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Abstract 

     The current work was undertaken to obtain the crude extract of PPO and laccase 

enzyme from the leaves of Malva parviflora. All leaves were washed with tap water, 

then the extraction was performed to acquire the crude extract’s enzymes. One gram 

of Malva parviflora leaves was homogenized in various volumes of distilled water 

(1:10, 1:5, and 1:2 w: v). The results showed that polyphenol oxidase and laccase 

with a ratio of 1:10 (w:v) gave the highest specific activity of 112.3 with 0.394 

U/mg proteins. In addition, Malva parviflora leaves were homogenized with several 

types of buffers with two concentration (0.2 and 0.1 M) for PPO and laccase extrac-

tion. These buffers were potassium phosphate (pH 7.0), Tris-HCl (pH 8.0), and so-

dium acetate (pH 6.0). The results showed that sodium acetate (0.2 M, pH 6) was the 

best extraction buffer for PPO and laccase with specific activity values of 206.8 and 

1.8 U/mg, respectively. Different times for PPO and laccase extraction were deter-

mined and the better time was found to be after five minutes, with specific activity 

values of 251.9 and 1.876 U/mg, respectively, while after 2 and 10 minutes the spe-

cific activity values of the enzymes were significantly decreased. Decolorization ef-

ficiency of different dyes by the enzyme mixture (PPO and laccase) was determined. 

It was found that nine dyes (Neutral red, Toluidin blue, Safranin, Crystal violet, 

Methylene blue, Blood, Phenol red, Henna, and Acridine orange) were altered in 

their absorbance after incubation with the enzyme mixture for a limited time period.  

 

Keywords: Polyphenol oxidase, Laccase, Malva parviflora, Extraction, Decoloriza-
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/ممغخام بخوتيؼ وعمى التؽالي، اما عظج استخجام الظدب الاخخى وحجة 01394و  11213أعمى فعالية نؽعية تقجر 
( Malva parviflora). الخطؽة الثانية هي تعميق اوراق نبات الخباز اقل فقج تػ الحصؽل عمى فعالية نؽعية

لاستخلاص انديػ البؽليفيظؽل اوكديجيد  (مؽلاري  011و  012وبتخاكيد )طحاليل الطظعطة مع عجة أنؽاع مؼ ال
(، التخيذ حامض  7الهيجروجيظي  واللاكييد. ان هحه الطحاليل الطظعطة هي فؽسفات البؽتاسيؽم )الأس

الظتائج أن  اظهخت(.  6( ، وخلات الصؽديؽم )الأس الهيجروجيظي  8الهيجروكمؽريغ )الأس الهيجروجيظي 
( كان أفضل محمؽل لاستخلاص أنديػ البؽليفيظؽل 6 ، وأس هيجروجيظي مؽلخ 012محمؽل خلات الصؽديؽم )

عمى التؽالي، في حيؼ أعطت الطحاليل  ممغخام/وحجة 118و  20618اللاكييد مع فعالية نؽعية  اوكديجيد و
ية نؽعية اقل. تػ تحجيج أوقات مختمفة الطظعطة الأخخى ذات التخاكيد والأس الهيجروجيظي الطختمفة فعال

دقائق  ةخطد مخور اللاكييد حيث كان أفضل وقت للاستخلاص بعج لاستخلاص انديػ البؽليفيظؽل اوكديجيد و
بعج  للأنديطاتممغخام عمى التؽالي، بيظطا انخفضت الفعالية الظؽعية /وحجة 11876و  25119وبفعالية نؽعية 

تػ تحجيج كفاءة إزالة الأصباغ الطختمفة بؽاسطة خميط الإنديطات )البؽليفيظؽل  .ةشخ اعالالجقيقة و  الجقيقة الثانية
 ,Toluidin blue, Neutral red, Acridine orange) تدعة أصباغوجج ان  . حيثاوكديجيد واللاكييد(

Safranin, Henna, Blood, Methylene blue, Phenol red, Crystal violet)  احجثتكانت قج 
 .لفتخة زمظية محجودة  اتها بعج الحضؼ مع خميط الانديطيتتغييخ في امتصاص

Introduction 
   Polyphenol oxidases (PPOs) (EC 1.10.3.2) are copper-consisting oxidoreductases which catalyze the 

oxidation and hydroxylation of phenolic compounds in the existence of molecular oxygen. These en-

zymes are a wide prevalent group of enzymes found in bacteria, plants, animals, and fungi. Nearly 50 

