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CHARACTERIZATION OF CATALASE ENZYME FROM LEAF TISSUE 
OF ARONIA (ARONIA MELANOCARPA) PLANT

ABSTRACT

Aronia is among the most antioxidant containing plants which is found com-
monly around the world. Aronia cultivation started in Turkey for the first time in 
2012 at the Atatürk Central Research Institute of Garden Cultures, and a plantati-
on was constructed in the experimental area. Since antioxidants help to preserve 
food by blocking oxidation processes and contributing to the health promotion 
provided by numerous dietary supplements, nutraceutical and functional food ad-
ditives, antioxidant capacity of these plants should be well characterized. To assess 
and evaluate the antioxidant content of foods and plant products, many approac-
hes are utilized. In this study, catalase (CAT) enzyme was partially purified from 
aronia plant leaf tissue and characterization was carried out. Purification process 
consisted of homogenate preparation, ammonium sulfate precipitation and dialy-
sis. The optimal ionic strength, pH, substrate concentration and enzyme quantity 
were examined. These values were found to be 300 mM Tris, pH:8.0, 12 mM H2O2 
and 75 μl, respectively, for the catalase enzyme of the Aronia plant leaf tissue. This 
study is the first in the literature dealing with the characterization of antioxidant 
enzyme from Aronia plant. 

Keywords: Antioxidant, Aronia, Catalase, Characterization.



ARONIA (ARONIA MELANOCARPA) BİTKİSİNİN YAPRAK 
DOKUSUNDAN KATALAZ ENZİMİNİN KARAKTERİZASYONU

ÖZ:

Aronia, dünya çapında yaygın olarak bulunan en çok antioksidan içeren bit-
kilerden biridir. Türkiye’de ilk kez 2012 yılında Atatürk Bahçe Kültürleri Merkez 
Araştırma Enstitüsü’nde Aronia yetiştiriciliğine başlanmış ve deneme alanına 
ağaçlandırma yapılmıştır. Antioksidanlar, oksidasyon süreçlerini bloke ederek ve 
çok sayıda diyet takviyesi, nutrasötik ve fonksiyonel gıda katkı maddesi tarafın-
dan sağlanan sağlığın önemine katkıda bulunarak gıdaların korunmasına yardım-
cı olduklarından, bu bitkilerin antioksidan kapasiteleri iyi karakterize edilmelidir. 
Gıdaların ve bitkisel ürünlerin antioksidan içeriğini değerlendirmek ve belirle-
mek için birçok yaklaşım kullanılmaktadır. Bu çalışmada aronia bitkisinin yaprak 
dokusundan katalaz (CAT) enzimi kısmen saflaştırılmış ve karakterizasyonu ya-
pılmıştır. Saflaştırma işlemi, homojenat hazırlama, amonyum sülfat çökeltme ve 
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diyalizden oluşmaktadır. Optimum iyonik kuvvet, pH, substrat konsantrasyonu ve 
enzim miktarı incelenmiştir. Bu değerler Aronia bitki yaprak dokusunun katalaz 
enzimi için sırasıyla 300 mM Tris, pH:8.0, 12 mM H2O2 ve 75 µl olarak bulunmuş-
tur. Bu çalışma Aronia bitkisinden elde edilen antioksidan enzimin karakterizas-
yonu ile ilgili literatürdeki ilk çalışmadır.

Anahtar Kelimeler: Antioksidan, Aronya, Katalaz, Karakterizasyon.

1. INTRODUCTION

A native plant of North America, Aronia melanocarpa (aronia) is commonly 
known as black chokeberry and is now cultivated worldwide. The aronia plant, 
which belongs to the Rosaceae family, is very rich in anthocyanins and other phe-
nolic compounds and has a dark purple color. With its high total polyphenol and 
anthocyanin content and DPPH radical scavenging activity, Aronia is known to 
have powerful antioxidant features compared to many other fruits (Jakobek et al., 
2007; Benvenuti et al., 2004).

Aronia has a wide range of phenolic chemicals, including phenolic acids, flavo-
nols, anthocyanins, and flavan-3-ols (Taheri et al., 2013). So far, it has been shown 
that aronia berry decreases cystolic blood pressure and cholesterol levels (Hawkins 
et al., 2021), which reduces the risk of chronic illnesses (Jurikova et al., 2017) and 
provides strong antioxidant protection (Kardum et al., 2014).

