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Introduction. The aim of this study is to isolate
polyphenol oxidase (PPO) enzyme from faba bean coat, and
to determine its optimum pH and temperature, Kmn and Vmax
parameters, to investigate biochemical properties such as pH
and temperature stability, substrate selectivity, storage
stability of enzyme, and also effects of some metals and
inhibitors on its activity.

Materials and methods. The protein precipitation was
done by using ammonium sulfate salt and then, dialysis was
performed to remove salt ions after precipitation. Protein
content of the samples at each step was determined according
to Bradford method, and enzymatic activity was determined
spectrophotometrically.

Results and discussion. The properties of PPO enzyme,
which was purified 3.1-fold, were determined using catechol
as substrate. K, and Vmax values of the enzyme were
determined to be 5.53 mM and 4424,58 U.ml'min,
respectively. The enzyme showed the highest activity at pH
5.0 and 10 °C. It saved about 60% of its activity after a 30
min incubation period at its optimum pH. Substrate
specificity of PPO was studied using eight substrates
including pyrogallol and 4-methylcatechol. When the thermal
stability profile was examined in the 10—60 °C temperature
range, it exhibited more than 50% of its activity in the range
of 1040 °C after 1 hour of incubation. While L-ascorbic acid,
sodium sulfite and L-cysteine showed strong inhibitory
effects, the studied metals showed variable effects on the
enzyme activity.

Conclusions. The polyphenol oxidase enzyme activity
causes undesirable changes and nutritional value loss in some
fruits and vegetables. The results obtained provide
information about faba bean PPO and give clues to the
effective methods for controlling browning during storage.
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Introduction

The Fabaceae, also known as the Leguminosae, is a large, economically and
medicinally important family. Because natural nitrogen fixationis performed by
Rhizobium bacteria, which can be found in the root nodules of leguminous plants. Moreover,
the dietary consumption of legumes is associated with lower incidence of chronic
degenerative diseases (Turco et al., 2016). Broad bean or faba bean (Vicia faba) is a one-year
plant from the Fabaceae family and faba beans used as a vegetable which consumed fresh
and green or dried. This plant has an important place in diets of Chinese, English, Turkish
and Mediterranean because of a useful source of polyphenols (Turco et al., 2016). Faba bean
has L-DOPA (L-3,4-dihydroxyphenylalanine) content (Topal and Bozoglu, 2016; Mohseni
and Golshani, 2013) which medically used in the treatment of Parkinson’s disease. In the
technology, it and some other Fabaceae species is used in the production of L-DOPA
(Goyoaga et al., 2008). However, faba beans are also used as additives in animal feeds due
to their high protein content. Field bean (Vicia faba var minor) especially is a good protein
source for animal feedstuffs (Antongiovanni et al., 2002; Perella et al., 2009). Because of the
symbiosis with nodule-forming bacteria (Rizobium), legumes with high nitrogen fixation
have an important place in agriculture as “green manure” (Ayaz and Sokmen, 2015). In the
study carried out on the use of faba bean as a green manure in broccoli cultivation, it was
observed that increased broccoli yield and some properties (Yilmaz and Sahin, 2014).

In general, the chemical composition of plants is significantly different due to some
factors that cover types of seed (genetic), age, and environment, such as soil conditions and
climate, as well as weather and growing conditions, such as fertilization, pesticides and pests.
One of the important chemical components of plants is the PPO enzyme. It is found in
different parts of plants including roots, leaves, flowers and vascular tissues (Constabel and
Barbehenn, 2008). PPO catalyzes the hydroxylation of monophenols to o-diphenols and the
oxidation of o-diphenols to o-quinones in the presence of molecular oxygen. Copper is
required as a prosthetic group to its activity. There are three classes of enzymes belonging to
the PPOs: catechol oxidase (EC 1.10.3.1; 1,2-benzenediol: oxygen oxidoreductase), laccase
(EC 1.10.3.2; p-benzenediol: oxygenoxidoreductase) and tyrosinase (EC 1.14.18.1;
monophenol monooxygenase, cresolase) (NC-IUBMB, 2019). PPOs are commonly found in
the plant kingdom and are a major cause of browning during the harvesting and storage of
many fruits and vegetables. In the other hand, the oxidative enzyme levels including PPO are
affected by plant-insect interactions. When plants are injured by insects, the reactive oxygen
species are overproduced and the plants overcome this oxidative stress by producing an
efficient enzymatic antioxidant defense system (Nabity et al., 2006; Chen et al., 2009; He et
al., 2011; Panadare and Rathod, 2018). Therefore polyphenol oxidase is both involved in
oxidation phenolic and plant defense system.

