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ABSTRACT 

 

 The aim of the present study was to optimize 

the extraction conditions of green tea aqueous 

extract [green tea concentration (G) and extraction 

temperature (T)]. Response surface methodology 

was applied to determine the highest radical scav-

enging activity (RSA), Ferric reducing antioxidant 

power (FRAP) and reducing power (RP) of the 

prepared green tea extract. Effect of green tea 

aqueous extract prepared using the optimal condi-

tions on the liver cirrhosis retardation in rats was 

also investigated. Two-factors central composite 

design was established to determine the effects of 

G or T and radical scavenging holding time as in-

dependent variables on RSA, FRAP and RP as 

dependent variables. The optimum G, T and hold-

ing time with maximum RSA were 1.0 %, 88.7 °C 

for 25 min, with a predicted RSA of 81.3 % 

(r
2
=0.9115) compared to the BHT, which had a 

scavenging value of 87.4 % at concentration 150 

ppm and holding time 30 min The same predicted 

concentration and temperature obtained with the 

highest FRAP and RP were 2.566 and 1.687 with 

r
2
 0.9780 and 0.9550, respectively. The phenolic 

and flavonoid contents were 81.2 mg gallic acid 

equivalent and 33.5 mg quercetin equivalent per 

100 ml green tea extract. The extract prepared at 

optimal conditions was used for treatment of cir-

rhotic rats by CCl4. Insignificant (P≥0.05) differ-

ences were observed between the green tea group 

and control group in obtained total protein or albu-

min values. Total protein and albumin were dra-

matically decreased in the group treated by CCL4. 

The same trend was observed with studying the 

transaminase enzymes. Histopathological sections 

appeared the effect of green tea extract on the 

retardation of liver cirrhosis in rats.  

 

Keywords: Green tea, Phenolics, flavonoids, Rad-

ical scavenging activity, Ferric reducing antioxidant 

power, Reducing power, Liver cirrhosis 

 

INTRODUCTION 

 

 Green tea (Camellia sinensis L.) is one of the 

most oriental drink consumed around the world 

(Namal Senanayake, 2013). Recently, tea has 

attracted more attention due to its beneficial health 

effects and special flavor and taste (Zhang et al 

2013). Tea can be classified into three kinds ac-

cording to the level of oxidation, like green tea, 

oolong tea and black tea (Chan, 2011; Ve-

layutham et al 2008). Green tea is rich in poly-

phenols such as (-)-catechins or (-)-flavan-3-ols 

including epicatechin, (-)-epigallocatechin, (-)-

epicatechin gallate and (-)-epigallocatechin gallate, 

as well as the alkaloid caffeine (Budryn et al 

2013; Zielinski et al 2015). The extraction of 

green tea polyphenols depend on both time- and 

temperature (Baptista et al 1998; Shishikura and 

Khokhar, 2005). Due to greater extraction of poly-

phenols, resulting in high values of scavenging 

oxidative radical, as hot water is preferred for 

preparation of tea compared to cold water (Lin et 

al 2010). Green tea polyphenols can act as pro-

oxidants by generating hydrogen peroxide (Long, 

et al 1999). Tea consumed because of the many 
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beneficial health effects it has on human. Com-

pared to black tea, green tea has been reported to 

have higher antioxidant capacity and a greater 

level of polyphenols (Koo and Cho, 2004). Antiox-

idants have shown to have multiple functional and 

remedial properties that include antiradical, anti-

carcinogenic, anti-inflammatory oxidative stress 

reduction, and cardio protection (Chan et al 2010). 

 Previous studies utilized green tea as im-

munostimulant by incorporating it in fish diet that 

can increase disease resistance, and improve sur-

vival rate, growth rate and antioxidant system 

(Sheikhzadeh, 2011; Kim et al 2014). Green tea 

consumption effects in general health and reduc-

tion of risk in severe diseases. In addition there are 

a trend with promising and positive results to assist 

the control of body weight (Vieira Senger et al 

2012), protection against ultraviolet radiation 

(Clarke et al 2016), physical functional perfor-

mance (Ng et al 2014; Tomata et al 2012), oral 

health (Gaur et al 2014), bone health (Shen et al 

2012) and other physiological effects.  

 Non-alcoholic fatty liver disease is considered 

to be the most common cause of chronic liver dis-

ease worldwide and is a multifactorial disease with 

a complex pathophysiology including hepatic stea-

tosis, non-alcoholic steatohepatitis, and subse-

quent fibrosis, cirrhosis and hepatocellular carci-

noma (Wang et al 2013; Birkenfeld et al 2014). 

Singal et al 2006 reveal that green tea extract 

significantly attenuated lipopolysaccharide induced 

sickness behavior as well as hepatic damage ei-

ther by its antioxidant activity or by inhibiting lipo-

polysaccharide induced cytokine production. Stud-

ying the effect of optimization process on the po-

tential antioxidant effect of green tea and its effect 

on the liver cirrhosis have a shortage. Therefore, 

the objective of the current study was to I) optimize 

the green tea concentration and extraction tem-

perature for preparing green tea aqueous extract 

with high potential antioxidant and antiradical activ-

ities; II) in vivo evaluating the ability of the opti-

mized green tea extract to retardation of the liver 

cirrhosis in rats.  

 

MATERIALS AND METHODS 

 

Materials 

 

 2,2-diphenyl-2-picrylhydrazyl radical ((DPPH
•
), 

2,4,6-Tris (2-pyridyl)-s-triazine Synonym: 2,4,6-Tris 

(2-pyridyl)-s-triazine, TPTZ and methanol were 

purchased from Sigma, Chemicals Company. Co-

line, casein, vitamins, minerals, cellulose, phos-

phate buffer, potassium ferricyanide, trichloroacetic 

acid, FeCL3, CCL4, HCl and sodium acetate anhy-

drous were obtained from El-Gomhouria Company 

for Trading Pharmaceuticals, Chemicals and Medi-

cal Supplies, Cairo, Egypt. Starch and corn oil 

were obtained from local market in Cairo, Egypt. 

The green tea (Camellia sinensis) purchased from 

the local market in Changsha province, China. 

Total Bilirubin, GPT, GOT, total protein, albumin, 

Alk-Phospatse and LDH were purchased from 

Bate Lab Company, Cairo, Egypt. , Reduced gluta-

thione and Malondialdehyde were obtained from 

Bio Diagnostic Company, Al-Dokki, Giza, Egypt. 

Forty-eight female albino rats each weighing 

(Sprague Dawley strain) were obtained from Or-

ganization of Biological Products and Vaccines 

(Helwan Farm, Cairo, Egypt). 

 
Methods 

 
Preparation of green tea water extract 

 
 The green tea extracts were prepared at five 

concentrations of 0.25, 0.5, 0.75, 1.0 and 1.25 % 

(w/v) using distilled water at four different tempera-

tures were 40, 60, 80 and 100 °C. Appropriate 

amount of green tea weighted in five beakers, then 

add 100 ml of distilled water at different tempera-

tures. Thereafter, leave the beakers contain the 

extracts until take the room temperature. 

