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A biocatalatic pathway for the determination of peroxidase using
N, N-diethyl-p-phylenediamine sulphate (DPD) and 3-amino phe-
nol (3-AP) is presented. The assay is based on the enzymatic con-
sumption of hydrogen peroxide using DPD- 3AP system to give
an intense blue colored compound with absorbance maxima at
660 nm. The increase in absorbance is proportional to the concen-
tration of peroxidase in the range from 1.5-15.15nM and 0.47 and
15.15nM from rate and fixed time method respectively. The assay
was adapted for the measurement of H,O, at concentrations of
3.5-120 puM. The kinetic parameters like catalytic power, catalytic
efficiency, catalytic constant (ke,t) and specificity constant (Keat/Km)
was found to be 9.78 x10~®> uM~' min~', 1483 x 10~3 min!,
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0.0245 x 10°> min~" and 0.0445 pM~! min~! respectively. The ap-

plicability and thermal properties of the method has been tested in

different seeds of fruits extracts that showed peroxidase activity.
© 2017 Published by Elsevier B.V.
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1. Rationale

Peroxidase (E.C.1.11.1.7) is a typical heme enzyme found in many plants. Peroxidase is essential to
many biochemical assays for their application in biomedicine or environmental monitoring. It con-
tains glycoprotein with approximately 18% of its weight due to the covalently bound carbohydrate
moiety. The native enzyme consists of single polypeptide chain with 308 amino acid residues; the
relative molecular mass of POD is 44,000 g/mol [1-4]. They oxidize a wide range of substrates and are
implicated in various physiological processes including pathogen defense, stress response and lignin
polymerization.

POD is commonly occurs in animals, plants, fungi and microorganisms that act as oxidoreductase.
It is a is major H,0, decomposing enzymes which catalyze the oxidation of wide range of substrates
at the expense of H,0, [5], only a few reports of peroxidase from actinomycetes are available [6-
9]. The mechanism of peroxidase is based on the formation of enzyme-hydrogen donor complexes
[10]. It catalyses the oxidation of many aromatic compounds by hydrogen peroxide through on oxi-
dation process that involves a cycle of changes in the oxidation state of an iron atom located at the
catalytic site of the enzyme [11]. POD is considered as one of the thermal stable enzyme used as in-
dex of blanching. Peroxidase usually having heat resistant and heat labile isoenzymes, due to this it
loses its activity in two phases. Owing to this property it is used in polymer synthesis especially for
phenolic resin synthesis, nucleic acid analysis, biosensors, bioremediations, and other biotechnologi-
cal processes [12-17]. POD can act on many hydrogen donors including chromogenic and luminescent
compounds. This leads to its widespread use in detection and probe systems [18]. Due to potential
application in wide spread areas, it is necessary to find and quantify the amount of peroxidase. The
literature survey shows that several analytical techniques are available to quantify the HRP, such as
fluorescence [19], Chemiluminescence [20], Electrochemical [21], Magneto elastic sensors [22], Amper-
ometric [23], Flow injection analysis [24], Potentiometric assay [25], Radiometric assay and Coulomet-
ric biosensor techniques [26]. The instruments used in these are either very pricey, less flexible, use
of radioactive substances and they are susceptible to interference from compounds that either absorb
light in the excitation or emission range of the assay or that are themselves fluorescent resulting in
false negatives [27]. In electrochemical assay enzyme activity (15%) gets reduces and resulting in the
spoil of expensive biocatalyst [28].

To overcome the above drawbacks, we designed an innovative spectrophotometric method for the
quantification of HRP and H,0, using DPD and 3- AP. Spectrophotometers are economical, easy to
handle and the co- substrates used are generally less pricey, water soluble and stable under lab con-
ditions. The narrow linearity for the assay of H,O, makes the method more significant in the assay
of peroxidase. The proposed method is rapid, selective, and highly sensitive. Moreover, the absorp-
tion at longer wavelengths allows it to avoid the background interference caused by the biological
constituents.
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Fig. 2. Calibration graph for the quantification of rate (a) and fixed time (#) methods for the quantification of HRP.

