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Abstract― In order to introduce new functions onto textile fabrics, nylon and cotton were treated with green tea extracts. 

And then the anti-oxidant activity of fabrics treated with the extracts was evaluated by Blois method using DPPH (
α

,
α

-diphenyl-
β

-picrylhydrazyl). The anti-oxidant activity was exhibited on the textile fabrics treated as well as by the extracts 

itself. The cotton fabric treated with 10% o.w.f. of extract appeared to have almost 90% of anti-oxidant activity and 95% 

was obtained for nylon.
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1. Introduction

  Green teas are drawing considerable attention for 

specific health claims and the presence of functional 

constituents such as catechins. The catechins are composed 

of a family of four major substances, epicatechin (EC), 

epigallocatechin (EGC), epicatechin gallate (ECG), and 

epigallocatechin gallate (EGCG). These catechins have 

been reported for having many health benefits and 

functionality, such as anti-oxigenicity, anti-mutagenicity, 

anti-tumorgenicity and anti-carcinogenicity as well as 

decrease of cholesterol level in blood, prevention arterial 

sclerosis thrombosis and heart attack
1-9).

  Recently, many creative technologies have been tried to 

introduce eco-friendly and health-care functions to textile 

products in textile field, too. One of those technologies is 

to use and apply the active ingredients obtained from 

natural materials, such as the catechins extracted from 

green tea
10-13).

  In the previous study, green tea was extracted to be 

treated onto fabrics and the extracts were analyzed for its 

effective ingredients contents and their optimum treatment 

conditions toward fabrics were determined
14,15). 

  In this study, two textile fabrics, nylon and cotton, were†
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treated with green tea extracts at optimum conditions and 

investigated in terms of anti-oxidant activity of the 

fabrics, which was a representative function of green tea 

extracts, especially catechins.

2. Experimental

2.1 Materials 

  The green tea was purchased from Bosung, South 

Jeolla, Korea and was of grade used for a bath. Fabrics 

were 100% nylon and cotton, respectively. The other 

chemicals are reagent grade and used without further 

purification.

2.2 Extraction of green tea  

  Green tea (50g) was extracted in distilled water (1.0L) 

at 80

℃ 
for 2 hours. The extracted solution was filtered 

and freeze-dried to obtain extracts powder (3.5g) which 

was used in this experiment14,15). 

2.3 Treatment of green tea extracts onto fabrics

  Nylon and cotton fabrics (1.0g) were treated with green 

tea extracts (1~10% o.w.f.) at 100

℃ 
for 1 hour. 
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  Liquor ratio was 1:20 and pH was 5. This treatment 

conditions have been optimized in the previous study15). 

After treatment, the fabrics were washed with tap water 

for 5 minutes.

2.4 Color measurement of treated fabrics

  The shade and color strength of treated fabrics were 

measured by a color measurement instrument (Spectro-

photometer CM-3600d, Konica Minolta) and expressed by 

L*a*b*C*h and total K/S). The total K/S  is the sum of the 

K/S values in the visible region of the spectrum. 

Meanwhile, the K/S is the color strength at single 

wavelength which is calculated from the reflectance(R) of 

the single wavelength obtained at every 10nm in the range 

of 400~700nm. The measurement was carried out with 

10° standard observer under standard light D65.

2.5 Analysis of effective polyphenol content

2.5.1 Polyphenol content of green tea extracts

  Polyphenol content of the green tea extracts was 

calculated by UV-Vis. spectrophotometry based on Folin- 

Denis method of AOAC16). Folin reagent (1mL) was 

added into the aqueous solutions of green tea extracts 

(1ml). After 3 minutes, 10% sodium carbonate aqueous 

solution (1mL) was added. The solution was kept at 30

℃ 
for 1 hour in order to get endpoint of reaction between 

Folin reagent and polyphenol ingredients. And then the 

solution was measured to obtain absorbance increase 

at maximum absorbance wavelength, 766nm. By the 

calibration curve prepared previously using gallic acid as 

a standard reagent of polyphenols, the polyphenol 

contents of green tea extracts were calculated.

2.5.2 Polyphenol content of the fabrics treated  

     with extracts

  Polyphenol content of the treated fabrics was also 

obtained by the same method as 2.5.1. The fabrics (0.2g) 

treated with appropriate amounts of green tea extracts 

were immersed in water (2mL) and then Folin reagent 

(2mL) was added. After 3 minutes, 10% sodium carbonate 

aqueous solution (2mL) was added. After being kept at 3

0

℃ 
for 1 hour, the solution was filtered and increased 

absorbance was measured at maximum absorbance 

wavelength, 766nm. 

