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 P/P  38.41 %  P/P  -24.39 %  -24.39 % P/P 38.41 % 
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 0.2   12 
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   55 - 60  
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 (ECOST)  
 /  

 ( , IER)  
  /
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 (3)

  1.2  
    

   
 ( , 

TIC)  ( , 
TOC) [7], [9] - [10] 

 (ECOST)   (4)

 (4)

    TIC    /  
  TIC  

( , )   ( , ) 
-   (5)

 (5)

  
    PIC   ( / )
    PCC   ( / )
    DC     ( / )
    OMC   ( / )
    EIC   ( / - )
    BOPC     ( / - )
    L    ( )
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 ( ) 

 
     ( , DC) 

 
/  [10] - [11]

       ( , BOPC) 
   

    [10], [12] 
/ -  

    TOC   
 -  /  

 (6) - (8)

 (6)

 (7)

 (8)

  
    PPV,k,t  
        k  t ( )
    PWT,k,t    
       k   ( )
    Pg,k,t    g  k 
        t ( )  
    PGrid,k,t   k  t (
        
       , )
    FPV   ( / )
    FWT    ( / )
    Fg     g ( / )
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    Ig,k,t    g  k 
        t (  1  
        0 )
        ( / - )  t
     UYk,t  
        k  t (  1 
         0 )
    Pg,max   g ( )
    Pg,min   g ( )
    PGrid,max  
        ( )

     2  
   

 ( )  ( ) 
   t 

 (9) - (10)  [7], [13] 

 (9)

 (10)

  
    PSTC   ( , 
       STC)  ( )
    Gk,t    k  t ( /
       )
    GSTC    1,000 /
       
    Tk,t     k  t 
       ( )
    TSTC    
       25 
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    c   -  0.0047 /
       
    PWT,max    ( )
    vk,t    k  t ( / )
    vCI     ( / )
    vr     ( / )
    vCO    ( / )

    
 [2]  

( ) 
 

  
  (11) - (13) 

 (11)

 (12)
 
 (13)

  
    PES,k,t    k  t 
       ( )
    k0    
    SOCk,t   
        k  t ( - )
    SOC     
       ( - )
    SOC     
       ( - )

     (PES,k,t) 
 ( )  

( )  ( )
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  1.3   
    -  (

)  ( )  
 

 [14] 
 a  b (Ploss,ab)    (14)

 (14)

  
    Pab,k,t    a  b  k  t 
       ( )
    Pba,k,t    b  a  k  t 
       ( )

      k   t (Ploss,k,t)  
 (15)

 (15)

 2. 
  -  

      
 8,760  (1 )   

 
  -  

  2    
 1 -   1    

     
 

  - 
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 54   1 
  

   1  2
  1   22  

 6.47  
 ( )  0.0081527  IER  91,700 /

-  [11]

 1 

 1  [9], [11]

 PIC EIC PCC OMC DC BOPC 
L

 ( / ( / ( / ( / ( / ( / 
( )

 ) - ) ) / ) ) - )
 10.69 11.03 5.87 0.82 0.05 0.98 30
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 2    [8]

      
    1  2  
  ( / ) 2.08 2.23 - -
  ( ) 3 1 6 1
  ( ) 1 0.3 0 0

 ( ) 3 1 - -
 ( ) 3 1 - -
 ( ) 1 1 - -

 ( ) 1 1 - -
  0.06 0.06 0.03 0.04

  3 6 14 44

 3   

       
     

( /
 
( -

 
( /

  
   

( )
 ( - ( - 

)
 

)
 

)
 ( / ( /

    ) )    ) )
  2189.63 39.47 58.84 5.40 146.25 151.64
 
 11 2.20 10.10 2124.13 21.02 26.77 2.46 146.53 148.99
 25 2.00 9.90 2121.56 21.57 27.24 2.50 146.28 148.78
 37 1.70 9.00 2222.79 22.34 27.47 2.52 145.82 148.33
 44 1.70 9.00 2238.28 22.31 27.41 2.51 145.83 148.34
 54 1.70 8.90 2365.02 22.61 27.67 2.54 145.93 148.47
  ( )
 11 0.70 3.70 2157.24 31.26 45.01 4.13 145.90 150.03
 25 0.70 3.90 2143.85 30.98 43.68 4.01 145.76 149.77
 37 0.90 5.00 2142.90 29.21 39.72 3.64 145.38 149.02
 44 0.80 4.40 2141.24 29.97 40.45 3.71 145.40 149.11
 54 0.80 4.40 2171.81 29.96 41.25 3.78 145.42 149.20

   
 39.47 /   58.84 -  

 5,395,911.89 /   
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2,189.63 -   146,245,347.48 /   
  

 151,641,259.37 /
 

    1.7 /  9.0 -  
 37  22.34 /  

 27.47 -   
2,518,591.94 /   2,222.79 -  

  145,816,193.13 /  
  148,334,785.07 /  

 2.18
  

 
  

   0.9 /  
5.0 -   37  29.21 /  

 39.72 -   
3,642,063.65 /   2,142.90 -  

  145,377,373.94 /  
  149,019,437.59 /  

 1.73 
  3  

  
   

 (ECOST)  2( )  ( )  ECOST  
 2( )  2( ) 

 2( )  2( )
   

 (ECOST)   2( ) 
 ( )  2( )   
   1   5 -  

 ( )  2( ) 
 6 -   1   
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 [1]  
   [2] 

 . . 2560   
4,861   . . 2562 - 2564  3.5 

 [3] 
 2.6  

   
 [4] 

   
 [5] 
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 ( ) 

  [7] 
 , ,  [8] 

 
 
  

 [9] 
  

  
 [10]  

 ,  [11]  
  

        

 50   
   

  , , [12] 
 ( : ) 

 
     

  
 

 [13] 
  ( )  

 ( ) [14] - [17] 
 ,  [18]  
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 [19]  
  

 [20] - [21] 
 [22] - [23] 

 

 
 

  
 
  

       
 1.  
  