2. Procedure

2.1. Chemicals

All of the chemicals used in the assay were of analytical grade. DPD and 3-AP were purchased
from Sigma-Aldrich and Merck, Germany, respectively. Peroxidase (EC 1.11.1.7, 100 units/mg) was pur-
chased from Himedia Laboratories, Mumbai, India. H,0, (30%) was purchased from E-Merck, Mumbai,
India. Guaiacol was obtained from Loba-Chemie, India. Double-distilled water was used throughout
the experiment. DPD (16.56 mM) and 3AP (51.2 mM) solutions were prepared by dissolving a requisite
quantity in water. A 100mM H,0, stock solution was prepared daily and standardized by a potas-
sium permanganate method. The peroxidase stock solution was prepared by dissolving 2 mg in 10 mL
of 100 mM KH,PO4/K,HPO4 buffer at pH 5.93.
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Fig. 3. Calibration graph for the quantification of H,0,.

2.2. Instruments

Absorbance measurements were recorded using Systronics spectrophotometer model 106 with 1-
cm matched glass cell. Analytical scales (Sartorius, Germany), a pH-meter, EQUIP-TRONICS Model EQ-
614 was employed for measuring pH.

2.3. Enzyme extraction

As a source of peroxidase, Malus domestica, Pyrus communis, V. vinifera, Z. jujuba and C. x sinensis
were collected from the local markets. Seeds were separated from fruits, dried and soaked in 100 ml
of 0.1 M phosphate buffer of pH 6.0 over night and thoroughly homogenized by blending for 15 to
20 min. The contents were centrifuged at 10,000¢g for 15min to remove cell debris. The supernatant
was removed carefully from the sediments and filtered through Whatman No 1 filter paper to get
more clarity of the crude enzyme extract. This stored at 4°C until used.

2.4. Spectral characteristics

The proposed method involved the formation of blue-colored species. The wavelength of max-
imum absorbance of the colored species was identified by scanning the sample over the range of
400-800nm for different concentrations of H,0,. The absorption spectra at different time intervals
revealed that only one absorption peak, with no remarkable shift, was detected in this wavelength
range at Amax of 660nm. The optimum wavelength for maximum absorbance was found to be at
660 nm, at which the reagent blanks showed slight absorbance or no absorbance as shown in Fig. 1.

2.5. Assay of peroxidase activity

The activity of the peroxidase can be determined by the reaction mixture containing 127 uM
DPD, 95uM 3-AP, and 120uM H,0, in 100 mM dihydrogen orthophosphate/dipotassium hydrogen
orthophosphate buffer of pH 5.93. The reaction was initiated by adding 100 pL of varying concen-
trations of peroxidase enzyme. The change in the absorbance was continuously recorded against the
corresponding control containing all of the reagents, except peroxidase at 30°C. The initial velocity
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Fig. 5. Effect of DPD and 3-AP was studied by taking the various concentrations of DPD & 3-AP with 120 uM H,0,, and 15.15nM
peroxidase in 100 mM KH,PO,4 [K,HPO,4 buffer at pH 5.93.

was recorded by the absorbance-time curve. The range for the linear relationship between the ini-
tial velocity and the concentration of enzyme was 1.51-15.15nM. From the one time assay method,
5min of incubation of the reaction mixture at 30°C allows the peroxidase to be assayed in the
concentration range of 0.47 -15.15nM. The linear relationship by the rate and fixed time methods
is shown in Fig. 2.

2.6. Quantification of H,0,

The concentration of H,O, was determined in 3 mL of the solution containing optimized concen-
tration of DPD, 3-AP, buffer and 15.15 EU peroxidase. The reaction was initiated at 30°C by adding
100 pL of different concentrations of H,O, within the linear range. The change in the absorbance was
continuously recorded at 660 nm. The initial rate was then plotted against the concentration of H,0,
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Fig. 6. Effect of incubation temperature on the reaction.

to obtain the calibration graph. The linearity of the graph lies between 3.5 and 120uM H,0,. The
calibration graph for the quantification of H,0, is shown in Fig. 3.

2.7. Total protein assay

The total protein concentration was determined in triplicate by the Lowry [29] method, using
bovine serum albumin as a standard.

2.8. Results and discussion

Optimum Experimental Condition
Investigators were carried out optimization of the reagents to ascertain the most favorable condi-
tions to attain maximum color.

