determined and the
molecular weight was calculated.
Determination of the optimum pH and pH
stability of BGS: The optimum pH for the
BGS hydrolytic activity was identified using
pH values ranging from (3-10). Sodium citrate
buffer solution, 0.2 M, was used to prepare
buffers with pH values ranging from 3-5,
sodium phosphate buffer solution( 0.2 M) was
used to prepare buffers with pH values ranging
between 6-7, and Tris-HCL buffer solution,
0.2 M, was used to prepare buffers with pH
values between 8-10. The substrate, pNPG
was added to each buffer at a concentration of
0.63 mM and the activity at each pH value was
determined. The reactions were conducted by
incubating the substrate with enzyme at each
pH for 30 min. in a water bath at 37 ° C,
followed by cooling the samples in an ice bath
to terminate the enzymatic reaction and the
enzyme activity tested as mentioned
previously after that the relationship between
the enzyme activity and the pH values was
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plotted. For testing of pH stability, an equal
amount of the purified enzyme solution and
the above mentioned buffers solutions with pH
values of 3-9.0 were mixed and incubated in
water bath at 37 °© C for 30 minutes , then
cooled in an ice bath and the activity was
measured. The remaining BGS activity was
calculated as a percentage of the activity
relative to the maximum activity which was at
pH 5.

Determination of the optimal temperature
and temperature stability of BGS

To determine the optimal temperature of BGS,
activity was tested in sodium citrate buffer, 0.2
M pH 4, warmed to a range of temperatures
(20 to 90°C) and activity measurements at 410
nm with pNPG were done. To determine the
temperature stability, BGS was incubated at
temperatures from 5 to 90 °C for 30 minutes in
0.2 M sodium citrate buffer, pH 4. Samples
were cooled in an ice bath before activity
measurements at 410 nm with pNPG at 20°C.
The residual enzyme activity was determined
as compared to the activity at 5°C and the
relationship between the remaining activities
at different temperature values were graphed
to determine the thermal stability.
Determination of total V-C in faba beans
The Collier (13) spectrophotometric method
was used to determine vicine plus convicine
concentrations in experimental samples. One g
of the fava bean (purchased at a local market
in Baghdad, Iraq) sample with (100 ml) of
freshly prepared solution of (4%) meta
phosphoric acid was homogenized in a
blender for 5 min.  The samples were
centrifuged at 2000 xg. for 30 min. and the
supernatant was filtered through a Whatman
No. 1 filter paper. The absorbance at 273 nm
of the filtrate was determined. This method
estimates the concentration of convicine plus
vicine or total vicine in samples.

Impact of soaking solution temperature and
beta-glucosidase (BGS) on V-C removal
from fava beans

Dry fava beans, were soaked in tap water (pH
7.2) at 25°C for 12 h. then rinsed in tap water
before cooking. Beans, 50 g, were placed in a
container with water at pH 5.5 at ratio of 1:5
(beans: water) and another 50 g was placed in
water at pH 5.5 at the same ratio containing
BGS (0.1 ml/2 g beans or 32 U). This sample
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was left for 4 h at 25°C. The last 100 g beads
were scratched with a knife so there were
several scratches on each bean then prepared
as described above in pH 5.5 water and pH 5.5
water containing 32 U of BGs and incubated at
40°C for 4 h. All experiments were done in
duplicate. Then all samples were cooked by
boiling in water for 75 min and vicine and
convicine were estimated as described above
before and after the cooking process.

Impact of soaking solution pH and BGS
treatment duration on V-C removal

Dry fava beans, 300 g, were soaked in tap
water (pH 7.2) at 25°C( room temperature) for
12 h.. Soaked samples were drained and
distributed into three 50 g samples in
duplicate. The 1% 50 was kept in tap water (pH
7.2) and the 2" 50g sample was placed in an
aqueous solution at pH 5.5, the 3  50g
sample was put in an enzymatic solution at pH
5.5 containing beta-glucosidase (32 U/2 g
beads) and all samples were held for 12 h. at
40 °C. Then one gram of each treatment was
taken after 1.5, 3, 4.5, 6, 7.5, 9, 10.5 and 12 h
for Vand C determination. All bean samples
were then cooked by boiling in water for 75
min and the concentration of vicine and
convicine were determined again.