  
1   1  

 15   1  
 

  

 1 



60 

 2.  
   ( ) 

 ( )  
 (X, Y) [7]  ( , ) 

 (Dk) [10]  (1) 
  

 (2)  (3)
  
 (1)
  
  
 (2)
  
  
 (3)

  
    k  =    
    Ck   = 
    X   =  
    Qk  = 
    Y   =    
     = 
    Xk  =    
      = 
    Yk  =   
    Dk  =  

  
    1
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 1 

 
  

  
  

   
     ( )     ( )
 1 17.13011 102.94550 1,321 9 17.42447 102.80699 3,109
 2 17.10990 103.01436 1,567 10 17.41964 102.77133 2,756
 3 17.76891 102.18898 2,455 11 17.38885 102.80132 1,454
 4 17.68986 102.46294 2,507 12 17.40668 102.78771 1,974
 5 17.69776 103.25767 2,451 13 17.11006 103.01696 1,232
 6 16.94929 103.44136 2,987 14 17.20155 102.44195 1,887
 7 17.40089 102.81333 1,324 15 17.19614 102.43890 1,811
 8 17.35531 102.82183 2,803    31,638

   
 [9] 

  
 10   [11] 

   3
 3. 
  3.1   
  3.2  

  
 2

 2 

        
 1.  [12], 1.1     [18], [20]
  [16] - [18] 1.2     [17], [20]
    1.3   [15] - [16], [18]
    1.4   [15] - [16]
 2.  2.1   [14], [21] 
  [12] - [14], [18] 2.2   [13]
    2.3   [12]
 3.  3.1        [16] 
    3.2  
   [16] - [23] 3.3   [19], [20] - [23]
    3.4   [18]
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  3.3   ( ) 
  1 - 9 [20] 

 6  [14] 
  

     
    

 Aij   
  3.4   ( ) 

 (4)  
 

 (5)   

 (4)
   
 (5)
 
  
    Aij  = 
    Vj   = 
    Wij  = 
    n    = 

  3.5   
 3.2 - 3.4  ( ) 

 (5)  
  
  

  3.6   ( : ) 
 
 [16] 

    1)  ( ) 
    

  
    2)  ( )   

      
 (n)
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    3)  ( : )  (6)
  
 (6)

    
     = 
    n  = 

    4)  (
: )  64,000  

 3 

 3 

 1 2 3 4 5 6 7 8 9 10
 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

    5)  
 (7)  3 

 0.07  4 
 0.10 

  
 (7)

  
    CI   = 
    RI  = 

  3.7    

    1) 
 

   Aij  
 3.3 

    2)  
 (4) 

  (5) 
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    3)  

 6   1 - 6 
   

 1. 
   (1) - (3) 

 6.98   
   17.371774  

102.804976    2 

 

 2 

  
 

  
 4    

    

  2
 2. 
   

 (4)  (5) 
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 (7)  (8)   1 - 6 
 4 

 4  1 - 6

    
   

       
    0.2000 0.2500 0.3333 0.2611
 1  0.4000 0.2500 0.3333 0.3278
   0.4000 0.5000 0.3333 0.4111
    0.4000 0.4286 0.5000 0.4429
 2  0.2000 0.1429 0.1667 0.1698
   0.4000 0.4286 0.3333 0.3873
    0.2000 0.2222 0.3333 0.2519
 3  0.2000 0.1111 0.1667 0.1593
   0.6000 0.6667 0.5000 0.5889
    0.2500 0.2500 0.2500 0.2500
 4  0.2500 0.2500 0.2500 0.2500
   0.5000 0.5000 0.5000 0.5000
    0.2727 0.2857 0.3333 0.2973
 5  0.1818 0.1429 0.1667 0.1638
   0.5455 0.5714 0.5000 0.5390
    0.2174 0.2000 0.1429 0.1867
 6  0.1304 0.2000 0.1429 0.1578
   0.6522 0.6000 0.7143 0.6555

   6   
  0.5136  

 
 0.07 

 5
  

  
 1 

   0.3948 0.5889 
 0.4790     6
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 5 

         
    1 2 3 4 5 6  
 1.   0.4429 0.2611 0.2519 0.2500 0.2973 0.1867 0.2816
 2.  0.1698 0.3278 0.1593 0.2500 0.1638 0.1578 0.2047
 3.  0.3873 0.4111 0.5889 0.5000 0.5390 0.6555 0.5136
   0.0158 0.0463 0.0465 0.0000 0.0079 0.0252 -
     

 6  1

   1 - 6 
 0.5505  

0.4245   0.3952 
 0.10  0.07  7

  
   3.5  

 0.2180 
 8

      
 

 0.3636 0.3871 0.2857 0.4000 0.3591 
 0.3636 0.3871 0.4286 0.4000 0.3948 

 0.1818 0.1290 0.1429 0.1000 0.1384 
 0.0909 0.0968 0.1429 0.1000 0.1076 

    -  
 

 0.6000 0.6667 0.5000 - 0.5889 
 0.2000 0.2222 0.3333 - 0.2519 

 0.2000 0.1111 0.1667 - 0.1593 

     
 

