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Oxidation of Electron-Rich Pollutants Using
Peroxidase from Fenugreek Waste

ABSTRACT

~ oo w

Aims: To assess the removal of phenol from synthetic wastewater using peroxidase from non-edible
fenugresk waste,

Study deslgn: One-factor-at-a-time analysis of reaction parameters,

Place and Duration of Study: Plant Biotechnology Research Laboratory, Ramniranjan Jhunjhunwala
College, Mumbai between 2014 and 2015.

Methodology: The removal of the model pollutant, phenol, was assessed at ambient temperatures.
The pH as well as concenirations of phenol and hydrogen peroxide were varied to optimize sach
reaction parameter. '

Results: The maximum activity {in guaiacol units} was observed at pH 6.0 in the presence of 6 mmol
L hydrogen peroxide. The maximum removal of phenal (initial concentration 2 mmol L") achieved
was 64.29% in 24 h.

Conclusion: The non-edible waste from fenugreek is a rich source of crude peroxidase from which
the enzyme can be easily extracted. The use of vegetable waste as a source of a bicremediative
enzyme is the primary focus of this work. This crude enzyme has potential for use in wastewater
treatment by the oxidative degradation of electron-rich pollutants, such as phenols, aminss, and azo
dyes.

9 Keywords: Fenugreek, Peroxidase, Enzymatic wastewaler freatment, Bioremediation, Electron-rich
10 pollutants

13 1.INTRODUCTION

15 Peroxidases are enzymas classitied as "oxidoreductases.” (Veilch, 2004) These enzymes are highly
16 conserved and are widely distributed across kingdoms in the Tiving world. They are found in bacteria,
17 fungi, plants, and animals {Zarocky and Obinger, 2010}, These enzymes have been selected for by
18 nalure because they prolected organisms from the oxidative damage caused by an oxygen-rich
18 atmosphere (Zamocky and Obinger, 2010). In plants, peroxidases have numerous physiological roles,
20 including the lignification of cef walls and metabalism of indole-3-acetic acid {Veitch, 2004, Penal and
21 Castilln, 4991}, Peroxidases can oxidize a vatiety of electron-rich substrates in the oresence of
22 hydrogen peroxide (Zille et al. 2004). This makes peroxidases suitable for the oxidation of oxidizable,
23 electron-rich poflutants, such as phenols, amines, azo dyes, and triarylmethane dyes, that are
24 commonly present in effluents from varicus industries. In this study, we have selected phenol as a
25 representative of electron-rich pollutants. Phenols and their derivatives are present in effluents from
26 industries manufacturing and processing paper, textiles, plastics, and dyes. Phenols impart an
27 undesirable odor and taste to water, which are percelvable even at low concentrations. Therefore, the
28 permissible limit of phenols is 1-2 pg L7 for drinking water (Buteau of |ndian Standards, 20
29 Moreover, phenols are suspecied carcinogens and can adversely affect humans as well as several
30 organisms that inhabit the water bodies, Hence, the removal of phenals from effluents, before they
31 meet natural water hodies, is necessary. The conventional metheds of removal phenols from effluents
32 include advanced oxidation processes, such as electro-oxidation, coagulation, and the Fenton
33 process along with its several variations (Naghibj et af 2003). Although these methods elfectively
34 remove phenols from effluents, some of these methods, such as electro-oxidation require
35 sophisticated, expensive equipment {Abo-Farah, 2010), The Fenton process, often used for its cost-
36 effectiveness and ease of handling also Has certain drawbacks such as a low optimum pH and the
37 need for replenishing iron salls during the oxidation reaction {Abo-Farah, 2010). Enzymes are being
8 explored as potential alternative means for oxidizing pollutants in effiuerlts. They represent "green
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39 strategies” of eifluent treatment (Buchanar and Nicell, 1999; Gitsov et al, 2008). The use of enzymes
40 permits warking under mitd conditions. For instafice, several ehzymalic reactions typically occur at
41 ambient temperatures (Nelson and Cox, 2004). These reactions often require near neutral pH and low
42 reactant concentrations. Oxidative enzymes like peroxidases and laccases are of particular interest
43 for the oxidative degradation of electron-rich pollutants because of the wide range of substrates that
44 these enzymes can oxidize, Peroxidases, such as horsaradish peroxidase (EC 1.11.1.7), require
45 hydrogen peroxide (H,Q;) as the co-substrate, whereas laccases {EC 1.10.3.2) require molecular
46 oxygen. However, the redox potential of peroxidases in the presence of HyO, (oxidized peroxidase) is
47 sufficiently enable it to accept electrons from a variety of elactron-rich substrates. Peroxidases such
48 as lignin peroxidase and horseradish peroxidase are stronger oxidizing agenis than is laccase
49 {Kersten M) In our study, we extracted peroxidase from the non-edible stems and roots
50 (vegetable wasle) of fenugreek plants, which constitute a large fraction of their frash weight.
51 Fenugreek seeds and dried leaves have been used for centuries as condiments and spices (Spices
52 Board of India, 2012). The leaves and lesder stems are commonly used as a vegetable. By contrast,
53 the vegetable waste is rich in paroxidases. Using vegetable waste as the source of enzyme adds to
54 the utility of this plant without adversely affecting the edible yield.

