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Abstract 
        Efficiency of microwave-assisted extraction (MAE) and a commonly practiced brewing method, i.e. 
heating on stove were compared for preparation of green tea (Camellia sinensis L.). The steeping time was 
invariant as 2 min. Three green tea samples (Lipton, Tapal and local herbal green tea) were used in the 
present experiment. Results showed that microwave extracts had significantly higher quantities of phenolics 
and flavonoids from all tea samples as compared to conventional stove heating. Moreover, microwave 
assisted extraction showed highest amount (2.19%) of gallic acid in Lipton green tea while the Quercetin 
content (1.23%) was found invariable in the samples.  
 
 Camellia sinensis L is second most widely consumed liquid after water. Modern research has 
proved positive health benefits resulting from tea consumption. It is believed to have positive 
effects on health even at higher doses of 8 - 16 cups of green tea everyday (Chow et al. 2003). 
Frequent consumption of green tea can lower cholesterol level, can also reduce heart attack risk 
and normalizes high blood pressure reported by American Medical Association (Harward Heart 
Letters 2012). Among the various compounds of green tea (Camellia sinensis L.), polyphenols 
have strong antioxidant activity (Wu and Wei 2002). As the tea contains a large amount of 
antioxidants, it also protects against different types of cancer as investigated by National Cancer 
Institute, USA and reported by a number of researchers working with different types of cancers 
(Miyata et al. 2018, Islam et al. 2018). There are a lot of curative values in green tea including 
aiding in digestion, blood cleansing, decreasing body heat, enhancing immune system, improving 
heart rate, controlling aging, fighting diseases and controlling sugar levels (Lorenzo and Paulo 
2016). 
 In common tea brewing methods, tea is made by boiling on stove. Biochemical content of the 
tea depends upon its method of formation as they are temperature sensitive (Palanivel et al. 2018). 
There are many drawbacks of using conventional method of extraction and brewing. The main 
disadvantages are longer extraction time and the extraction carried out for a longer time at the 
boiling point of the solvent which can cause thermal decomposition of the bioactive compounds 
(Zhang et al. 2018). Efficient extraction techniques like microwave-assisted extraction (MAE), 
require lesser amount of energy and lesser time. Such efficient techniques are required to save the 
time and energy, even in household. Arifan et al. (2018) reported a decrease in antioxidants with 
an increase in boiling time of Jasmine tea. This may be due to breakdown of thermolabile 
components of tea extracts due to longer exposure heat. 
 Microwaves are a form of non-ionizing electromagnetic energy at frequency ranging from 
300 MHz to 300 GHz. This energy is transmitted as waves, which can penetrate in biomaterials 
and interact with polar molecules into materials, such as water to generate heat (Takeuchi et al. 
2009). Use  of  microwave  can  reduce  the  extraction  time  and  can also greatly reduce the CO2 
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emission in atmosphere. Microwave assisted extraction uses only a lower amount of energy as 
compared to conventional methods of extractions which have a longer and exhaustive time of 
extractions as well as more solvent requirements (Farhat et al. 2009). It may be an easy method to 
make a cup of tea in lesser time. Studies showed that nutrient compounds such as proteins and 
vitamins are not affected by microwave than the conventional methods since less water is used and 
shorter time for preparation (Lassen and Ovesen 1995). Here a comparison of stove heating- and 
microwave assisted extraction method was done to analyze their efficiency for extraction of 
phenolics from common domestic samples of green tea.  
 Green tea samples, namely Lipton tea, Tapal tea, Unilever, Pakistan and a herbal green tea 
from local shop (Lahore, Punjab, Pakistan) was collected for study. Tea samples were extracted by 
two methods viz., boiling on stove and microwave heating to compare the difference in phenolics 
content. Water was used to extract phenolics as this is the solvent used to make conventional tea 
beverage and the steeping time was 2 min. 
 For MAE accurately weighed 10 g of the green tea and 100 mL of water was taken in a small 
beaker. To control pressure, reduced solvent evaporation and prevent the loss of important 
phenolics; porous glass lid was placed over the beaker. Samples were heated in microwave for 120 
seconds. After heating, the samples were filtered and dried on Heidolph Laborota 4000 efficient 
WB eco rotary evaporator at 100°C and at 300 rpm. Extracts were stored in vials. The total 
process was repeated five times for all tea samples and the data were recorded. 
 For the preparation of samples of stove heating, 10 g of tea sample were taken and heated in 
100 mL of water each time. For all tea, two samples were made for conventional brewing, one 
sample was covered with lid and the other remained uncovered. Samples were heated for 120 
seconds, filtered, dried on rotary evaporator and preserved for further analysis with proper 
labeling. All the above prepared samples were placed in vials and labeled properly. 
 A modified method of Singleton and Rossi (1965) was used for determination of total 
phenolic content. At first 1 ml of tea sample (1 mg/ml) was mixed with 1 ml of Folin and 
Ciocalteu’s reagent. This mixture was left for 3 min. This solution was then mixed with 1 ml of 
saturated Na2CO3 solution and waited for 90 seconds. Then the total volume was made up to 10 
mL by adding distilled water. The mixture was placed in dark for 1.5 hrs and the absorbance was 
read at 725 nm on dual beam spectrophotometer (Shimadzu, UV-2600). Standard curve of gallic 
acid was used as reference to find the total phenolic content in mg/g GAE (gallic acid equivalent). 
Aluminium chloride colorimetric method was used to estimate the total flavonoid content of the 
tea samples with slight modifications of method described by Kefayati et al. (2017). For this 
purpose, 1 ml of sample extract (1 mg/ml) was mixed with 3 mL of methanol and 0.5 ml of 10% 
aluminum chloride solution. After five minutes, 0.5 ml of 1 M potassium acetate was added, and 
the mixture was diluted with deionized water to make total volume of 100 ml. The resulting 
mixture was incubated for 30 min at room temperature. The absorbance of the sample was read at 
435 nm by using spectrophotometer. Quercetin was used as reference flavonoid and a standard 
calibration curve of quercetin was constructed. Values of absorption of different samples were 
plotted against the calibration curve of quercetin. All the analysis was done in triplicates. The total 
flavonoid contents were expressed as quercetin equivalents (mg/g of QE of extracted compound).  
 High performance liquid chromatography (HPLC) analysis was carried out on HPLC 
equipment (Waters 1525, Binary HPLC Pump and Waters 2487 Dual absorbance detector) with 
ODS-C18 column for quantification of phenolics. Amount (0.1 mg) of each standard was taken in 
a vial with added 20 ml of methanol in it. For making the mobile phase, a modified protocol of 
Verma and Trehan (2013) was used. Mobile phase consisted of water and methanol (with 1 ml of 
0.4% phosphoric acid) at 20 : 80. Isocratic elution was used during the chromatographic analysis 
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at ambient temperature. UV-visible detector (Waters 2487 Dual Absorbance UV-Visible) was 
used where gallic acid showed absorbance at 271 nm while quercetin at 365 nm. All tea samples 
and solutions (mobile phase and methanol) were filtered by using filtration assembly and nylon 
membrane filter paper of 0.45 µ and mobile phase was sonicated at Utech Digital water Sonicator 
for 15 minutes before HPLC. Injection volume was 20 µL with a flow rate of 1 ml per minute. 
Concentration of standard solutions for injection was 100 µg/ml. One-way analysis of variance 
(ANOVA) was used to compare means and DMRT was applied as post hoc test at p < 5%. This 
was done by using SPSS computer software (Version 20).  
 Antioxidant activity of a plant sample depends on its secondary metabolites particularly 
phenolics and flavonoids (Wojdyto et al. 2007, Alothman et al. 2009). Antioxidant activity is the 
main medicinal part of teas for their curing actions as antioxidants and adding to the defense 
system of human body (Lean et al. 1999, Katiyar et al. 2000, Liu et al. 2000).  
 Results showed (Fig. 1) that there was a significant difference in total phenolic content of tea 
samples made by microwave heating (69.9 mg/g GAE), as compared to conventional brewing i.e., 
stove heating with and without lid (45.98 and 40.38 mg GAE per gram, respectively). Flavonoids 
are also an important part of teas and plant based herbal industry. They are being used in number 
of medicinal, cosmetics and nutraceuticals and are known to have anti oxidative, anti-depressant, 
anti-inflammatory and anti-cancerous effects. They can also modulate and regulate key cellular 
enzyme roles (Panche et al. 2016). Fig. 1b describes that MAE also positively and significantly 
affected the flavonoid content of green tea samples as compared to stove made tea. Maximum 
number of flavonoids was observed to be 40.99 mg in MAE as compared to 29.87 mg of 
conventional brewing per gram of tea sample. HPLC studies also showed highest amount (2.19%) 
of gallic acid in Lipton green tea while the quercetin content (1.23%) was found invariable in the 
samples.  
 