RESULTS AND DISCUSSION
Beta-glucosidase purification

Results of the BGS purification from defatted
apricot seed powder are shown in Table 1. The
crude extract contained 3.5 U/ml, a specific
activity of 2.8 U/mg and a total activity of
422.4 U. Ammonium sulfate precipitation of
this sample is shown in Figure 1A. BGS
precipitated from solution with ammonium
sulfate concentrations of 30 to 70%. The
precipitate with the highest amount of BGS
was obtained with 65% ammonium sulfate.
This sample showed a specific activity of
12.81 U/mg resulting in a 5-fold purification.
Bhalla et al, (8) found that the BGS can be
obtained from wild apricot (Prunus armeniaca
L.) by (NH4)2SOs4in the 20-70% saturation
range. Asic et al, (6) demonstrated that BGS
from Agaricus bisporus (white button
mushroom) precipitated out between 40- 80%
of ammonium sulfate saturation. The pellet
from ammonium sulfate precipitation at 65%
was dialyzed and subjected to Gel filtration
chromatography (Figure 1 B). There are
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several protein peaks but fractions 13 to 24
contained BGS activity. The specific activity,
enzyme yield and the purification fold for this
step were 33 U/mg, 78.8% and 12
respectively. Fractions that showed BGS
activity were then pooled and subject to ion-
exchange chromatography. Figure 1 C shows
the ion-exchange profile of the pooled
fractions. Two major protein peaks are seen
and one of them coincided with BGS activity.
This step resulted in the lowest protein
concentration of 0.31 mg/ml but the highest
specific activity of 41.3 U/mg. The overall
purification fold was 15 with a yield of 30.3%.
The Michaelis-Menten constant (K,,) and the
maximum velocity (Vmax) using pNPG was
1.11 mM and 26.27 U/min/mg. A comparison
of the Kinetic values of BGS from other
sources is shown in Table 2. The Ky, is similar
to that reported by apple seed BGS (31) and
Brassica BGS (7). The Vma Is also in the
range reported for apple seed BGS (31) and
grape BGS (29). The SDS-PAGE profile of the
purification steps is shown in Figure 2. The
crude apricot seed protein profile is seen in

Figure 2, lane 1. This sample contains many
bands in the molecular weight range of 20 to
about 90 kDa. With the ammonium sulfate
precipitation, size exclusion chromatography
and ion-exchange chromatography, a band of
approximately 30 kDa becomes the most
prominent band. A comparison of the
characteristics of BGS from other sources is
shown in Table 2. The molecular weight of
commercial almond BGS is 130 kDa and is a
homodimer of two 65 kDa subunits. BGS
exists as a homodimer also in apple seeds (2 x
60 kDa subunits) and chayot (2 x 58 kDa
subunits) (24, 31). BGS exists as heterodimers
in Brassica (80 and 50 kDa subunits) and
Agaricus (46 and 62 kDa subunits) (6, 7).
BGS exists as monomers in olive (65 kDa) and
barley (58 kDa) (22,28). Bhalla purified BGS
from wild apricot seeds and showed that it had
a molecular weight of 66 kDa which is twice
the weight as reported here. The molecular
weight of the BGS purified here is similar to
that purified from tea plant which had an
estimated molecular weight between 34 to 41
kDa (23)

Table 1. Purification of B-glucosidase from defatted powder of apricot seed

Purification step Enzyme Volume Protein Specific Total Purification Activity
units ml con. Activity units fold recovery
U/ml mg/ml U/mg U (%)
Crude enzyme 3.52 120 1.26 2.8 422.4 1 100
extract
Ammonium sulfate 23.7 15 1.85 12.81 1281 5 84.16
Gel filtration 18.5 18 0.56 33.01 333 12 78.8
lon-exchange 12.8 10 0.31 41.29 128 15 30.3
250 o
——Supernatent ——Precipitate
— 200
£
s
2 150
Z
2
© 100
<
3]
U]
@ 50
0
20 30 40 50 55 60 65 70
(NH4)2504 %

