Effect of Processing Methods on Antioxidant Activity, Phenol and Flavonoid Content of Urtica kioviensis Leaves
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ABSTRACT

The cooking method may affect antioxidant capacity and total phenol and flavonoid content in many fruits and vegetables. These effects may cause degradation of anti-oxidant compounds, formation of new products or destruction of active metabolites. The aim of this study is to measure the antioxidant activity, total phenol and flavonoid contents of fresh Urtica kioviensis (U. kioviensis) leaves after being subjected to different cooking method. Antioxidant activity was assayed by using 2, 2-diphenyl-1-picryl-hydrazyl-hydrate, flavonoid content was determined by using Rutin reference standard method, and the total phenol content was determined by Folin-Ciocalteu method. Fresh U. kioviensis showed to possess the highest antioxidant capacity (IC50 value 19.95±0.21mg/ml) and the highest content of phenol (78.27±0.16mg GA/g) and flavonoid (43.3±0.00mg RU/g), followed by shade-dried extracts (70.19±0.22mg GA/g for phenol and 43.3±0.21mg RU/g for flavonoid). While the oven dried extracts and boiled possessed lower antioxidant capacity (IC50 value 28.18±0.18mg/ml and IC50 value 31.62±0.11mg/ml respectively) and reduced phenolic (42.2±0.12 and 41.13±0.13mg GA/g respectively) and flavonoid contents (15.6±24mg RU/g extract and 7.2±0.24mg RU/g extract respectively). Fresh and shade dried U. kioviensis leaves have high antioxidant activity and are rich in phenol and flavonoid. Boiled or roasted leaves did not cause complete loss of their nutritional values. The fresh and shade dried U. kioviensis leaves remained preferred over boiled or oven-dried extracts as a nutrient and for preparing nutraceutical, cosmeceuticals and pharmaceutical supplements 
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1. INTRODUCTION

One of the exciting research in the last decade has been the discovery of a group of nutrients, which have protective effects against cell oxidation 2

. 1

. These naturally occurring compounds impart bright color to fruits and vegetables and act as antioxidants in the body by scavenging harmful free radicals, which are implicated in most degenerative diseases 
Since ancient times Urtica kioviensis Rogow (U. kioviensis) are used by human beings as a diet and as a medication. Urtica kioviensis young leaves are nutritionally rich plants since they possess high contents of crude fibers, essential fats, proteins, vitamins, micronutrients and carotenoids 3,4
. In Palestine and many neighboring countries, fresh U. kioviensis leaves are used as salad after boiling or soaking them with salty water while, shade dried and roasted leaves are more often used as spices 
Moreover, different parts of  U. kioviensis are used as medicine in various dosage forms like powders, capsules, tablets, ointments and gel 
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. Therefore, in many Mediterranean countries, U. kioviensis is used  for the treatment of various diseases such as, prostatic enlargement, anemia, cancer, liver cirrhosis, hemorrhage, kidney stones, rheumatism, gout, diabetes mellitus, hypertension,  hair loss and eczema 
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. Urtica kioviensis possess anti-inflammatory, antiviral, antioxidant, antidandruff, anti-hemorrhoid, antiulcer, antimicrobial, antihypertension, and analgesic properties, and its use for the treatment of benign prostate hyperplasia have been approved 
5,14-20
.
The present investigation was carried to evaluate the antioxidant activity and to estimate the total phenol and flavonoid content of U. kioviensis leaves under different conditions of processing.
2. MATERIAL AND METHODS
2.1. Chemical Reagents 

 2, 2-Diphenyl-1-picrylhydrazyl (DPPH); Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid); Folin-Ciocalteu reagents were purchased from Sigma-Aldrich (Denmark); Rutin hydrate was purchased from MP-Biomedical (USA). All other chemicals used were of the highest purity grade available commercially.
2.2. Collection of U. kioviensis leaves
Urtica kioviensis leaves were collected during March 2015 from the Jenin region of the North West Bank of Palestine. Voucher specimen was deposited in the Herbarium of the Pharmaceutical Chemistry and Technology Division Laboratory and its voucher specimen code was (Pharm-PCT-2559).

2.3. Preparation of fresh U. kioviensis leaves

The leaves were washed several times using distilled water, cut in small slices and kept in the refrigerator for further use.

