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Abstract 
rowning is a biochemical process that occur in fruits, it affects the quality of fruits and their products. 

This led to a concern by the food and beverage industry due to clouding and other undesirable effects 

that affect consumer acceptability. The enzyme polyphenol oxidase (PPO) is implicated in browning 

reaction. It oxidises O-diphenols to O-quinones, a process that leads to browning reactions in wounded 

fruits, vegetables and plants including apple and garden egg. Inhibition studies of polyphenol oxidase from 

apple (Malus domestica) and garden egg (Solanium aethiopicum) extracts was performed. Higher protein 

concentration (5.2mg/ml) was recovered from apple compared to 3.81mg/ml from garden egg, while the 

enzyme (PPO) activity and specific activities were higher in garden egg extract compared to apple. Browning 

of the fruit was rapid at pH 7.0 for apple as compared to pH 6.0 for the same effect in garden egg. The 

optimum temperature for the two fruits was discovered to be 25ºC. Inhibitors such as EDTA, ascorbic acid 

and metabisulphite could potentially be used to control enzymatic browning. Metabisulphite was found to be 

the most effective inhibitor against PPOs extracted from apple and garden egg. Similarly, processing of the 

fruits under acidic condition and at high temperature may inhibit enzymatic browning.  
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Introduction  

Polyphenol oxidase (PPO) is an enzyme that is widely distributed in fruits and vegetables. It is a copper 

containing enzyme that catalyzes the hydroxylation of aminophenol to O-diphenol and the oxidation of O-

dihydroxyphenols to O-quinones using molecular oxygen (Lee and Whitaker, 1995). The nonexpanding O-

quinones subsequently polymerize to brown pigments. Polyphenol oxidase catalyzes two basic reactions; 

hydroxylation to the O-position adjacent to an existing hydroxyl group of the Phenolic substrate (monophenol 

oxidase activity), and oxidation of diphenol to O-benzoquinones (diphenol oxidase activity) (Nicholas et al., 

1994; Farid et al., 1997). 

 

The action of polyphenol oxidase leads to the change in colour and flavor of fruits and vegetables during 

harvest, storage and processing, which reduces the commercial value of the fruits, vegetables and their 

products (Kim et al., 2002). Polyphenol oxidase has been widely studied in various plants such as peat, 

blueberry, group, tea plant and apple (Ying and Zhang, 2008). Food quality is evaluated by consumers based 

on four characteristics; appearances, flavour, texture and nutritional value. The most important of which is 
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appearance which is a function of colour of the food. Naturally occurring pigments such as chlorophylls, 

carotenoids and anthocyanins, and other pigments resulting from both enzymatic and non-enzymatic 

reactions are responsible for the colour of food (Bello and Adam, 2011). Thus, enzymatic browning of fruit 

which is caused by the oxidation of phenol compounds into quinones, a reaction catalyzed by PPO in the 

presence of oxygen and gives rise to a characteristic brown pigmentation (Carbonaro and Mattera, 2001). 

 

Fresh-cut fruits and vegetables are very popular due to their convenience and fresh characteristics, however, 

discoloration of fresh-cut products leads to loss of aesthetics, nutritional qualities and market value (Kim et 

al., 2002). Moreover, the discoloration caused by the browning affects the organoleptic and nutritional 

characteristics of food thereby leading to changes in the quality of food products (Carbonaro and Mattera, 

2001). The level of polyphenol oxidase at harvest and its variation during fruit storage determines its 

susceptibility to browning. Polyphenol oxidase has been implicated as the main enzyme responsible for 

browning (Lattanzio et al., 1994). Reports have indicated that other factors such as substrate (polyphenol) 

affect browning (Coseteng and Lee, 1987). 

 

Fruit browning due to mechanical wounding such as cutting, bruising or damaging is as a result of phenolic 

oxidation caused by the destruction of cellular compartments which brings the enzyme and substrate in close 

proximity (Mayer and Harel, 1979). However, the rate and degree of browning is affected by concentration 

and activity of polyphenol compounds and the oxidase respectively (Singleton et al., 1985). The overall effect 

of browning is a great loss of about 50% in the fruit and vegetable industry (Lee and Whitaker, 1995), thus the 

need to control of browning to minimize loss. Some of the measures include appropriate cultivation selection 

and ripeness degree based on low browning potential, addition of reaction inhibitors (antioxidants such as 

sulfatides and ascorbic acid (AA)), altering the pH, use of low temperatures during processing (Sapers and 

Miler, 1998). Proteases and detergents such as trypsin and sodium dodecyl sulfate (SDS) are often used due to 

their ability to digest enzyme and affect the binding properties of the substrates based on hydrophobicity 

(Gandia-Herrero et al., 2005). 

 

Enzymatic browning offers certain beneficial roles in the processing such as colour and flavor of tea and 

coffee that lead to their acceptability (Cash et al., 1976). The brown colour exhibited by some fruits such as 

raisins, prunes and figs after drying is a consequence of the oxidase reaction. In order to minimize the 

discoloration, blanching is used to inactivate the enzyme after colour development (Cheng et al., 2000). 