Figure 1. A. Ammonium Sulfate precipitation of crude BGS extract
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Figure 2. SDS-PAGE analysis of BGS
purification. Lane 1 molecular weight markers
as displayed; Lane 2 molecular weight markers
(120, 90, 50, 34, 26, and 20 kDa); Lane 3 crude

sample; Lane 4 after ammonium sulfate
precipitation; Lane 5 after gel filtration
chromatography; Lane 6 after ion exchange
chromatography
The optimum pH and pH stability for -
glucosidase activity: Figure 3A illustrates the
pH pattren of the BGS activity at a pH range
from 3 to 10. The optimum pH for the activity
of the enzyme was 4. The enzyme activity
decreased by 68% at pH 3 and at pH 6 there
was a 71% decrease in activity with no activity
shown at pH 8 or greater. The optimum pH of
BGS differs based on the source. Other BGS
enzymes with an optimum pH at 4 were
characterized from Agaricus and Chayote
(6,24) while BGS characterized from apricot,
Brassica and apple seeds (7, 8, 31) showed pH
optimum at pH 6 (Table 2). Figure 3 B shows
the stability of the apricot seeds BGS over the
pH values of 4 to 10. BGS was stable at pH
values from 3 to 6 retaining over 80% of its
activity at pH 3 and 100% of its activity at pH
values from 4 to 6. BGS retained more than
70% of its total activity at pH 7 but lost 65%
of its activity at pH 8 and higher. These
findings are similar to (7) who found that the
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purified BGS enzyme from cabbage (Brassica
oleracea) was stable at pH values ranged from
410 7.

1.4 +

1.2 4

Activity (A 410 nm)

e
(%)
|

]

s 6
pH

(28]

Figure 3. A Optimum pH of beta-

glucosidase purified from apricot seeds.
120

100 -

Remaining Activity (%)
o (=3 (=]

(28]
=]

pH

Figure 3. B pH stability of beta-glucosidase
purified from apricot seeds.

Temperature optimum and thermal
stability of beta-glucosidase: The influence
of temperature on the activity of the apricot
seed BGS was studied over different
temperatures that ranged between 20 to 90 °C.
The results in Figure 4A show that the optimal
temperature is 60°C. BGS lost 60 % of its
activity at 25 and 90°C but showed good
activity (64 to 67% of maximum activity) at
temperatures between 40 and 80°C. Other
BGS enzymes with optimum activities at
temperatures of 55 to 60 °C were purified from
prunes (12) grapes (29), agaricus (6) and
barely (28). BGS enzymes with optimum
activities at 35°C were purified from apricot
(8) and Brassica (7). The dissimilarity in the
optimum temperatures of the enzyme in
different published studies is due to the
difference in the source of the enzyme,
although it is unclear as to why the BGS
purified from apricot seeds by (8) is very
different from the results presented here. The
temperature stability of BGS as incubated for
15 min. at different temperatures (20 to 90°C)
is illustrated in Figure 4B. It was obvious that
the enzyme reserved more than 90% of its total
activity when incubated up to 30°C for 15
minutes and more than 80% of its original
activity at 40°C. Although its activity
decreased above 40°C but it still retained
more than 50% and 60% of its total activity at
50°C and 60°C respectively. The BGS activity
continually decreases as the temperature
increased above 50°C and there was minimal
activity greater than 70°C.=

0.6 -

0.5 -

0.4 -

0.3 -

0.2

Activity (A 410 nm)

0.1 -

0 T T
20 30 40

50
Temperature °C

60 70 80 90

Figure 4. A Optimum temperature of p -glucosidase purified from apricot seed
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Figure 4. B Temperature stability of g -glucosidase purified from apricot seeds
Table 2. Characteristics of g - glucosidases from various sources

MW kDa pH pH stability Temp Km PNPG Vmax
(°C) mM U/mg
Apple seeds 2x60 6 5-9 70 1.2 52.4 27
Tea plant 34t041 55 4-7 50 20
Valencia fruit 55 to 64 4.5-5 40 0.115 8
Olive fruit 65 2.2 370.4 19
Prune seeds 54 to 61 55 55 3.09 122.1 10
Grapes 5 4.5-6 55 2.97 10.1 25
Brassica 80 and 50 6 4-7 35 0.755 604 5
oleracea subunits
Agaricus 46 and 62 4 55 1.75 833 4
bisporus subunits
Chayote 2x58 4 50 4.88 21
subunits
Barley 58 5 60 24
Wild 66 6 35 281 6
apricot
This research 30.5 4 4-6 60 1.11 26.27