The faba bean coat, planted in Thrace region, is currently growing in popularity due to
their premium texture and taste. However, there are no reports on the polyphenol oxidase
from these cultivars, and also on pod (outer shell) of the plant. Therefore, the aim of this
research was to isolate and characterize the biochemical properties of PPO from faba bean
coat grown in Turkey. Although the studies on the property of PPO from various vegetables
and fruits have also been carried out in the past, in the literature no studies have been
conducted on broad bean coat except few studies on the isolation and characterization of PPO
from broad bean leaf.
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Material and method

Plant material and isolation of enzyme

Faba bean that planted at Edirne province in Turkey was purchased from a local market.
The plants were washed and the beans were removed from their coats. The coats (outer shell)
were used for enzyme extraction. Three hundred gram fresh coats were homogenized in 0.1
M phosphate buffer (pH 6.0) containing polyvinyl pyrolidone and Triton X-100 for 1 min
using Waring blender at room temperature. Then the homogenate was filtered through
cheesecloth. The filtrate was centrifuged (Heraeus Biofuge Stratos, Osterode-Germany) at
10,000 rpm and +4 °C for 20 min to remove plant residues. The supernatant was called “crude
extract” and used as enzyme source for further study.

Partial purification of polyphenol oxidase

The crude extract of polyphenol oxidase enzyme was precipitated by slowly adding
solid ammonium sulphate for 30% saturation at 4 °C into it. The protein precipitated was
collected by centrifugation at 10,000 rpm for 45 min at 4 °C. Supernatant was used for further
fractionation at between 30-65% and 65-80% ammonium sulphate saturation. Protein
precipitate obtained at each step were dissolved in 0.1 M phosphate buffer (pH 6.0) and,
enzymatic activity and protein determination were performed. The fraction precipitated
between 30 and 65% saturation was showed highest polyphenol oxidase activity. This
fraction was dissolved in a small amount of 0.1 M phosphate buffer (pH 6.0), and dialyzed
overnight at 4°C in the same buffer on a magnetic stirrer. The dialyzed extract was used as
partially purified enzyme source in the experiments.

Assays of enzyme activity and protein determination

In assay of PPO activity, the 0.1 ml enzyme solution was mixed with 2.9 ml catechol in
0.1 M phosphate buffer (pH 6.0) and the increases in absorbance were followed at 420 nm
spectrophotometrically (Thermo Scientific Multiscan Go, Vantaa-Finland). Because the
dialysate has colour, a sample blank consisting of enzyme and buffer solutions was prepared
for each tube. One unit of polyphenol oxidase activity was defined as the amount of enzyme
producing a 0.001 absorbance increase in sample per minute under the standard assay
conditions (Soffan et al., 2014).

Protein content of the samples at each step was determined according to Bradford
method using bovine serum albumin as a standard (Bradford, 1976).

Determination of optimum pH and temperature

PPO activity was determined in a pH range of 3.0-7.0 in 0.1 M citric acid buffer and
5.0-8.0 in 0.1 M phosphate buffer. The activity was carried out using the standard reaction
conditions but changing the buffer and, the catechol was used as substrate. The optimum pH
obtained for PPO was used in all other studies.

The activity of PPO was determined at temperatures ranging from 10 to 60 °C. The
catechol substrate and citrate buffer (pH 5.0) were incubated in the appropriate medium until
the selected temperatures were reached. After equilibration of the reaction mixture at the
selected temperature, the enzyme solution was added and, the enzyme activity was
determined. PPO activity was calculated as percent residual PPO activity at the optimum
temperature.
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Substrate specificity and enzyme kinetics

The substrate specificity of enzyme was investigated by using various phenolic
compounds including catechol, 4-methyl catechol, pyrogallol, L-DOPA, gallic acid,
chlorogenic acid, 4-methylcatechol, resorcinol and hydroquinone. The substrate solutions
were prepared at 0.02 M concentration in citrate buffer (0.1 M, pH = 5.0) and enzyme activity
was determined for each substrate. The relative activities (%) of each substrate tested were
calculated according to the PPO activity of the catechol.