 

Total phenolics content 

 

 Total phenolics content was determined spec-

trophotometrically using the modified Folin–

Ciocalteau colorimetric method (Eberhardt et al 

2000). Mix 125 μl of extract with 0.5 ml of distilled 

water in a test tube; followed by addition of 125 μl 

of Folin–Ciocalteau reagent and allowed to stand 

for 6 min. Then, add 1.25 ml of 7% sodium car-

bonate solution. The final volume was adjusted to 

3 ml with distilled water. Each sample was allowed 

to stand for 90 min at room temperature and the 

absorbance was measured at 760 nm using spec-

trophotometer Unico (made in, USA). The total 

phenolics content was expressed as a micrograms 

gallic acid equivalent/ ml extract (mg GAE/100 ml) 

by reference to the gallic acid standard calibration 

curve using equation (1) with r
2
= 0.9850 

 
Y= -0.210 + 4.207X                             [Eq. 1] 
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Total flavonoids content 
 

 Aluminum chloride complex forming assay was 

used to spectrophotometrically determine the total 

flavonoids content of the extracts (Piyanete et al 

2009). A 100 μl of extract mixed with 0.5 ml of dis-

tilled water and 100 μl of 5% Sodium nitrate in a 

test tube. Allowed to stand the test tube for 6 

minutes at room temperature. Thereafter, added 

150 μl of 10% Aluminum chloride and allowed to 

stand for 5 minutes at room temperature. Then, 

200 μl of 1M sodium hydroxide solution was add-

ed. The absorbance was measured at 510 nm us-

ing spectrophotometer Unico (made in, USA). The 

total flavonoids content was expressed as a mi-

crograms quercetin equivalent/ml extract (mg 

QE/100 ml) by reference to the quercetin standard 

calibration curve using equation (2) with r
2
= 0.955. 

 

Y= -0.018 + 2.740 X                        [Eq. 2] 
 

DPPH
•
 radical scavenging activity 

 

 Radical-scavenging activity of the prepared 

green tea extracts was tested using spectrophoto-

metric method (Brand-Williams et al 1995). Ten 

microliters of different green tea extracts, ascorbic 

acid or BHT solutions were added to one ml of 

methanolic DPPH
•
 solution (0.0374  g/l methanol). 

The decrease in absorbance was determined at 

517 nm during holding time from zero to 30 min 

using spectrophotometer Jenway-Model 6105 

(made in, UK). The scavenged percent of DPPH
.
 in 

the holding was calculated according to the follow-

ing equation: 
 

Inhibition (%) = A˳- A / A˳ × 100              [Eq. 3] 
 

Where A˳ was the Absorbance of control and A 

was the Absorbance of sample. 
 

Ferric reducing antioxidant power 
 

 Ferric Reducing Antioxidant Power (FRAP) was 

determined by the method of Benzie and Strain 

(1996). Add 3.12 g/l distilled water to prepare 

2,4,6-tripyridyl-s-triazine solution (TPTZ). To prep-

aration ferric chloride hexahydrate (FeCl3·6H2O) 

solution mix 5.4 g/l distilled water. Mix 2.72 g sodi-

um acetate tri-hydrate /l distilled water then adjust-

ed the solution to pH 3.6 using HCl. The reagent 

prepared by mixed the previous three solution ac-

cording to the ratio was 1:1:10. The reagent was 

pipetted (1500 μl) into a cuvette with subsequent 

addition of a 50 μl tested solution. Then the ab-

sorbance was measured at 593 nm using spectro-

photometer Jenway-Model 6105 (made in UK). 

The FRAP expressed as optical density.  

Reducing power 
 

 The reducing power of prepared green tea ex-

tracts was determined according to the method 

described by Oyaizu, (1986). One ml of extract 

mixed with 2.5 ml phosphate buffer at pH 6.6 and 

2.5 ml  potassium ferric cyanide (1%). The mixture 

was incubated at 50 °C for 20 min added 2.5 ml 

trichloroacetic acid (10%) to the mixture. Then cen-

trifuged the mixture at 3000 rpm for 10 min. The 

upper layer of solution (2.5 ml) was mixed with 2.5 

ml distilled water and 0.5 ml FeCl3 (0.1%). The 

absorbance was measured at 700 nm using spec-

trophotometer Jenway-Model 6105 (made in, UK). 

The RP expressed as optical density. 
 

Animals experiment and diets 

 

 Forty eight adult female albino rats were 

housed in screen-bottomed aluminum cages in 

room maintained at 25 ± 1°C with alternating cy-

cles of light and dark of 12h; duration. The rats 

were fed on the control diet for seven consecutive 

days. Rats were randomly divided into six groups, 

each group contained eight rats. All group fed on 

the basil diet. The first group identified as negative 

control group (G1). The groups (2 and 3) treated 

by carbon tetra chloride (CCL4) and identified as a 

cirrhotic groups. The 2
nd

 group was a positive con-

trol group (G2). The group treated by green tea 

extract that prepared at optimal conditions (1.0 %, 

88.7ºC) identified as a (G3). The extract given oral-

ly for the rats daily in a dose of 0.6 ml/100 g body 

weight for successive twelve weeks. Liver toxicity 

was induced by a weekly dose of CCl4 (1 ml/ kg 

body weight) diluted with corn oil at ratio was 1:1 

(Ehrinpreis et al 1980). The carbon tetra chloride 

given intraperitoneally injection to all rats except 

that normal control group was given corn oil. The 

composition of the experimental diets shown in 

Table (1) according to AIN-93 guidelines (Philip et 

al 1993). The dose calculated based on a con-

sumption of 275 ml/day for a 70 kg human as re-

ported by Rouanet et al (2010). The changes in 

body weight were recorded ones every week. 

Blood samples also obtained from the retro-orbital 

plexus of the eyes from all animals of each group 

on 30, 60 and 90 days according to the procedure 

of Schermer (1967). At the end of the experiment, 

rats were sacrificed and organs were excised and 

weighed, specimen for liver was obtained and pre-

served in formaldehyde (10%) for the histopatho-

logical examination. Serum was separated and the 

serum biochemical analyses were carried out. 
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Table 1. Compositions of the basil diet (%) and its content from mineral mixture (g) and vitamins (IU or mg) 

 

Basil diet (%) Salt mixture
*
 Vitamins mixture

**
 

Ingredients % Salt Wight (g) Vitamin Wight (IU or g) 

Corn starch 60.5 CaCO3 304.5 Vit. A 2000IU 

Casein 20 KH2PO4 327.5 Vit. D 200IU 

Corn oil 10 CaHPO4.2H2O 60.0 Methionine 0.5mg 

Cellulose 5 MgSO4.7H2O 103.5 Inositol 10 mg 

Salt mixture
*
 3.5 NaCL 170.0 Niacin 4 mg 

Vitamin mixture
**
 1 Fe(C6H5O7).6H2O 28.0 Ca-pa ntothenate 4 mg 

  KI 0.81 Riboflavin 0.8 mg 

  MnSO4 5.12 Thiamine 0.5 mg 

  ZnCL2 0.25 Pyridoxine 0.5 mg 

  CuSO4.5H2O 0.31 Folic acid 0.2 mg 

    Cholic acid 0.2 g 

    Biotin 0.4 mg 

    Vit.B12 0.003 mg 

    P-amino benzoic acid 10 mg 

    Glucose 1000 g 

 

 

 

Biochemical analyses 

 

 Total Bilirubin in serum was estimated as de-

scribed by Malloy et al (1937). Alanine ami-

notransferase (ALT), Aspartate aminotransferase 

(AST), total protein (TP), Albumin (ALB) were de-

termined according to the method presented in 

Young, (1995). Spectrophotometer Clinical Chem-

istry Analyzer–VS10 (made in USA) was used. The 

protective factor calculated from serum biomarkers 

by divided the slop of G2 biomarker on each treat-

ed group biomarker. The higher slope value means 

the high liver damaged.  

 

Histopathological examination 

 

 Autopsy samples taken from liver, kidney and 

heart of rats in different groups and fixed in 10 % 

formol saline for twenty-four hours. Washing was 

done in tap water then serial dilutions of alcohol 

(methyl, ethyl and absolute ethyl) were used for 

dehydration. Specimens were cleared in xylene 

and embedded in paraffin at 56 degree in hot air 

oven for twenty-four hours. Paraffin bees wax tis-

sue blocks were prepared   for sectioning at 4 mi-

crons thickness by slidge microtome. The obtained 

tissue sections were collected on glass slides, de-

paraffinized, and stained by hematoxylin and eosin 

stain for routine examination through the light elec-

tric microscope (Banchroft et al 1996). 