Effect of B -glucosidase, temperature and
cooking on the removal of V and C from
faba beans: Table 3 display the impact of
adding B -glucosidase enzyme (16 U/g beans)
to the fava bean soaking media (pH 5.5) over 4
h. incubation at two temperatures degrees 25
and 40°C. The obtained results revealed that
soaking at 40 °C was more applicable in
removing both (V-C) from faba beans than
that at 25 °C, and the similar trends were
noticed after cooking process. This may be
because the treatment temperature is closer to
the optimal activity temperature of BGS which

is 60°C. At 40°C, there was a 17% increase in
V and C removal with BGS than without. In
samples that were cooked, there was a 21%
increase in V-C removal with BGS than
without. The highest V-C removal seen in
samples with the beans which scratched with a
knife before treatment. With cooking and
added BGS, there was a 63% removal of V-C
in this sample. Mona et al., (25) reported that
V and C are heat-resistant compounds, and
eliminating these compounds by heat
treatment is hard at a low temperature
compared to high temperatures.

Table 3. Effect of g -glucosidase, temperature, and cooking on the removal of VV-C from faba
beans after 4 h. soaking

% Removal of vicine and convicine
Before Cooking After Cooking
Treatment pH5.5 pH 5.5+ Enzyme pH5.5 pH5.5+Enzyme
25°C 15 24 27 35
40°C 26 43 34 55
40 °C scratched 35 55 44 63
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Figure 5. explains the effects of soaking
solution pH, treatment time, and the cooking
process on V-C content in faba beans at 40°C.
For each treatment, there was in increase in V-
C removal over time. In general, the removal
of V-C was greater at treatments close to the
optimum pH and temperature of BGS activity.
For the before cooking samples, treatment at
pH 5.5 with BGS resulted in the highest V-C
removal of 67%, while the lowest removal of
36% was observed with pH 7.2 water after 12
hrs. After cooking, the highest removal, 71%,
was observed was with pH 5.5 water with or
without BGS while the lowest removal of 48%
was observed with water at pH 7.2. In this
case, BGS did not add additional effectiveness
in V-C removal than the use of pH 5.5 water
for a duration of 12 hrs. This may have been
due to the inactivation of the enzyme over the
course of the treatment (Figure 5). These
results are different from Jamalian and
Ghorbani, (21) who found that extraction of V
and C compounds from faba beans were
proportional to the increase in extraction
temperature and soaking duration.  Vicine
removal in water acidified to pH 3.5 was 31%
compared to water at pH 6.5 (17%) or water
adjusted to pH 11.5 (41%). For convicine pH
3.5 removed 23% while water at pH 6.5
removed 26% and pH 11.5 resulted in 42%
removal. In this study, we achieved higher V-
C removal with a combination of f -
glucosidase and a pH of 5.2. Cardador-
Martinez et al., (11) applied the boiling and
roasting treatments for Vicia faba to elimenate
these compounds, the results assured that the
boiling process was more efficient in
elimination process as compared to roasting
process, as it resulted in elimation of 30 and
60%, while roasting resulted in eliminating
only 12 and 40% of V and C, respectively.
This could be attributed to the fact that the
glycosidic compounds are water-soluble
componants, which makes them easy to
remove at a greater rate compared to roasting
process. Hegazy and Marquardt., (19)
suggested that there is a direct relationship
between the removal percentages of these
glycosidic compounds (V - C) and the soaking
duration. Abd Allah et al, (2) reported that the
acidic environment improves the permeability
of vicine and convicine from the bean.