2.4. Preparation of shade dried U. kioviensis leaves 

The leaves were washed several times using distilled water and then dried in the shade at room temperature. The dried leaves were powdered well by using mechanical grinder.
2.5. Preparation of roasted U. kioviensis leaves (oven-dried method)

The leaves were washed several times using distilled water and then roasted in the oven at 150 ºC for 5min. Then the leaves were powdered well by using grinder and placed into a well closed container.

2.6. Preparation of boiled U. kioviensis leaves (boiling method)
The leaves were washed several times using distilled water and then cut in small pieces. Ten gram of leaves were placed in a beaker with 100ml Milli-Q water and boiled for 30 min. Then the mixture was dried under the hood and kept in a well closed container for further use.

2.7. Preparation of U. kioviensis extracts for antioxidant evaluation

Ten grams of each grounded U. kioviensis leaves samples were soaked in 1 liter methanol (99%), placed in a shaker for 72 hours at room temperature, and stored in refrigerator for 4 days. Then the reaction mixture was filtered using filter papers and concentrated under vacuum using a rotator evaporator. The crude extract was stored in amber dark bottles at -4 ºC for further use.
A stock solution of 1mg/ml meth​anol was prepared for all samples extracts. The working solutions of different extract concen​trations (1, 2, 3, 5, 7, 10, 20, 30, 40, 50, 80, 100 mg/ml) were prepared by serial dilution with methanol.
2.8. Determination of Antioxidant Activity Using the DPPH Radical Scavenging Method
The antioxidant activity was determines using the DPPH method 21

. The DPPH was freshly prepared and mixed with methanol and the working solution. All reactions were carried in dark to avoid oxidation. The antioxidant half-maximal inhibitory concentration (IC50) was calcu​lated using Bio-Data Fit program (edition 1.02).
2.9. Determination of total phenolic content in the plant extracts

The concentration of phenol in plant extracts was determined using spectrophotometric method 22,23
.  Methanolic solution of the extract 1mg/ml was used in the analysis. The reaction mixture was prepared by mixing 0.5ml of methanolic solution of extract, 2.5ml of 10% Folin-Ciocalteu’s reagent dissolved in water and 2.5ml 7.5% NaHCO3. Blank was concomitantly prepared, containing 0.5ml methanol, 2.5ml 10% Folin-Ciocalteu’s reagent dissolved in water and 2.5ml of 7.5% of NaHCO3. The samples were thereafter incubated in a thermostat at 45oC for 45 min. The absorbance was determined using spectrophotometer at λmax = 765 nm. The samples were prepared in triplicate for each analysis and the mean value of absorbance was obtained. The same procedure was repeated for the standard solution of gallic acid and the calibration line was construed. Based on the measured absorbance, the concentration of phenolics was read (mg/ml) from the calibration line; then the content of phenolics in extracts was expressed in terms of gallic acid equivalent (mg of GA/g of extract).
2.10. Determination of total flavonoid content in the plant extracts
The content of flavonoid in the examined plant extracts was determined using spectrophotometric method (Quettier et al., 2000). The sample contained 1ml of methanol solution of the extract in the concentration of 1mg/ml and 1ml of 2% AlCl3 solution dissolved in methanol. The samples were incubated for an hour at room temperature. The samples were prepared in triplicate for each analysis and the mean value of absorbance was obtained. The absorbance was determined using spectrophotometer at λmax = 415 nm. The same procedure was repeated for the standard solution of Rutin and a dilution series of Rutin of concentration 0.01, 0.02, 0.03, 0.04 and 0.05mg/ml was prepared and the calibration line was construed. Based on the measured absorbance, the concentration of flavonoid was read (mg/ml) on the calibration line; then, the content of flavonoid in the extracts was expressed in terms of Rutin equivalent (mg of RU/g of extract).
Statistical package for social science version 17.0 was used to analyze the results.

3. RESULTS
3.1. Estimation of Total Antioxidative Capacity of Extracts of U. kioviensis leaves

The DPPH is utilized to estimate the antioxidant activity of the phytochemicals 21

. As shown in (Fig. 2) all U. kioviensis leave extracts retain their scavenging properties against free radicals. The fresh U. kioviensis leave extracts possessed maximum antioxidant capacity with IC50 value 19.95±0.21mg/ml. However, the oven-dried samples possessed the lowest antioxidant capacity with IC50 value 31.62±0.11mg/ml.

