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# # 5172618223: MAJOR   APPLIED POLYMER SCIENCE AND TEXTILE TECHNOLOGY 
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ZINC OXIDE 
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SANGWATANAROJ, Ph.D., CO-ADVISOR: ASST.PROF. RATH PICHYANGKURA, 

Ph.D., 140 pp.  

This research relates the chemical finishing of cotton fabrics for body-odor control, 

antibacterial and UV-blocking properties. Woven fabric (dyed and undyed) and  knitted (dyed) 

cotton fabrics were treated with both -cyclodextrin and nano zinc oxide, and also treated 

individually, using padding and exhaustion techniques followed by a fixation were tested for 

their performance on body-odor control, antibacterial and UV-blocking, as well as other fabric 

properties. 

For odor-control finishing, dyed knitted-fabric that finished with a combination of 

cyclodextrin and nano zinc oxide showed the best performance on body-odor control 

(decreasing the body-odor from the strongest level to the moderate level) and chemicals on 

fabric were durable to at least 3 laundering cycles. For antibacterial finishing dyed knitted-

fabric that finished with both chemicals and finished with only nano zinc oxide showed high to 

highest antibacterial properties ( 99% reduction of bacterial) while for woven, finished dyed 

fabrics showed better antibacterial property than finished undyed fabrics. Unfortunately, most 

nano zinc oxide finished fabrics showed undurable to laundering. For UV-blocking finishing 

dyed knitted-fabric that finished with both chemicals and finished with only nano zinc oxide 

showed excellent UV-blocking property (UPF 100) In terms of finishing techniques, results 

indicate an ultrasonic system or a high mechanical action was required for nano zinc oxide 

finishing of cotton fabric in odor to prevent an agglomeration of nano particles and to increase 

the finishing efficiency. 
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 5  90  15 

 3.4 
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 3.3  Labtec 

 

 
 3.4  

  

 4 

 ( ) 

 

 

 

 

 

 

 

 

 +  +  Na2SO4 +  

 90 C    45  

 Na2CO3 

 

 90 C 15  

      +  
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3.3.2   

 4  3.3.1   

3.3.2.1   

-  

 Cavatex W7   

-  20 -

 (Cavatec W7)  20  1,000  

 1,000 -

 6.29 

3.3.2.2  

 (Maxx Nano ZnO) 

 100,000 ppm (10%)  20-30  

 1  

 

 2,000 ppm (0.2%) 

 2   100,000 ppm 

)  100 

 100  1  

3.3.2.3  

-  20  

 2,000 ppm -   20 

 1,000 -  

 20   100,000 ppm 
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)  1,000 

 1  

 2  (padding)  

(exhaustion)  (fixation)  

(binder) 

 3.3.2.4  3.3.2.6 

3.3.2.4   

1)  7   11  (  Labtec 

 3.5)  

2)  3.3.2.1 – 3.3.2.3 

 1  10 

3)  5   

 (% wet pick up)  70 – 80 

 

4)  5  (  Evo Fin PUS  

Lava Fix NFA  1  2)  1 

 10  % wet pick up  

70 – 80  

5)  (pin frame)  Rapid (  3.6) 

 150  3  
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3.3.2.5   

1)  7   11  

2)  3.3.2.1 – 3.3.2.3 

 1  10 

 Labtec (  3.3) 

3) 
 30  

4)  5  (  Evo Fin PUS  

Lava Fix NFA  1  2)  1 

 10  % wet pick up  

70 – 80  

5)  150  

 3  

3.3.2.6   

1)  7   11  

2)  3.3.2.1 – 3.3.2.3 

 1  20 

 labtec 

3)  2  

4) 
 5    % wet pick up 

 70 – 80  (

) 

5)  30 

 ( ) 

6)  5  (  Evo Fin PUS 

 Evo Top A 30)  1  10 

 % wet pick up  70 – 80 
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7)  170  

 2  ( ) 

 

 3.5  Labtec 

 

 3.6  Rapid 
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3.3.3  

  

3.3.3.1   

 

 3.7) 

 3

 (TGS2602  Air Contaminant, TGS2610  Liquefied Petroleum Gas, 

TGS825  H2S, TGS826  Ammonia  TGS822  Alcohol)

 30 

 (  3.8) 

 (  3.9) 

 Principal Component 

Analysis (PCA) 

 

 (iso-valeric acid; IVA)  

 [16])  

 

 3.7  
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) 

 
 

) 

 

 3.8  5  

)   1 ( )  

0.013   

)   5 ( )  

3.57  
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 3.9  

 

1)  

 (  3.10)  

0, 0.013, 0.053, 0.22, 0.87  3.57 

 

 (  3.2)  30  

 0  5 

 Principal Component Analysis (PCA) 

 (  3 ) 

  PCA score plot 

 6  3.11  1 (PC1) 

 95.07  2 (PC2) 

 3.43) 
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 3.10  

 3.2 

 [16-17] 

 
 

 ( ) 

 

(Body Odor Level) 

0 

1 

2 

3 

4 

5 

0 

0.013 

0.053 

0.220 

0.870 

3.570 

 

 (slight) 

 (definite) 

 (moderate) 

 (strong) 

 (very strong) 

 
 3.11 PCA score plot  0 – 5  

 



 

 

38

2)  

 3.57  (  3.2)  2 

 3.6  30  

1   5 

 10  

3)  

 (  2) 

 6  (  1  3.10)

 (0-5)  PCA score plot  

3.12  PCA score plot

 

3.11  3.3 

 3.12  3.3  3.38 

 0  0 

 

 

 (  

5)  (  1-2)  (  0) 
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 3.12  PCA Score Plot 

 0-5  

 

 3.3 

 0-5  

 

 

 0 – 5 

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

 3.38 4.13 8.27 8.37 11.13 12.11 

IVA = Isovaleric acid 
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3.3.3.2  (antibacterial activity)  

 AATCC 100: 2004 

Antibacterial finishing on textile materials  Staphylococcus aureus  

Escherichia coli  4.8  0.1  

 (inoculum) 

 1.0  0.1 ) 

 1.0  0.1  

 250 

 (neutralizing solution) 100  1  1  

 

 37  2  48 

 

 37  2 

 24  100  1 

 1 

 37  2 

 48 

 (% reduction)  3.1

 2  (  3.4) 