% of the tropical fruits are discarded due to quality disorders resulting from the browning by these en-

zymes. The browning is fundamentally catalyzed by the polyphenol oxidase enzymes. Due to the dele-

terious effects on food products by enzymatic browning, PPO has been widely studied in different tis-

sues [1]. Polyphenol oxidases are placed fundamentally in the thylakoid membrane of the mitochon-

dria and chloroplasts of plants. Tanning reactions occur after the disarray of tissues rich in phenols, 

which may cause linking of soluble polyphenol oxidase with a particles fraction [2]. In the presence of 

atmospheric oxygen and PPO, monophenol is hydroxylated to o-diphenol and the diphenol can be oxi-

dized to o-quinones, which is then subjected to polymerization to result in the dark brown polymers 

[3]. PPOs possess various applications in industrial processes such as medicine and food. These en-

zymes were also utilized to  tear out phenolics from wastewaters, non-phenolic compounds, and some 

of pigments and dyes [4]. Laccases are multicopper enzymes that are qualified of oxidizing several 

aromatic compounds via a mechanism of a radical catalyzed reaction in the existence of oxygen. They 

are a family of blue and multi-copper oxidases which comprise, beside laccase, plant ascorbate oxi-

dase, the protein ceruloplasmin of the mammalian plasma, and bilirubin oxidase. Laccases contain 4 

atoms of copper in the active site, which play a significant role in their catalytic activity. These copper 

atoms are categorized into 3 types depending on their spectroscopic and functional characteristics; 

type 1 (blue), type 2 (normal) and type 3 (coupled binuclear) [5]. The first laccase from bacteria was 

proclaimed from Azospirillum lipoferum as a multimeric enzyme [6]. Also, laccase was found in dif-

ferent plants, e.g. Rhus vernicifera, Schinus molle, Magniftra indica (mango), Pistachia palaestina and 

Pleiogynium timoriense. Laccase can be found in other fruits besides mango, while some studies men-

tioned that the laccase enzyme might be present in tomato. Laccases are applied in numerous industrial 

sectors, such as discoloration of wine, paper processing, chemical production from lignin, and envi-

ronmental pollutants detoxification [7]. The applications of decolorization of pigments and dyes from 

the industrial waste of textile by bacterial and fungal laccase is being largely accumulated. This study 

aimed to determine the optimum conditions for the extraction of PPO and laccase enzymes from Mal-

va parviflora, including the type of extraction buffer, extraction time and extraction ratio. The study 

also aimed at testing the ability of these enzymes to decolorize different dyes. 

Materials and Methods 

Chemicals 
     Catechol, o-tolidine, Na-acetate, bovine serum albumin, Tris-HCl and Coomassie brilliant blue 

were purchased from Sigma Co., while the other chemicals were supplied by BDH Chemicals. 

Determination of polyphenol oxidase activity 
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     Catechol was utilized as a substrate to estimate enzyme activity. The reaction solution contained 

0.1 ml of the enzyme and 2.9 ml of substrate (0.01 M) in phosphate buffer (0.1M, pH 7.0). A blank 

sample was represented by three ml of the substrate solution [8]. The oxidation of catechol was deter-

mined by measuring the absorbance increase at 420 nm after 3 min using a spectrophotometer. One 

unit for activity of polyphenol oxidase was defined as the amount of polyphenol oxidase enzyme that 

accumulates in absorbance of 0.001/min. The enzyme activity was measured according the following 

equation: 

Activity of PPO (U.ml
–1

) = [(As2 sample – As1 sample) – (Ab2 blank – Ab1 blank)]/(0.001× t) 

As2sample: is the end absorbance of the sample, As1sample: is the first absorbance of the sample; 

Ab2blank: is the end absorbance of the control, Ab1blank: is the initial absorbance of the control, 

and (t) it is the reaction time in minutes [9]. 

Laccase activity 

   The activity of laccase enzyme was determined according to the method of Kalral et al.[10] through 

the utilization of o-tolidine as a substrate, while  o-tolidine oxidation was estimated via measuring the 

absorbance accretion at 366 nm by using a spectrophotometer.  

Determination of protein concentration 

Protein concentration was estimated according to the Bradford method [11]. 