The kinetic constants, optimum pH and optimum temperature values of the substrates
with high activity were determined. The K and Vi constants were determined from a
Lineweaver—Burk plot under the optimum pH and temperature conditions. The substrates of
catechol, 4-methylcatechol and pyrogallol were used at concentrations 5-50 mM, 10-30 mM
and 10-30 mM, respectively.

pH stability

The PPO enzyme obtained from coats was pre-incubated for 30 minutes and 60 minutes
in citrate buffer (0.1 M at pH 5.0, 5.5, 6.0, 6.5, 7.0). Then residual activity was determined
using catechol substrate under the optimal conditions. Enzyme activity was performed under
optimum conditions without incubation, and the residual activity of incubated enzyme
expressed as relative activity (%).

Thermal stability

Enzyme solution was preheated (Wisebath Daihan Shaking Water Bath, Korea) for 15,
30, 45 and 60 min at 10-60 °C. The aliquot of enzyme solution was taken in test tubes and
the tubes were cooled in an ice bath. The remaining activity of the enzyme was estimated
under standard assay conditions in each case using catechol substrate. PPO activity
determined under optimum conditions without waiting for temperature and it was used as the
reference. The activity was defined as the percentage of the maximum activity level.

Determination of the effect of metal ions and some chemicals

The effects of various inhibitors such as L-ascorbic acid, ethylenediamine tetraacetic
acid (EDTA), sodium azide, L-cysteine, potassium cyanide and sodium bisulfite on PPO
activity were examined by incubating a mixture consisting of the enzyme solution, buffer
solution and inhibitors (at 3 mM and 6 mM concentrations,) for 5 min at room temperature.
Enzyme activity without any reagent was then assayed under standard conditions. Enzymatic
activities were expressed as relative values with the activity of the enzyme without any
reagent.

The metal ion solutions (Cu?*, Fe?', Ca?*, Mg?*, Co**, Ni*") were prepared at 1 mM and
10 mM concentrations. To research for each metal effect, activity measurements were done
under standard conditions using catechol substrate. Enzymatic activity was expressed as
relative values (%) with reference to the activity of the enzyme without any metal ions.
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Results and discussion

PPO isolation and characterization studies are performed from various sources in order
to determine the properties of the enzyme. In the study PPO isolation was made from faba
bean coats, and the crude extract was partially purified by applying ammonium sulphate
precipitation and dialysis. Proteins precipitated at 30-65% salt concentration showed the
highest PPO activity and, the precipitate was dialysed by the buffer. While the total specific
activity of the enzyme in the homogenate was 2072.4 U, the total specific activity of the
partially purified PPO was 6415.8 U. According to these results, the enzyme was purified
3.1-fold for the faba bean coat. The enzyme purification steps are summarized in Table 1. In
the studies about Fabaceae family, it was reported that PPO was purified 3.5-fold for green
bean (Phaseolus vulgaris L.) coat and 3.7-fold for green bean pod after 60% salt precipitation
and dialysis (Guo et al., 2009), and 2.1 times from field bean (Dolichos lablab var. lignosus)
seeds after 40-80% salt precipitation (Paul and Gowda, 2000).

Table 1
Steps for polyphenol oxidase from faba bean coat

Partially Volume | Protein | Activity Specific Total | Purification
purification [ml] | [mg.ml']| [U.ml] Activity | Specific fold
steps [U.mg™” prt] | Activity
U]
Crude extract 660 11.8 37 3.14 2072.4 1
(NH4)2S04 - 3.75 20 5.33 - -
(0-30%)
(NH4)2S04 - 10.05 78 7.76 - -
(30-65%)
Dialysate 51 20.4 2568 125.8 6415.8 3.1

pH is one of the most important factors that influence enzyme activity. PPO optima for
faba bean coats was studied using the catechol substrate in two different buffer systems the
pH range among 4.0-8.0. Optimum pH was determined as pH 6.0 with phosphate buffer and
pH 5.0 with citrate buffer (Figure 1). For the pyrogallol, 4-methylcatechol and hydroquinone
substrates, the optimum pH was found to be 5.0 in citrate buffer.