100 (C-A)/C = R    (  3.1) 

  R   

C  

  

 A  

 24  

 

 



 

 

41

 3.4  [21] 

   

 99.9 3  (excellent) 

99.0 – 99.9 2  (good) 

 99.0 1  (fair) 

 

3.3.3.3   

 AATCC Test Method 183: 2004 Transmittance or Blocking of 

Erythemally Weighted Ultraviolet Radiation through Fabrics

 (Double Beam Scanning UV/Visible Spectrophotometer) 

 50   50  2  

 21±1  

65±2  4 

 3  45  

 45  

average spectral transmittance 

 30  % 

wet pick up  150±5% 

 viewing port  

 Ultraviolet Protection Factor (UPF)  average spectral 

transmittance  3  3.2  UPF 

 UPF  40  [4] 
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nm400

nm280

nm400

nm280

TSE

SE

UPF
    3.2) 

  E     relative erythemal spectral effectiveness (  ) 

 S    solar spectral irradiance (  ) 

T    average spectral transmittance of the specimen (

) 

    ( ) 

-

 (UV-A transmittance)  3.3 -  (UV-B 

transmittance)  3.4 

nm

nm

nm

nm
AV

T
AUVT 400

315

400

315)(     3.3) 

 

nm

nm

nm

nm
AV

T
BUVT 315

280

315

280)(     3.4) 

 T(UV-A)AV  -   

T(UV-B)AV  -  

-  (UV-A blocking) -  (UV-B blocking)  3.5  3.6 

 

UV-A blocking (%) = 100% - T(UV-A)    3.5) 

UV-B blocking (%) = 100% - T(UV-B)     3.6) 

  T(UV-A)  T(UV-B)  
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3.3.3.4  

 

 ISO 105-C06: 2010 Textiles -- Tests for colour 

fastness -- Part C06: Colour fastness to domestic and commercial laundering  B1M 

 Gyrowash  3.13  (

 50 C, 45 ,  50 )  1  5

 ( ) 

 ISO 105-C10: 2006 Textiles -- Tests for colour 

fastness -- Part C10: Colour fastness to washing with soap or soap and soda  A1 (

 40 C, 30  ) 

 20  

 

 

 

 3.13  Gyrowash  
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3.3.3.5   

 

 AATCC Test Method 79: 2000 Absorbency of Bleached Textiles 

 1-3  

3.3.3.6  

 BS 3356:1990 Method for the determination of bending 

length and flexural rigidity of fabrics  (flexural rigidity) 

 (  3.14)  200  x 25 

 120 

  bending length 

 5  

 3.7  

     G = 0.1 MC3     3.7) 

   G    ( ) 

    M    ( / ) 

    C    ( ) 

 

 

 3.14  SDL Atlas 
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3.3.3.7   

 (  

3.15)  ASTM D 5035 Standard Test Method for Breaking Force 

and Elongation of Textile Fabrics (Strip Method)

  8-10  150  x 25 

 75  

 300   8-10 

 (L1-L0)

 3.8 

   % elongation at break = [(L1 – L0)/L0] x 100   3.8) 

    % elongation at break    

   L1      ( ) 

   L0    ( ) 

 

 

 3.15  Lloyd 
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3.3.3.8  

 reflectance 

spectrophotometer (Macbeth Color–Eye 7000)  3.16) 

 (specular exclude, SPE)  (UV include)  

Illuminant Daylight 6500 K (D65)  10° Standard observer  3 

 (whiteness index CIE) 

 3.9 

 W =  Y + 800(0.3138 – x) + 1700(0.3310 – y) (  3.9) 

    W   (CIE whiteness index) 

 Y  CIE Tristimulus value 

 x, y  chromaticity coordinate 

 

 
 3.16  reflectance spectrophotometer (Macbeth Color–Eye 7000) 
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3.3.3.9  

 L*, a*, b*  E  Reflectance Spectrophotometer (Macbeth 

Color–Eye 7000,  3.16) 

 

 (Lightness, L*)  

 (L*) 

 Reflectance Spectrophotometer  3 

 L* 

 3.10 

16/116 3/1*
nYYL    3.10) 

  Y   CIE  (CIE Tristimulus Value)  Y 

 

Yn   (Tristimulus Value)  (reference 

white)  (Illuminant)  D65 (Yn = 100 

 Y/Yn  0.01) 

  a*  b*  

 a*  b*  

 Reflectance Spectrophotometer  a*  b* 

 3  

 a*  b* 

 a*  b* 

 a*  b*  3.11  3.12 
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3131500* nn YYXXa    3.11) 

 
3131200* nn ZZYYb    3.12) 

    X, Y  Z     CIE  X  

Y  Z 

 

  Xn,  Yn  Zn  (Reference white) 

 D65 (Yn = 100  

 X/Xn, Y/Yn  Z/Zn  0.01) 

 (Color difference, E) 

 ( E) 

 Reflectance Spectrophotometer

 3 

 1 

 E  3.13 

2*
2

*
1

2*
2

*
1

2*
2

*
1 bbaaLLE   (  3.13) 
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  4 

 

 

 3  3 

-

-

 

 

4.1 -  

  -

 

 

4.1.1  

-  3.57 

 (  5) 

 (  3) 

 1  3  1 

 2  1  2  2 

 1  
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4.1.1.1  

 4 

-

 

4.1.1.1.1  

1) -  

-

 3.57  5 

 0 – 5  3.2)  4.1 (PCA 

score plot )  4.1 
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( )  

( )    

) 

( )    

) 

 4.1 PCA score plot 

 0 - 5 )  

)  ( ) ( ) 

 ( ) 
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 4.1

 0-5 

  

 
 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

1.  - 5.48 3.01 6.36 6.32 9.25 12.00 

2. 
 

 3.38 4.13 8.27 8.37 11.13 12.11 

 9.53 3.88 1.96 1.53 4.93 10.75 

     IVA =  (Isovaleric acid) 

 4.1  4.1 

 (  3.01 )  1 

 ( ) 

 

 -  

  (  3.38)  0 

-  

 (  1.53)  3 

 

2) -  

 -

 ( ) 

 1  ISO 105-C10  B1M  1 
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 5 ) 

 3.57  5 

 4.2 

 4.2 

 
 

( )   ( )   1  

 

 4.2 PCA score plot 

 0 - 5 )  

)  1   
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( )  ( )  ( ) 

 
( )  ( )  5  

 

 4.2 ( ) ( )  ( ) 

 ( )  5  
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 4.2

 0-5 

  

 

 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

1.  - 5.48 3.01 6.36 6.32 9.25 12.00 

2.  