 

Statistical analyses 

 

 ANOVA analysis was carried out using the 

PROC ANOVA procedure of Statistical Analysis 

System (SAS, 2000). Duncan multiple ranges at 

5% level of significance was used according to 

Duncan (1955) to compare between means. Re-

sults followed by different alphabetical letters sig-

nificantly differed. Predicting individual radical 

scavenging activity, ferric reducing antioxidant 

power and reducing power (Y) was assumed by 

quadratic or cubic polynomial regression models. 

The independent variables were green tea concen-

trations or preparation temperature (X) to optimize 

the radical scavenging activity, ferric reducing anti-

oxidant power and reducing power (Y) used re-

gression analysis. The models proposed for re-

sponse of Y as follows: 

 

Y= y˳ + ax + bx
2 

                        [Eq. 4] 

Y= y˳ + ax + bx
2
 + cx

3 
               [Eq. 5] 

 

Where, y˳, a, b and c are intercept, linear, quadrat-

ic and cubic regression coefficient terms, respec-

tively and X is independent variable. Three-

dimension contour plot was used as a method to 

study the response surface of different radical 

scavenging activity, ferric reducing antioxidant 

power and reducing power (Y) as dependent vari-

ables with green tea concentrations or preparation 

temperature (X and Z) as independent variables. 
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The response surface method was applied using 

Sigma Plot (2014). The model proposed for 

Three-dimension response surface of Y was as 

follows: 

 

Y= y˳ + ax + bz + cx
2
 + dz

2
 + ex

3
 + gz

3
 + hx

4 
+ iz

4
 

+ jx
2
z

2
 + kx

3
z

3
 + lx

4
z

4
      [Eq. 6] 

 

RESULTS AND DISCUSSION 

 

Effect of concentrations, temperatures and 

times on the DPPH
•
 scavenging activity 

 

 The radical scavenging activity of aqueous 

green tea extracts at different concentrations, 

times and temperatures were investigated. Radical 

scavenging activity at 40, 60, 80 and 100 °C were 

expressed as inhibition percent of DPPH
•
 and pre-

sented in Table 2. Significant (P≤0.05) differences 

observed between the values of the radical scav-

enging activities of the concentrations or the hold-

ing times. The extract that prepared at green tea 

concentration of 1.25 % showed the highest scav-

enging activity values of 83 % at zero time and 85 

% after holding time for 30 min with significant dif-

ference (P≤0.05). Lower corresponding values of 

green tea extract that prepared using 0.25 % green 

tea. The radical scavenging activity value at zero 

time was 40 % then increased to 42 % after hold-

ing time for 30 min with significant (P≤0.05) differ-

ence. Increasing the concentration or the holding 

time lead to increase the radical scavenging activi-

ty. Gramza1 et al (2005) reported that antiradical 

activity of plant extracts is dependent on mecha-

nisms of oxidative activity of free radicals used and 

the chemical structure of contained antioxidants. 

Significant (P≤0.05) difference observed between 

the radical scavenging activity values at different 

green tea concentrations and holding times (Table 

2). The values slightly increased more than those 

obtained at 40 °C. It was 44 and 86 % at concen-

trations of 0.25 and 1.25 %, respectively. Concern-

ing the scavenging activity of the tested extracts, 

the holding time 30 min had significantly (P≤0.05) 

the highest values at concentration 0.25 % being 

54 %. On the other hand, the holding time 20 min 

had significantly (P≤0.05) the highest values at 

concentration 1.25 % with value was 88 %. By 

increasing, the preparation temperature from 40 to 

60 °C the radical scavenging activity was slightly 

increased at all tested concentrations and holding 

times. At the same time, significant (P≤0.05) differ-

ences were observed between those values ob-

tained at different holding times. It were 51 and 

76% in  tested extracts prepared using 0.25 and 

1.25 % green tea at zero time. Increasing the hold-

ing time lead to increase the scavenging activity to 

the maximum value of 60 % at 15 min when 0.25 

% green tea concentration was used for preparing 

the extract. In contrary, the maximum radical scav-

enging activity of the extract prepared at green tea 

concentration of 1.25 % was obtained after 30 min 

with value of 81 %. Generally, the radical scaveng-

ing activity of the green tea extracts negatively 

affected by used the temperature 80 °C in prepara-

tion of extracts. From Table 2, the negative effect 

on the prepared green tea extract at high tempera-

ture (100 °C) was increased. The same trend was 

observed with decreased the radical scavenging 

values at all green tea concentrations and holding 

times. Radical scavenging activity showed non-

significantly (P≥0.05) between obtained values at 

different holding times for the prepared extract 

using 1.25 % green tea. The radical scavenging 

activity of prepared green tea extracts at tempera-

tures 80 and 100 °C was slightly negative affected 

compared to the obtained data of extracts pre-

pared at 60 °C. According to the above results, it 

couldn‟t be accurately determined the optimum 

concentrations, temperatures or times to prepared 

the green tea extract with highest radical scaveng-

ing activity. The holding of antioxidants with DPPH
•
 

radical would reduce the concentration of DPPH
• 

radical, lower the absorbance, and then provide a 

negative peak on a constant background signal, 

while for those without antioxidants effects would 

not change the constant background signal (Nie-

derländer et al 2008). Selection of brewing tem-

perature was based on the data on the loss of use-

ful properties of green tea at higher temperatures 

(U Vey Sin, 2005). This is related to bioflavonoids‟ 

instability. The experiments affirmed literature ref-

erences, indicating that green tea has antioxidant 

effect (Horzic et al 2009; Milašienė et al 2007). 

 

Polynomial cubic regression study 

 

Green tea concentration versus DPPH
• 

scav-

enging activity  

 

 The effect of green tea concentration on the 

radical scavenging activity was presented as a 

polynomial cubic trend in Fig. 1. The modeling 

expressed at 60°C and 30 min. The green tea con-

centration had a significant (P≤0.05) effect on the 

DPPH
• 

scavenging activity at holding time 30 min 

and temperature of extraction 60°C. According to 

the polynomial cubic regression, (Eq. 7) the radical 
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scavenging activity increased with increasing the 

green tea concentration from 0.25 to 1.0 %, fol-

lowed by dramatic decreased by concentration 

more than 1.0% with correlation coefficient (r
2
= 

0.9861). Radical scavenging effects related to its 

affinity to the radical in the specific site. This find-

ing is in according with those mentioned by (Sun, 

et al 2004). They stated that the radical scaveng-

ing ability has been decreased at high phenolic 

concentrations in the peroxyl radical system  

 

Y= 15.8 + 187.6 X -158.8 X
2
 + 43.3X

3
        [Eq. 7] 

 

 The predicted radical scavenging activity in-

creased from 53 to 88 % with increasing the green 

tea concentration from 0.25 to 1.0 % (w/v), then 

decreased gradually to the minimum value (53 %) 

with increasing green tea concentration to 1.25 % 

(w/v). Catechins are the largest part of the poly-

phenols found in green tea and are effective free 

radical scavengers (Salah et al 1995). 

 

Extraction temperature versus DPPH
• 
scaveng-

ing activity 

 

 Effect of different temperatures were used to 

preparation of green tea extracts at the green tea 

concentration 0.75 % and holding time 30 min on 

DPPH
• 

scavenging activity presented in Fig. 1. 

Polynomial cubic regression (Eq. 8) used to predict 

the optimal temperature for extraction. 

 

Y= -273.9 + 14.3X -0.184X
2
 + 8.0x10

-4
X

3
  [Eq. 8] 

 

 Output data indicated that the temperature of 

extraction was a very effective factor to produce an 

extract with high radical scavenging efficiency with 

correlation coefficient (r
2
= 1.0000). The predicted 

radical scavenging activity gradually increased 

from 53 to 89 % with increasing the temperature of 

extraction from 40 to 66.4 °C. On the other hand, 

with increasing the temperature of extraction the 

radical scavenging activity decreased gradually to 

83 % at temperature 100°C. Dube et al 2010 re-

ported that the catechins are chemically unstable. 