2.8.1. Effect of pH on absorbance

pH is known to alter the activity of enzymes as it affects ionization state of side chains
of enzymatic proteins. The following buffers of 100mM were studied for the assay namely, cit-
ric acid/potassium citrate at pH 3.6-5.6, acetate/acetic acid at pH 3.6-5.6, KH,PO4/NaOH of pH
6.0-8.0, and KH,PO4/K;HPO,4 at pH 6.0-7.5. The highest activity of the enzyme was observed in
KH,PO4/K;HPO4 buffer of pH 5.93. Hence, further studies were carried out at this pH. The effect of
pH on the rate of reaction shown in Fig. 4

2.8.2. Study of the DPD and 3-AP concentration

The effect of varying concentrations of DPD and 3-AP was studied and the results showed that the
rate increased on increasing the concentration of DPD from 16 pM to 127 pM beyond which there is
no considerable increase in the rate. Hence for all further assays DPD concentration of 127 pM was
selected. Similarly, the effect of 3-AP concentration on the reaction rate was studied from 3 pM to
305 pM. The linearity was observed up to 95 pM. Hence 95 pM was selected as the optimized con-
centration for all further analysis. The optimization of DPD and 3-AP are shown in Fig. 5.

2.8.3. Effect of reaction temperature
It is well established that temperature has pronounced effects on the activity of enzymes. Tem-
perature sensitivity was determined by pre-incubating 3 ml of reaction mixture containing optimized
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Scheme 1. Suggested reaction mechanism for the formation of green coloured product.

concentration of DPD, 3-AP, H,0,, and 15.15 nM peroxidase in 100 mM KH,PO, /K,HPO,4 buffer at
pH 5.93 for 5min at various temperatures (0-80°C). The activity of the enzyme was registered as
a function of the absorbance of the colored solution. The activity initially increased up to 30°C and
decreased thereafter. The effect of temperature on the rate of reaction is shown in Fig. 6.

2.8.4. Mechanistic approach for the enzyme activity response

The mechanism for the peroxidase-catalyzed reaction of DPD and 3-AP is proposed in Scheme 1.
DPD is oxidized by H,0, in presence of HRP to give reactive diethylbenzoquinone-diimine, which cou-
ples with the nucleophillic site of 3- AP to form leuco-dye, which is oxidized to an indo-dye, showing
a strong absorption at 660 nm. The kinetic mechanism in which catalytic coupling between DPD and
3-AP involving different Michaelis-Menten values cannot overrule the activation of both by a bio-
catalytic mechanism. Both DPD and 3-AP could be activated on the same or different catalytic sites
through reduction, finally involving the reaction between the two activated reactants. The bimolecu-
lar reaction catalyzed by an enzyme involves the formation of an intermediate with any one of the
reactant, followed by the reaction of the intermediate with another reactant. Either of these could
be a rate-determining step. The catalytic cycle of two substrates based on the modified ping-pong
mechanism suggested by Dunford [30] is below,

HRP +H,0,— E - (I)+H,0
E - ()+DPD— E - (II)+ [DPD]*
E - (II) +3-AP — HRP + [3-AP]*

[DPD]* + [3-AP]* — Product.



Chamaraja N.A. et al./Chemical Data Collections 11-12 (2017) 84-95 91

Table 1

Effect of non targeting species.
Foreign Species Tolerance ratio®
Cu?* 0.055
L-Ascorbic acid 0.0916
Fe3+, citric acid 0.875
Fe?+ 1.02
L- Tyrosine 1.52
Zn?*, L- serine, Citric acid, Uric Acid ~ 2.03
Oxalic acid, DL- Methionine 3.76
Fluoride 9.2
D- Asparagine, NO,~ 9.85
L- Histidine, Isoleucine 18.02
DL- Threonine 23.05
NH,* 42.32
K+, ClI- 52.16
Na* 70.45
Urea 85.78
Glycine 110.3
SO, ~, Lactose 124.25
Galactose 220.15
Sucrose 650.23
Glucose 700.52

2 Tolerance ratio corresponds to the ratio of limit of in-
hibiting species concentration to that of concentration of
peroxidase used.

Where E is the resting enzyme, [DPD]* and [3-AP]* are activated reactants. The enzymatic reaction
of HRP follows a bi-bi substrate mechanism [6-9]. The probable reaction is shown in below Scheme. 1.

2.8.5. Interferences studies

The effect of various non-target species in the determination of HRP was investigated, by exam-
ining the effect of various ions at p gml~! levels on the determination of HRP by the recommended
method. The tolerance limit of interfering species was established at the concentrations that do not
cause error more than +3% in absorbance values of hydrogen peroxide at 1 ugml~! level. Any precipi-
tate formed during interference studies was removed by centrifugation. The results of the interference
study are shown in Table 1.