O2 is generally not reactive to most cellular components, but ROS (reactive 
oxygen species) causes oxidation of lipids, proteins, RNA, DNA and many small 
molecules in the cell. ROS have a high reactivity to these biological components 
due to their changed chemistry as compared to O2, which permits them to donate 
an electron or transfer an excited energy state to an acceptor molecule (Halliwell 
and Gutteridge, 2015). Hydrogen peroxide (H2O2), superoxide (O2), singlet oxy-
gen (1O2), the hydroxyl radical (HO.) and different types of organic and inorganic 
peroxides are the principal forms of ROS in cells, which vary widely in their cha-
racteristics and chemical reactivity (Halliwell and Gutteridge, 2015; Mittler, 2017; 
Waszczak et al., 2018; Smirnoff and Arnaud, 2019; Sies and Jones, 2020). Since 
ROS is very reactive and is produced independently in nearly all cell compart-
ments, its levels must be controlled to prevent undesired cellular oxidation. 

A group of polyphenolic compounds commonly found in fruits, vegetables and 
other food products and produced as secondary metabolites in plants are called 
flavonoids. In addition to other bioactivities (eg, anti-inflammation, anti-aging), 
flavonoids have beneficial biochemical effects on certain diseases (eg, anti-glau-
coma, anti-cancer) by affecting certain enzymes (Guven et al., 2019; Williamson 
et al., 2018; Gentile et al., 2018). Their principal biological function is antioxidant 
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protection. Flavonoid antioxidant activity can protect against free radical damage 
by scavenging reactive oxygen species, activating antioxidant enzymes, inhibiting 
oxidases (e.g., xanthine oxidase [XO], cyclooxygenase [COX], lipoxygenase and 
phosphoinositide 3-kinase [PI3K]), and reducing α-tocopheryl radicals. To dec-
rease oxidative stress, flavonoid antioxidant activity can raise uric acid levels, me-
tal-chelating activity, and low-molecular-weight antioxidant activity (Williamson 
et al., 2018). 

Antioxidants have been promoted as helpful agents in improving plant stand 
and minimizing the impacts of biotic and abiotic stressors.

Plants have many enzymatic and non-enzymatic defensive strategies against 
oxidative stressors caused by ROS. The antioxidant enzymes of superoxide dismu-
tase (SOD), catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase 
(GPX) have an important place in the enzymatic defense systems of plants to remo-
ve ROS (Azevedo Neto et al., 2004). SOD is the primary O2.- scavenger and results 
in the formation of H2O2 and O2 by enzymatic reaction. The H2O2 generated is sub-
sequently removed by CAT (Azevedo Neto et al., 2006). Catalase (H2O2 : H2O2 oxi-
doreductase E.C.1.11.1.6) is a kind of antioxidant enzyme found in all aerobic orga-
nisms. It is known that H2O2  is converted into water and oxygen in the cell in the 
presence of catalase with the realization of environmental stress. Catalase is found 
in all major locations of H2O2  generation in higher plants’ cellular environments 
(such as peroxisomes, mitochondria and cytosol) (Sharma and Ahmad, 2014).

Due to the importance of catalase in plant defense system, we aimed in this 
study to purify the enzyme from Aronia melanocarpa leaves for the first time and 
to determine optimum buffer, optimum ionic strength, optimum pH and opti-
mum substrate amount in order to find new potential natural antioxidant sources.

2. METHODS

2.1. Chemicals

Sigma-Aldrich supplied the chemicals utilized in the purifying process Aldri-
ch (St. Louis, Mo, USA). Merck supplied the other compounds used (Darmstadt, 
Germany). 

2.2. Preparation of the Homogenate and in Vitro Enzyme Assay

Leaf tissue was obtained from the aronia plant. The leaves were crushed into 
small pieces and then thoroughly crushed and homogenized with liquid nitrogen 
(approximately -196°C), then 300 mM Tris (2-Amino-2-(hidroksimetil)-1,3-pro-
pandiol) buffer was added and centrifuged at 4°C, 15.000 xg. After centrifugation 
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step, the supernatant was filtered and enzyme activity was measured. The activity 
was measured at 240 nm using a Shimadzu UV-1800 spectrophotometer.