 

Holding time versus DPPH
• 
scavenging activity 

 

 Effect of holding time on radical scavenging 

activity at green tea concentration 0.75 % and 

temperature of extraction 60 °C presented in Fig. 

1. Increase the percentage of scavenging with low 

holding time reflects the efficiency of the green tea 

extract as a radical scavenger. Polynomial cubic 

regression (Eq. 9) appeared the correlation be-

tween the holding time and radical scavenging 

activity with r
2
= 0.9446. 

 

Y= 82.9+ 5.539X -0.019X
2
 + 2.0x10

-4
X

3 
   [Eq. 9] 

 

 With increasing the holding time, the radical 

scavenging activity was increased. At holding time 

1 min the radical scavenging activity reached to 

the maximum value was 88 %. Generally, the op-

timal predictive concentration, temperature and 

holding time for preparation of green tea extracts 

with high potential radical scavenging activity val-

ues were 1.0 %, 66.7°C and 30 min, respectively. 

 

Table 2. Radical scavenging activity (%) of pre-

pared green tea aqueous extract prepared using 

different concentrations and temperatures during 

different holding times 

 

Time (min) 
Concentration (g/100 ml water) 

0.25 0.5 0.75 1.0 1.25 

 40 °C 

0 40
Cd

 42
Bd

 52
Cc

 76
Cb

 83
Ca

 
5 40

Ce
 42

Bd
 53

Bc
 77

Cb
 84

Ba
 

10 40
CBe

 42
Bd

 54
ABc

 77
Cb

 85
Aa

 
15 40

CBe
 44

Ad
 54

Ac
 79

Bb
 85

Aa
 

20 42
ABCe

 46
Ad

 54
Ac

 84
Ab

 85
Aa

 
25 43

Ac
 46

Ac
 54

ABb
 84

Aa
 85

Aa
 

30 42
ABd

 46
Ac

 53
Bb

 85
Aa

 85
Aa

 

 60 °C 

0 44
Cc

 60
Db

 83
Ca

 84
Ba

 86
Ca

 
5 51

Bd
 70

Cc
 86

Ba
 83

Cb
 86

Ca
 

10 51
Be

 71
BCd

 86
Bb

 83
Cc

 87
Ba

 
15 51

Be
 73

ABd
 88

Aa
 86

Ac
 87

Bb
 

20 52
Bd

 73
ABc

 88
Aa

 86
Ab

 88
Aa

 
25 52

Bd
 73

ABc
 88

Aa
 86

Ab
 87

ABa
 

30 54
Ae

 74
Ad

 88
Aa

 86
Ac

 87
Ab

 

 80°C 

0 51
Dc

 65
Db

 77
Ca

 77
Ca

 76
Ea

 
5 57

Cd
 74

Cc
 80

Ba
 77

Cb
 77

Db
 

10 59
Bd

 76
BCc

 81
Ba

 77
Cb

 77
Db

 
15 60

ABd
 77

ABc
 83

Aa
 78

Bb
 78

Cb
 

20 61
ABd

 77
ABc

 83
Aa

 78
Bb

 78
Cb

 
25 61

Ad
 78

ABc
 83

Aa
 78

Bc
 79

Bb
 

30 62
Ae

 79
Ad

 83
Aa

 80
Ac

 81
Ab

 

 100°C 

0 39
Dd

 57
Dc

 75
Eb

 77
Aab

 80
ABa

 
5 44

Ce
 64

Cd
 75

Ec
 77

Ab
 80

ABa
 

10 46
Bd

 66
Bc

 78
Db

 77
Ab

 80
ABa

 
15 46

Be
 67

ABd
 82

Ca
 77

Ac
 80

ABb
 

20 47
Be

 67
ABd

 85
Ba

 77
Ac

 80
ABb

 
25 48

Ae
 69

Ad
 86

ABa
 77

Ac
 80

ABb
 

30 48
Ae

 69
Ad

 86
Aa

 77
Ac

 81
Ab

 

Means in the same column with different capital letters 

are significantly different (P≤0.05). 
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Means in the same row with different small letters are 

significantly different (P≤0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Polynomial cubic trends of different green 

tea concentrations, preparation temperatures and 

holding times in prepared extracts versus radical 

scavenging activity 

 

Regression coefficient for each independent 

variable 

 

 The concentration, temperature and holding 

time were tested as independent variable. Each 

one tested alone to predict the optimal value. Each 

model was tested for adequacy by analysis of vari-

ance. The regression models for data were signifi-

cant (P≤0.05) with r
2
 ranged between 0.9446 to 

1.000. The predicted model for radical scavenging 

activity (Y) was reported as follows: 

 

                      [Eq. 10] 

 

 Consequently, the obtained predicted models 

were possible for identify the optimum conditions 

required to produce a high potential effect of radi-

cal scavenging activity for prepared green tea ex-

tracts. It could be said that, the output predictive 

values not cleared the actual effect of the interac-

tion between the three independent variables. The 

predictive radical scavenging activities 88.05, 

89.52 and 87.95 % at concentration 1.0 %, tem-

perature 66.7 °C and holding time 30 min, respec-

tively. 

 

Three dimension response surface study 

 

Concentrations and temperatures versus 

DPPH
• 
scavenging activity 

 

 The three dimension response surface plot in 

Fig. 2 is explaining the relationships between the 

radical scavenging activity and both green tea 

concentrations and temperature for prepared 

green tea extracts at temperatures of 40, 60, 80 

and 100 °C. Scavenging activity increased by in-

creasing both green tea concentration from 0.25 to 

1.0 % and temperature from 40 to 60°C at holding 

time 30 min. In contrary, scavenging activity was 

decreased with increasing both concentration and 

temperature more than 1.0 % and 60 °C. Thermal 

treatment like pasteurization of tea extracts cause 

increased the antioxidant activity of extracts, which 

was attributed to the formation of compounds hav-

ing antioxidant activity during heat treatment (Man-

zocco et al 1998). Response surface analysis 

showed significant (P≤0.05) regression relation-

ships between both of green tea concentration (G) 

and temperature (T) as independent variables and 

radical scavenging activity (RSA) as response var-

iable. The polyphenon 60 and guava leaf extracts  

showed weaker effects, at high concentrations, in 

antioxidant activity and peroxyl radical scavenging 

assays (Chen and Yen, 2007). The multiple hy-

droxyflavonoids, especially with OH in the B-ring, 

significantly increased production of hydroxyl radi-

cals in a Fenton system (Hanasaki et al 1994). 
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Fig. 2. Three dimension regression plot to predict 

the radical scavenging activity as dependent varia-

ble against different green tea concentrations, 

temperatures and holding times for preparation 

green tea extracts as independent variables. 

 

 The predicted model (Eq. 11) had a high corre-

lation coefficient (r
2
=0.8700). From output data, it 

could be noticed that the best predicted radical 

scavenging activity for that equation was 93.04 % 

at green tea concentration 1.06 % and preparation 

temperature 62.5 °C. 

 

RSA= -37.464 + 32.993G + 2.469T - 43.922G
2
 - 

0.017T
2
 + 66.030G

3
 - 8.316T

3
 - 30.922G

4
 + 

7.17x10
-7

T
4
 + 0.029G

2
T

2
 - 4.95x10

-4
 G

3
T

3
 + 

0.0220G
4
T

4
                         [Eq. 11] 

 

 On the other hand, prepared green tea extracts 

at 100 °C gave the lowest predicted radical scav-

enging with percent of 72.82 % in the extract that 

prepared used green tea concentration of 1.06 % 

and holding time 30 min. The biomolecular matri-

ces may be attacked by derivatives from sample 

components, especially the phenolic compounds, 

resulting in secondary oxidation damage (Chen 

and Yen 2007) 

 

Concentrations and times versus DPPH
• 

scav-

enging activity 

 

 Fig. 2 showed that the effect of different green 

tea concentrations (G) and holding times (t) on 

radical scavenging activity. Predicted model (Eq. 