   
 

Fig. 1(a). Quantitative analysis of phenolics in tea samples and (b) quantitative analysis of total flavonoids. 
 

 Earlier studies showed that MAE yielded higher quantities of tea extracts and antioxidants as 
compared to the conventional method tea preparation (Pan et al. 2002). Microwaves, as a part of 
electromagnetic waves with a frequency range of 0.3 to 300 GHz, have now become a competent 
substitution over conventional method of extractions (Camel 2000). The treatment of plant 
material with microwave irradiation during extraction can result in enhanced recovery of 
secondary metabolites and aromatic compounds. Active compounds of plants are more quickly 
extracted by using microwaves as its high temperature and heating mechanism disrupts cell wall 
more quickly (Chan et al. 2016).  
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 One of the main advantages of MAE is the short time taken as compared to conventional 
techniques without causing any degradation to the main components. Hayat et al. (2010) also 
explained the efficient release of bound phenolics by microwaves because it works with in lower 
time limits and lesser exposure of biochemical to heating avoid degradation. The principle of 
heating using microwave energy is based on the direct effects of microwaves on molecules of the 
material (Destandau et al. 2013). A correct choice of solvent is fundamental for obtaining an 
optimal extraction process (Wang et al. 2006). Tea is brewed traditionally in water which is a 
polar solvent with higher dielectric constant. When making tea with water, there are two important 
considerations, firstly all the phenolics and flavonoids are water soluble, but this factor is equally 
effective for both methods of extracting tea components. Secondly water with high dielectric 
constant to absorb maximum microwave energy and it facilitates faster cell rupture. The total 
energy required by a plant cell to rupture is fixed. So, the higher power levels of microwaves (like 
1000 W in present study) shorten the rupture time and vice versa (Chan et al. 2016). Conventional 
extraction methods depend on heat to increase the mass transfer rate while in MAE energy is 
transferred rapidly due to molecular interactions like ionic interactions (Proestos and Michael 
2008).  
 Overall lower content of phenolics and flavonoids for herbal tea samples may be attributed to 
their larger matrix size. Processing conditions of green tea during drying of leaves may also affect 
(Saleh et al. 2015) but overall results proved that MAE is an efficient way of making tea without 
the loss of active ingredients. 
 The method and conditions of microwave assisted extraction (MAE) from tea was studied and 
established. MAE was the most effective method for the extraction of polyphenols from tea with 
higher TPC. MAE provided high extraction yield of tested phenolics and flavonoids in lesser 
period of time. On these bases, MAE can be suggested for a smart and effective way of tea 
making. 
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