 
 0.5000 0.5455 0.4706 0.4000 0.4790 
 0.2500 0.2727 0.3529 0.3000 0.2939 

 0.1250 0.0909 0.1176 0.2000 0.1334 
 0.1250 0.0909 0.0588 0.1000 0.0937 
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 7 

 8 

   
    1 

 
   8 

 9

 
 

 1 2 3 4 5 6 
1.1  0.3591 0.3616 0.3708 0.4445 0.4596 0.3758 0.3952 
1.2  0.3948 0.3750 0.3708 0.2832 0.2945 0.3273 0.3409 
1.3  0.1384 0.1652 0.1514 0.1651 0.1572 0.1737 0.1585 
1.4  0.1076 0.0982 0.1069 0.1072 0.0886 0.1232 0.1053 
  0.0170 0.0170 0.0227 0.0264 0.0170 0.0798 - 
2.1  0.5889 0.4429 0.5247 0.5813 0.6080 0.5571 0.5505 
2.2  0.2519 0.3873 0.3338 0.3092 0.2721 0.3202 0.3124 
2.3  0.1593 0.1698 0.1416 0.1096 0.1199 0.1226 0.1371 
  0.0465 0.0158 0.0464 0.0032 0.0639 0.0158 - 
3.1  0.4790 0.3676 0.4161 0.3915 0.4514 0.4412 0.4245 
3.2  0.2939 0.3954 0.2974 0.3621 0.2932 0.2681 0.3183 
3.3  0.1334 0.1225 0.1398 0.1404 0.1577 0.1759 0.1450 
3.4  0.0937 0.1145 0.1467 0.1060 0.0977 0.1148 0.1122 
  0.0304 0.0038 0.0384 0.0364 0.0927 0.0978 - 

  
   

  

1.  0.2816 
(28.16 %) 

1.1  0.1126 4 
1.2  0.0957 5 
1.3  0.0438 9 
1.4  0.0295 10 

2.  0.2047 
(20.47 %) 

2.1  0.1127 3 
2.2  0.0640 7 
2.3  0.0281 11 

3.  0.5136 
(51.36 %) 

3.1  0.2180 1 
3.2  0.1635 2 
3.3  0.0745 6 
3.4  0.0576 8 
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 9  1

    
 4  

  1  
 0.3122     
 0.2940 0.2832  0.1106   10 

 10 

 

  
 

 
 
 

 
   

 

  0.2500 0.1875 0.1818 0.1429 0.1707 0.0190 

 0.2500 0.1875 0.5455 0.4286 0.3872 0.0431 
 0.2500 0.5625 0.1818 0.2857 0.3433 0.0382 

 0.2500 0.0625 0.0909 0.1429 0.0988 0.0110 

  0.3871 0.2308 0.4615 0.4000 0.3641 0.0350 

 0.3871 0.2308 0.3077 0.3000 0.2795 0.0268 
 0.1290 0.4615 0.1538 0.2000 0.2718 0.0261 

 0.0968 0.0769 0.0769 0.1000 0.0846 0.0081 

  0.3529 0.3750 0.2308 0.3000 0.3019 0.0135 

 0.1765 0.1875 0.4615 0.3000 0.3163 0.0141 
 0.3529 0.3750 0.2308 0.3000 0.3019 0.0135 
 0.1176 0.0625 0.0769 0.1000 0.0798 0.0036 

 

 0.3529 0.3810 0.2222 0.3000 0.3011 0.0089 
 0.1765 0.1905 0.4444 0.4000 0.3450 0.0102 

 0.3529 0.3810 0.2222 0.2000 0.2677 0.0079 
 0.1176 0.0476 0.1111 0.1000 0.0862 0.0026 

 
 

  1 2 3 4 5 6 
 0.3017 0.3127 0.3099 0.2827 0.3675 0.2986 0.3122 1 

 0.3169 0.3145 0.2917 0.2917 0.2644 0.2849 0.2940 2 
 0.2857 0.2815 0.2874 0.2938 0.2585 0.2926 0.2832 3 
 0.0957 0.0913 0.1110 0.1319 0.1096 0.1240 0.1106 4 
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 3 

 
( )  

  17.371774 
 102.804976  

  4  
 6  

   
 0.5136 

 0.2180  

  0.3122 

     
0.2940 0.2832  0.1106 
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 4  50 x 50 .  4.3  1.6 . 
 50  

 
  

 
  11 < -10   1.50 - 2.22 2.77 - 3.81  
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  [1] - [6] 
 

       2.4   
5  [2]  /3 /4   800 900 1800 2100  [7] - [9]  

 
  

  5    
 1   1 - 6   

24  [10] - [11] 
     ( ) 

 -10  (  11 )  ( ) 
  

  
  5   1800  

 3300 - 3800   4400 - 5000  [10] - [11] 
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 ( )   1800  
1710 - 1785   1805 - 1880  [7] 

 ( )   802.16  
 3300 - 3800  [8] - [9]  ( )  

5.150 - 5.350 5.470 - 5.725  5.725 - 5.850  [2] 
 [8] - [9], 

[12] - [17]      
  ( ) 

 
   

    ( ) 
     ( ) 

    
 ( )    

 
 

  
   

  
 ( ) 10  

 
 

 

 1. 
   