   (  1 ) 

- 
11.82 7.53 7.12 6.09 4.56 6.96 

3.   13.86 8.56 6.04 4.91 2.57 9.87 

4. 
 

 14.06 8.74 6.19 5.10 2.91 10.17 

5.  

 

 5 ) 

 16.86 12.09 10.17 9.10 4.94 6.44 

 4.2  4.2 

 1 

) 

 1 

 (  4) 

-  4 

 2.91  4.94  4)  

  

 (  2.57  

4) 
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 5 

  

  4.2 ( )  

 

(2.91)  1  (4.56)  

 

 2.57)  5  (  4.94) 

 

4.1.1.1.2  

1) -  

-  

 3.57  5  

 0 – 5  3.2)  4.3  

4.3 
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( )  

( )   

) 

( )   

) 

 4.3 PCA score plot 

 0 - 5 ) 

 ( )  ( ) ( ) 

 ( ) 
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 4.3 

 0 – 5 

 

 
 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l)

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

1.  - 11.26 9.48 11.07 10.34 9.50 5.28 

2. 
  

 6.72 3.04 5.17 4.87 7.54 10.98 

 6.34 2.57 5.44 5.26 7.76 10.16 

 

 4.3  4.3 /

 1 (  3.04  

2.57  1) 

 5 (  5.28  5) 

/

 

2) -   

-

 (

)  1  

 ISO 105-C06  B1M  5 )

 3.57 

 5 

 4.4  4.4 
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( )  ( )  

( )  ( ) ( )  ( )  

 5  

 4.4 PCA score plot 

 0 - 5 ) 

 ( )  ( ) 

 ( )  5  
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 4.4

 0-5 

 

 
 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

1.  - 11.26 9.48 11.07 10.34 9.50 5.28 

2.   20.37 15.29 15.65 11.61 7.14 9.46 

3.  

 

 18.03 12.85 10.18 9.10 4.78 9.14 

4. 
 

    (  5 ) 

 12.58 8.62 8.38 7.39 5.22 5.27 

 4.4  4.4 

 5 (  5.28) 

-

 4 (  

4.78  5.22 ) 

 4.4 ) 

 4.78 

 5 

 5.22  

(5.28)  
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/

 (  4) 

 (  5)  5  (  4) 

 5 

 (  5) 

4.1.1.1.3  

1) -  

-

 3.57  5 

 0 – 5 (  3.2)  4.5  4.5 
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( )  

  

( )   ( ) ( )    ( ) 

 4.5 PCA score plot 

 0 - 5 ) 

 ( )  ( ) ( ) 

 ( ) 
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 4.5 

 0 – 5 

 

/  
 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

1.  - 18.33 12.74 9.18 8.34 4.58 11.20 

2. 
  

 9.78 5.75 6.34 5.64 5.58 6.56 

 6.78 2.97 4.84 4.61 7.59 11.52 

-  4.5  4.5 

 4 (  4.58) 

 1 

 2.97) 

 4 (  5.58) 

 4  (  4.58) 

2) -  

 -

 ( ) 

 1   ISO 105-C06  B1M 

 5 )

 3.57  5 

 4.6  4.6 
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( )  ( )  

  
( )  ( ) ( )  ( )  

 5  

 4.6 PCA score plot 

 0 - 5 ) 

 ( )  ( ) 

 ( )  5  
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 4.6

 0-5 

 

 
 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

 

1.  

 

- 

 

18.33 

 

12.74 

 

9.18 

 

8.34 

 

4.58 

 

11.20 

2.   10.19 8.64 10.39 9.68 9.35 6.57 

3.  

 

 

 10.11 6.01 6.21 5.31 5.27 8.48 

4. 
 

     (  5 ) 

 15.68 10.68 8.53 7.40 3.28 7.58 

-  4.6  4.6 

 4 (  5.27  3.28 

 4) 

 4  (  4.58  4)  

 4.6  5 

 3.28 

 

/

 5 
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4.1.1.1.4  

1) -

 

-

 3.57  5  

 0 – 5 (  3.2)  4.7  4.7 
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( )  

  
( )    ( ) ( )  ( ) 

 4.7 PCA score plot /

 0 - 5 ) /

 ( )  (

) ( )  ( ) 
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 4.7 

 0 – 5 

 

 
 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l)

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l)

1.  - 11.48 7.89 8.2 7.54 6.49 4.60 

2. 
  

 11.95 8.40 8.64 7.86 6.34 3.96 

 6.13 2.22 5.06 5.03 8.20 11.67 

 

-  4.7  4.7 

 5 

 4.60  3.96  5) 

 1 (  2.22)  

2) -

 

-

 (

)  1   ISO 105-C06  B1M 

 5 )

 3.57  5 

 4.8 

 4.8 
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( )  ( )  

  
( )  ( ) ( )  ( )  

 5  

 4.8 PCA score plot /

 0 - 5 ) /

 ( )  ( ) 

 ( ) 

 5  
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 4.8

 0-5 

 

 
 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

1.  - 11.48 7.89 8.2 7.54 6.49 4.60 

2.   10.51 10.44 13.01 12.41 12.39 8.88 

3.  

 

 14.55 9.88 8.42 7.32 3.97 6.79 

4.   