12) cleared that effect of holding time and concen-

tration of green tea extract, which prepared at 60 

°C on RSA as follows: 

 

RSA= 70.155 -296.832G + 1.019t + 1026.725G
2
 -

0.050t
2
 -1096.509G

3
 + 0.001t

3
 + 377.723G

4
 -

1.39x10
-5

t
4
 - 0.032G

2
t
2
 + 0.001G

3
t
3
 -1.98x10

-5
G

4
t
4
 

[Eq. 12] 

 

 The highest scavenging value was 89.29 % at 

green tea concentration 0.81 % and holding time 

30 min with r
2
= 0.9900. Jun et al 2011 revealed 

that the holding time had a significant effect on the 

DPPH
•
 inhibition rate. Increasing the holding time 

from 15 to 30 min lead to increase the inhibition 

rate. The higher the inhibition rate is, the greater 

the hydrogen donating ability, thus the higher anti-

oxidant activities. 

 

Temperatures and times versus DPPH
• 

scav-

enging activity 

 

 Radical scavenging activity of different green 

tea extracts those prepared at different tempera-

tures from 40 up to 100°C and holding time from 0 

up to 30 min presented in Fig. 2. The best predict-

ed scavenging efficiency was 89.36 % for the pre-

pared extract at 66.5 °C and holding time was 26.3 

min by used a constant concentration was 0.75 %. 

The Quaternary model (Eq. 13) appeared the best 

conditions from temperature (T) and holding time 

(t) to obtained the highest radical scavenging activ-

ity with r
2
= 0.9970. 
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RSA= -194.822 + 8.994T + 0.248t - 0.053T
2
 - 

0.011t
2
 - 6.52x10

-4
T

3
 - 8.22x10

-5
t
3
 + 5.56x10

-6
T

4
 + 

1.42x0
-6

t
4
 + 4.63x10

-5
T

2
t
2
 - 1.6x10

-9
T

3
t
3
 +  

2.15x10
-13

T
4
t
4
                   [Eq. 13] 

 

 Although the phenolics content in prepared 

ginger extract at 60°C were less than that prepared 

at room temperature, however it had a higher radi-

cal scavenging activity. Radical scavenging activity 

decreased with percent of 20 % in the prepared 

tea extract at 100°C (Manzocco, et al 1998). Raw 

broccoli florets had total antioxidant activity meas-

ured by DPPH
•
 with 60.5 % but after cooking for 5 

min by boiling the florets retained 35 % of total 

antioxidant activity (Zhang and Hamauzu, 2004).  

 

Predictive DPPH
•
 scavenging activity at each of 

two independent variables 

 

 Consequently, the obtained predicted models 

are possible for identify the optimum conditions 

(concentration, temperature and holding time) re-

quired to prepare a green tea extract with high 

potential efficiency of radical scavenging activity. It 

could be concluded that, the obtained models 

more accuracy to investigate the interaction effect 

between each two independent variables on the 

radical scavenging activity of the prepared green 

tea extracts. The highest predicted DPPH
•
 scav-

enging activity ranged between 89.29 to 93.04 % 

at different predicted independent variables were 

concentration, temperature and time. Neverthe-

less, the interaction between the three independ-

ent factors not clear by using this surface study. 

 

Regression coefficient for three (concentration, 

temperature and time) independent variables 

 

 Multiple regression coefficients were helped to 

predict quaternary model for radical scavenging 

activity. The table contain models to determine the 

interaction effect between those three independent 

variables on the radical scavenging activity of 

green tea extracts. The model interacted between 

the concentration (C), temperature (T) and time (t). 

The model was tested for adequacy by analysis of 

variance. The regression model for data were sig-

nificant (P≤0.05) with correlation coefficient was 

0.9115. The predicted model for radical scaveng-

ing activity (RSA) was reported as follows: 

 

 

 

RSA=124.85-827.01006C-0.36508T+0.70106t+ 

1086.9C
2
-0.02114T

2
-0.05420t

2
-730.624C

3
+ 

0.00010767T
3
+0.00225t

3
+187.56C

4
-0.0000325t

4
 

+11.7509CT-1.4767Ct+0.01633Tt-0.16155C
2
T

2 

+0.10158C
2
t
2
-0.0000125T

2
t
2
+0.00107C

3
T

3
-

0.00344C
3
t
3
+4.770853x10

-9
T

3
t
3
-0.00000259C

4
T

4
 

+0.00004059C
4
t
4
-6.6261x10

-13
T

4
t
4 

[Eq. 14] 

 

 

Verification of predictive DPPH
•
 scavenging 

activity compared to BHT  

  

 The verification of predicted green tea extract 

parameters to obtain the highest DPPH
•
 radical 

scavenging activity value compared to the re-

sponding of BHT at different concentrations pre-

sented in Table 3. The optimal predicted DPPH
•
 

radical scavenging activity value was 81.3 % with 

verified value 88.0 %. The predicted conditions of 

preparation were 1.0 % green tea, 81.7 °C and 

holding time 25 min. The radical scavenging activi-

ty of BHT at concentrations 50, 100, 150 and 200 

ppm were ranged between 83.9 to 86.8 %. It can 

be recommend using the green tea at concentra-

tion of 1.0 % and preparation temperature 81.7 °C 

to obtain the highest potential anti radical effect. 

The potential effect of extract that prepared using 

predicted conditions closed with the BHT effect at 

concentration 150 ppm.  

 

Effect of concentrations and temperatures on 

the ferric reducing antioxidant power 

 

 Analysis of variance of ferric reducing antioxi-

dant power (FRAP) for green tea extracts present-

ed in Table 4. The extracts prepared at different 

concentrations ranged between 0.25 to 1.25 % and 

temperatures ranged between 40 to 100°C. It 

clearly noticed that the antioxidant power of differ-

ent green tea extracts were greatly significantly 

(P≤0.05) affected by the concentrations those used 

in preparation of extracts. It was gradually in-

creased from 1.09 at concentration 0.25 % to 2.54 

at concentration 1.25 % for the prepared extracts 

at 40°C. The same trend was observed at all used 

temperatures. Increasing the green tea concentra-

tion the ferric reducing antioxidant power in-

creased. 
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Table 3. Optimal predictive preparation interaction conditions for green tea extracts to 

obtain the highest DPPH
•
 radical scavenging activity predictive value compared to veri-

fied values and respond of BHT at different concentrations 

 

Independent 

variables 

P
re

d
ic

te
d

 v
a

lu
e

s
 

Dependent variable BHT (ppm) 

P
re

d
ic

ti
v

e
 

v
a

lu
e

s
 

V
e

ri
fi

e
d

 

v
a

lu
e
 

50 100 15 200 

Concentration 1.0 

81.3 88.0 83.9 85.5 87.4 96.8 Temperature 88.7 

Holding time 25 

 

Table 4. Ferric reducing antioxidant power (OD) of prepared green tea extract at different 

concentrations and temperatures 

 

Temperature (°C) 
Concentration (g/100 ml water) 

0.25 0.5 0.75 1.0 1.25 

40 1.09
Dd

 1.99
Cc

 2.55
Ba

 2.522
Cb

 2.54
Ca

 

60 1.76
Cd

 2.54
Bb

 2.51
Cc

 2.599
Aa

 2.59
Ba

 

80 1.91
Bb

 2.55
Ba

 2.56A
Ba

 2.556
Ba

 2.54
Ca

 

100 2.00
Ae

 2.60
Ab

 2.59
Ac

 2.578
ABd

 2.73
Aa

 

Means in the same column with different capital letters are significantly different (P≤ 0.05). 

Means in the same row with different small letters are significantly different (P≤0.05). 