 3.5  
    wr  lr  

 -4  
( )   4.3  ( )  h  
1.6 .  ( )   0.02 

 d1  d2  a 
 b  

 l1   l2   l3  
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 p 
 wf  lf 

 s  lc  
 g   1 

   wg  50 . 
 lg  50 . 

 3.5   (1) - (3) 
 ( )  [17] - [18]  wr 

 26 .  lr  22 .

 (1)

 (2)

 (3)

  
       ( ) 
 

 ( )   ( ) 
 1 
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  10 [19] 

 a = 1.5b  a  42 . 
 d1  d2  4  10.5 .  

  50   
wf  lf  (4) - (5) [18]  Z0  
50   3.5   wf  3 .  lf  
13 .   g  0.4 .  
lc  11.5 .  s  1.5 . 

 (4)

 (5)

     

 2. 
    

 
 3.5   (1) - (3)  3.5  

 2.67 - 4.82   2 
 

 a  42 .  b  28 . 
  

  
1.8  3.5   3  

 3.5   
 14 .  
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 2 11 

 

 3  lr  11 

   4  wr  11 
  wr 
 
  11  -10   wr = 16 .  wr = 18 . 

 
 1.72 - 1.87   3.3 - 3.8   

5.2 - 5.8   wr = 18 .  wr = 16 . 
 wr = 18 .

 

 4  wr  11 
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   l2  

1 .  l3  /4 (  5.5 ) [8] 
 5.5  

 11  -10   1.52 - 1.90   2.35 - 3.82  
 4.34 - 6.12   5  l3  8.5 7.5  

6.5 .  l3  
  4.8 5.4  6   

  l3 = 7.5 .  
5.5   6 

 p  l1 

 

 5  

 

 6  l3  11 

   7  p  11 
 5.5   p 

  
 p  21 . 

 5.5  
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 7  p  11 

   l1  11  8 
  5.5   

 l1  1.5 2  2.5 .  5.7 
5.1  5.4    l1  2 . 

 5.5  
 1.7  3.5  

   
  1  11  -10  

   1.52 - 1.90   2.34 - 3.82  
 4.33 - 6.12  

 5   1800   3300 - 3800  4400 - 5000  
 -1800    

 2.86   3.66   
5.6   9   9  

 5.5  (5.150 - 5.85 )  3.16  

 

 8  l1  11
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 1 

   ( .)   ( .)
  wg 50 p 21
 lg 50 g  0.4
 wr  18 s 1.5
 lr  14 t 0.035
 wf 3 d1 4
 lf 13 d2 10.5
 lc  11.5 l1 2
 a  42 l2 1
 b  28 l3 7.5

   
 1.8   (

: )  xz  179   84   yz  
3.5   112  68   xz  
yz   5.5   xz  yz 

 56  53    10
 

 9  11 
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 ( )  xz  ( )  yz
 10 

 
  ( ) 

 5071    
   (  1( )) 

 1  
0.03 .  18 .  14 . 

 4.3  1.6 . 
 ( )  23.1 .  11.5 . 

 0.4 .  3 .  13.5 . 
 42  

28 .   
 7.5 .  1 .  2 . 

 21 .  1 
   50  

  
50   11  | 11| < -10   11 

 
 5   

  - 1800     
 1.65  (  1.52 - 1.90 )  3.43  (

 2.34 - 3.82 )  5.39  (  4.33 - 6.12 ) 
 2.02  (  

1.50 - 2.22 )  3.46  (  2.77 - 3.81 )  
5.44  (  4.45 - 6.37 )  11 
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 11  11 

 
 

 0  180   1.8   3.5   5.5  
 28  

 12  1.8  
 xz  180   yz  84  

 xz    179  44   
 3.5   xz  112  

 yz  68   xz 
 yz  80  58   5.5  

 xz  56     53   
 xz  yz  53   12 - 14 

 (
) [18]  (

)  
 ( )  
 33   

( )  1.8 3.5  5.5   -27.91 -33.69  -37.62   
 -24.87 -26.82  -32.17   

 1.8 3.5  5.5  
 1.52 3.43  2.72  
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 ( )  xz  ( )  yz
 12  1.8  

 

 ( )  xz  ( )  yz
 13  3.5  

 

 ( )  xz  ( )  yz
 14  5.5  

   
     
     



84 

  
 

 4  50  

 
  

  11 < -10  
 1.50 - 2.22 2.77 - 3.81  4.45 - 6.37   5  

 1800   6  
 -1800  -1900   3.5     5.5   

 1.52 3.44  2.72   
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  [2] - [3] 
 2,517   1,933   

584    

  . . 2558  127   27   
31  

 
 

 

 
 

 
 

 
 

  . . 2015  , , , , , , , ,
, , , , ,   

 [4]  
 

 
 

  . . 2010  , , , , , , , ,
,    [5] 

 
 

 



    89 

  . . 2011  , , , , ,   
 [6] 

   
 24.225   4  

 

 
 30  

 
 

 

  
 

   

 
 1 

 1 



90 

 1.  2   ( ) 
  (  ) 
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 98 - 239  65 - 115  98 - 146
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100  (Caloglossa beccarii )

 (Caloglossa beccarii )

Caloglossa beccarii

  1  2  1*
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   Caloglossa 

beccarii  ( / ) 
5   4 /24 , 25 /12 , 50 /6 , 75 /3   100 /1.5  

 5    
 (  < 0.05)  25 /12  

 32.95±0.21 /   
50  0.24±0.00 /   4 /24  

 24.67±0.04 /   50 
 0.27±0.003 /   

 4 /24   25 /12  
 C. beccarii
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Caloglossa beccarii
Caloglossa beccarii