Extraction ratio 

     One gram of Malva parviflora leaves was homogenized in various volumes of distilled water using 

a blender for extraction of laccase and PPO enzymes. The extraction proportions were 1:10, 1:5, and 

1:2 (w:v). Protein concentration and enzyme activity were also estimated. 

Extraction buffer 

     The leaves of  Malva parviflora plant were homogenized with various types of solution buffers at a 

ratio of 1:10 (w:v) for laccase and PPO extraction. These buffers are Tris-HCl at a concentration of 0.2 

and 0.1 M (pH 8), potassium phosphate 0.2, and 0.1 M at pH 7, and sodium acetate 0.2, and 0.1 M (pH 

6). Distilled water was also used for the extraction of laccase and PPO from the leaves of Malva parvi-

flora. In each treatment, the protein and the enzyme activity were estimated [12]. 

Extraction time 

     PPO and Laccase enzymes were extracted from Malva parviflora at different times (2, 5 and 10 

min.), by homogenizing the leaves in 0.2 M of Na-acetate buffer using a blender [9]. The enzyme ac-

tivity and the protein were also estimated. 

Decolorization of some dyes by PPO and Laccase enzyme 

     Fourteen types of dyes were prepared at a concentration of 25 mg/l. These dyes included nigrosin, 

phenol red, henna, brilliant green, toluidine blue, neutral red, indigo carmine, crystal violet, safranin, 

acridine orange, methylene blue, bromophenol blue, and blood. The absorbance of each dye was 

measured depending of its λ-max. The reaction mixture was prepared by adding 1 ml of the mixed en-

zymes (PPO and laccase) to 3 ml of the dye solution. The mixture was  incubated for 27 min, then the 

changes in the absorbance for each dye were measured. Control samples were prepared for each dye 

under the same conditions but without the addition of enzyme. Decolorization efficiency of the mixed 

enzymes was assessed by monitoring the decrease in absorbance under the maximum wavelength of 

the dye [13]. 

Results and discussions 

Effects of the extraction ratios on PPO and Laccase activities 

    Three extraction proportions were tested to determine the better ratio for PPO and laccase extraction 

from Malva parviflora leaves. Figures-(1 and 2) show that the extraction ratio of 1:10 (w:v) was the 

best ratio for PPO and laccase extraction, with specific activity values of 112.3 and 0.394 U/mg pro-

teins, respectively. In this context, Ridgway and Tucker (1999) [14], found that 1:3 (w: v) was a better 

proportion for the extraction of PPO from apple, while Yagar, and Sagiroglu [15] found that1:1 (v: w) 

was the better proportion for the extraction of PPO from quince. 
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Figure 1-Effects of extraction ratios on PPO activity extraction from Malva parviflora leaves. 

 

 
Figure 2-Effects of extraction ratios on Laccase activity extraction from Malva parviflora leaves. 

 

Effect of extraction buffer 

     Specific activities of PPO and laccase enzyme were measured after extraction by using different 

buffers. The results are illustrated in Figures-(3 and 4) which show that 0.2 M sodium acetate buffer 

(pH 6) was the best extraction buffer for PPO and laccase extraction, with specific activity values of 

206.8 and 1.8 U/mg protein, respectively, while the other buffers with different concentrations exerted 

low specific activity values. Aziz and AL-Sa'ady (2016) [9] found that potassium phosphate buffer 

(0.05 M, pH 7) was the best extraction buffer for PPO extraction from banana peel, with a high specif-

ic activity (300 U/mg), while other buffers with different pH and concentrations showed low specific 

activity. However, Aziz, et.al., (2018) [4] reported that the  best method for the extraction of PPO 

from banana peel with a high specific activity was the homogenization and dissolution in 100 ml 

phosphate buffer (0.05 M, pH 7) that contains 0.5% polyethylene glycol and ascorbic acid (0.01M) 

using a blender.  



AL-Sa'ady and Hilal                                         Iraqi Journal of Science, 2020, Vol. 61, No. 2, pp: 306-313 

310 

 
Figure 3-Effects of different extraction buffers on PPO extraction from Malva parviflora leaves. 

 

 
Figure 4-Effects of different extraction buffers on laccase extraction from Malva parviflora leaves. 