1856

Although there was not complete removal of
total vicine in the experiments conducted
future experiments using pH 4 and higher
concentrations of BGS may eliminate total
vicine from faba beans.
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Figure 5. A. Effects of soaking solution pH
and beta-glucosidase treatment time (at
40°C) on V-C removal from fava beans

before cooking

o
o

—&—pH55 —E—pH7.2 —@— pH5.5+Enzyme

~J
i

]

9]

o
o

5
Time (h)

10

% Vicine and Convicine Remaved
i
o

Figure 5.B. Effects of soaking solution pH
and beta-glucosidase treatment time (at
40°C) on V-C removal from fava beans

after cooking
REFERENCE
1- Abbas, A. A., K. A. Shakir. and M. K
Walsh. 2022. Functional properties of collagen
extracted from catfish (Silurus triostegus)
waste. Journal of Biotechnology Research
Center, 16(2), 104-116.
DOI: 10.3390/foods11050633
2-Abd Allah, M. A., Y. H. Foda, F. M. Abu
Salem and Z. S. Abd Allah. 1988. Treatments
for reducing total vicine in Egyptian faba bean
(Giza 2 variety). Plant Foods for Human
Nutrition, 38: 201-210.
DOI: 10.1007/BF01092859
3-Arbid, M.S.S. and R.R. Marquardt. 1985.
Hydrolysis of the toxic constituents (vicine
and convicine) in fababean (Vicia fabaL.)



https://doi.org/10.3390/foods11050633
https://doi.org/10.1007/bf01092859
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Arbid%2C+Mahmoud+S+S
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Marquardt%2C+Ronald+R

Iraqgi Journal of Agricultural Sciences —2024:55(5):1848-1858

Shaker & et al.

food preparations following treatment with -
glucosidase. Science of Food and agriculture.
36(9): 839-846.

DOI: 0rg/10.1016/j.tifs.2019.07.051

4-Ali, H.K. and K.A. Shakir. 2023. Vicine and
convicine level in dry and fresh bean during
the growth stages and the effect of enzymatic
treatment and processing conditions on their
removal., Iragi Journal of Agricultural
Sciences, 54(5), 1252-1262.
https://doi.org/10.36103/ijas.v54i5.1821

5- Ali, HK. and K. A. Shaker. 2023. April.
Extraction, Purification and Characterization
of Peroxidase from Okra (Abelmoschus
esculentus). In IOP Conference Series: Earth
and Environmental  Science (1158, (9):
092009). IOP Publishing.

DOI: 10.1088/1755-1315/1158/9/092009
6-Asi¢, A., L. Besi¢, 1. Muhovi¢, S. Dogan.

and Y. Turan. .2015. Purification and
characterization of  B-glucosidase  from
Agaricus bisporus (white button

mushroom). The protein journal, 34(6), 453-
461.

DOI: 10.1007/s10930-015-9640-z

7-Besi¢, L., A. ASi¢, 1. Muhovi¢, S. Dogan.
and Y. Turan. .2017. Purification and
Characterization of B-Glucosidase from
Brassica oleracea. Journal of Food Processing
and Preservation, 41(2), e12764.

DOI .org/10.1111/jfpp.12764

8-Bhalla, T. C., M. Asif. and K. Smita. 2017.
Purification and characterization of
cyanogenic B-glucosidase from wild apricot
(Prunus armeniaca L.). Process
Biochemistry, 58, 320-325.

DOI: 10.1016/j.prochio.2017.04.023
9-Blondin, B., R. Ratomahenina, A. Arnaud.
and P. Galzy. 1983. Purification and properties
of the PB-glucosidase of a yeast capable of
fermenting cellobiose to ethanol: Dekkera
intermedia van der walt. European Journal of
Applied Microbiology and Biotechnology,
17(1), 1-6.
https://doi.org/10.1007/BF00510563
10-Cameron, R.G. J.A. Manthey, R.A. Baker
and K. Grohmann. 2001. Purification and
characterization of a bets-glucosidase from
Citrus sinenis var. Valencia fruit tissue. J.
Agric. Food chem. 49:4457-4462.
DOI: 10.1021/jf010010z

1857

11- Cardador-Martinez, A., Maya-Ocafia, K.,
Ortiz-Moreno, A., Herrera-Cabrera, B.E.,
Davila-Ortiz, G., Muzquiz, M., Martin-
Pedrosa, M., Burbano, C., Cuarado, C. and C.
Jiménez-Martinez. 2012. Effect of roasting
and boiling on the content of vicine, convicine
and L-3,4-Dihydroxy phenylalanine in (Vicia
faba L). Journal of Food Quality I, 1745-4557.
DOI: 10.1111/jfg.12006

12-Chen, L., N. Li. and M. H. Zong. 2012. A
glucose-tolerant B-glucosidase from Prunus
domestica seeds: purification and
characterization. Process Biochemistry, 47(1),
127-132.