C. beccarii

    
   

    
     

 
      

      [1] 
 

    [2]  [3] 
   

    
  

  
     [4] 

 



102  (Caloglossa beccarii )

   
(Spirulina plantensis)    (Spirogyra 
neglecta) [5]  (Microspora .)  (Cladophora .)  
(Spirogyra .)    (Nostochopsis .) [6] 

  Compsopogon aeruginosus  [7] Caloglossa ogasawarensis
 [8] Compsopogon caeruleus   Sirodotia suecica  [9] 

 Caloglossa beccarii   , , , ,
,  [10]   

  4   
 

   
 Caloglossa beccarii 

  

 1. 
  1.1  
     C. beccarii  ( , 

)  ( , )  
  50   

 
  1.2  
      20   200  

/  5   4 /24  (
 4 ), 25 /12 , 50 / 6 , 75 /3   100 /1.5   

( )  3   1 
  

  
(% ) 

 0.005 - 3.200 /  
 2. 
  

 2  



    103 

  2.1   ( )
      

 0.1     0.5   
 ( 2 3)  20 %  1   8.4  

 1   765   
( )   ,  [11]
  2.2   ( ) 
      

 0.02    
 10 %  0.02     1   

0.02   0.180   30   
 415   (  

  2000)   , , , ,
, , , [12]

 3. 
  

 2  
  3.1   
     ( ,2,2  
(3 6 ) )  

 , , , , , , , , , , ,  [13] 
   7   2   

 ( )  140   35.5    16  
    

   0.700±0.010 (
)    0.1  

   0.9    6  
 734    

 
 (1)  %    

 
 ( 50) 

 (1)



104  (Caloglossa beccarii )

  
    A  control =  (  ) 
    A  sample =  (  )

  3.2   
      , ,

, , ,  [14]    
0.800      ( ) 

 ( 2)  2   0.01     
5   0.02   10  

 562    
 (%chelating ability)  (2)  

%chelating ability    (2) 
 50

 (2)

    
    A control   =  ( ) 
    A sample  =  (  

)

 4.  
    

  ( ’ ) 
 95 % (  < 0.05) 

 ( ’ , ) 

 1. 
   C. beccarii  5  

 25 /12    50 /6  
 100 /1.5   32.12 17.45  10.19  

(  1) 
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 (  2)  , [15] 
 ,  [16]  Spirogyra .  

   %  
 12.62  4.44                                

50 /6   ,  [15] 
 C. aeruginosus  C. ogasawaraensis [8] 

 [17] 
   

    
 [4] 

 [18] 
  

 [19]

 

 1  C. beccarii  5   

  

                 
 ( ) 4 /24 ( ) 25 /12 ( ) 50 /6 

 2  5  C. beccarii 
 



106  (Caloglossa beccarii )

 ( ) 75 /3 ( ) 100 /1.5 
 2  5  C. beccarii 

  ( )

 2. 
  2.1   
    

 (  = 0.8503+0.0732; 2 = 0.9951) 
 C. beccarii  5 

 (  < 0.05) (  1)  
25 /12     
4 /24    50 /6   32.95±0.21 
24.01±0.48  16.72±0.25 /    

, , , , , , , , , , , , , ,
, , ,  [20]  

 20   40   Gracilaria bursa-pastoris 
 4 /24  25 / 12   75 /3  

 Caloglossa ogasawaraensis  Compsopogon 
aeruginosus  50 /6   100 /1.5   
C. ogasawaraensis  C. aeruginosus 

 20.89±0.68  6.14±0.43 /  [8] 
 

 [21] - [22]
  2.2  
    

 (  = 0.0025+0.0593; 2 = 0.9997) 
 C. beccarii  5  
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 (  < 0.05) (  1)  4 /24  
   25 /12    

100 /1.5   24.67±0.02 22.67±0.02  11.40±0.08 /   
 , , , , , , ,  [9] 

 4 /24  
 2   Compsopogon caeruleus  Sirodotia suecica 
 20   40   Gracilaria bursapastoris 

 19.22±0.12  59.04±0.09 /  [20]  
 , , , , , , ,  [23] 

 
 , ,  [24] 

 1  
  C. beccarii  

   
 ( / ) ( / ) ( / )
 

:  (  < 0.05); * , , , ,
,  [10]

 3. 
  3.1   
    

  5  50 
 (  < 0.05) (  2)  25 /12  

   50 /6   
4 /24   50  0.24±0.00 0.33±0.00  0.55±0.00 /   

   
  50  0.04±0.00 /  (  2) 

 C. beccarii  5 



108  (Caloglossa beccarii )

   Amphiroa ., 
Halimeda macroloba, Sargassum bimderi  Turbinaria conoiddes [16] 

 Spirulina platensis [25]  (Spirogyra .) [26] 
 

  (  = -0.464)  
   50  ( 50 )  

, ,  [27] 

  3.2   
    

   ( 2+) 
  2+ 

     [14] 
 5 

 (  < 0.05) (  2)  4 /24  
  50    50 /6  

 100 /1.5   50  0.27±0.00 
0.32±0.00  2.03±0.02 /    

  50 
 0.04±0.00 /   4 /24  

 Caulerpa lentilifera, Sargassum oligocystum  
Gracilaria changii [28]  70 %  
Ecklonia cava [29]  (Spirogyra 
neglecta) [30]  

 (  = -0.589) 
  4 /24  

   
 

 [31]  4  
  [32] - [33]
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 2  50  C. beccarii 
   5 

  50 ( / ) 
 ( / )    
 4 /24  0.55±0.00  0.27±0.00
 25 /12  0.24±0.00  0.33±0.00
 50 /6  0.33±0.33  0.32±0.01
 75 /3  0.50±0.00  0.66±0.02
 100 /1.5  0.51+0.00  2.03±0.02
  0.04±0.00  -
  - 0.04±0.00

:  (  < 0.05)

 5   
  

 4 /24    
 25 /12  

   
 Caloglossa beccarii  4   25  

 

 2560  
,   . 