To predict the behaviour of the enzymes, the biochemical characterization of them is
searched in the matter of pH optimum and stability, thermal activation and stability, substrate
specificities, inhibitors or activators. pH is one of the most important factors that influence
enzyme activity. Although the optimum pH of the PPO enzyme varies depending on the plant
source, it is seen that it is generally in the range of 4.0-8.0. Different optimum pH values for
PPO obtained from different sources are reported in the literature. It was reported as 6.8-7.2
for green beans (Phaseolus vulgaris L.) (Guo et al., 2009), 4.0 for field bean (Dolichos
lablab) seeds (Paul and Gowda, 2000), 6.0 for mung bean leaf (Shin et al., 1997) and 9.0 for
soybean (Nagai and Suzuki, 2003) using catechol as substrate.

To determine the effect of temperature on faba bean PPO, enzymatic activity
determination was performed at different temperatures. Differences in temperature can affect
the activity by changing the solubility of oxygen necessary for the PPO activity or causing
changes in the conformation of the enzyme. In the literature, it is seen that the optimum
temperature values for PPO generally change in the range of at 10-50 °C. In the study, the
activity of PPO was measured at temperatures among 10-60 °C for catechol (Figure 2), 4-
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methylcatechol and pyrogallol substrates at optimum pH. The enzyme showed the highest
activity at 10 °C for all substrates, but the studies were carried out at 20 °C where the next
highest activity was observed due to the difficulty of maintaining this temperature (10 °C) as
stable. Using catechol as substrate, it has been reported as being at 20-30 °C for green beans
(Phaseolus vulgaris L.) (Guo et al., 2009), 40 °C for soybean sprouts (Nagai and Suzuki,
2003), 10 °C for borage plant (Trachystemon orientalis L.) (Alici and Arabaci, 2016), 30 °C
for eggplant (Ng and Wong, 2015), 35 °C for blueberry (Vaccinium corymbosum L.) (Siddiq
and Dolan, 2017), 25 °C for grape (Onez, 2006) and plums (Prunus domestica) (Ionita et al.,
2017).
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Figure 1. Effect of pH on PPO activity from faba bean coat
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Figure 2. Effect of temperature on PPO activity from faba bean coat
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Km and Vimax values for PPO from faba bean coat for three phenolic compounds which
generally use as substrates for polyphenol oxidase are presented in Table 2. From the Vimax/Km
ratio the best substrates for PPO are catechol and pyrogallol. Paul and Gowda (2000) reported
these Ky, values for field bean (Dolichos lablab var. lignosus) PPO; 1.18 mM for L-DOPA,
4.0 mM for 4-methylcatechol, 10.5 mM for catechol and 12.5 mM for pyrogallol. In another
study carried out by Shin ef al. (1997), K, values for mung bean leaf PPO were found to be
4 mM for 4-methylcatechol and 24 mM for L-DOPA. But K., value for green bean (Phaseolus
vulgaris L.) coat PPOla and PPOIb was calculated 7.6—4.1 mM, 10.6-10.7 mM, 14.5-15.8
mM and 35.2-34.7 mM for pyrogallol, catechol, 4-methylcatechol and L-DOPA,
respectively (Guo et al., 2009). According to literature, the interest of PPOs from various
plant sources for various substrate varies widely.

Table 2
Kinetic parameters of PPO from faba bean coat

Substrate | Km [mMM] | Viax [U.mL" dk™] | Vinaw/Km
Catechol 5.53 4424.6 800.1
Pyrogallol 3.05 2263.1 741.9
4-methylcatechol 12.18 2278.3 264.3

PPO substrate specificity studied using eight well known substrates. Catechol showed
maximum activity (3370+135.4 U.ml™") and this was considered as 100% to compare its
activity with other substrates (Table 3). The existence of hydroxyl groups in the case of
catechol (-OH at ortho position, as in pyrogallol and 4-methylcatechol), the activity
increased. By contrast, the substrates without catechol ring (-OH at meta or para positions)
and with a functional group at other positions of the ring showed very less of activity.
Pyrogallol and 4-methylcatechol were best substrates after the catechol. Optimum pH and
optimum temperature study was performed for these substrates. For both substrates, the
optimum pH was determined as 5.0 and the optimum temperature was 10 °C as determined
in the catechol substrate. Other Leguminosae PPO enzymes studied by the other researchers
also showed high activity against catechol, 4-methylcatechol, pyrogallol and L-DOPA
substrates (Shin et al., 1997; Paul and Gowda, 2000; Nagai and Suzuki, 2003; Guo et al.,
2009).

