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1.

 (chroma meter)  CR300  CR310 

 Minalta  D65 

 2  L*, chroma,  Hue angle 

L* = The lightness facter (value) 

-  L*  100 

-  L*      0 

 a*, b* = The chromaticity coordinate (hue, chroma) 

-  a*  - 

            - 

    -  b*  - 

      - 

 a*  b* 

 chroma 

-    0  ( )

-  60 

 chroma  (McGuire, 1992) 

 hue angle (H°)  a* 

 Ho  0-360 

 hue angle 

Ho = arctangent (b*/a*)  a* > 0  b* > 0 

     = arctangent (b*/a*)  a* < 0 

     = arctangent (b*/a*)  a* > 0  b* < 0 
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 H°

0-45      180-225 

45-90      225-270 

90-135      270-315 

135-180      315-360 

2.  (titratable acidity; TA) 

 (sodium hydroxide, UNIVAR)  0.1 

 (NaOH) 4.0  1,000 

 (phenolphthalein)  1 

 1  60 100

 5  1 

 2 

0.1

 (%) = normality of NaOH (0.4 N) x equi.wt of acid (0.07) x vol. NaOH x 100

volume of sample 
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3.

-  (HPO3-HOAC)

40  200  15 

 500 

7-10

-

(sodiumbicarbonate; NaHCO3 ) 0.210  250  2,6 

 (2,6 –dichlorophenol - indophenol) 0.250 g 

1,000  2-3 

-  (ascorbic acid) 0.05 

 45  50 

 1  1 

 (AOAC, 2000) 

 2  5 

 2, 6  ( )

 ( )  100  = (X-B)(F/E)(V/Y)x100 

 X = 

B =  blank 

F  = mg equivalent ascorbic acid/1 ml 

E =  standard ascorbic  ( )

V =  ( )

Y =  ( )
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4.

 80  100 

 800  1,000 

 Whitham (1971) 

 0.5  acetone  80  15, 

20  25  7 

 48  Whatman  1

 (OD)  645  663  OD 

Chlorophyll a = [(12.7 (absorbance 663 nm) - 2.69 (absorbance 645 nm)] x (V/1000W) 

Chlorophyll b = [(22.9 (absorbance 645 nm) - 4.68 (absorbance 663 nm)] x (V/1000W) 

          Chlorophyll a + b = [(20.2 (absorbance 645 nm) + 8.02 (absorbance 663 nm)] x (V/1000W) 

  V  

W

5.

 Pawelzik (2006) 

 1  dimethylsulphoxide (DMSO)  5 

 2 

16  Whatman No. 4  OD 

 665, 649  480  OD 
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Chlorophyll a = [(12.19 x absorbance 665 nm) – (3.45 x absorbance 649 nm)] g/gFW

 Chlorophyll b = [(21.99 x absorbance 649 nm) – (5.32 x absorbance 665 nm)] g/gFW

 Chlorophyll = Chlorophyll a + b 

Carotenoid = [(1000 x absorbance 480 nm) – (2.14 x chlorophyll a) – (70.16 x chlorophyll b)]

220

6.

 (Ohyama et al., 1991)

  0.05 

 (H2SO4) 1  1 

 180  10 

 (H2O2)  0.3 

 230  30 

 (H2O2)  0.2   230   30 

 5  1 

 50 

  (indolphenol method) (Ohyama et al., 1991)        

        1.  4 

  A reagent:   (EDTA.2Na) 25  pH 

 10  10 N  (NaOH)  pH 

 (methylred) 20  (  0.05  + 60%  20 )

 1 

  B reagent:  (KH2PO4) 136.09 

 500  400  (benzoic acid) 2.75 



130

 500  400  stirrer  30-40   

 1 

   C reagent:  (sodium nitroprusside) 0.1 

 (volumetric flask)   (phenol) 10.25  (

 30-40 )  1 

 4  2 

   D reagent:  (NaOH) 10 

 (Na2HPO4.7H2O) 7.06  (Na3PO4.12H2O) 31.8 

 (sodium hyperchlorite) 10 

 1 

 2.   (NaOH) 1 N (  (NaOH) 

40  1 )

  3.  ((NH4)2SO4)  0, 

0.1, 0.2, 0.3, 0.4  0.5  

((NH4)2SO4) 0.471  (H2SO4) 0.5 N 

 (volumetric flask)  1 

 100 

 0.5 N  13.32  1 

 4.  2   0.3-0.5  ( )  A 

reagent 0.5  B reagent 0.5 

  (NaOH) 1 N 

 C reagent 2.5  D reagent 2.5 

 25  30  3 

 (spectrophotometer)  625 
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 ( )

 ( ) = (((A x  B x C) / (D x E x 

10000)) x 10) x 

  A  =   ( / )

         B  =   indolphenol (25 )

         C  =   (50 )

         D  =   ( )

        E  =   ( )

y = 0.147x + 0.062 

        r2 = 0.999 

 1

y = 1.147x + 0.062

r² = 0.999

0.0

0.5

1.0

1.5

2.0

0 0.5 1 1.5

 (m
g/

gD
W

)

1

 ( 1)
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 1  (L*) 

 (L*) 

 ( )

0 1 2 3 4 5 6 

1.  56.12 51.16 47.75 45.13 b 43.82 b 43.89 41.09 

2.  56.12 52.93 49.82 47.89 a 47.32 a 44.18 41.35 

3.  56.12 53.08 50.25 45.82 b 44.38 b 43.10 41.69 

4.  56.12 52.53 48.67 49.02 a 47.50 a 44.94 41.70 

LSD0.05 ns ns ns 1.81 2.18 ns ns 

 LSD  P < 0.05 

ns = 

 2  chroma 

 chroma 

 ( )

0 1 2 3 4 5 6 

1.  29.09 24.64 b 28.34 30.34 30.05 b 27.77 24.30 

2.  29.09 26.48 ab 29.82 33.72 34.01 a 26.06 23.93 

3.  29.09 26.40 ab 30.00 30.69 32.70 a 25.37 25.81 

4.  29.09 28.86 a 28.66 31.05   31.81 ab 27.02 22.22 

LSD0.05 ns 2.87 ns ns 2.39 ns ns 

 LSD  P < 0.05 

ns = 
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 3  hue angle 

 hue angle 

 ( )

0 1 2 3 4 5 6 

1.  96.54 85.81 86.84 79.01 78.54 73.24 69.43 

2.  96.54 87.55 87.83 80.66 79.24 72.88 69.60 

3.  96.54 85.89 86.20 80.81 78.08 73.42 70.02 

4.  96.54 85.47 86.02 82.39 80.02 73.16 70.01 
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