55

56 2. MATERIAL AND METHODS

57 2.1 Chemicals used

58.e=Phenol was obtained from Merck, India Lid. (Mumbai) Guaiacol (2- methaxy phenol) was purchased

59 frem Sisco Research Laboratories, India. Hydrogen peroxide was purchased from Qualigens Fine

6C Chemicals, Navi Mumbai, India. Chemicals for buffer preparation, such as KH2PO4, KOH, Citric acid,
61 and Trisodium citrate, were purchased from S.D. Fine Chemicals (Boisar), Indiz, while Tris—HC! was

62 purchased from Loba Chemie, Mumbai.

63 2.2 Crude enzyme exiraction

84  Vegetable waste of fenugreek planis was collectad fram the local vegetable market, The roots and

65  stems were washed thoroughly with tap water to remove the adhering soil, laid out on shegts of§ A7
66  bloiting paper, and air dried at 30°C. The vegatable waste was divided into 5 sets JThe frash welght of

87  each set was recorded. The piant material was macerated i & pre-chilted mortar and pestle with an

68  appropriate volume of chilled extraction buffer (0.1 mol L™ KH2PQ4-KOH, pH 5.8} to obtain a

69 material to liquor ratio of 1:10. The suspension was centrifuged at 1610 xg for 10 min. The

70 supernatant was used as the crude enzyme exiract.

71 2.3 Activity of peroxidase exiract

72 The aclivity of the crude peroxidase extract was estimated using the method of Kim and Yoo (19986)
73 with guaiacol as a substrate. One unit {1 U) was defined as the amount of enzyme that converts 1
74 umol L™ of substrate into product in 1 min. The activity (in U mL™") of the crude peroxidase was

75 caleulated using the following formala;

76 Activity (U mL™") = A Absorbance min~' x FV.EV™' x dilution. (g470)""

77 where FV is the final volume of the reaction mixture (mL), EV is the voluma of crude enzyme {mi),
78 and €470 is the molar absorptivity of guaiacel (mL prnaol™ .cm™).

79 2.4 Enzymatic removal of phenol

80 The removal of phenol was assessed by measuring the initial and final absorbance of the reaction
81 mixture at 270 nm, using a JASCO V-530 spectrophotometer, after incubation for 24 h, All phenal
82  removal experiments were performed at ambient temperatures (30 + 2 °C). A negative control

83  reaction mixiure, which did not contain crude enzyme was preparad to verify that phenol removal
84  occurred because of the crude peroxidase. The percentage remaval of phenol was calculated using
a5 the following formuia:

86 % Decolorization = (A - Af) x Af x 100

87 where Ai and Af represent the initial and final absorbance, at 270 nm, of the reaction mixture.
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2.5 Optimization of reaction conditions

2.5.1 Reagtion mixture pH

The pH of the reaction mixture was varied between 3.0 and 8.0 using a variety of buffers in the reaction
mixture. The pH range 3.0--5.0 was obtained usmg 0.1 mol L™ citrate buffers. Phosphate buffers were
used to obtain the pH {ange 6.0-8.0 (0.1 mol L~ ". The reaction mixture contained an initial phenol
conceniration of 2 mmal L7, approximately 0.4 + 0.01 U of enzyma, and 1.¢ mmol i_" of H:0, in
addition to the buffer for each respactive pH.