Table 3
Substrate specificity of PPO from faba bean coat
Substrate Relative activity [%]* Structural specificity of the
substrate
Catechol 100 Ortho-dihydroxy (1,2-OH)
Pyrogallol 81.8+£3.3 Trihydroxy (1,2,3-OH)
4-Methylcatechol 77.24+0.6 Ortho-dihydroxy (1,2-OH, 4-CH3)
Hydroquinone 38.9+0.1 Para-dihydroxy (1,4-OH)
L-DOPA 33.5¢1.9 Orto-dihydroxy (1,2-OH, 4-X)
[X=CH,-CH(NH,)-COOH]

Resorcin 24.8+0.8 Meta-dihydroxy (1,3-OH)
Chlorogenic acid 20.9+£2.8 Ortho-dihydroxy (1,2-OH)
Gallic acid 14.4+1.7 Trihydroxy (1,2,3-OH, 5-COOH)

*Each value represents the mean+SD (n=3)
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For determine to pH stability, the enzyme solution was incubated in citrate buffer
solutions ranging from 5.0 to 8.0 at 4 °C after 30 min and 60 min incubation period. The
remaining enzyme activity was measured using catechol as substrate. At the end of the 60
minutes incubation period the highest activity was determined in the pH 5.0 buffer that is the
optimum pH of the enzyme, and the most activity loss was determined in pH 7.0 buffer. As
seen as in Figure 3, the remaining activity at pH 5.0 was 56%, while at pH 6 it was 41%. The
enzyme is not stable at pH 8.0. In the pH stability studies for PPO enzyme isolated from
various sources, it was determined that they all showed the highest activity in buffers at their
optimum pH (Mdluli, 2005; Gao et al., 2009; Kuyumcu, 2014).
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Figure 3. Effect of pH on stability of PPO activity (The residual activity of incubated enzyme
expressed as% relative activity):
1-pHS5.0;2-pHS.5;3-pH6.0;4—pH 6.5;5—-pH 7.0

Thermal inactivation of faba bean coat PPO was studied in the range 10-60 °C, for
different time periods (15, 30, 45 and 30 min) as seen as Figure 4. The enzyme was preserved
its activity at 90% at 10 °C which was determined as the optimum temperature, and at 85%
at 20 °C where experimental studies were conducted. As stated in the study of Kuyumcu
(2014) for mushroom PPO, after the incubations at optimum temperatures, the faba bean coat
PPO has also substantially maintained its activity. The activity was maintained at 70% at 30
°C and 58% at 40 °C within the first 30 minutes, while enzyme activity decreased by half in
the first 15 minutes at 50-60 °C (Figure 4). Therefore, it can be said the enzyme relatively
thermostable. The results about the thermostability is in agreement with the results of the
PPO study isolated from borage plant (Alici and Arabaci, 2016), quince (Yagar, 2004) and
mulberry (Arslan et al., 2004). These results suggest that short incubation times could be
worked at higher temperatures while longer incubation times should be chosen at low
temperatures for food processes.
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Figure 4. Effect of thermal treatments on PPO activity (The residual activity of incubated
enzyme expressed as% relative activity.)
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In the study of ionic strength, it was observed that other metals, except the iron and
cobalt ions, did not cause a major change in enzyme activity. While iron ion (74.1+2.8% at
10 mM and 92.442.4% at 1 mM concentrations) and cobalt ion (72.1£1.8% at 1 mM
concentration) caused a decrease in enzyme activity, cobalt ion at 10 mM concentration
caused an increase of 10% in enzyme activity (Figure 5).
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Figure 5. Effects of various metal ions on PPO activity
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It has been reported in the literature that Cu?*, Hg?*, Mn?*, Zn?*, AI**, Ni?*, Cd*', Fe*",
K*, Ca?" ions at 1 mM concentration have a different effect on the PPO from medlar fruit at
different ripening stages (Ayaz et al., 2008). In the study conducted with the borage, it has
been reported while some metals (Fe'*, Mg?*, Pb*', Zn?!, K*, Cu?") increased PPO activity
and some of them (Hg'?, Mn?", Ni**, Na") decreased the activity at 1 mM and 5 mM ion
concentrations (Alici and Arabaci, 2016). When the effect of Na*, Hg?", Mg?*, Ca*", Mn?",
Ni?*, Co?*, Zn**, AI"® ions (at the final concentrations of 1 mM and 10 mM) on mushroom
PPO activity was examined, the Hg?" ion caused inhibition on PPO activity, by contrast with
Na' ve A" ions (Kuyumcu, 2014). Gao et al. (2009) reported a positive effect on the enzyme
activity for K" and Na* ions for the PPO isolated from Swiss chard leaf; while Mg?', Ca®",
Cu?", Mn?*", Co*" and Zn>" ions had negative effects. These differences in the effects of metals
on the catalytic activity of the enzyme may be due to the difference of metal solutions, the
variety of metals and the different valences of metals (monovalent, divalent, trivalent), which
makes it difficult to compare the researches.