Moreover, polyphenol oxidase offers physiological roles in protecting plants against insect and microbial 

attack. It facilitates the production of quinones which polymerize to melanin that exhibits antibacterial and 

antifungal activities (Felton, 2005; Vamos-vigyazo et al., 1976).  

 

Methods 

Fresh fruit samples (Apple and garden egg) were collected at Keffi market in Nasarawa State, Nigeria (apple 

and garden egg). They were then sorted out on the basis of presence or absence of any physical damage and 

then divided into three replicate of 200 g fruit in each group. The fruits were transported to the laboratory and 

stored overnight at 100ºC prior to processing. The unprocessed fruits were disinfected with 80% ethanol. All 

the materials to be used for cutting and handling the fruits were also disinfected prior to the commencement 

of the experiment. The metallic surfaces were sterilized by heat at regular intervals (Bello and Adam, 2011) 

 

Extraction of Polyphenol oxidase 

The extraction was carried out as described by Bello and Adam (2011). In brief, the fruits were sliced 

horizontally into halves with a sharp knife. Each half was cut into four equal slices and the processed fruit 

samples were stored at 5ºC. Prepared fruit sample (50g) was homogenized using paste and mortar for 1 

minute in 400 cm3 of cold acetone. The homogenate was filtered quickly under vacuum of a Buchner funnel. 

The filtrate was suspended in 150cm3 of 0.1m sodium phosphate buffer pH (6.5) and stirred for 30minutes at 
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0ºC, the suspension was centrifuged at 10000 rpm for 30minutes at 4ºC and the homogenate contained the 

extracted PPO (Ying and Zhang, 2008). 

 

Assay of Polyphenol oxidase activity 

The protein concentration was determined. Polyphenol oxidase activity was determined by measuring the 

increase in absorbance at 410mm with spectrophotometer. The sample cuvette contained 2.0ml of catechol (10-

80mm). 0.9cm3 of 0.2M sodium acetate buffer pH 4.0 and 0.1cm3 of enzyme solution. Each sample was assayed 

in triplicate. Reference cuvette (blank) contained 2.0cm3 of the same substrate solution and 1.0cm3 of 0.2m 

sodium acetate buffer (Ying and Zhang, 2008). 

 

Kinetic Properties  

Polyphenol oxidase activity was assayed with a specific substrate, catechol (pyrocatechol benzene-1,2-diol) at 

concentration range of 10-80mm. Enzyme properties (at pH 4.0 and 25oc) was determined by the Michealis-

Menten equation. Whereas kinetic parameters (Km and Vmax) were calculated using Line Waver-Burk plot 

(Line weaver and Burk, 1934).  

 

Effect of pH on Polyphenol oxidase activity and stability 

Two kinds of buffer solutions were used for this study; 0.2M sodium acetate buffer for the pH range of 3.0-5.5 

and 0.2M sodium phosphate buffer for pH 6.0-8.5. Catechol (20mm) was used to determine the effect of pH on 

PPO activity. To determine the effect of pH on PPO stability. 0.1cm3 of enzyme solution was incubated in 

0.9cm3 of various buffer solutions (pH 3.0-8.5) for 10 hrs at 4ºC and the residual activity was measured at 2 

and 10 hours respectively. The enzyme activity was measured according to the method described above, 

residual PPO activity was determined in the form of percent residual PPO activity at the optimum pH.  

 

Effect of temperature on PPO activity and stability  

The PPO activity was determined at various temperature contrived by a water-both. The mixtures of 0.9cm3 of 

0.2M sodium acetate buffer (pH 4.0) and 2.0cm3 of 20mm of catechol solution was incubated for 5mins at 

various temperatures over the range of 10-90ºC to the addition of 0.1cm3 of enzyme solution. The relative 

activity of PPO at a specific temperature was determined by addition of enzyme to the mixture as rapidly as 

possible. Residual PPO activity was determined in the form of percent residual PPO activity at the optimum 

temperature. To determine the effect of temperature on PPO stability. A 0.2cm3 of crude enzyme solution 

were injected into eppendrof tube and incubated at various temperature (20, 30, 40, 50, 60, 70 and 80ºC at 

different time (10-20 minutes) in a water bath. After heat treatment, the enzyme samples were immediately 

cooled in an ice bath. The sample cuvette contained 2.0cm3 of 20mm catechol, 0.9cm3 of 0.2m sodium acetate 

buffer, pH 4.0 and 0.1cm3 of heated solution. The percentage residual PPO activity was calculated by 

comparison with unheated enzyme. Based on the Arrhenius principle measuring the maximum initial rate at 

different temperatures and plotting the logarithmic value of Vmax against 1/T (Segel, 1976).   