Hydrogen peroxide (H2O2) was used as the substrate for catalase. 100 µl of 
H2O2 in 0.3 M Tris buffer (pH 8.0) was transferred to the cuvette. The enzymatic 
reaction was initiated by adding 100 µl of supernatant containing catalase enzyme 
to the cuvette, and the final volume was reduced to 1 ml with distilled water; the 
absorbance value at the commencement of the reaction was then measured in a 
spectrophotometer at 240 nm.

2.3. Ammonium Sulfate Precipitation and Dialysis

Ammonium sulfate precipitation was performed for the prepared homogenate. 
Accordingly, the homogenate was adjusted at different intervals with solid ammo-
nium sulfate at a salt concentration of 0-100%. The precipitate was dissolved with 
a minimal amount of Tris buffer 0.3 M, Tris. The maximum enzyme activity was 
found at concentrations ranging from 20-40%.

To remove salts from protein solutions, dialysis was performed. A dialysis bag 
with a semi-permeable membrane, typically composed of cellulose acetate and ha-
ving a porous structure, is utilized for this procedure. The prepared solution was 
placed in this bag and slowly mixed by passing it through the suitable buffer. Small 
molecules go across the membrane until the osmotic pressure was adjusted. The 
buffer outside the membrane was altered multiple times during this procedure.

2.4. Characterization of the Enzyme With Kinetic Parameters

To characterize the enzyme, different pH, substrate, and ionic strength parame-
ters were examined. The enzyme’s characterization parameters were calculated as 
optimum ionic strength: 300 mM Tris, pH: 8.0 and substrate concentration: 12 mM.

3. RESULTS AND DISCUSSION

Catalase enzyme was partially purified and characterized from aronia plant leaf 
tissue in this work. The high antioxidant content of the aronia plant and its favo-
rable effects on human health highlight the significance of our work. Throughout 
history, people have used the leaves of many plants to make herbal tea. These teas 
contain high levels of phytochemicals derived from polyphenols, flavonoids and 
chlorophyll. Phytochemicals are secondary metabolites found in plants that have 
been extensively studied in terms of different bioactivities such as anticancer, an-
ti-inflammatory and antibacterial, and so on (Gawron-Gzella et al., 2012; Do Thi 
and Hwang, 2014). Quercetin, rutin, and chlorogenic acid are the most abundant 
polyphenols in aronia leaves (Pirvu et al., 2014). Polyphenols are the most abun-
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dant antioxidant chemicals in plants which can reduce inflammation, cancer, and 
aging by quenching reactive oxygen species (Tsuda, 2012).

The characterization research is critical for determining and selecting the ideal 
values for the importance and antioxidant characteristics of the aronia plant-deri-
ved catalase enzyme. As previously stated, in addition to the relevance of the aronia 
plant’s leaf content, the characterisation of the catalase is critical for both the plant 
and the enzyme.

Because of the strong antioxidant content of aronia, the purification and chara-
cterisation of the catalase enzyme demonstrates the study’s uniqueness.

Catalase enzyme was partially purified from aronia plant and characterized in 
this work for the first time. After homogenization, the enzyme’s precipitate satura-
tion with solid (NH4)2SO4 was determined to be 20-40%. This finding demons-
trates that the purification process is consistent with previous investigations and 
will serve as a model for future research. Both potassium phosphate and Tris buffer 
measurements were made for optimum ionic strength optimization. The ideal io-
nic strength was evaluated between 10 mM and 600 mM Tris buffer as a result of 
the optimization experiments, and the optimum ionic strength was identified in 
300 mM Tris (Table 1). 

Table 1. Activity measurements of aronia fruit leaf tissue catalase enzyme optimal 
ionic strength TRIS buffer

pH was adjusted between 5.0 and 8.5 to find the optimal pH, which was deter-
mined to be 8.0 (Table 2). 

Table 2. Activity measurements of aronia fruit leaf tissue catalase enzyme optimal 
pH value Tris (300 mM) buffer

In addition, the optimum substrate concentration was measured between 3 and 
15 mM and the optimum substrate concentration was found to be 12 mM H2O2 
(Table 3).