2.5.2 Phenol conceniraticn

The initlal concentration of phenol was varied between 1 and 4 mmol L™ The cther components of the
reaction mixture were as previously mentioned. The optimizaticn of initial phenal concentration was
performed at pH 6.0, A control that did not contain phenol in the reaction mixture was mainiained to
check for the inadvertent presence of another electron-rich substrate in the reaction mixture.

2.5.3 Hydrogen peroxide concentration

The concentration of HoO, used to initiaie the reaction was varied belween 1 and 10 mmol L. The
other cemponents of the reaction mixture are as previously mentioned. The optimization of initial phenal
concentration was performed at pH 6.0. A control that did not contain H,Cp was maintained to account
for spontaneous oxidation of phenol by enzymes other than peroxigases,

2,6 Statistical nalysusf_]__(pr how did gea conhrol

All eriments were performed using trlpllcates All data are reported as mean + standard deviation
(80). Wil optimizations were performed per the cne-factor-at-a-fime analysis deglgn The effects of
varying differeni reaction were compared using ANOVA and Duncan’s mulliple range test (DMRT).
Categories that have been assigned the same alphabet are not significantly different from each other

at f: .05.

3. RESULTS AND DISCUSSION

The activity of the crude peroxidase exiract in terms of guaiacol units was 2.01 + 0.06 U mL
Considering that the crude exiract was prepared from 1 O g of fresh fenugreek waste, cn average, the
peroxldase content of the fenugreek wasie is 2.01 U g~'. Various dilutions of the crude extract were
used in different experiments.

As illustrated in Fig. 1, the highest activity (2.10 U mL™"y was observed at pH 6.0, The maximum
activity of the crude peroxidase is observed between pH 5.0 and pH 7.0. We used pH 6.0 as the
optimum pH while optimizing the other reaction parameters.
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Fig. 1. Guaiacol activity of crude peroxidase extracts of Trigonella foenum-graecuin at
different pH

P =.05; Mean * SD = Mean values * Standard deviation (n = 5)
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Fig. 2. Activity of crude peroxidase at different concentrations of hydrogen peroxide

P = .05; Mean + 50 = Mean values + Standard deviation (n = 5}

As depicted in Fig. 2, the activity of crude fenugreek percxidase at different concentrations of the
cosubstrate H.0,, The highest activity of the extract is obtained at pH 6.0. An excess of H,O, has
been reperted to inhibit the activity of plant peroxidases (Veitch, 2004). This effect is observed in Fig.
2.
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141 Fig. 3. Phenol removal by crude peroxidase over 24 h

142 As seen in Fig. 3, the highest removal of phenol was observed when the initial concentration was 2
143 mmol L. The removal of ohenol decreases progressively with an increase in the initial concentration

of phenol. These assays were perfermed usj theo fimupn valyes of pH,and concentration of H 02
R 4 Yok y ok DR RN e wet Hs

Phenol is a pollutant associated with anthropo oglcat activities including paper manufacture, coal QU‘S wefl 0“’\-'

mining, and wood processing. Natural sources of phenol include forest fires and natural decay of —Zgw (()Tyw{gn(g&
lignocellulosic material. Phenol and its derivatives are considered toxic because they can affect the

central nervous system, irritate mucus membranes, and cause bleaching and erosion of skin.

Oxidative enzymes predominate bioremediation technigues. These enzymes can oxidize elsctron-rich
substrates, such as phenols (Naghibi et al, 2003; Stanisavijevi¢ and Nedi¢, 2004), and prepare these
molacules for polymerization {(Buchanan and Nicell,1999). Gonsequently, molecules lkke phenol form
a water insoluble, large molecular weight polymer that forms a precipitate and can be separated by
tiltration {Kobayashi and Higashimura, 2003; Gupta and Gupta, 2006; Mukheri, 2012),

1585  The formation of phenalic polymers is not favorad at very low pH (Xavier et al, 2011). The oxidation of
156  phenols by oxidalive enzymas occurs by the same mechanism. Therefore, the oxidation of phenols by
157  the enzyme peroxidase is higher at pH 6.0 than at pH 3.0 and 4.0, Furthermore, the aclivity of the

158  crude peroxidase extract was highest at pH 6.0. Hence, the pH of the reaction mixiure was

159  maintained at pH 6.0 for all further reactions. The polymerization of phenols under alkaline and acidic

160  conditions is depicted in Fig. 4 and Fig. 5, respectively.