3. Data, value and validation

3.1. Kinetic expressions based on the enzyme reaction mechanism for the determination of Michaelis
constants, catalytic constants and substrate specificity

The catalytic constants of the co-substrates are calculated by taking, KH,PO,4/K,HPO, buffer of pH
5.93 (100 mM), and the enzyme concentration was 15.15nM per 3 ml of reaction mixture. This can be
carried out in three steps of experiments:

Step 1: Concentrations of H,0, was varied in the order: 60, 80 and 120 pM, respectively, with a
constant 190 pM 3-AP and 127 pM DPD concentration. Assuming the initial rate of the reaction asVj,
the general equation for the reaction is written as,

HoPsAo  KuPoAo (PoAO KaPy KPA()) Ho

(1)

VO Vmax Vmax Vmax Vmax
By plotting the graph of HyPyly/V, verses the concentration of H,0, we get

Y =3.738x + 373.6 (2)
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Fig. 7. Kinetic behavior of two substrate reactions for HRP (6.064nM). (A) The plot of H“";s”“ versus[lo] and (B) ”0‘1;2”“ versus[Py].

Step 2: Concentrations of 3-AP was varied in the order: 23 pM, 48 puM, 95 uM, and 190 pM with
different H,0, concentration by maintaining a constant 127 pM DPD concentration. The general equa-
tion can be written as,

HoPyAg _ KaHoPy (HOPO KyPy KpHy )A 3)
VO B Vmax Vmax Vmax Vmax 0
The plot of HqoPglp/Vp verses the concentration of I, gives,
Y = 46820x + 35628 (4)

Step 3: Concentrations of DPD was varied in the order: 16 pM, 32 pM, 63.5 uM, and 127 pM with
different H,O, concentration by keeping a constant 190 uM 3-AP concentration. The general equation
can be written as,

HoPAo  KpHoAo (HOAO KyAo KAH0>
+ Py

5
VO Vm ax ( )

Vmax Vmax Vmax
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The plot of HyPglg/Vq verses the concentration of Py gives,
Y = 13783x + 58936

The slope of the above Egs. (1), (3) and (5) is,

PAy  KiPy KpAg

mi =
"7 Viax  Vinax | Vinax
HoPy KyPy KpHy

my =
Vmax Vmax Vrnax
HpA KyA K H,
ms = 010 iAo | Mo

Vmax Vmax Vmax

The Eqs. (7)-(9) can be rearranged to give,

PoAo ( Py ) Ao
M;y={m— =K + K
! ( ! vmaX ) A Vmax P VlTlHX

e (- ) (22 ()
‘/ITIAX Vmax

Vmax

HoAg Ao Hy
M; = (ms - =K 4K (7>
3 ( 3 Vmax > H (Vmax A Vmax

that is,
A= vI;O
o=
B = g

93

(7)

(8)

(9)

(10)

(11)

(12)

From the above equations, let us consider the values for DPD as A;, 3-AP as A, and for H,0, as B,

(13)

(14)

(15)

By calculating the values of A, A, and By, express it in the form of determinants as shown below,

0A+A; M1A+1A; 0M;A; 0A; M,
D = |A10By| Dy = |M30B; | D, = |A;M3B1| D3 = |A;0M,
A;B10 M3A,0 A;M30 A;B1M;
For H,0, the Michaelis—Menten constant can be determined by,
D,
Ky=—
=D
Ko — —B%Ml + A{M3B; +A;M5B,
"= 2A1A2B;
For IDB the K; value can be determined by,
D,
Ky = —=
)
Ko — A;M1Bq + AyA1 M3 —A%Mz
A= 2A1A;B;
For DPD Kp value is determined by,
D
Kp=—

D
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Table 2
Peroxidase activity of crude fruit seed extracts as per the proposed and standard guaiacol methods and catalytic parameters.
Sample ? Units P Protein® Specific activity (Units/ mg Relative ',%’
(mg) of protein) catalytic
efficiency
Proposed Reference Proposed Reference
method method method method
Malus domestica 6212+ 1.8 48.02+1.1 22112 028 +1.74 0.21+1.96 4.21 0.9067
Pyrus communis 4823+ 1.1 36.54+ 1.6 149.21 032+1.64 024 +2.21 2.06 0.0806
V. vinifera 21.07+15 235+1.8 191.08 0.11+2.10 0.12+1.54 112 0.2806
Z. jujuba 50.14+ 1.6 51.23+15 114.25 043+1.72 0.44+1.87 217 0.8383
C. x sinensis 4621+ 14 51.54+19 98.86 0.46 £ 1.11 0.52+1.55 212 0.2402

—A%Mg, +A1AoM; + M1A1Bq
2A1A;B4

From the above equation KH, KA and KP values for the co - substrates is 57 pM, 29 uM and 67 utM
respectively. Kinetic behavior of two substrate reactions for the pure HRP is shown in Fig. 7.