 

     (  5 ) 

 13.39 8.91 7.94 6.92 4.17 5.41 

 4.8  4.8 

-

 4 (  3.97  4.17  4 

))  1  5 

) 

 (3.97)

 5  (4.17)  5 

 

 

 (  4-5

)  (  1 ) -

-
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 7 

 -CH2OH  –OH  

–CH  (  –OH, -COOH) 

 (  –CH) [4]

 ((CH3)2-CH-CH2-COOH) 

 (CH3)2-CH-CH2-  

–COOH   

 (  4-5  

4)  5

 

 ( , 

/ )  

 ( / , / / ) 

 

 5 

 ( ) 
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4.1.1.2  

-

 3.57 

 5 

 0-5 

 ISO 105-C10  A(1) 

 4.9  4.9 

 

 
( )   

 4.9 PCA score plot 

 0 - 5 )   
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( )  ( ) ( )  ( )  1  

( )  ( ) ( )  ( )  

 1  

 4.9 ) ( )  ( )  1  

)  ( ) 

 1   
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 4.9  

 0-5 

 

 
 

 0 – 5  

 0 

(IVA 0 ml/l) 

 1 

(IVA 0.013 ml/l) 

 2 

(IVA 0.053 ml/l) 

 3 

(IVA 0.22 ml/l) 

 4 

(IVA 0.87 ml/l) 

 5 

(IVA 3.57 ml/l) 

1.  - 12.47 7.31 5.53 4.49 2.80 8.51 

2.    12.02 7.27 6.22 5.12 3.45 7.57 

3.  

 1 ) 

 13.28 7.91 5.43 4.30 1.84 9.26 

4.   

 

13.70 8.21 5.26 4.22 1.19 9.41 

5.  

 1 ) 

 

 

12.16 8.26 8.19 7.28 5.47 4.81 

 4.9  4.9 

 4 (  2.80) 

 4  

 (1.19) 

 (2.80  3.45 ) 

 2 

 1  

 1 

 (  5) 
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4.1.2  

-

 4.10  ( / /

/ / ) 

-  

 12 – 28 

 6 – 11 

-

 4.10 

 4.10 -  

 
 

 ( )  

 
/ 

 

/ 

 

/ 

/  

1.  -     

2.   11.0 8.4 6.4 6.8 

3. -  

+  

 26.2 14.6 18.4 12.2 

 28.4 25.8 21.2 26.2 

4.1.3  

-

 

 4.11 
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-

-

 

-

 29 – 111 

 7 – 53  

 4.11 -  

 
 

 

 

) 

  

 

1.  

 

- 

 

54.08 

 

20.68 

2.   86.25 21.58 

 3. -  

    +  

 108.45 31.69 

/  

1.  

 

- 

 

86.23 

 

57.41 

2.   98.57 38.08 

 3. -  

     +  

 128.12 61.67 

/  

1.  

 

- 

 

75.09 

 

21.96 

2.   67.00 22.06 

 3. -  

   +  

 96.71 33.49 

/ /  

1.  

 

- 

 

56.13 

 

42.28 

2.   69.32 32.07 

 3. -  

   +  

 118.23 54.72 
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-

  

4.1.4  

-

 4.12 

 4.12 

/

 2 

-
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 4.12 -  

 
 

  

) 

 

( ) 

    

  

    1.  - 175.58 
(±8.22) 

122.18 
(±6.65) 

12.08 
(±2.85) 

23.54 
(±1.50) 

2.   

 

 204.08 

(±2.70) 

120.71 

(±1.13) 

15.30 

(±4.99) 

37.54 

(±2.75) 

3. -  

+  

 177.50 

(±9.16) 

106.50 

(±12.22) 

10.75 

(±3.01) 

37.98 

(±3.04) 

/           

1.  - 189.42 

(±9.01) 

165.07 

(±15.89) 

38.63 

(±7.49) 

46.52 

(±6.23) 

2.    203.78 

(±13.96) 

129.93 

(±22.03) 

28.39 

(±9.25) 

41.95 

(±2.49) 

3. -  

   +  

 207.54 

(±8.41) 

 

129.95 

(±18.87) 

 

32.85 

(±5.89) 

 

40.67 

(±3.83) 

 

/           

1.  - 180.38 

(±9.37) 

123.85 

(±8.20) 

15.48 

(±5.48) 

37.04 

(±2.49) 

2.    174.95 

(±8.33) 

118.82 

(±18.71) 

11.80 

(±3.09) 

35.81 

(±4.92) 

3. -  

    +  

 185.01 

(±7.07) 

126.33 

(±12.29) 

12.70 

(±1.71) 

32.76 

(±3.25) 

/ /           

1.  - 189.68 

(±11.45) 

158.70 

(±12.42) 

28.37 

(±4.53) 

43.34 

(±4.44) 

2.   195.85 

(±4.61) 

122.02 

(±22.04) 

19.96 

(±3.23) 

27.29 

(±5.48) 

3. -  

    +  

 198.22 

(±8.91) 

131.44 

(±13.23) 

16.51 

(±2.05) 

27.51 

(±5.79) 
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4.1.5  

-  2 

 4.13 

 4.13 -  

 
 

 

 

 /  

1.  - 127.2 135.5 

2.   129.3 130.5 

3. -   

   +  

 130.3 130.7 

 4.13 

/  8 /

-

 2-5   

 -

 

4.1.6  

-  /

/ /  L*, a*, b*  

E 

 4.14 
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 4.14  L*, a*, b*  E -  

  

 

L* a* b* E 

/        

1.   - 47.29 58.39 -4.38 - 

2.   47.07  

(47.15) 

58.31  

(58.68) 

-4.36  

(-4.66) 

0.82  

(0.75) 

3. -  

    +  

 46.54  

(47.1) 

58.71  

(58.49) 

-4.38  

(-5.03) 

0.59  

(0.59) 

/ /       

1.  - 43.86 59.87 -1.69 - 

2.   43.36  

(43.43) 

59.74  

(59.91) 

-1.61  

(-2.07) 

0.67  

(0.63) 

3. -  

   +  

 43.02  

(43.67) 

59.94 

(59.68) 

-1.40  

(-1.93) 

0.79  

(0.28) 

 1  ISO 105-C06 (B1M) 

  5  

 4.14 /

/ /  / /

/ / /  L* (

)  ( )  a* (a* , a* 

) 

/

 (a* 

)  (L* ) 
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-
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4.2  

 

 

 

4.2.1  

 

 

 AATCC 100  2  Escherichia coli  Staphylococcus aureus 

 (% reduction) 

 99.0 

 99.9  

4.2.1.1  

 1   

ISO 105-C06  B1M (1  5 )

  4.15  
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 4.15  Escherichia coli  Staphylococcus aureus 

 

 
 

 

 (% reduction) 

Escherichia coli Staphylococcus aureus 

 
 

 5  
 

  

5  

 

 1.  

 

- 

 

0 

 

- 

 

0 

 

- 

2.   0 - 0 - 

 3.  