70, vl N N
0 CH, - OH ==——— o A
Flg 4, Oxudanon of phenol under alkaline conditions [Source: Mukhetji S.M. (2012} Organic Ghemlstrr Volume 2}
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164
165 Fig. 6. Oxidation of phenol under acidic conditions {Source: Mukhesi S.M. (2012) Crganic Chemistiy, Volume 2}
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Phenols tend to polymetize on oxidation and form flocs. The flocs can be separated from
solution by simple settling or filtraticn {Buchanan and Nicell,1999).

{Veitch, 2004; Hollman and Arends, 2012). This effect is depicted in Fig. 2. The activity of the crude
enzyme increases steadily untii the concentration of H;.Og reaches 6 mmol ™', Thereafter, the activity
of crude peroxidase decreases steadily above 6 mmol L%, For the phenol-remaval experiment, the

Excess Ha0s has been reported te inhibit the activity of oxidative enzymes, such as peroxidases \E_?
concentration of H,O» was maintained at 6 mmal L 6‘-’
A

For the phenol-removal experiment, the pH and conceniration of H-Oy were fixed at 6.0 and 6 mmol

L™, respectively. The concentration of phenol was varied from 14 mmol L', The reaction time was N
maintamed at 24 h. The removal of phenolic polfiutants using conventional techniques, such as ab
electrooxidation and Advanced oxidation processes, are typically 0.5 to 2 hi. However, because in the V
current study, we have used a crude enzyme extract, the contact time significantly Ionqer'?rhe use of

crude peroxidase achieved 64.9% removal of phencl in 24 h. The present method is cost effective o
primarily because of the use of a crude enzyme extract. The primary expenditure associated with the \

use of enzymes is that of purification. The use of a crude enzyme, obtained from vegetable waste,

censiderably reduces the cost of using enzymes.

The novelty of the present study lies in the source of the enzyme peroxidase. The non-edible parts of
the fenugreek p[ﬂnf ara tha entirra nf nernvidase. Considerina that thoea narte ara neinally dienngad

as waste, acquir Jlve expenditur )
relatively simple HO / \ CH.—OH lized aquipmg: HO CHy 0H
enzyme could et 2 , phenal when t 2

mmot L. m_fﬁf‘*‘/{ u fqu ’L‘QEQ‘L\LA

The phenol-removal precess can be made more efficient, in terms of enzyme usage, by immobilizing
the enzyme in the form of beads or through adscrption on o a support (Adam et al, 1999;
Kandelbauer, 2004). Adsorption of enzymes 10 the supporting material is subject to reaction
conditions. Drastic reaction conditions, such as very high or low pH, high temperature, and high
substrate concenirations, can cause the desorption of the enzyme from the suppoit. Bead formation
or encapsulation of enzymes is likely to provide greater reusability of the enzymes.

One of the factors that required further optimization is the reaction time. The time required for a
reaction using a highly purified form of an enzyme like peroxidase would be considerably mere rapid.
Decolorization reactions using pure enzymes, such as standard horseradish peroxidase, have been
reported to reach compietion in 5 min (Maddhinni et ai, 2008). However, a crude extract contains a
consortium of enzymes, in addition o peroxidase, which may interfere with the interaction of the
substrate and enzyme. Hence, reactions using crude peroxidase require fonger durations of contact
than those involving pure peroxidase.

Polymerized phenols produced because of enzyme-mediated oxidation have been reported to have
applications such as photolithography {integrated circuits), manufacture of rechargeabtle battery
material, and non-linear oplics (Ayyagari et al, 1996}, Optimizing the enzyme-mediated removal of
phienols to obtain the desired degree of polymerization may enable the use of removed phenal for the
aforementicned applications, after appropriate processing.

4. CONCLUSION ,A( b be oo (,o v\(, LufteonS
"Y‘UUL( <o} (us C. g{,{‘é“ Coffton d‘m ‘F"'fé’f‘*‘f

The non-edible stems and roots of fenugreek plants are a rich source of enzyme per dase ﬂ‘t

crude peroxidase enzyme exiracted from fenugreek waste can oxidize electron-rich substrates, such CWM j

as phenols, from synthetic wastewaler, Additional experimenis ara required to achieve and optimize o ele & +«v
reusability of the crude enzyme in treatment of wastewater,
Tl o elufdlon
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