 



110  (Caloglossa beccarii )

Spirogyra neglecta

Compsopogon coeruleus
Sirodotia suecica

Caloglossa beccarii
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Cladophora Nostochopsis
Spirogyra

Cladophora glomerata

Gracilaria bursa-pastoris

invitro Acanthophora 
 spicifera

Tagetes erecta

Spirulina platensis

Spirogyra



112  (Caloglossa beccarii )

Caulerpa lentillifera Sargassum oligocystum Gracilaria changii

Ecklonia cava

Spirogyra neglecta

in Vivo in Vitro

Spirulina platensis
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 3     5 10  15 
    

     10 
 5  15   *   * 

 (   0.05)  2    
  10 

  
 (   0.05)  ( * * *) 
 (  > 0.05)  

   200.33   
13.33   12.76   7.33   5.05   64.98  

 1.60   4.05   394.57   1.57   
218.15    
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 [2]   

  
   [3] 

   , , , , , ,
,  [4]   
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 1. 
    750   500   100  

 50   150   5 10  
15   1

 1  4 

   
    0  5  10  15  
   ( ) ( ) ( ) ( )  
   750 750 750 750
   500 500 500 500
   100 100 100 100
  50 50 50 50
  150 150 150 150
    - 77.5 155 232.5

              
  2115/02        

 
 2. 
  2.1   
       

 175   12 - 15  [9]  
 [10]

           
 5 10  15   1 

 (  5)  2   
100   15    

  5    

  2.2  
     

   0 ( ) 5 10  15 
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  50   9 -  
(1    9  )
  2.3  
       

   1-800-458-2558   ( * * *)  
  -300 ( ., , , ) 

  2.4  
     2     

  300   600 
 [7]  2  

 (  5)  2   100  
 20     

      2  (  
)     ( * * *) 

 2 

    ( )  ( )
   750 750
   500 500
   100 100
  50 50
   155 155
    0.5 -
   - 0.25

  2.5  
     100  

          
 [11]      [12] 

  
  2.6  
      100  

  9 -  (1  
  9  )  
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 ( )  ( )             

  2.7   
      

 ’  ( ) 
 95   [13] 

 1.  
   

   0 ( ) 5 10  15  
 

  1.1  
     3   10 

    
 5  15  (   0.05) 

 10    
    

 
 10  

 

 3  (  = 50) 

     5  10  15
    0 
  7.16 ±0.37 6.72 ±1.21 7.20 ±1.03 6.58 ±1.03
   6.82 ±1.13 6.56 ±1.70 7.68 ±0.91 6.92 ±10.6
   6.52 ±1.03 6.88 ±1.76 7.36 ±1.24 6.28 ±1.26
   6.92 ±0.63 6.12 ±1.62 7.00 ±1.34 6.30 ±1.52
   7.00 ±0.85 6.36 ±1.69 7.18 ±1.41 7.12 ±1.27
  6.94 ±0.65 6.58 ±1.56 7.18 ±1.33 6.32 ±1.25

 :  (   0.05) 
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   0 ( )  5  10 
 15  0.32 0.30 0.27  0.24 ( ./ )  

  [14] 
  

  
 

      *  *  (   0.05) 
 *  

  
 *   (   0.05) 
 0.34 - 2.00  [5]  

 *   *  
(   0.05)   *   
5 10  15  (  > 0.05) 

 0 ( )  1  
   1( )  5  1( )  10 

  1( )  15   

 4  (  = 5)

     5  10  15
    0 
  ( ./ ) 0.32 ±0.00 0.30 ±0.00 0.27 ±0.00 0.24 ±0.01
     

*  53.52 ±1.18 24.82 ±0.85 22.22 ±0.90 16.38 ±2.20
*  4.86 ±0.15 0.34 ±0.19 0.92 ±0.35 2.00 ±0.70
*  21.18 ±0.40 4.98 ±0.35 5.46 ±1.41 5.64 ±1.02

 :  (   0.05) 
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      ( ) 
  [19]

 5 
   (  = 50)

   
    
    7.02±0.76 7.10±0.81
    7.10±0.93 7.36±0.63
    6.88±1.76 7.36±1.24
   6.12 ±1.62 7.32 ±1.03
    6.96±0.60 7.00±1.17
   6.58 ±1.56 7.32 ±1.26

 :  (   0.05) 
        ( > 0.05)

 6  (  = 5)

   
    
  ( ./ )  0.26±0.00 0.27±0.00
   

*   12.48±0.31 12.50±1.26
*   1.10±1.05 0.44±0.39
*   4.92±0.38 4.96±0.37

 :    (  > 0.05)
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 7 
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 8 
  

    
     
  ( ) 200.33 /100  147.12 /100 
  ( )  13.33 /100  4.88 /100 
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Plaa-som