DOI: https://doi.org/10.36103/ijas.v54i5.1823
13-Collier, H. B. 1976. The estimation of
vicine in faba beans by an ultraviolet
spectrophotometeric method. J. Inst. Can. Sci.
Technol. Aliment., 9(3): 155.
https://doi.org/10.1016/S0315-5463(76)73651-
4

14- Gebory, K.D.H.. and M.N.M., Al-Rukabi,
2017. Response of green bean to nitrogen
fixing bacterial inoculation and molybdenu.
Iragi Journal of Agricultural Sciences 48(2):
413-421.
https://doi.org/10.36103/ijas.v48i2.403

15- Fan, Xue-Hui, Xin-Yun Zhang, Qing-An
Zhang, Wu-Qi Zhao, and Fang-Fang Shi.
2019. Optimization of ultrasound parameters
and its effect on the properties of the activity
of beta-glucosidase in apricot kernels.
Ultrasonics sonochemistry, 52, 468-476.
https://doi.org/10.1016/j.ultsonch.2018.12.027
16-Hadeel, S.Y. and S.A. Khalida, 2023.
Characterization of phenylalanine annonia
lyase purified from locally cultivated grape
seeds (Vitis vinifera L.)., Iraqi Journal of
Agricultural Sciences, 54(2):516-524.
https://doi.org/10.36103/ijas.v54i2.1727
17-Hadeel, S.Y. and S.A. Khalida, 2023.
Optimum condition for phenylanine ammonia
lyase extraction and purification from locally
cultivated grape seeds., Iragi Journal of
Agricultural Sciences, 54(2):525-

534.

https://doi.org/10.36103/ijas.v54i2.1728
18-Han, S., P. Chen, G. Lin, H. Huang. and Z.
Li. 2001. (R)-Oxynitrilase-catalyzed
hydrocyanation: the first synthesis of optically
active  fluorinated mandelonitriles.



https://doi.org/10.1016/j.tifs.2019.07.051
https://doi.org/10.36103/ijas.v54i5.1821
https://doi.org/10.36103/ijas.v54i5.1821
http://dx.doi.org/10.1088/1755-1315/1158/9/092009
https://doi.org/10.1007/s10930-015-9640-z
https://doi.org/10.1111/jfpp.12764
http://dx.doi.org/10.1016/j.procbio.2017.04.023
https://doi.org/10.1021/jf010010z
https://doi.org/10.36103/ijas.v54i5.1823
https://doi.org/10.1016/S0315-5463(76)73651-4
https://doi.org/10.1016/S0315-5463(76)73651-4
https://doi.org/10.1016/S0315-5463(76)73651-4
https://doi.org/10.36103/ijas.v48i2.403
https://doi.org/10.1016/j.ultsonch.2018.12.027
https://doi.org/10.36103/ijas.v54i2.1727
https://doi.org/10.36103/ijas.v54i2.1728

Iraqgi Journal of Agricultural Sciences —2024:55(5):1848-1858

Shaker & et al.

Tetrahedron:  Asymmetry, 12(6): 843-846.
DOI: 10.1016/S0957-4166(01)00145-8

19-Hegazy, M. I. and R. R. Marquardt. 1984.
Metabolism of vicine and convicine in rat
tissues: absorption and excretion patterns and
sites of hydrolysis. Journal of the Science of

Food and Agriculture, 35(2), 139-146.
DOI: 10.1002/jsfa.2740350204

20-Hind, K.A. and K.A. Shakir. 2023.
Extraction, partial purification and

characterization of beta —glucosidase from
apricot defatted seed powder., Iraqi Journal of
Agricultural Sciences, 54(5):1263-1272.
https://doi.org/10.36103/ijas.v54i5.1823
21-Jamalian, J. and M. Ghorbani. 2005.
Extraction of favism-inducing agents from
whole seeds of faba bean (Vicia faba L. var
major). J. Sci. Food Agric., 85: 1055-1060.
https://doi.org/10.1002/jsfa.2075