Kp =

3.2. Application to the crude fruit seed extracts

The developed method is successfully applied to the assay of peroxidase in seeds of apple, pear,
grapes, jujube, and orange. The peroxidase activity was calculated using the below relation. Unknown

. . Rate
concentration in EU = W x Stdconcentration

The assay results showed that apple seed extract gave more activity of peroxidase than remain-
ing seed peroxidase; hence, the apple seed is a rich natural source of peroxidase as compared to
other seeds. However, the suitability of peroxidase for biotechnological applications can be investi-
gated through its kinetic characterization. The kpow of all the crude extracts was compared with that
of the guaiacol method. The results obtained shown in Table 2.

4. Conclusion

The proposed spectrophotometric method is simple, economical, sensitive, temperature indepen-
dence and stability of the colored product are the advantages of this method. No work has been
published thus far on the coupling of DPD with 3-AP for the quantification of peroxidase. These co-
substrates are versatile, economical, water-soluble, have high catalytic efficiency and a high molar
extinction coefficient, and the coupled product absorbs at a higher wavelength region. The kinetics
of the system showed “instantaneous” color formation. The HRP-catalyzed oxidative coupling reaction
allowed spectrophotometric determination of the HRP within the linearity range of 1.51-15.15nM and
0.47-15.15nM from the kinetic and fixed time methods, respectively. This linear dependence between
the concentration of peroxidase and the absorbance over a narrow range is also an important fea-
ture for the practical application of the assay procedure. The method has high acceptable limit for
interfering substances that are generally associated with HRP, which is an additional advantage of the
proposed method (Table 2).

Acknowledgments

One of the authors Dr. Chamaraja N A, thanks Vidya Vikas Institute of Engineering and Technology
research centre, Mysuru and University of Mysore for providing facilities for the investigation.

References

[1] H. Jiang, X. Su, Y. Zhang, J. Zhou, D. Fang, X. Wan, Anal. Chem. 88 (9) (2016) 4766-4771.


http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0001
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0001
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0001
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0001
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0001
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0001
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0001