3.2. Estimation of total phenol in extracts of U. kioviensis leaves

Different U. kioviensis leaves extracts have exhibited high phenolic contents as presented in Fig. 3. The highest phenol contents were found in the fresh leaves followed by shade dried extracts (78.27±0.16mgGA/g and 70.19±0.22mgGA/g respectively). While the oven dried and boiled extracts possess lower phenolic content (42.2±0.12mgGA/g, 41.13±0.13mgGA/g extract respectively).

3.3. Estimation of total flavonoid in extracts of U. kioviensis leaves

The highest flavonoid contents were found in both, the fresh U. kioviensis leaves and in the shade dried leaves (43.3±0, 43.3±0.21mg RU/g respectively), while the total flavonoid contents were lower in oven-dried and boiled U. kioviensis extracts (15.6±24, 7.2±0.24mg RU/g extract) (Fig. 4).

4. Discussion 

Natural products and their derivatives represent more than 50% of all the drugs in modern therapeutics 24

. In addition to their use in alternative medicine, wild plants are eaten freshly or after cooking by different communities around the world. Moreover, the antioxidant capacity of different plants, in addition to their phenol and flavonoid content, gives the plant significant nutritional and therapeutic values. 
Urtica kioviensis is an annual herbaceous plant that belongs to the Urticaceae family 2726

. However, most of the U. kioviensis species have many hollow stinging hairs called trichomes on the leaves and stems, which act like hypodermic needles, injecting histamine and other chemicals that produce a stinging sensation when contacted by humans and other animals 25

. In addition, it is considered as an edible plant that is usually consumed as fresh herbs, in salad or used in the preparation of some folkloric Italian food 25

. It is spread throughout the world, especially in temperate regions or in mountainous areas of tropical regions. This plant is rich of nutrients and phytochemical compounds that showed valuable and important pharmaceutical and cosmetic activities 
. Accordingly, especial care should be performed in order to collect and eat this plant. Therefore, cooking or subjecting U. kioviensis to high temperature is considered an appropriate method in order to decrease its itching effect. However, these processing conditions may cause a deleterious effect on the phytochemical and nutritional value of this plant. This study aimed to assess the effect of different cooking methods on the antioxidant capacity, phenol and flavonoid contents of U. kioviensis leaves.
The effect of cooking conditions on different plants extracts was investigated by Zhang and Hamauzu 
29

, in agreement with our results on U. kioveinsis. In fact, the antioxidant capacity gradually decreases when the leaves were exposed to high temperature during boiling, roasting or even drying as shown in Fig 3. This could be due to the degradation of antioxidant compounds, or production of redox metabolites or due to the formation of new compounds. In direct contradiction with our findings, some studies indicated that the antioxidant activity of plant extracts was significantly enhanced by heating, and the heating process can be used as a tool to increase the antioxidant activity of plant extract 28

. They found that the antioxidant capacity in broccoli stem and floret decreased with increased duration of heat processing. Similarly the antioxidant capacity decreased in spinach, shallots and cabbage after cooking 
30,31
. 
Accordingly, the evaluation of total phenol and flavonoid in U. kioveinsis leaves extracts after heat exposure could be an additional marker in this regard. Our study showed that the phenol and flavonoid content is markedly decreased after heat exposure. Different studies have reported different effect of thermal treatment on the total phenol and flavonoid contents of different plants33

. Other factors that may be taken in consideration are the cultivation conditions or geographic location where these herbs have been grown and collected. Therefore, educational programs about all these factors including cooking conditions are recommended in order to minimize any negative effect on the nutritional and therapeutic value of these plants.with different degree of thermal-sensitivity 
5. CONCLUSION
The preparation method of U. kioviensis leaves, clearly affects its nutritional and therapeutic values as indicated by their antioxidant capacity, and total phenol-flavonoid content. Different types of plants respond differently to thermal exposure. The nutritional and therapeutic values of individual plants may increase, decrease or not affected after the exposure to heat. In general, the use of fresh plants leaves is nutritionally and therapeutically preferred and this is in agreement with previous reports. As the availability of fresh plant leaves are not always possible, the dried/cooked plant leaves can be used. The nutritional and therapeutic values of these processed plant leaves are not totally lost. Therefore, educational programs about the best cooking method may be recommended in order to minimize any unwanted effect on the nutritional and therapeutic value of different plant preparations.
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Figures

Fig. 1: Urtica kioviensis plant
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Fig. 2: Inhibitory Concentration (IC50) values for different U. kioviensis extracts
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Fig. 3: Total phenol content in different U. kioviensis extracts
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Fig. 4: Total flavonoid contents in different U. kioviensis extracts
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