Plaa-som
Plaa-som

Plaa-som Henicorhynchus siamensis
Thynnicnthys thynnoides

Osteochilus hasseltii Labiobarbus siamensis Plaa-som
Henicorhynchus siamensis

Plaa-som
Plaa-som Henicorhynchus siamensis

Plaa-som
Plaa-som Henicorhynchus siamensis

Plaa-som

    
  

 
 1.35   100  

 [1]   
  ( )   

 (25 - 30 )  3 - 5   
 -  ( )  4.5 

 [2] - [3]  
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 [3]       
    (Cyprinidae)   

(Osteochilus hasseltii)  (Thynnicnthys thynnoides)  (Henicorhynchus 
siamensis)  (Labiobarbus siamensis) 

    
  

 
  

 
   ( ) 

 “ ” ( )  
 ( )  ( )  

( )  
 ( ) 

 [1]  
 17.5  [4]    

     
 [5]     

   [6]  
  [7]    [8] 

 [9]   
      [10]  [11]  [12] 

    
        

   
 [13] 

  
 [14]  [15]  [16]  [17]  [18] - [19] 

   
   

 
  
(  ( ) )  [20] 
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 -  [21] 
 

     11 - 35 
 [22]   

(   - ) 
     

-
 

 
 1.  (   - ) 

  
 2.   
 3. -

 

 1.  
   (    

)     2,4,6-
 ( )    ., , ,  
 2, 2’- -  (3- -6- ) ( )  2, 4, 6- -

-  ( )  , ,  
 2. 
   4    (Osteochilus hasseltii) 

 (Thynnicnthys thynnoides)  (Henicorhynchus siamensis) 
 (Labiobarbus siamensis)   

 4  
 4 : 1 : 4   2 - 3   

 10 : 1 : 1 
   0 3  4  

 2  -  ( )  
-  

 2 
 3. -  ( ) 
   0 3  4   3  
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 17   10,000  
 1  -      [23]

 4. 
   0 3  4   

  [23]
 5. -
   0 3  4   3  

 17   10,000  
 1   10,000   4   10  

    
( ) [24]   

 , , , , ,  
[25] 

 ( ./ )
 6.  
  

   , ,  [26] 
 50     25  

 50   37   5  
 150  (    

( )  8.3   50   
500    8.3)  37   60  

 1   250  
  ( )  1.5  

   800   15  
   

 80   1    
 0.45     

   (  ( , , , ) 
 20    (4.6×150 , 

, , , )   ( ) 
 0.05 %    ( ) 0.05 %   0.5 /  

   20 - 60 %  13  
   60 %  2   

  20 %  2   228  
   (% )
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 7.  (In Vitro  
( ) Plaa-som)
  

  , , , , , , ,  
[27]  3   17  

 10,000   1  -
 2.0  6  

 1 : 100  1  
 ( )  2   

1    
-  7.4  6  

 2 : 100  4  
  

 90   15   
 10,000   4   10  

  
 5

 8. 
    ( ) 

 ±   ( ) 
 ’  ( )  95 % 

  18  18.0.0 

 

 1. -  ( ) 
   (0 )    6.34±0.01 - 6.52±0.02 

 3  4     4.35±0.08 - 4.81±0.04 
   4.35±0.08  4  (  1) 
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 1 -  ( )   
   0 3  4 

  -  ( )
 ( )    
 0 6.47±0.07 6.52±0.02 6.37±0.14 6.34±0.01
 3 5.12±0.06 4.83±0.04 4.91±0.05 4.86±0.11
 4 4.81±0.04 4.49±0.10 4.57±0.04 4.35±0.08

   2  ±  (  = 2)
 
     ( ) 

   [3]   
 4   [28]  

   4.6  
   (4.81±0.04)  4  

  
, ,  [3]  

3     4.03 - 4.49  , , , , ,  

[29]    5.79 - 6.32  
     

   
 2. 
   

 
   0 3  4   

 (0 )  68.69±1.51 - 73.17±1.89  
3   

 69.95±1.34  4  
 66.70±1.02 - 70.85±0.32 

 (  2) 
    

( )   [30] - [31] 
 , , , , , ,

, , , , , [32] 
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 69.66 - 77.08  , , , ,
,  168   

60.76±0.20 - 60.80±0.20 [31]  

 2   
   0 3  4 

   (% )
 ( )    
 0 73.17±1.89 74.86±1.22 68.69±1.51 70.44±1.86
 3 72.73±0.10 69.95±1.34 70.23±0.39 70.29±1.77
 4 70.85±0.32 69.17±0.52 66.70±1.02 67.88±1.69

   2  ±  (  = 2)
  
 3. -  ( - ) 
  -    

 -  4  
 3  4  (  0)  (   0.05,  1) 

-  3  4 (  > 0.05)  25.84 - 35.29 
 30.12 - 36.11   -

 
  [19]

   -  3  4  
 (p > 0.05)  

3  4     
 

 [17]
    -

 (  > 0.05,  1)  3  4  
 -  (   0.05,  1) 

 35.29±4.08 33.23±1.16  36.11±2.35 35.12±2.03 
    -

  
 [32] , , , ,

, , , , ,
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    [33]

 

 1      
 0 3  4 

  *   (   0.05) 
    
  **   (   0.05) 
    ;  
   4  ±  (  = 4)
   
    

    
  734  

/     [19] 
    

4   3  4  (  0)  (   0.05, 
 2)   
 3  4 (  > 0.05,  2)    

-  (  1) -
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 2     
  0 3  4 

  *   (   0.05)  
   