   +  

 95.31  0 83.66  0 

 94.37  0 55.76  0 

/   

1.  

 

- 

 

0 

 

- 

 

0 

 

- 

 2.   

    +  

 0  0 36.61 0 

 23.03  0 64.78  0 

/  

1.  

 

- 

 

0 

 

- 

 

0 

 

- 

 2.   

.   +  

 0  0 99.28 95.55 

 99.00  0 99.99 90.83 

/ /  

1.  

 

- 

 

0 

 

- 

 

0 

 

- 

. 2.   

.   +  

 95.74 0 95.83  76.74 

 88.08 0 99.99  74.41 

 4.15 

 

 (  99.99)  (

/ / / )  (

/ )  control release 
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antibacterial 

 ( )

 ( )  

 ( / / / )

 Staphylococcus aureus  Escherichia coli

 5     ( / )

  5 

 (  0)

 

 

 ( ) 
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4.2.1.2  

 5  

 ISO 105-C10  A(1)   

4.16 

 4.16  Escherichia coli  Staphylococcus aureus 

 

 
 

 

 (% reduction) 

Escherichia coli Staphylococcus aureus 

 
 

5  
 

 

5  

1.  - 0 - 0 - 

2.   

+   

 99.99 0 97.53 0 

 99.99 0 99.99 0 

 4.16 

  

 4.16  Escherichia coli  

Staphylococcus aureus  (  99.99) 

 5  (  0)

 2  

 



 

 

86

4.2.2  

 Ultraviolet Protection Factor (UPF)  

(UV transmittance)  (UV blocking) -  (  

315 – 400 ) -  (  280 – 315 )  

AATCC 183  UPF 

 UPF  15 – 

24  UPF  40   

4.2.2.1  

 

 4.17  

 4.17 

 4  (  UPF  15) 

 ( )  

UPF  (  UPF 

)  4  

 UPF 

 

 (  77  106  86 

) 

 (  [8, 9]) 
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 4.17  

 
 

 UPF 

UV - A 

transmittance 

( ) 

UV - A 

blocking 

( ) 

UV - B 

transmittance 

( ) 

UV - B 

blocking 

( ) 

 

 

          

1.  - 5.86 13.5 86.5 17.0 83.0 

2.  

   +  

 7.52 10.9 89.1 13.3 86.7 

 6.97 11.9 88.1 14.4 85.6 

 

 

          

1.  - 7.24 11.0 89.0 13.7 86.3 

2.  

  +  

 6.89 11.4 88.6 14.6 85.4 

 7.07 12.0 88.0 14.2 85.8 

 

 

          

1.  - 12.40 9.9 90.1 7.8 92.2 

2.  

  +  

 12.00 10.2 89.8 8.0 92.0 

 14.40 8.5 91.5 6.7 93.3 

/ / 

 

 

          

1.  - 13.40 9.0  91.0  7.2  92.8  

2.  

  +  

 11.30 10.2 89.8 8.7 91.3 

 12.30 9.6 90.4 8.0 92.0 
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4.2.2.2  

 

 4.18 

 4.18  

 
 

 

UPF 

UV - A 

transmittance 

( ) 

UV - A 

blocking 

( ) 

UV - B 

transmittance 

( ) 

UV - B 

blocking 

( ) 

1.  - 38.6 3.5 96.5 2.4 97.6 

2.  

   +  

 118.1 1.2 98.8 0.8 99.2 

 4.18 

 UPF  38.6  (  UPF  15) 

 (  4.17)  single jersey 

 UPF 

 118.1  (  UPF  40)  

 ( ) 

  

  UPF  11.30 – 14.40) 

 UPF  100 
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4.2.3  

 4.19 

 ( / / / /

) 

  

 4 -11 

 6-11 

 4.19 

 4.19  

 
 

 ( )  

 
/ 

 

/

 

/ 

/  

1.   -     

2.   11.0 8.4 6.4 6.8 

3.  

    +  

 11.4 7.4 6.0 4.4 

 9.2 7.8 5.6 4.4 
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4.2.4  

 4.20 

 4.20  

 
 

 

 

) 

  

 

-  

 

- 

 

54.08 

 

20.68 

-   86.25 21.58 

 -   

   +  

 84.25 21.82 

 72.08 21.93 

/  

-  

 

- 

 

86.23 

 

57.41 

-   98.57 38.08 

 -   

    +  

 70.81 54.44 

 73.21 63.57 

/  

-  

 

- 

 

75.09 

 

21.96 

-   67.00 22.06 

 -   

    +  

 74.27 23.03 

 75.18 22.00 

/ /  

-  

 

- 

 

56.13 

 

42.28 

-   69.32 32.07 

 -   

   +  

 79.88 36.02 

 93.98 36.90 
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 4.20  

 

4.11  

-

 

4.2.5  

 14.21 

 

4.12  
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 4.21  

 
 

 ( )  ( ) 

    

  

    1.  - 175.58 

(±18.22) 

122.18 

(±6.65) 

12.08 

(±2.85) 

23.54 

(±1.50) 

2.    204.08 

(±2.70) 

120.71 

(±15.13) 

15.30 

(±4.99) 

37.54 

(±2.75) 

3.   

  +  

 189.99 

(±9.49) 

126.75 

(±8.10) 

13.94 

(±3.85) 

37.01 

(±3.95) 

 194.57 

(±10.87) 

111.28 

(±14.00) 

10.75 

(±2.60) 

37.43 

(±3.48) 

 /   

    1.  - 189.42 

(±9.01) 

165.07 

(±15.89) 

38.63 

(±7.49) 

46.52 

(±6.23) 

2.   203.78 

(±13.96) 

129.93 

(±22.03) 

28.39 

(±9.25) 

41.95 

(±2.49) 

3.   

  +  

 181.63 

(±11.37) 

164.07 

(±10.51) 

20.80 

(±7.80) 

42.45 

(±7.78) 

 194.75 

(±7.39) 

152.32 

(±13.16) 

33.80 

(±9.88) 

35.68 

(±6.91) 

 /   

    1.  - 180.38 

(±9.37) 

123.85 

(±8.20) 

15.48 

(±5.48) 

37.04 

(±2.49) 

2.   174.95 

(±8.33) 

118.82 

(±18.71) 

11.80 

(±3.09) 

35.81 

(±4.92) 

3.   