22-Kara, H.E. S. Sinan and Y. Turan. 2011.
Purification of beta-glucosidase from olive
(Olea europaea L.) fruit tissue. With
specifically designed hydrophobic interaction
chromatography and characterization of the
purified enzyme. J. Chrom B. 879:1507-1512.
DOI: 10.1016/j.jchromb.2011.03.036

23-Li, Y. Y, X.C Jiang, Z. Z Wan. and D. X
Zhang. 2005. Purification and partial
characterization of b-glucosidase from fresh
leaves of tea plants (Camellia sinenis (L.) O
Kuntze. Acta Biochemica et Biophysica Sinica
37(6): 363-370.

DOI: 10.1111/j.1745-7270.2005.00053. x.
24-Mateos, S.E., C.A.M. Cervantes, E.
Zenteno, M.C. Slomianny, J. Alpuche, P.
Herandez-Cruz, R. Martinex-Cruz, M. del S.
P. Canseco, E. Perez-Campos, M. Sanchez
rubio, L. Perez-Campos Mayoral, and M.
Martinex-Cruz. 2015. Purification and partial
characterization of b-glucosidase in chayote
(Sechium edule). Moleules 20:19372-19392.
DOI:10.3390/molecules201019372.

1858

25- Mona, A.M., M. A. Sabah and A. M
Rehab. 2011. Influence of potassium sulfate on
faba bean yield and quality. Applied Sciences,

5(3): 87-95.
26-Qasim, S. S., K. A. Shakir, A. B. Al-
Shaibani. and M. K. Walsh. 2017.

Optimization of culture conditions to produce
phytase from Aspergillus tubingensis SKA.
Food and Nutrition Sciences, 8(07): 733.
DOI: 10.4236/fns.2017.87052

27- Rizzello, C.G., I. Losito, L. Facchini, K.
Katina, F. Palmisano, M. Gobbetti. and R.
Coda. 2016. Degradation of vicine, convicine
and their aglycones during fermentation of
faba bean flour. Scientific reports, 6(1),
p.32452.

DOI: https://doi.org/10.1038/srep32452
28-Tiwari, S. and O.P. Verma. 2015.
Isolation, purification and characterization of
b-glucosidase from leaves of Hordeum
vulgare. Int. J. Curr. Microbiol. and Appl. Sci.
4(1): 84-89.

29-Unal, M. U., V. A. Aksoy. and A. Sener.
2014. Isolation, purification and determination
of some biochemical properties of J-
glucosidase from Muscat of Bornova
grape. European  Food  Research  and
Technology, 238(1), 9-15.

DOI: 10.1007/s00217-013-2072-0

30-Walsh, M.K. and T.A. Najm. 2021.
Comparison of four purification methods to
purify lipases from thermophilic bacteria.
Brazilian  Archives of Biology and
Technology. Vol 64, €21200045.
https://doi.org/10.1590/1678-4324-
2021200045.

31-Yu, H. L., J. H. Xu, W. Y. Lu, and G. Q.
Lin. 2007. Identification, purification and
characterization of B-glucosidase from apple
seed as a novel catalyst for synthesis of O-
glucosides. Enzyme and Microbial
Technology, 40(2), 354-361.

DOI: 10.1016/j.enzmictec.2006.05.004



http://dx.doi.org/10.1016/S0957-4166(01)00145-8
https://doi.org/10.1002/jsfa.2740350204
https://doi.org/10.36103/ijas.v54i5.1823
https://doi.org/10.1002/jsfa.2075
https://doi.org/10.1016/j.jchromb.2011.03.036
https://doi.org/10.4236/fns.2017.87052
https://doi.org/10.1038/srep32452
http://dx.doi.org/10.1007/s00217-013-2072-0
https://doi.org/10.1590/1678-4324-2021200045
https://doi.org/10.1590/1678-4324-2021200045
https://doi.org/10.1590/1678-4324-2021200045
http://dx.doi.org/10.1016/j.enzmictec.2006.05.004