 

Inhibition tests  

The reaction mixture contained 2.0cm3 of 20mM catechol, 0.4cm3 of 0.2M sodium acetate buffer (pH 4.0) and 

0.5cm3 of inhibitor solution (0.1-l0mM) in 0.2m and 0.1cm3 of enzyme solution. Each of the inhibitor was 

assured at various concentrations (0.02M-3.0M, and 5.0-50.0%). Relative enzyme activity was calculated as 

percentage of the activity without any inhibitor. Inhibitor used include; Ascorbic acid, Metabisulphite and 

EDTA. 
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Results 

 

The General Properties of Extracts from Apple and Garden Egg 

In order to study the properties of PPO from apple and garden egg, the enzyme was extracted from the two 

plants as a crude extract. Table 1 below shows the properties of the different extracts, higher concentration of 

protein (5.2 mg/ml) was recovered from apple compared to 3.81 mg/ml from garden egg extract. As shown 

in the Table below the enzyme (PPO) activity was higher in the garden egg extract compared to that of apple. 

Similarly, higher specific activity was demonstrated by the garden egg extract compared to that of apple.  

 

Table 1- Some Properties of PPO Extracts from Apple and Garden Egg 

 

 

Effect of pH on Polyphenol oxidase activity 

Two pH optima were observed for apple polyphenol oxidase with catechol as substrate (Figure 1), at pH 3.0 it 

maintains a stable activity. A different behavior was exhibited by PPO from garden egg, at pH 3.0 the activity 

of PPO on garden egg increases slowly at pH 6.0 as shown in Figure 2. 

 
Figure 1: Effect of pH on Polyphenol Oxidase Activity of Apple Extract 
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Garden 

egg 

45.8 3.81 90.4 1025 237.2 100 1.0 
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Figure 2: Effect of pH on Polyphenol Oxidase Activity of Garden Egg Extract 

 

 

Effect of Temperature on Polyphenol oxidase activity 

The effect of temperature on polyphenol oxidase from apple and garden egg was tested, and the results are 

presented in Figures 3 and 4 respectively. The optimum temperatures for apple and garden egg PPOs were 

discovered to be 25ºC (Figs. 3 and 4).  

 
Figure 3: Effect of Temperature on Polyphenol Oxidase Activity of Apple Extract 
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Figure 4: Effect of Temperature on Polyphenol Oxidase Activity of Garden Egg 

 

 

Discussion 

Higher concentration of protein (5.2 mg/ml) was recovered from apple compared to 3.81 mg/ml from garden 

egg extract. In contrast, the enzyme (PPO) activity was higher in the garden egg extract compared to that of 

apple. Similarly, higher specific activity was demonstrated by the garden egg extract compared to that of 

apple.  

 

Acidic pH may inhibit PPO activity and reduces browning 

Enzymes being mostly proteins are affected by change in pH, but demonstrate their optimum activity at 

certain pH. This characteristic of enzyme was tested for the two extracts (apple and garden egg). Two pH 

optima were observed for apple polyphenol oxidase with catechol as substrate at pH 3.0 it maintains a stable 

activity.  At pH 7.0 the activity of PPO increases rapidly, this may affect the fruits during storage, processing 

and consumption. It may also explain the browning of the fruit at this pH 7.0 due to high enzyme activity. 

The activity of PPO increases rapidly thereby affecting it during storage and consumption. The results 

indicated that PPO is unstable at acidic medium and relatively stable near neutral pH.  This may imply that 

processing the fruits under acidic condition may inhibit enzymatic browning. 

 

An inverse Relationship between Temperature and Polyphenol Oxidase Activity 

Enzyme activity is determined by the temperature of the medium, this is due to their protein nature, and since 

high temperature leads to protein denaturation thus a decreased enzyme activity. As the temperature 

increases, the enzyme activities were found to drop, at temperatures the activities were almost non-detectable. 

This phenomenon may be associated with denaturation of the proteins at high temperatures, thus, lower 

temperatures favor protein (enzyme) activity. 

 

Metabisulphite is a potent inhibitor of PPO 

The results of the polyphenol oxidase activities of garden egg and its other profile are in agreement with the 

report of Bello and Adam (2011). The inhibitory effect of ascorbic acid, EDTA, and metabisulphite on PPO 

extracts was quite revealing. Ascorbic acid is known to inhibit browning due to its capacity of reducing O-

quinoes to corresponding or diphenols (Zang and Huang, 2002). The effect of ascorbic acid on apple and 
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garden egg at different concentration 0.16, 0.32, 0.64, 1.28, 2.56 and 5.12 mM reduced the residual PPO activity 

to the least minimum, this is in agreement with previous reports (Bello and Adam, 2011; Ying and Zhang 

2008).  

 

EDTA was utilized with an objective to bind cu2+ of the PPO to block the prosthetic group and consequently 

to inhibit its activity. Contrary to expectations only about 40% of the PPO activity was affected with the 

highest concentration of EDTA. Sodium metabisulphite possibly inhibits the enzyme or can react directly with 

the quinones to reduce them to original phenol. Metabisulphite was found to be the most effective inhibitor 

against PPOs extracted from apple and Garden egg.  

  

In conclusion, the results obtained indicated that browning in fruits can be controlled by altering the pH to 

the acidic condition. High temperatures also negatively affect browning, due to the low activity of the 

polyphenol oxidase. Inhibitors such as EDTA, ascorbic acid and metabisulphite, can be used to control 

enzymatic browning. Although, the inhibitors have the effect explained above, however, metabisulphite may 

be considered to be the most effective of the three inhibitors. 
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