  +  

 180.78 

(±4.81) 

105.12 

(±9.01) 

10.05 

(±1.99) 

30.86 

(±2.14) 

 184.72 

(±11.60) 

166.01 

(±9.29) 

11.45 

(±3.51) 

25.36 

(±3.80) 
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 4.21  ( ) 

 
 

 ( )  ( ) 

    

 / /   

    1.  - 189.68 

(±11.45) 

158.70 

(±12.42) 

28.37 

(±4.53) 

43.34 

(±4.44) 

2.   195.85 

(±4.61) 

122.02 

(±22.04) 

19.96 

(±3.23) 

27.29 

(±5.48) 

3.  

 +  

 183.39 

(±2.46) 

155.88 

(±22.43) 

15.61 

(±1.33) 

25.99 

(±6.47) 

 185.75 

(±19.31) 

198.36 

(±11.82) 

22.78 

(±5.50) 

17.95 

(±1.88) 

 

4.2.6  

/  2 

 4.22 

 4.22  

 
 

 

 

 /  

1.   - 127.2 135.5 

2.   129.3 130.5 

. 3.  +   131.5 133.3 

 127.0 130.8 

  4.22 

 2 

 0-5 
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4.2.7  

/ /

/

  L*, a*, b*  E 

 

4.23 

 4.23  L*, a*, b*  E  

  

 

L* a* b* E 

/        

1.   - 47.29 58.39 -4.38 - 

2.   47.07  

(47.15) 

58.31  

(58.68) 

-4.36  

(-4.66) 

0.82  

(0.75) 

 3.   

     +  

 46.70  

(46.87) 

58.59  

(58.62) 

-5.27  

(-4.59) 

0.99  

(0.58) 

 45.73  

(46.06) 

58.89  

(58.9) 

-4.45  

(-4.05) 

1.15  

(0.62) 

/ /       

1.   - 43.86 59.87 -1.69 - 

2.   43.36  

(43.43) 

59.74  

(59.91) 

-1.61  

(-2.07) 

0.67  

(0.63) 

 3.    

     +  

 43.74  

(44.39) 

59.82  

(59.79) 

-3.06  

(-2.87) 

1.23  

(0.98) 

 43.84  

(43.78) 

59.81  

(59.87) 

-3.01  

(-2.34) 

1.42  

(0.74) 

 1  ISO 105-C06 (B1M) 

  5  
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4.23  (a* 

)  (L* ) 

 (a* 

 b*  b* 

)  E  1  (  E 

 0.99 – 1.42) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

96

4.3 -  

-

 

 

4.3.1  

-

 3.57  (  5) 

 

  

4.3.1.1  

 4 

-  

 1  ISO 105-C06  B1M 

 5 ) 

 3.57  5 

 0 – 5 (  3.2)  4.10 – 4.13  4.24 
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4.3.1.1.1  

 
 

( )  ( )   1  

  
( ) +  

 ( ) 

( )  

 4.10 PCA score plot 

 0 - 5 ) 

 ( )  1  ( )  (

) ( )  
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( ) +  

) 

( ) +  

)  5  

 4.10 ) ( )  ( ) ( ) 

 ( )  5  
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4.3.1.1.2  

 
( )  

  

( ) +  

) 

( )  

 4.11 PCA score plot 

 0 - 5 ) /

 ( )  ( ) ( ) /

  



 

 

100

 

( ) +  

) 

( ) +  

)  5  

 4.11 ) )  ( ) ( ) 

 ( )  5  
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4.3.1.1.3  

 
( )  

 

( ) +   

) 

( )  

 4.12 PCA score plot 

 0 - 5 ) /

 ( )  ( ) ( ) 
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( ) +

) 

( ) +

)  5  

 4.12 ) ( )  ( ) ( ) 

 ( )  5  
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4.3.1.1.4  

 
( )  

 

( ) +   

) 

( )  

 4.13 PCA score plot 

 0 – 5  ) 

 ( )  ( ) 

)  
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( ) +

) 

( ) +  

)  5  

 4.13 ( ) ( )  ( ) ( ) 

 ( )  5  
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 4.24

 0 – 5 

   

 

 

 

 0 – 5  

 0 
(IVA 0 ml/l) 

 1 
(IVA 0.013 ml/l) 

 2 
(IVA 0.053 ml/l) 

 3 
(IVA 0.22 ml/l) 

 4 
(IVA 0.87 ml/l) 

 5 
(IVA 3.57 ml/l) 

 

1.  

 

- 

 

5.48 

 

3.01 

 

6.36 

 

6.32 

 

9.25 

 

12.00 

2.   

    (  1 ) 

- 11.82 7.53 7.12 6.09 4.56 6.96 

3.  

 

 13.77 8.21 4.79 4.41 5.57 13.66 

4.    13.86 8.56 6.04 4.91 2.57 9.87 

5.        

   +  

 13.19 8.80 4.82 4.19 5.73 16.48 

6.        

 +   

 (  5 ) 

 13.33 8.79 7.71 6.61 3.78 6.19 

 

1.  

 

- 

 

11.26 

 

9.48 

 

11.07 

 

10.34 

 

9.50 

 

5.28 

2. 

 

 18.92 13.25 9.12 8.62 7.17 15.55 

3.    20.37 15.29 15.65 11.61 7.14 9.46 

4.        

   +  

 12.12 7.15 5.75 4.65 2.88 8.06 

5.        

 +   

 (  5 ) 

 12.45 8.9 9.29 8.34 6.62 4.94 
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 4.24 ( )  

 

 

 

 0 – 5 

 0 
(IVA 0 ml/l) 

 1 
(IVA 0.013 ml/l) 

 2 
(IVA 0.053 ml/l) 

 3 
(IVA 0.22 ml/l) 

 4 
(IVA 0.87 ml/l) 

 5 
(IVA 3.57 ml/l) 

 

1.  

 

- 

 

18.33 

 

12.74 

 

9.18 

 

8.34 

 

4.58 

 

11.20 

2. 

 

 14.81 9.29 5.47 5.03 5.64 14.25 

3.    10.19 8.64 10.39 9.68 9.35 6.57 

4.        

    +  

 12.74 7.10 3.58 2.71 3.48 11.71 

5.        