 

 

 From the same Tables, the ferric reducing anti-

oxidant power of green tea extracts also affected 

by the increasing of temperatures used in prepara-

tion. It markedly and progressively increased from 

1.09 at temperature 40°C to 2.00 at temperature 

100°C with significant difference (P≤0.05) in ex-

tract that prepared using 0.25 % green tea. In addi-

tion, the same tend was observed at all used con-

centrations. The higher the inhibition rate is, the 

greater the hydrogen donating ability, thus the 

higher antioxidant activities (Jun et al 2011). 

 

Polynomial cubic regression study for FRAP 

Concentration versus FRAP  

 

 The effects of green tea concentration on 

FRAP was presented as a polynomial trend in Fig. 

3. The green tea concentration had a significant 

(P≤0.05) effect on the FRAP at constant tempera-

ture (60 °C). FRAP value increased from 1.75 to 

2.59 with increasing the green tea concentration 

from 0.25 to 1.25 % (W/V). According to the poly-

nomial cubic regression, (Eq. 15) the FRAP in-

creased with increasing the green tea concentra-

tion from 0.25 to 1.0 %, whereas constancy of val-

ues were observed at concentration more than 1.0 

% with correlation coefficient was 0.9630. 

 

Y= 0.132 + 8.944X -10.425X
2
 + 3.892X

3
    [Eq. 15] 

 

 The predicted FRAP values increased from 

1.77 to 2.61 with increasing the green tea concen-

tration from 0.25 to 0.73 % (w/v), then decreased 

gradually to the minimum value was 2.06 with in-

creasing green tea concentration to 1.25 % (w/v). 

 

Temperature versus FRAP 

 

 Effects of different temperatures up to 100 °C 

those used in preparation of green tea extracts on 

the potential FRAP was presented as a polynomial 

trend in Fig. 3. The polynomial regression was 
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expressed at constant concentration (0.75). The 

green tea extracts significantly (P≤0.05) affected 

by different temperatures. FRAP values gradually 

increased from 2.55 to 2.59 with increasing the 

temperature with significant (P≤0.05) differences. 

Upon the basis of apparent changes in efficiency 

of extraction affected by temperature as well as 

taking into account the cost of energy. The pre-

dicted temperature 95.78 °C was chosen for the 

optimization of extraction. The highest predicted 

FRAP value was 2.59 observed at the previous 

predicted temperature. The polynomial model that 

used in prediction process as follows: 

 

Y= 3.513 - 0.045X + 6.402x10
-4

X
2
 - 2.822x10

-6
X

3
 

[Eq. 16] 

 

Regression coefficient for each independent 

variable for FRAP 

 

 Multiple regression coefficients of predicted 

cubic polynomial models for the dependent varia-

ble (FRAP) were estimated. The green tea concen-

tration was the independent variable ranged be-

tween 0.25 to 1.25 % by used the constancy tem-

perature (60°C) in preparation of the extracts. In 

addition, the temperature was also an independent 

variable ranged between 40 to 100 °C by used the 

constancy green tea concentration (0.75 %). The 

green tea concentration and preparation tempera-

ture had a significant (P≤0.05) effect on the ob-

tained FRAP values. Equation 17 was used to pre-

dict the FRAP at different concentrations. Lowest 

and highest predicted FRAP values were 1.77 and 

2.61 at green tea concentrations 0.25 and 0.71 %.  

 
Y= 0.132 + 8.944X -10.425X

2
 + 3.892X

3
               

[Eq. 17] 

 
 According to equation (18) the FRAP gradually 

increased from 2.55 at 40°C of extraction to the 

maximum level was 2.59 at 95.78°C at constancy 

concentration was 0.75%. 

 
Y= 3.513 - 0.045X + 6.402x10

-4
X

2
 - 2.822x10

-6
X

3
               

[Eq. 18] 

 
 The models were tested for adequacy by anal-

ysis of variance. The regression models for data 

were significant (P≤0.05) with r
2 

were 0.9630 and 

1.000. According to the models it is cleared that, 

the potential FRAP was affected by both of green 

tea concentration and temperature of preparation. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Polynomial cubic trends of different green 

tea concentrations and temperatures of prepara-

tion in prepared extracts versus ferric reducing 

antioxidant power 

 

 In the predicted of two independent variables, 

both of concentration and temperature of green tea 

extraction preparation with high FRAP value was 

established. The highest FRAP values were 

2.6118 and 2.5995 selected at predicted green tea 

concentration and preparation of temperature 0.71 

% and 95.78 °C, respectively. Although, the previ-

ous models cleared the effects each of green tea 

concentration and preparation of temperature on 

the extracts antioxidant power, but not investigated 

the effect of interaction between the two variables.  

 

Three dimension response surface study FRAP 

 

 The previous polynomial cubic regression for 

each independent variables were green tea con-

centrations (G) and temperature (T) appeared 

slight effect of temperature and high effect of con-

centrations on the FRAP values as dependent  

variable. Therefore, the three dimension response 

surface study was necessary to optimize the com-
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bined concentrations from green tea and tempera-

ture of preparation. The plot in Fig. 4 shows the 

response surface of FRAP as observed with 

changing of green tea concentrations and tem-

perature of preparation. The predicted model (Eq. 

19) had a high correlation coefficient (r
2
= 0.9780). 

From output data, it could be noticed that the best 

predicted FRAP value for that equation was 2.566 

at predicted concentration and temperature were 

1.0 % and 88.7 °C. The FRAP values of BHT at 

concentrations 50, 100, 150 and 200 ppm were 

1.627, 1.720, 2.390 and 3.060, respectively. The 

green tea extract that prepared at 1.0 % had FRAP 

equivalent closed with BHT solution at concentra-

tion 200 ppm. 

 

FRAP= -3.508 + 0.074G + 12.189T - 2.290x10
-4

G
2 

-13.418T
2
 -4.524x10

-6
G

3
 + 6.983T

3 
+ 3.113x10

-8
G4 

-1.246T
4 

- 9.478x10
-4

G
2
T

2
 + 1.150x10

-5
G

3
T

3
 - 

4.087x10
-8

G
4
T

4
                                                    

[Eq. 19] 

 

 The improved antioxidant activities of green tea 

extract can be exploited as dietary supplement in 

foods and beverages or in nutraceutical applica-

tions (Ong and Annuar, 2017). 

 

 

Fig. 4. Three dimension regression plot to predict 

the ferric reducing antioxidant power as dependent 

variable against different concentrations and tem-

peratures for preparation of green tea extracts as 

independent variables 

 

Effect of concentrations and temperatures on 

the reducing power 

 

 The effect of green tea extracts prepared using 

different concentrations and temperatures on the 

reducing power (RP) was presents in Table 5. The 

green tea concentration was ranged between 0.25 

to 1.25 %. The green tea concentration had a sig-

nificant (P≤0.05) effect on the RP values.  RP sig-

nificant increased from 1.06 to 1.62 with increasing 

the green tea concentration from 0.25 to 1.25 % at 

preparation temperature 40°C. The same trend 

was observed with the extracts those prepared at 

100°C. The RP increased from 1.37 to 2.00 at 

concentrations 0.25 and 1.25 % with significant 

differences. Non-significant (P≥0.05) differences  

between obtained RP values for the extracts pre-

pared from 1.0 or 1.25 % green tea at al used 

temperature of preparation. 

 On the other hand, the obtained data proved 

that the preparation temperature significant 

(P≤0.05) effect in the extracts RP. The RP value 

gradually increased with increasing the tempera-

ture from 40 to 100 °C reached up to 1.37. Also, 

the RP reached to the maximum value with the 

extract that prepared using 1.25 % green tea and 

prepared at 100 °C. Generally, each of green tea 

concentration and preparation temperature effects 

in the RP of prepared extract. It cannot determine 

the optimal conditions to prepare the green tea 

extract with high potential RP. 