[mM] 10 20 50 100 150 200 300 400 500 600

%Activity 22.8  74.8   64.5 58.2   84 70,8 100 53,7 74,8 63,4

pH 5.0        6.0        6.5 7.0 7.5 8.0 8.5

%Activity 95.2 62.8      56.2      68.8      82.0      100 90.4
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Table 3. Optimum substrate concentration 300 mM TRIS (pH=8) buffer activity 
measurements for aronia fruit leaf tissue catalase enzyme

Many studies on the inhibition of CAT and other antioxidant enzymes have 
been done in the literature, and the results showed similar results with our study.

In a study by Dinçler and Aydemir, catalase enzyme was purified from the 
chard plant. As a result of the study, a wide optimum pH range was found to be 
6.0-8.0. At the same time, the precipitation range of ammonium sulfate was found 
to be 45% (Dinçler and Aydemir, 2001).

In another study, catalase enzyme was purified from sprouted black gram 
(Vigna mungo) seeds and optimum pH and temperature were found to be 7.0 and 40 
°C, respectively (Kandukuri et al., 2012).

In the purification and characterization study of the catalase enzyme carried 
out in Turkey Van apple, the optimum pH value was found to be 5.0 and the opti-
mum temperature was 50 °C (Yoruk et al., 2005).

In the study of partial purification of catalase enzyme from red cabbage, the 
optimum pH was found to be 7.0 at an optimum temperature of 30 °C (Adnan et 
al., 2018).

Agaricus bisporus is a well-known and extensively consumed mushroom. The 
best pH value for the purification and characterisation of the catalase enzyme from 
this fungus was determined to be 7.5, while the optimum ammonium sulfate preci-
pitation range was 45-90% (Susmitha et al., 2013).

In another study, the catalase enzyme from the seaweed Porphyra yezoensis was 
characterized and the optimum pH value was found in the range of 6.0 to 11.0 at 
an optimum temperature of 30 °C (Nakano et al., 1995).

Catalase enzyme is found not only in plants but also in animals and the purifi-
cation process takes place. Purification and characterization studies from different 
animals and different tissues have also found similar results with our study.

H2O2 (mM) 3 6 9 12 15

%Activity 25 50      75    100      125     
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In the study on the purification and partial characterization of catalase from 
chicken erythrocytes, the optimum pH was 7.0 and the optimum temperature was 
25 °C (Aydemir and Kuru, 2003). 

The optimal pH and temperature in the Purification and Properties of Liver 
Catalase in Water Buffalo (Bubalus bubalis) investigation were determined to be 
7.5 and 30 C, respectively (Nadeem et al., 2015).

In a research comparing purification and characterisation of liver catalase with 
normal dog liver catalase in the acatalasemic beagle dog, the activities of wild type 
and acatalasemic dog liver catalases revealed distinct pH profiles in the pH range 
of 3.0 to 11.0. Catalase activity purified from wild type dog liver did not alter sig-
nificantly across a large pH range, although it did demonstrate activity even at pH 
11.0. Catalase activity isolated from acatalasemic dog liver, on the other hand, was 
only stable in a restricted pH range of 6.0-9.0 (Nakamura et al., 2000).

In a study, it was found that the aronia plant has high antioxidant activity. The-
se results demonstrated the high antioxidant activity of chokeberry berries with a 
large variation ranging from 127.45 (juice) to 301.89 (pomace) for DPPH radical 
equivalents per μM Trolox/100 g dry weight and from 314.05 (juice) for ABTS 
radical to 779.58 (pomace) µM Trolox/100 g dry weight (Oszmiański and Wojdylo, 
2005).

Catalase enzyme has been isolated from many tissues of both plants and mam-
mals, as observed in our work and other investigations, and characterisation tests 
have been performed. We think that the results obtained from our study will cont-
ribute to catalase enzyme purification and characterization studies to be carried 
out in the future.

4. CONCLUSIONS

As a result, catalase enzyme was characterized from leaf tissue of aronia plant. 
This study is the first to reveal the partial purification and characterization of the 
catalase enzyme of aronia, which is an economically important plant and has high 
antioxidant value in both the leaf and fruit part. Our findings will help to promote 
the emergence of novel aronia plant characteristics as well as the consumption of 
the plant.
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