 

      It is worthy to mention that the effects of pH on the stability and enzyme activity may be through 

the influence on the protein structure of the enzyme via the alkalinity or acidity of the solution, due to 

the variation in the ionization state of the different amino acid residues [16]. The activity of enzymes 

is affected by pH in many ways. First, the enzyme stability is influenced by the environmental pH, 

since intensives acidity or alkalinity lead to the denaturation of the enzyme. Second, each enzyme has 

an optimum pH for its maximum activity and stability, and the enzyme is stable at certain limits above 

and under the optimum. Third, pH of the reaction mixture may influence the binding of the enzyme 

with its substrate. Also, the effects of pH on the solubility of the materials extracted from plant cells 

was reported [9]. 

Extraction time 

     Various extraction times were used for the extraction of PPO and laccase enzyme. The preferable 

time was shown to be five minutes, with specific activity values of 251.9 and 1.876 U/mg, respective-

ly, while after 10 minutes the specific activities were decreased, possibly because the increase in the 

blender temperature that impacts the total activity of these enzymes. The diminution in the enzyme 

activity at high-temperature may result from the shift in the enzyme structure that blocks the active 

sites, along with enzyme denaturation [17]. Aziz and AL-Sa'ady (2016) [9] found that the better time 
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for PPO extraction from banana peels was after one minute, with a high specific activity of 981 U/mg. 

While, Aziz et.al. (2018) [4] reported that the best time for PPO extraction from banana peels was 1 

minute. 

 
Figure 5-Effects of extraction time on PPO extraction from Malva parviflora leaves. 

 

 
Figure 6-Effects of extraction time on Laccase extraction from Malva parviflora leaves. 

 

Dye decolorization 
     The enzymes mixture was used for the decolorization of different dyes ( nigrosin, phenol red, hen-

na, brilliant green, giemsa  stain, toluidine blue, neutral red, safranin, acridine orange, bromophenol 

blue, indigo carmine, methylene blue, crystal violet, and blood) in order to demonstrate their potential 

in the treatment of dyestuff wastewater. The results showed that only nine dyes (Neutral red, Toluidin 

blue, Safranin, Crystal violet, Methylene blue, Blood, Phenol red, Henna, and Acridine orange) were 

reduced in their absorbance, while no change occurred after treatment with other dyes for 27 min   

(Table-1).  

     These results agree with the results of AL-Sa'ady et.al. [18], who used laccase produced from Ba-

cillus sp. in the decolorization of different dyes. Aziz, et.al. [4] tested the ability of the immobilized 

PPO from banana peel to decolorize different types of dyes, including neutral red, acridine, and tolui-

dine. They showed a change in their absorbance values after incubation with the enzyme for a certain 

time 
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Table 1-Decolorization of different dyes by enzyme mixture from Malva parviflora leaves. 

Dye 

Time 

ʎ-

max 

(nm) 

Ab.at 

zero 

time 

3 

min 

6 

min 

9 

min 

12 

min 

15 

min 

18 

min 

21 

min 

24 

min 

27 

min 

Brilliant 

green 
625 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 

Bromophenol 

blue 
590 2.43 2.43 2.43 2.43 2.43 2.43 2.43 2.43 2.43 2.43 

Giemsa stain 530 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 

Toludine blue 630 2.75 2.56 2.46 2.32 2.27 2.12 2.12 2.12 2.11 2.11 

Neutral red 545 1.43 1.32 1.25 1.09 0.89 0.76 0.67 0.64 0.62 0.55 

Acridine or-

ange 
495 1.59 1.36 1.18 1.06 0.97 0.86 0.74 0.63 0.546 0.546 

Indigo car-

mine 
495 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 

Crystal violet 588 2.43 2.23 2.21 2.08 1.97 1.74 1.52 1.43 1.27 1.07 

Safranin 534 1.98 1.87 1.72 1.61 1.45 1.37 1.24 1.24 1.24 1.24 

Methylene 

blue 
665 3.27 3.02 2.83 2.64 2.47 2.28 1.98 1.79 1.63 1.63 

Nigrosin 580 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 

Phenol red 570 1.98 1.84 1.73 1.66 1.52 1.39 1.17 1.01 0.95 0.95 

Henna 425 2.33 2.21 2.06 1.83 1.65 1.47 1.25 1.06 0.97 0.73 

Blood 417 2.77 2.63 2.52 2.39 2.17 1.89 1.57 1.31 1.16 1.03 
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