2.6 Evaluation of anti-oxidant activity

    (Electron Donating Ability, EDA)

2.6.1 Anti-oxidant activity of green tea extracts

  Anti-oxidant activity of the treated fabrics was obtained 

by UV-Vis. spectrophotometry based on Blois method 

using DPPH(
α

,
α

-diphenyl-
β

-picrylhydrazyl)(Fig. 1).

   The aqueous solutions of extracts (4ml) were mixed 

with 1.0mM DPPH ethanol solution (1mL). The test 

solution was kept inside a darkroom at room temperature 

for 30 minutes in order to make the reaction complete 

between DPPH and polyphenol ingredients. And then 

absorbance decreases of the solution were measured at 

maximum absorbance wavelength, 517nm. Using the 

equation (1), anti-oxidant activity was calculated.

N

NH

NO2O2N

NO2

+ A

N

N

NO2O2N

NO2

+ AH

  Diphenylpicrylhydrazyl            Diphenylpicrylhydrazine 

(free radical, deep violet)            (nonradical, pale yellow)

Fig. 1. Stabilization of DPPH radical by electron 
donation ability of anti-oxidants(AH). 

 


×

                (1)

  EDA : Electron donating ability (DPPH radical scav         

               enging activity, Anti-oxidant activity)

  A0 : Absorbance of DPPH solution without sample at 517nm

  A1 : Absorbance of DPPH solution with sample at 517nm

2.6.2 Anti-oxidant activity of the fabrics treated  

     with extracts

  Anti-oxidant activity of the treated fabrics was obtained 

by the similar method as 2.6.2. The fabrics (0.2g) treated 

with appropriate amounts of green tea extracts were 

immersed in 1.0mM DPPH ethanol solution (4mL). After 

the test solution was kept inside a darkroom at room 

temperature for 90 minutes, the solution was filtered 

and absorbance decrease was measured at maximum 

absorbance wavelength, 517nm. Using the equation (1), 

the anti-oxidant activity was calculated.
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3. Results and Discussion

3.1 Treatment of nylon and cotton fabrics  

    with green tea extracts  

  Nylon and cotton fabrics were treated with green 

tea extracts at optimum conditions determined previously15). 

Fig. 2 shows the color strength values of the fabrics 

treated with different concentrations of green tea extracts. 

Nylon exhibited higher color strength than cotton 

fabrics, which is attributable to stronger polar inter-

actions between protonated amino groups of nylon 

and hydroxyl groups of polyphenol ingredients in 

green tea extracts while only hydrogen bonding 

contributes between cotton and polyphenols
15).    

  Color values of the fabrics treated with 10% o.w.f. 

extracts were presented at Table 1. Their color shades 

are yellowish brown.

3.2 Analysis of green tea extracts  

3.2.1 Polyphenol content of green tea extracts  

  It is well known that the major effective ingred-

ients of green tea are catechins that are classified 

into polyphenols. Therefore, it is necessary to analyze 

their content included green tea extracts. 
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Fig. 2. Color strength of the fabrics treated with green 
tea extracts.

Fabric L* a* b* C* h

Nylon 55.2 9.6 20.5 22.7 64.9

Cotton 69.6 7.1 14.6 16.3 64.0

Tabl e 1. Color values of the fabrics treated with 10% 
o.w.f. of green tea extracts

  In order to analyze the polyphenol content of green 

tea extracts, Foiln-Denis method was used. In this 

method, Folin reagent is used to detect polyphenols.

  Without polyphenols, the test solution containing 

Folin reagent does not have any colors. By the 

existence of polyphenols, the Folin reagent solution 

changes its color into blue having a maximum 

absorption wavelength at 766nm (Fig. 3). 

  The absorbances at 766nm are linearly proportional 

to polyphenol concentration of the solution. By the 

calibration curve prepared previously using gallic acid as a 

standard reagent of polyphenols (Fig. 4), the polyphenol 

contents of green tea extracts were calculated.

  A 0.1g/l of green tea extracts aqueous solution was 

prepared and analyzed by Folin-Denis method. As 

shown in Fig. 5, Absorbance of the solution at 766nm 

was 0.516 which meant the green tea extracts con-

tained 16% of polyphenols.
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Fig. 3. Change of UV-VIS spectra of Folin reagent 
solution by polyphenol (gallic acid).
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Fig. 4. Calibration curve of gallic acid by Folin reagent.
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Fig. 5. UV-VIS spectrum of Folin reagent solution 
containing 0.1g/l of green tea extract solution.

3.2.2 Anti-oxidant activity of green tea extracts  

  The most well-known function of polyphenols is 

anti-oxidant activity. The activity means that the radical 

scavenging materials like polyphenols deactivate highly 

reactive and harmful species such as active oxygen 

radicals. 