Chamaraja N.A. et al./Chemical Data Collections 11-12 (2017) 84-95 95

[2] H. Anni, T. Yonetani, Mechanism of action of peroxidases, in: H Siegel, A Siegel (Eds.), Metal lons in Biological Systems,
Dekker, New York, 1992.
[3] A.C. Maehly, Methods Enzymol. 2 (1955) 801-1813.
[4] V. Uporov, A.M. Egorov, Dokl. Biophys. 355/357 (1997) 71-74.
[5] FE. Passardi, C. Penel, C. Dunand, Trends Plant Sci. 9 (2004) 534-540.
[6] A. Saini, N.K Aggarwal, A. Sharma, A. Yadav, Enzyme Res. 2015 (2015) 1-15.
[7] M. Ramachandra, D.L. Crawford, G. Hertel, Appl. Environ. Microbiol. 54 (1988) 3057-3063.
[8] K.L. Van Pee, F. Lingens, J. Gen. Microbiol. 131 (1985) 1911-1916.
[9] B. Winter, W. Zimmermann, Degradation of halogenated aromatics by actinomycetes 1 (2-3) (1990) 207-220.
[10] H.M. Hemeda, B.P. Klein, J. Food Sci. 56 (1991) 68-71.
[11] H.B. Dunford, J.S. Stillman, Coord. Chem. Rev. 19 (1976) 187-251.
[12] R.C. Bateman, J.A. Evans, J. Chem. Edu. 72 (1995) 240-241.
[13] M.M.E. Chor, M.M.K. Liang, AW.M. Lee, Enzyme Microb. Technol. 36 (2005) 91-99.
[14] Z. Weng, M. Hendrickx, G. Maesmans, K. Gebrusers, P. Tobback, J. Food Sci. 56 (1991) 574-578.
[15] Y. Wu, KE. Taylor, N. Biswas, J.K. Bewtra, Enzyme Microb. Technol. 22 (1998) 315-328.
[16] K. Tatsumi, S. Wada, H. Ichikawa, Biotechnol. Bioeng. 51 (1996) 126-130.
[17] S. Colonna, N. Gaggero, C. Richelmi, P. Pasta, Tibitech 17 (1999) 163-168.
[18] O. Ryan, M.R. Smyth, C. O Fagain, Essays Biochem. 28 (1994) 129-146.
[19] B. Tang, Y. Wang, Spectrochim. Acta A 59 (2003) 2867-2874.
[20] X. Yang, Y. Guo, Z. Mei, Anal. Biochem. 393 (2009) 56-61.
[21] K. Jiao, W. Sun, Microchem. ]. 72 (2002) 123-130.
[22] P. Panga, Y. Zhanga, S. Ge, Q. Cai, S. Yao, C.A. Grimes, Sensor. Actuat. B Chem 136 (2009) 310-314.
[23] F. Gao, R. Yuan, Y. Chai, S. Chen, S. Cao, M. Tang, ]. Biochem. Biophys. Meth. 70 (2007) 407-413.
[24] 1. da cruz Vieira, O. Fatibello-Filho, Analyst 123 (1998) 1809-1812.
[25] F. Deyhimi, F. Nami, J. Mol, Catal. B Enzym 68 (2011) 162-167.
[26] E. Vianello, L. Zennaro, A. Rigo, Biosens. Bioelectron 22 (2007) 2694-2699.
[27] M.O. Palmier, S.R. Van Doren, Anal. Biochem. 371 (2007) 43-51.
[28] A.K. Poulsen, A.M. Scharff-Poulsen, L.F. Olsen, Anal. Biochem. 366 (2007) 29-36.
[29] C. Breda, D. Buffard, R.B. van Huystee, R. Esnault, Plant Cell Rep. 12 (1993) 268-272.
[30] L.HJ. Grambow, Pathway and mechanisms of peroxidase catalyzed degradation of Indole-3-acetic acid, in: H. Greppin,
C. Penel, Th. Gaspar (Eds.), Molecular and Physiological Aspects of Plant Peroxidases, University of Geneva, Switzerland,
1986, pp. 31-41.


http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0002
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0002
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0002
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0003
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0003
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0004
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0004
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0004
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0005
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0005
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0005
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0005
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0006
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0006
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0006
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0006
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0006
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0007
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0007
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0007
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0007
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008a
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008a
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008a
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008b
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008b
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0008b
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0009
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0009
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0009
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0010
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0010
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0010
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0011
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0011
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0011
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0011
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0012
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0012
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0012
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0012
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0012
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0012
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0013
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0013
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0013
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0013
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0013
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0014
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0014
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0014
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0014
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0015
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0015
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0015
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0015
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0015
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0016
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0016
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0016
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0016
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0017
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0017
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0017
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0018
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0018
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0018
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0018
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0019
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0019
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0019
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0020
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0020
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0020
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0020
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0020
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0020
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0020
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0021
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0021
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0021
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0021
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0021
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0021
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0021
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0022
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0022
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0022
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0023
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0023
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0023
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0023
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0024
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0024
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0024
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0024
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0025
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0025
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0025
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0026
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0026
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0026
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0026
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0027
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0027
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0027
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0027
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0027
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0028
http://refhub.elsevier.com/S2405-8300(17)30096-4/sbref0028

	Spectrophotometric determination of peroxidase using N, N-diethyl-p-phylenediamine sulphate and 3-Aminophenol as a chromogenic reagent: Application of the method to seeds of some fruits
	1 Rationale
	2 Procedure
	2.1 Chemicals
	2.2 Instruments
	2.3 Enzyme extraction
	2.4 Spectral characteristics
	2.5 Assay of peroxidase activity
	2.6 Quantification of H2O2
	2.7 Total protein assay
	2.8 Results and discussion
	2.8.1 Effect of pH on absorbance
	2.8.2 Study of the DPD and 3-AP concentration
	2.8.3 Effect of reaction temperature
	2.8.4 Mechanistic approach for the enzyme activity response
	2.8.5 Interferences studies


	3 Data, value and validation
	3.1 Kinetic expressions based on the enzyme reaction mechanism for the determination of Michaelis constants, catalytic constants and substrate specificity
	3.2 Application to the crude fruit seed extracts

	4 Conclusion
	 Acknowledgments
	 References