 

 

Table 5. Reducing power (OD) of prepared green 

tea extracts at different concentrations and tem-

peratures 

 

Temperature 

(°C) 

Concentration (g/100 ml water) 

0.25 0.5 0.75 1.0 1.25 

40 1.06
Bb

 1.42
Bab

 1.48
Bab

 1.54
Ca

 1.62
Ca

 

60 1.16
Bb

 1.53
ABab

 1.52
ABab

 1.60
BCab

 1.66
Ca

 

80 1.45
Aa

 1.47
ABa

 1.47
Ba

 1.68
ABa

 1.83
Ba

 

100 1.37
Ac

 1.59
Abc

 1.59
Abc

 1.71
Aab

 2.00
Aa

 

Means in the same column with different capital letters 

are significantly different (P≤0.05). 

Means in the same row with different small letters are 

significantly different (P≤0.05). 
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Polynomial cubic regression study of reducing 

power 
 

Concentration versus reducing power 
 

 The effects of green tea extracts prepared at 

60 °C on RP at different concentrations was pre-

sented as a polynomial trend in Fig. 5. Increased 

the green tea concentration lead to enhance the 

RP of extracts. However, the maximum RP was 

increased with increasing the green tea concentra-

tion to 1.66 with value was 1.25 %. According to 

the obtained results nonlinear relation between the 

green tea concentration and RP. According to the 

polynomial trend that obtained from equation 20 

the maximum RP was 1.67 at 1.25 % green tea. 

The equation had a significant effect with correla-

tion coefficients was 0.9710. 
 

Y= 0.387 + 4.280 X - 5.069X
2
 + 1.995 X

3
               

[Eq. 20] 
 

 Consequently, the obtained predicted model 

appeared the enhancement in the green tea ex-

tracts behavior with the different concentrations. 

However, it could not use the green tea concentra-

tion alone to prepare suitable tea extract with high 

potential RP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Polynomial cubic trends of different green 

tea concentrations and temperatures of prepara-

tion in prepared extracts. versus reducing power 

Temperature versus reducing power 

 

 Effects of different temperatures ranged from 

40  to 100°C used in preparation of green tea ex-

tracts at concentration 0.75 on the RP was pre-

sented as a polynomial trend in Fig. 5. The tem-

perature had a slight effect on the antioxidant 

power of the prepared green tea extracts com-

pared to that effect of concentration. The green tea 

extracts significantly (P≤0.05) affected by different 

temperatures. Reducing power values gradually 

increased from 1.42 to 1.59 with increasing the 

temperature with significant differences. Upon the 

basis of apparent changes in efficiency of extrac-

tion slightly affected by temperature the equation 

21 can be fit the obtained data. The predicted tem-

perature 100 °C was chosen for the optimization of 

extraction. The highest predicted RP value was 

1.59, which observed at the previous predicted 

temperature. The polynomial model that used in 

prediction process was as follows: 

 

Y= 1.634 - 0.008X + 7.750x10
-5

X
2
       [Eq. 21] 

 

 The quadratic equation had a significant effect  

with correlation coefficients was 0.9870.  

 

Regression coefficient for each independent 

variable for reducing power 

 

 Multiple regression coefficients of predicted 

cubic and quadratic polynomial models for RP as 

dependent variable were estimated. The used 

green tea concentrations were ranged between 

0.25 to 1.25 % as independent variable. The ex-

tracts prepared by used the constancy moderate 

temperature was 60°C. In addition, the tempera-

ture was also an independent variable ranged be-

tween 40 to 100°C by used the constancy green 

tea concentration (0.75 %). The green tea concen-

tration and preparation temperature had a signifi-

cant effect on the obtained RP values. Equation 22 

was used to predict the RP at different concentra-

tions. Lowest and highest predicted RP values 

were 1.16 and 1.67 at green tea concentrations 

0.25 and 1.25 %. 

 

Y= 0.387 + 4.280 X - 5.069X
2
 + 1.995 X

3
  [Eq. 22] 

 

 According to equation 23 the RP gradually in-

creased from 1.42 at 40°C of extraction to the 

maximum level was 1.59 at 100°C at constancy 

concentration was 0.75 %. 
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Y= 1.634 - 0.008X + 7.750x10
-5

X
2
       [Eq. 23] 

 

 The models were tested for adequacy by anal-

ysis of variance. The regression models for data 

were significant with r
2 

were 0.9710 and 0.9870. 

According to the models it is cleared that, the po-

tential RP was affected by both of green tea con-

centration and temperature of preparation. 

 The predicted of two independent variables, 

both of concentration and temperature of green tea 

extraction preparation with high RP value conclud-

ed. The highest RP values were 1.6706 and 

1.5960 selected at predicted green tea concentra-

tion and preparation of temperature 1.25 % and 

100 °C, respectively. The models cleared the sep-

arately effects each of green tea concentration and 

preparation temperature on the power of extracts 

reducing, but not fit the effect of interaction be-

tween the two variables.  

 

Three dimension response surface study of 

reducing power 

 

 Three-dimension response surface method 

was used to study the relationship between con-

centration and preparation temperature of extract 

on RP efficiency for green tea water extracts. Ac-

cording to Figure 6 the RP was increased with 

increasing both of green tea concentration and 

preparation temperature (up to 89 °C). In contrary, 

at high temperature the RP was decreased. Output 

data of response surface study showed significant 

(P≤0.05) relationships between both of green tea 

concentration and temperature of extraction as 

independent variables and RP as dependent vari-

able. The predictive equation (Eq. 24) shows the 

effect of green tea concentration (G) and tempera-

ture of extraction (T) on reducing power (RP). The 

predicted model (Eq. 24) had a high correlation 

coefficient (r
2
= 0.9550). According to output data, it 

could be said that the best predicted RP value for 

that equation was 1.687 at predicted concentration 

and temperature were 1.0 % and 88.7 °C. The RP 

values of BHT at concentrations 50, 100, 150 and 

200 ppm were 0.306, 0.878, 1.417 and 2.012, re-

spectively. The green tea extract that prepared at 

1.0 % had RP equivalent closed with BHT solution 

at concentration 200 ppm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Three dimension regression plot to predict 

the reducing power as dependent variable against 

different concentrations and temperatures for 

preparation of green tea extracts as independent 

variables 

 

RP= -0.695 + 0.011G + 8.220T + 3.183x10
-5

G
2 

- 

14.671T
2
 - 5.793x10

-7
G

3
 - 12.269T

3 
+ 8.729x10

-

10
G

4
 -3.687T

4 
- 3.825x10

-4
G

2
T

2
 + 4.932x10

-6
G

3
T

3
 - 

1.720x10
-8

G
4
T

4
                                      [Eq. 24] 

 

 Jeu-Ming et al 2015 revealed that the green 

tea extract using cold water had a high potential 

antioxidant activity compared to the extract pre-

pared by hot water. Evstigneeva et al (2016) 

found out the preferred brewing dry green tea 

leaves in water was 70 °C followed by exposure for 

10 min with continuous agitation. 

 

Total Phenolic and flavonoid contents 

 

 Total phenolics and flavonoids content in green 

tea extracted using optimal conditions presented in 

Fig. 7. These extract was prepared at green tea 

concentration 1 % in water at 88.7 °C. According to 

the previous data, those conditions gave extracta-

ble phenolics and flavonoids with high potential 

effects. The total phenolics in green tea extract 

was 81.2 mg GAE/100 ml, that mean each gram 

from dry tea leaves contained 81.2 mg GAE/g. In 

addition, the total flavonoids in green tea extract 

was 33.5 mg QE/100 ml with equivalent weight 
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33.5 mg QE/g dry tea leaves. The obtained results 

closed with those findings by Nor Qhairul Izzreen 

and Mohd Fadzelly, (2013) indicated that the 

each gram from dry green tea contained total phe-

nolics ranged between 63.87 to 80.27 mg GAE. At 

the same time, the total flavonoids ranged between 

20.90 to 35.17 mg QE/g. 