  In order to evaluate the anti-oxidant activity of green 

tea extracts of this study, Blois method was used. In 

the method, DPPH could be used as a highly reactive 

radical like active oxygen to examine capability of 

electron donation of anti-oxidants like polyphenols in 

this experiment (Fig. 1). DPPH is a stable free radical 

and changes into non radical structure by electron 

donation from anti-oxidants. At this time, DPPH solution 

changes its color from deep violet into pale yellow as 

absorbance at the maximum absorption wavelength (517nm) 

decreases (Fig. 1). The absorbance decrease is linearly 

proportional to concentration of anti-oxidants in the 

solution. 

  Fig. 6 shows the UV-Vis. spectra of DPPH solution 

containing different concentration of green tea extracts. 

The absorbances at 517nm are decreasing continuously 

as the concentrations of green tea extracts are increasing. 

By using equation (1), electron donation ability(EDA), 

which means anti-oxidant activity, was calculated and 

showed in Fig. 7. For a comparison, BHA(butylated 

hydroxyanisole) and BHT(butylated hydroxytoluene), 

which are anti-oxidants being used for food, were 

investigated together. As the concentration of green 

tea extracts increased, EDA was also increased up to 

almost 80%. The EDA of extracts seems comparable 

to those of BHA and BHT. 

Wavelength (nm)
400 500 600 700 800

A
bs

or
ba

nc
e

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4
0g/l
0.005g/l 
0.01g/l 
0.025g/l 
0.1g/l 
0.25g/l 
0.5g/l 
0.75g/l 

Fig. 6. UV-VIS spectra of DPPH solution containing 
various concentration of green tea extracts.
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Fig. 7. EDA (anti-oxidant activity) of green tea extracts. 

3.3 Analysis of the fabrics treated with   

    green tea extracts  

3.3.1 Effective polyphenol content of the fabrics  

     treated with green tea extracts 

  Fig. 8 shows the absorbance increase of Folin reagent 

solutions containing fabrics treated with green tea extracts. 

From the results of Fig. 8, the effective polyphenol 

content of nylon and cotton fabrics treated with green tea 

extract was calculated and presented in Fig. 9. The 

effective polyphenol content of cotton fabrics was higher 

than that of nylon. This seems to be inconsistence with the 

result of Fig. 2 that showed higher uptake of green tea 

extracts onto nylon than onto cotton fabrics. This could be 

explained as follows; Since the attraction of green tea 

extracts toward nylon fibers is stronger than toward 

cotton, nylon has much higher uptake of extracts than 

cotton. However, the stronger attraction onto nylon would 

adversely affect anti-oxidant activity, because in order for 
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anti-oxidants to act toward reactive radicals, the anti- 

oxidants should be loose out from the fibers and 

participate to radical scavenging reactions. Moreover, it is 

needed to comment that the effective polyphenol content 

of the fabrics is not exactly the same as polyphenol uptake
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Fig. 8. UV-VIS spectra of Folin reagent solution 
containing the fabrics treated with green tea extracts.
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Fig. 9. Effective polyphenol content of the fabrics 
treated with green tea extracts. 

on the fabrics. This is because all polyphenols inside the 

fabrics might not participate to the reaction with Folin 

reagent. 

3.3.2 Anti-oxidant activity of the fabrics treated  

     with green tea extracts   

  Fig. 10 shows the absorbance decrease of DPPH solutions 

containing fabrics treated with green tea extracts. From the 

results of Fig. 10, the anti-oxidant activity of nylon and 

cotton fabrics treated with green tea extract was calculated 

and presented in Fig. 11. Both nylon and cotton fabrics 

exhibited considerable anti-oxidant activity. But the values 

of cotton were somewhat higher than those of nylon. The 

cotton fabric treated with 10% o.w.f. of extract appears to 

have almost 90% of anti-oxidant activity and 95% was 

obtained for nylon. This result means that the useful active 

ingredients like polyphenols might exhibit medical actions 

toward human body by contact with textile fabrics as well 

as by intake from food or by spreading on the skin.  
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Fig. 10. UV-VIS spectra of DPPH solutions containing 
the fabrics treated with green tea extracts. 
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Fig. 11. EDA (anti-oxidant activity) of the fabrics treated 
with green tea extracts.

4. Conclusion

  In order to examine whether the active ingredients 

of green tea extracts can be utilized for textile 

fabrics and whether a new functional activity can be 

introduced to fabrics, nylon and cotton were treated 

with green tea extracts. As results, an anti-oxidant 

activity was exhibited not only by the extracts itself 

but also on the fabrics showing 90% of EDA for 

cotton and 95% for nylon fabrics.    

  In the past, anti-oxidant activity was considered and 

investigated only for food and cosmetics. However, this 

kind of activity could be a new function of textile product 

and will be more and more important in the future.  

  In addition, it should be commented that many 

additional experimental results should be supplemented in 

the medical fields as well as textile fields to prove its 

positive effect to human body.
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