In order to prolong the shelf life of fruits and vegetables and maintain their quality,
various inhibitors are used to prevent enzymatic browning. In this study, the inhibitory effect
of L-ascorbic acid, ethylenediamine tetraacetic acid (EDTA), sodium azide, L-cysteine,
potassium cyanide and sodium bisulphite was showed on PPO activity (Figure 6). The highest
inhibition rates have showed ascorbic acid (78.242,1%) and sodium bisulphite (73+2.14%)
at a concentration of 6 mM; and sodium azide (48.3£2.1% and 71£1.8%) and L-cysteine
(56+2.3% and 69+0.8%) at concentrations of 3 mM and 6 mM. In the study, the ICso value
for L-cysteine the most common inhibitor of PPO, was found to be 50 mM. In many previous
studies, ascorbic acid, sodium metabisulphite and L-cysteine have been reported to be
effective inhibitors on plant-derived PPO enzymes (Paul and Gowda, 2000; Nagai and
Suzuki, 2003; Guo et al., 2009).
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Figure 6. Inhibitor effect of chemicals on PPO activity from faba bean coat
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To investigation of the effect of storage stability of enzyme, partially purified PPO from
faba bean coat was kept in 0.1 M phosphate buffer (pH 6.0) at +4 °C over a month period. It
was observed that the enzyme solution retained its activity about three weeks, and it lost 67%
enzyme activity after 20 days (Figure 7). Our findings are similar to those of other authors.
They reported that after storage at +4 °C, activity of PPO decreased about 97% for borage
plant after 20 days (Alici and Arabaci, 2016), 90% for blueberry after 3 weeks (Siddiq and
Dolan, 2017) and 60% for grape after a month (Onez, 2006), respectively. Nagai and Suzuki
(2003), on the other hand, reported that activity of soybean sprouts PPO decreased after 8
days at 4 °C.
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Figure 7. Inhibitor effect of storage time on the activity of faba bean coat PPO at +4 °C

In the literature, few studies have been reported on the isolation and characterization of
PPO from faba bean leaf. These works cover investigations of PPO isoforms which have
different isoelectric points and molecular weights (Robinson and Dry, 1992; Ganesa et al.,
1992; Flurkey, 1989). However, there are studies on PPO from Fabaceae family including
green bean (Guo et al., 2009), field bean (Paul and Gowda, 2000), mung bean (Shin et al.,
1997) and soy bean sprouts (Nagai and Suzuki, 2003) from the same family with faba bean.
On the other hand, Ozcan and Sagiroglu (2014) have designed a biosensor for the
determination of phenolic compounds by immobilizing the faba bean shell homogenate to
the glassy carbon electrode surface. In their study, various phenolic compounds (catechol, p-
cresol, caffeic acid, hydroquinone, pyrogallol, cinnamic acid) were oxidized by the PPO
enzyme in the faba bean coat tissue. In the literature, no studies have been conducted on faba
bean pod except this amperometric based biosensor study. In future work, it is considered to
develop other biosensors in which this plant is used as an enzyme source.
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Conclusion

Polyphenol oxidase has notable, since it is the key enzyme responsible for browning
and defencing system in the plant kingdom. The researches on PPO can lead to understanding
this enzyme that catalyses the browning reaction. Therefore, it is important to understand the
biochemical properties of polyphenol oxidase, which is a food quality related enzyme. It was
our aim to determine some properties of PPO from faba bean coat such as optimum pH,
optimum temperature, substrate specificity, kinetic values, thermal stability, effect of some
chemicals and metal ions on enzyme activity. The results demonstrate that the enzyme has
heat stability and the possibility of being used to construct biosensors and other analytical
methods in various fields. The most effective inhibitors were ascorbic acid and sodium
bisulfite, and Fe?* ions caused a decrease in the PPO activity. In conclusion, the enzymatic
characterization of the PPO from faba bean coat was defined by us for the first time, and it
may help to better understand the PPO enzyme, especially in food industry.
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