 

 

 

 

 

Fig. 7. Total phenolics (mg GAE/100 ml) and total 

flavonoids (mg QE/100 ml) in green tea water ex-

tracts at optimal extraction conditions 

 

 

Hepatic biomarkers  

 

 The effect of CCL4 administration and the 

modulatory activities of green tea extract on the 

hematological parameters of rats shown in Fig. 8. 

A significant (P≤0.05) decrease in serum total pro-

tein and albumin observed in cirrhosis group (G2) 

that treated by CCl4.  The serum proteins dramati-

cally decreased to the minimum levels of 5.31 and 

2.91 g/dl, respectively. However, administration of 

aqueous extract of green tea corrected the trend of 

total protein and albumin in G3 compared to the 

obtained trend in G2. Non-significant (P≥0.05) dif-

ference  was observed between the values those 

obtained from each groups (G1 and G3). As in the 

current study, previous experimental studies have 

shown that CC14 decreased total protein and al-

bumin levels (Fahim et al 1999; Khan and Al-

zohairy, 2011; Althnaian et al 2013). The activi-

ties of ALT and AST were estimated in serum as 

hepatic biomarkers of liver function. The CCl4 

treatment markedly affected in the liver specific 

enzymes. Significant (P≤0.05) increase in the se-

rum ALT and AST activities were observed in the 

cirrhotic group (G2). The ALT and AST increased 

dramatically from 44 and 182 u/l at zero time to 73 

and 221 u/l after twelve weeks, respectively. The 

rats induced by CCL4 had been increase in serum 

ALT and AST levels that source from cell mem-

brane and mitochondrial damages in liver cell 

(Zimmerman et al 1965; El-Bahr, 2014; Al-

Sultan and El-Bahr, 2015). Non-significant 

(P≥0.05) effect observed in the negative group 

(G1) in the ALT and AST activities that arrived to 

the maximum level was 46 and 165 u/l, respective-

ly. The group (G3) treated by green tea extract 

appeared trend closed with that obtained with G1. 

The ALT and AST activities protective factors in G3 

compared to those in G2 were 1.91 and 5.68, re-

spectively. According to previous observations, the 

green tea extract prepared at optimal conditions 

and had high antiradical and antioxidant activities 

played roll in retardation of the liver cirrhosis with 

non-significant differences compared to G1. Similar 

results have been reported by Albokhadaim, 

(2016). The increased serum levels of hepatic 

transaminases biomarkers have been attributed to 

the liver injury, because these enzymes are place 

in cytoplasmic area of the cell and are released 

into circulation in case of cellular damage (Brent 

and Rumack, 1993; Recknagel et al 1989) 

 

Histopathological findings 

 

 Sections in livers for rats in negative group 

(G1), cirrhotic positive group (G2) and treated 

group by green tea extract (G3) shown in Fig. 9. 

There was no histopathological alteration and the 

normal histological structure of the central vein and 

surrounding hepatocytes in the parenchyma were 

recorded in G1 A. Thickening with collagen prolif-

eration as well as inflammatory cells infiltration and 

degeneration in the underlying hepatocytes in the 

parenchyma were recorded in G2 B1. Fatty 

change was observed in diffuse manner all over 

the hepatocytes in the parenchyma (G2 B2). The 

portal area showed inflammatory cells infiltration 

and few fibroblastic cells proliferation (G2 B3). Fo-

cal steatosis was detected in between the hepatic 

lobules (G2 B4). Focal steatosis was detected in 

the glissons capsule (G3 C1), while the hepato-

cytes in the parenchyma were intact (G3 C2). 
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Fig. 8. Effect of green tea extract prepared at optimal conditions on the total protein, albumin, ALT and 

AST in rates had chronic liver cirrhosis for twelve weeks 

 

 

 

 

 

 
 

Fig. 9. Sections in livers for rats in negative group (G1), cirrhotic positive group (G2) and treated group by 

green tea extract (G3) 
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CONCLUSION 

 

 According to the obtained results, using of 

1.0% green tea and water at 88.7°C was the most 

efficient set of conditions for the preparation of 

green tea extract with a potential antiradical and 

antioxidant effects closed with BHT solution ef-

fects. Prepared green tea extract using concentra-

tion higher than 1.0 % had a non-significant 

(P≥0.05) potential effects. In addition, using water 

with temperature higher than 88.7°C gave an ex-

tract with destroyed phenolics had a low radical 

scavenging and antioxidant activity. Utilization of 

green tea that prepared at previous predicted con-

ditions could be suggested to protect rats livers 

against cirrhosis according to the obtained serum 

biomarkers and histological finings. 
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 زــــــــــــــــالموجـ
  

ىدفت ىذه الدراسة الى تقدير الظروف المثمى  
المستخمص المائى لمشاى الأخضر من حيث لتحضير 

تركيز الشاي الأخضر ودرجة حرارة الإستخلاص. تم 
 Response)تطبيق طريقة الإستجابة السطحية

surface methodology)  لتقدير أعمى نشاط مضاد
، القوة المضادة للأكسدة (RSA) لمشقوق الحرة

 (RP) وقوة الإختزال (FRAP) والإختزال لمحديديك

ص الشاي الأخضر المحضر. أيضا تم دراسة لمستخم
تأثير المستخمص المائى لمشاى الأخضر المحضر عند 
الظروف المثمى عمى تأخير تميف الكبد فى الفئران. تم 
تصميم مصفوفة مركبة ثنائية العوامل لتقدير تأثير كل 
من تركيز الشاي الأخضر، درجة حرارة الإستخلاص 

 RSA،FRAP  ىوزمن التفاعل كعوامل مستقمة عم

كعوامل تابعة. كان أفضل ظروف من حيث   RPو
التركيز، درجة الحرارة وزمن التفاعل لمحصول عمى 

دقيقة مع قيمة  52م و˚ RSA 1.0% ،88.7  أعمى
 2..511عند معامل ارتباط  % RSA 81.3 تنبؤية لمـ

  RSA والذى كان لو قيمة BHT مقارنة بالـ

ون وزمن تفاعل جزء في الممي 25.عند تركيز 87.4%
دقيقة. نفس قيم التركيز ودرجة الحرارة المتنبأ بيا  05

سابقا عند تحضير المستخمص المائى لمشاى الأخضر 

مع قيم   RPو FRAP أعطت أعمى قيم لكل من
 511.15مع معامل ارتباط كان  12.1.و 51222

عمى الترتيب. وكان محتوى المستخمص  511225و
ممجم مكافئ  1.15والفلافونويدات الكمية من الفينولات 

ممجم مكافئ كيوريسيتين لكل  0012حمض الجاليك و
مل مستخمص. استخدم مستخمص الشاي  55.

الأخضر المحضر عند الظروف المثمى في معاممة 
الفئران تحت تأثير رابع كموريد الكربون كعامل محفز 

بين  (P≥0.05) لتميف الكبد. لوحظ تأثير غير معنوى
لمجموعة الضابطة والمجموعة المعاممة برابع كموريد ا

الكربون  ومستخمص الشاى الأخضر من حيث قيم 
البروتين الكمى والألبيومين. عمى الجانب الأخر فإن كل 
من قيم البروتين الكمى والألبيومين حدث ليا إنخفاض 
حاد في المجموعة المعاممة برابع كموريد الكربون ولم 

لوحظ نفس الإتجاه عند دراسة  تعامل بالمستخمص.
أنزيمات الكبد. أظيرت مقاطع تشريح الكبد قدرة 
مستخمص الشاي الأخضر عمى تأخير حدوث تميف 

 .الكبد في الفئران المعاممة برابع كموريد الكربون
 

ر، الفينولات، ـــــــاى الأخضــــــــالش ة:ـــــــــــــات الدالــــالكمم
لمضاد لمشقوق الحرة، القوة الفلافونيدات، النشاط ا

المضادة للأكسدة واختزال الحديديك، قوة الأختزال، 
 د.تميف الكب

 