  +   

 (  5 ) 

 14.09 8.95 6.82 5.67 2.26 8.17 

/

 

1.  

 

- 

 

11.48 

 

7.89 

 

8.20 

 

7.54 

 

6.49 

 

4.60 

2. 

 

 12.05 6.76 3.83 3.52 5.97 13.73 

3.    10.51 10.44 13.01 12.41 12.39 8.88 

4.        

    +  

 13.22 7.62 4.00 3.32 4.20 12.57 

5.        

  +   

 (  5 ) 

 11.54 8.48 9.21 8.33 7.02 5.73 

    1) IVA =  (Isovaleric acid) 

  4 

 4.10-4.13  4.24 

 4-5  (

)  4.1.1.1.1  4.1.1.1.4
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 4 -  

3  4  3 

 3  3 (  4.19, 

2.71  3.32  3) 

 5

 4-5  

  

4.3.1.2  

-  

 3.57 

 5 

 0 – 5 

 ISO 105-C10  A(1) 

 2  4.14 – 4.15 

 4.25 
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( )  

 
( ) +  ( ) ( ) +  ( )  

 1  

 4.14 PCA score plot 

 0 – 5  ) 

 ( )  ( ) ( )  ( ) 

 1  
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( ) +  ( ) 

 2 

( ) +  ( ) 

 3 

 4.14 ) ( )  ( )   2  ( )  (

)  3  
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( ) +  ( ) ( ) +  ( ) 

 1 

  
( ) +  ( ) 

 2 

( ) +  ( ) 

 3 

 4.15 PCA score plot 

 0 – 5  )  (

) ( )  ( )  1 ( )  ( )  

 2 ( )  ( )  3  
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 4.25 

 0-5 

 

 

 

 

 0 – 5  

 0 
(IVA 0 ml/l) 

 1 
(IVA 0.013 ml/l) 

 2 
(IVA 0.053 ml/l) 

 3 
(IVA 0.22 ml/l) 

 4 
(IVA 0.87 ml/l) 

 5 
(IVA 3.57 ml/l) 

1.  - 12.47 7.31 5.53 4.49 2.80 8.51 

2.  +  

 

 

 

13.13 7.69 4.45 4.05 5.56 13.57 

3.  +

 (  1) 

 

 

9.26 4.29 3.42 3.36 6.94 13.19 

4.  +

 (  2) 

 

 

8.46 3.17 3.13 2.79 6.15 11.52 

5.  +

 (  3) 

 

 

10.06 4.49 2.58 2.15 5.24 11.82 

6.  +

 

 

 

13.14 7.89 4.22 3.61 4.60 12.96 

7.  +

 (  1) 

 

 

5.77 3.40 6.24 6.39 9.91 13.82 

8.  +

 (  2) 

 

 

10.32 4.72 2.29 1.51 4.57 11.28 

9.  +

 (  3) 

 

 

12.32 6.72 3.03 2.56 4.77 12.81 

 4.15  4.25 

 4 (  2.80  4) 

-

 3 (  4.05 
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 3.61  3) 

 (  4) 

 (  3)  1

 1 

 3

 1  (

)  1  (  2)  1  ( + ) (

 3)  

-

 3 

 

4.3.2  

-

 AATCC 100  2  Escherichia coli  

Staphylococcus aureus  (% reduction) 

 99.0  

 99.9  

4.3.2.1 -

 

 

 1 

 ISO 105-C06  B1M  5 ) 

 4.26 
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 4.26  Escherichia coli  Staphylococcus aureus 

-  

 
 

 

 (% reduction) 

Escherichia coli Staphylococcus aureus 

 
 

5  
 

 

5  

 

 1.   

 

- 

 

0 

 

- 

 

0 

 

- 

2.    0 - 0 - 

3.  -  /  

  +  

 0 0 63.33  0 

 86.83 0 63.33  0 

/   

1.   

 

- 

 

0 

 

- 

 

0 

 

- 

2.  -  /  

 +  

 3.77 0 85.00 0 

 54.71 0 0 0 

/  

1.   

 

- 

 

0 

 

- 

 

0 

 

- 

2.  -  /  

 +  

 57.81 0 85.27  53.84 

 51.56 0 66.66  0 

/ /   

1.   

 

- 

 

0 

 

- 

 

0 

 

- 

2.  -  /  

 +  

 88.76  0 93.02  0 

 94.83  0 77.67  0 

 4.26 

 

-

 3.77 – 94.83 

 Staphylococcus aureus  

Escherichia coli  5 /
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 Staphylococcus aureus 

 5 

 

-

 4.2.1.1 

 

 (

 99.99) -

  

4.3.2.2 -

 

 5  ISO 105-C10  A(1)  

 4.27 

 4.27  Escherichia coli  Staphylococcus aureus 

-  

 
 

 

 (% reduction) 

Escherichia coli Staphylococcus aureus 

      

1.  - 0 - 0 - 

2.  -  /  

  +  
 99.99 0 88.88 0 

 99.99 0 88.88 0 
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 4.27 

  

-

 4.27  Escherichia coli  (

 99.99)  Staphylococcus aureus 

 88.88  5 

 (  0)  

 

4.3.3  

-  Ultraviolet Protection Factor 

(UPF)  (UV transmittance)  (UV 

blocking) -  (  315 – 400 ) -  (  

280 – 315 )  AATCC 183  UPF 

 UPF  15 – 24  UPF  40   
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4.3.3.1 -  

 

 

 4.28 

 4.28 -  

 

 

 

 

UPF 

UV - A 

transmittance 

( ) 

UV – A 

blocking 

( ) 

UV - B 

transmittance 

( ) 

UV – B 

blocking 

( ) 

 

 

          

1.   - 5.86 13.5 86.5 17.0 83.0 

2. - /

 

+  

 7.03 11.8 88.2 14.3 85.7 

 7.00 12.0 88.0 14.4 85.6 

 

 

          

1.   - 7.24 11.0 89.0 13.7 86.3 

2.  -  /

 

+  

  6.49 12.6  87.4  15.5  84.5  

 7.64 10.8 89.2 13.2 86.8 

 

 

          

1.   - 12.40 9.9 90.1 7.8 92.2 

2.  -  /

 

+  

 14.50 9.0 91.0 6.6 93.4 

 13.30 8.8 91.2 7.3 92.7 

 