  **   (   0.05) 
   ;  
   4  ±  (  = 4)

    3  4  
   

 (   0.05,  2)  3.78±0.36 3.60±0.22  3.44±0.20 3.80±0.27 
  

     
 

  

 
   

   2 - 20    
      [34] - [35] 

  [36]
  /

 [19]  
 4   3  4  (  0) 
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 (   0.05,  3)  4  
 3  4   

 

 [37] 
 1 -  4   3  4  

 (  > 0.05) 
   ( )  ( )  ( )  

( ) /  [38] - [39] 
 ( )  “ ” 

 
 

   [40] - [41] 
    

 [42] 

 [43] 
   4  

 3 
 

    3  
 (   0.05,  3)  

0.551±0.069   4  
 

0.507±0.006 
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 3   
  0 3  4 

  *   (   0.05)  
   ; 
  **    (   0.05) 
    ;  
   4  ±  (  = 4)

 4.  
    

 0 3  4    (0 ) 
  

    (  4) 
   , , , , , , , , , ,

, , , , , [44] 
   3  4    

 0   30.13±1.97  24.36±1.19  
   

  , ,
, , , , , , , , , , , , , [44] 

 subtilis 26 ( 50700)  
amyloliquefaciens 6  24   0.2 /   

  45 - 50 , , , , , , , , ,
 ACE  [45]
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 4   
  0 3   4 

   2  ±  (  = 2)

 5.  (In Vitro  
( ) Plaa-som)
   3  -  

    
 3   

-    -
 30  83  

 (0 ) (   0.05,  5) -
  

     
(  58)  (  5) 

   
(0 ,  > 0.05)   
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 5  -    
  3  

  *  -  
    (   0.05) 
  ** 
      (   0.05); 
    4  ±  (  = 4)

 

   4   3  4  
 4.35±0.08 - 5.12±0.06  66.70±1.02 - 72.73±0.01  

 3  -   
   

   

  
 3   
  

  

 

 . .      
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Plaa-Som

Plaa-Som
Lactobacillus casei
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Mytilus edulis

Stolephorus

In vitro
Channa striata

Pla-ra

In Vitro

In vitro
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Nemipterus

Plaa-som
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Priacanthus macracanthus

Rana catesbeiana Shaw

Dosidicus gigas In Vitro

Bacillus subtilis Bacillus 
 amyloliquefaciens

Zosterisessor ophiocephalus



    145 

  1  1*  2

 

Received: June 5, 2019; Revised: December 11, 2019; Accepted: December 12, 2019

   
     

( )   3   60 80  100  
   

 30   5   28:2 26:4 24:6 
22:8  20:10  32   2   23   13  

     
    (

, )  ’  
  

 6     1 - 2  
 80    80  

     
 80     

  4   

 : ; ; ; ; 

1  
2  
1 Faculty of Home Economics Technology, Rajamangala University of Technology Thunyaburi
2 Faculty of Industrial Textiles and Fashion Design, Rajamangala University of Technology Phra Nakhon
* Corresponding Author E - mail Address: sakorn_c@rmutt.ac.th



146 

 (Artocarpus heterophyllus .) 
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 10 - 15  
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 ( )   [4] 
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  1.6       ( )
  1.7   ( ) 
  1.8      
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 , 2000   , 
 5.0 

 6. 
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 3   100   
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 0.5  
 ( ) 
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 1 
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 5 20 10 32 2 23 13
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 ( )  ( )  ( ) 
   1 - 2 

 ( )   ( )   ( ) 
    80 
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 1 

   1  6   
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  1.3      403  140  
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   3    2 -  3  12 

 2     6  
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 1  
  2.2  
      
1 : 50  30   

  
 24  

 105 ±  2   90   
 

  2.3  
    2.3.1  (  1 - 2) 
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    2.3.2  (  3 - 6) 
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 1   
  

     ( )
    ( ) 
  2   1 27.49 0.29
  2   2 23.14 0.36
  2   3 23.90 0.99
  2   4 23.89 0.74
  2   5 19.61 1.23
  2   6 20.78 0.85
  2   1 24.62 0.39
  2   2 20.98 0.52
  2   3 21.70 0.34
  2   4 19.60 0.18
  2   5 18.57 0.51
  2   6 15.96 0.83
 -  3   1 25.16 0.19
 -  3   2 23.00 0.55
 -  3   3 21.63 0.34
 -  3   4 16.70 1.13
 -  3   5 17.24 0.42
 -  3   6 16.67 1.65
 -  3   1 23.99 0.27
 -  3   2 22.85 1.27
 -  3   3 20.07 0.28
 -  3   4 19.84 0.20
 -  3   5 17.20 0.65
 -  3   6 15.90 0.58
  12   1 23.23 0.14
  12   2 20.14 0.69
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  12   4 20.67 0.25
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  12   6 16.46 0.97
  12   1 26.66 0.86
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    ( ) 
  12   3 22.31 0.24
  12   4 22.42 0.80
  12   5 19.20 0.13
  12   6 17.89 1.03

   
 (   0.01)  2 

 (  21.69)   12 (  20.44) 
-  3 (  20.02)     

 2 -  3  12 
 (   0.01)   2  

 ( ) 
   12 

-  3  (   0.05)  12 
  

    (   0.01) 
 1 - 6  25.19 21.99 21.13 20.52 18.19  17.28  

    1  
 (   0.01)  2  3 - 6 

 (   0.01)  3  4  5  6 
 (   0.01)  5  6 

 (   0.01)   
  

     
  

 200   
  

  , [7] 
 

 



    179 
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     ( )
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