 

          

1.   - 13.40 9.0   91.0 7.2  92.8  

2.  -  /

 

+  

 12.50 9.4 90.6 7.8 92.2 

 15.70 7.7 92.3 6.2 93.8 
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   4.28

 UPF 

-

 (  UPF  

15) 

 UPF  15.70  

 ( ) 

 

 

 ( ) 

 

4.3.3.2 -

 

 

 4.29 

 4.29 -  

 

 

 

 

 

UPF 

UV - A 

transmittance 

( ) 

UV - A 

blocking 

( ) 

UV - B 

transmittance 

( ) 

UV - B 

blocking 

( ) 

1.  - 38.6 3.5 96.5 2.4 97.6 

2. - /

 

+  

 125.9 1.2 98.8 0.7 99.3 
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 4.29

 UPF  38.6  (  UPF  

15)  

UPF  125.9  (  UPF  40)  

  

 

4.3.4  

-

 4.30  ( / /

/ / ) 

-  

 9-19 

 6-11 

-

 4.30  
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 4.30 -  

 

 

 

 

 ( )  

 
/ 

 

/

 

/ 

/  

1.   -     

2.   11.0 8.4 6.4 6.8 

3.  /

 

+  

 19.2 10.6 9.6 10.2 

 18.6 14.2 15.0 12.6 

4.3.5  

-

 

 4.31 

-

 4.31

-

 34-48  
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 4.31  (flexural rigidity) -

 

  

 

) 

  

 

-  

 

- 

 

54.08 

 

20.68 

-   86.25 21.58 

 - -  /   

  +  

 73.11 18.74 

/  

-  
 

- 

 

86.23 

 

57.41 

-   98.57 38.08 

 - -  /    

   +  

 128.12 41.93 

/  

-  

 

- 

 

75.09 

 

21.96 

-   67.00 22.06 

 - -  /    

   +  

 73.18 20.42 

/ /  

-  
 

- 

 

56.13 

 

44.72 

-   69.32 32.07 

 - -  /    

   +  

 52.66 59.99 

 

 

 

 

 



 

 

121

4.3.6  

-

 4.32 

-  
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 4.32 -  

 
 

 ( )  ( ) 

    

      

1   - 175.58 

(±8.22) 

122.18 

(±6.65) 

12.08 

(±2.85) 

23.54 

(±1.50) 

2.   204.08 

(±2.70) 

120.71 

(±15.13) 

15.30 

(±4.99) 

37.54 

(±2.75) 

3. - /  

 +  

 173.74 

(±6.17) 

98.95 

(±19.94) 

13.05 

(±3.91) 

31.58 

(±4.58) 

/       

1.   - 189.42 

(±9.01) 

165.07 

(±15.89) 

38.63 

(±7.49) 

46.52 

(±6.23) 

2.   203.78 

(±13.96) 

129.93 

(±22.03) 

28.39 

(±9.25) 

41.95 

(±2.49) 

3. - /  

 +  

 195.06 

(±12.44) 

151.89 

(±15.45) 

26.36 

(±6.76) 

47.99 

(±3.69) 

/       

1.   - 180.38 

(±9.37) 

123.85 

(±8.20) 

15.48 

(±5.48) 

37.04 

(±2.49) 

2.   174.95 

(±8.33) 

118.82 

(±18.71) 

11.80 

(±3.09) 

35.81 

(±4.92) 

3. - /  

 +  

 180.34 

(±6.16) 

102.43 

(±12.91) 

12.97 

(±3.15) 

34.77 

(±6.28) 

/ /       

1.   - 189.68 

(±11.45) 

158.70 

(±12.42) 

28.37 

(±4.53) 

43.34 

(±4.44) 

2.   195.85 

(±4.61) 

122.02 

(±22.04) 

19.96 

(±3.23) 

27.29 

(±5.48) 

3. - /  

 +  

 188.19 

(±15.20) 

171.98 

(±16.09) 

21.66 

(±2.96) 

24.92 

(±6.25) 

 



 

 

123
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 4.33 -  

 
 

 

 

 /  

1.  - 127.2 135.5 

2.   129.3 130.5 

3. - /   

+  
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-

 2  
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/ /

/ -  
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 4.34  L*, a*, b*  E -  

 

 
 

 

L* a* b* E 

/        

1.    - 47.29 58.39 -4.38 - 

2.   47.07 

(47.15) 

58.31 

(58.68) 

-4.36  

(-4.66) 

0.82  

(0.75) 

3. - / 

 +  

 46.28 

(46.92) 

58.58 

(58.52) 

-4.83  

(-4.74) 

1.41  

(0.79) 

/ /       

1.   - 43.86 59.87 -1.69 - 

2.   43.36 

(43.43) 

59.74 

(59.91) 

-1.61  

(-2.07) 

0.67  

(0.63) 

3. - / 

 +  

 42.64 

(43.17) 

59.78 

(60.03) 

-2.55  

(-2.27) 

1.38  

(0.79) 

 4.34 /

/ /  / /

/ / /  L* ( ) 

 ( )  a* (a* , a* ) 

/  

 (a* 

)  (L* ) 

 (a* 

 b* )

 E  1  (  E  1.38 – 1.41) 
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/ / / ) 
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 ( / ) 

 ( / / / ) 
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 5 

 1 

 

2.  (Maxx Nano 

ZnO)  4

 

 (  99.99)

 Staphylococcus aureus  Escherichia coli  5 
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 Staphylococcus aureus  (  74–95) 

 5  

 (  97-99.99)

 (  UPF  

118.1)  (  UPF  38.6) 

   ( ) 

 single jersey 

  

3. -  (

)  4  

-

 3 

 4 

 (  3.77 – 94.83)  

Staphylococcus aureus  Escherichia coli  5 /

 Staphylococcus aureus 

 (  UPF  5-7 

 12-15 )  

 88.88 - 99.99 

 5 
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 relative etythemal spectral effectiveness [22] 

 

1.  relative etythemal spectral effectiveness (E ) 
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 Solar Spectral Irradiance 
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 Solar Spectral Irradiance [22] 

 

1. Solar Spectral Irradiance of Noonday, July 3, Sunlight Albuquerque, NM (S ) 
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1.  Scanning electron 

microscope 
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