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 1

 (microalgae) 

 (benthos) 

 (Perinereis nuntia)

 (carotenoids) 

(essential unsaturated fatty acids) 

 (Meunpol, 2007) 

Amphora delicatissima
(benthic diatom) 

 ( , 2546; 

, 2547) 

 ( , 2549) 

A. delicatissima

A. delicatissima



2

1. Amphora delicatissima

 2.  

Perinereis nuntia A. delicatissima

A. delicatissima



 2 

2.1

 (autotrophic) 

 (photosynthesis) 

(photoautotrophic)

 (mixotrophic) Poterioochromonas malhamensis (Vymazal, 1995  Caron  

et al., 1990), Chlamydomonas acidophila (Tittel et al., 2005), Pheaocystis globosa (Seuront et al.,
2006) Chrysochromulina polylepis (Stibor and Sommer, 2003)

 (heterotrophic) 

 (benthic diatom) 

,

2.1.1

 (colony)  1-500 

 (frustule)  (epitheca) 

(epivalve)  (epicingulum)  (hypotheca) 

 (hypovalve)  (hypocingulum) 

2-1



 2-1  (frustule) 

: Hasle and Syvertsen, 1997 , 2542 

 2 

2.1.1.1  (centric diatom)

 (radial symmetry) 

 2-2 



 2-2  (centric diatom) 

: Hasle and Syvertsen, 1997 , 2542 

2.1.1.2  (pennate diatom)

 (bilateral 

symmetry)  (slit) (raphe)

 (central nodule)  2-3 

 2-3  (pennate diatom) 

: Hasle and Syvertsen, 1997 , 2542 



2.2

2.2.1  (protein) 

 6  25  (serine) 

(glycine), (glutamic acid)  (aspartic acid)  (Chau et
al., 1967  Werner, 1977) 

 (Hecky et  al., 1973  Werner, 1977) 

2.2.2  (carbohydrate) 

 (chrysolaminaran) -1,3  ( -1, 3 glucan) 

 (stationary 

phase)  (gelatin) 

 (capsule) 

Phaeodactylum tricornutum
 (xylose),  (mannose),  (fucose)  (galactose) 

(Lewin et al., 1958  Werner, 1977)

2.2.3  (lipid) 

 (triglyceride),  (diglyceride), 

(lecithin),  (phosphotidyl glycerol) 

(phosphotidyl inositol)  (saturated fatty 

acid)  (unsaturated fatty acid)  14, 16  20 

 (linolenic acid, C18:3) 

 2-1



 2-1  ( )
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5
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6

Myristic acid (C14:0) 2.8 7.0 6.2 8.6 30 6.2 7.9

Palmitic acid (C16:0) 9.1 16.4 22.8 10.7 20.9 11.1 23.2

Palmitoleic acid (C16:1) 30.8 21.3 44.7 27.3 8.5 21.7 44.8

Hexadecadienoic acid (C16:2) 7.4 4.2 3.6 13.4 13.4 6.1 2.8

Hexadecatrienoic acid (C16:3) 18.3 - 1.6 9.9 ND 11.4 6.5

Stearic acid (C18:0) - 1.0 - 0.1 tr - 0.3

Oleic acid (C18:1) 6.2 5.3 2.5 4.7 23.6 1.8 0.4

Linoleic acid (C18:2) 3.9 2.9 - 0.5 4.7 2.1 0.5

Linolenic acid (C18:3) 2.6 - - 0.2 tr - 0.2

Arachidonic acid (C20:4) 4.5 6.2 6.3 0.7 tr 3.9 0.6

Eicosapentaenoic acid (C20:5) 14.5 24.4 12.0 18.2 10.8 30.2 8.0

: 1Kates and Volcani (1966), 2DeMort et  al. (1972), 3Opute (1974), 4Chuecas and Riley 

(1969), 5Ackman et  al. (1968), 6Tornabene et  al. (1974) 

 : ND=    tr=

2.2.4  (pigment) 

-  0.3-2 -

- 1 - 2 - 1 2

 1  1 

-  11-37 

(Jeffery, 1972) -

( -carotene) -  ( -carotene)  (xantophyll) 

 (fucoxanthin),  (diatoxanthin) 



2.3

 (jerking) 

 central pore  terminal pores 

Amphora

(positive phototaxis)  (negative phototaxis) ( , 2542) 

2.4

(auxospore)

 2 

 (meiosis)  4 

 2  2 

 2 

 ( ,  2534) 



2.5

 2 

 (benthic diatom)  (stalk) 

 (planktonic diatom) 

 (Werner, 1977) 

2.6 Amphora  delicatissima

Amphora delicatissima
 2-4 

( , 2542) 

Division   Chlromophyta 

 Class Bacillariophyceae 

  Order Bacillariales 

   Family   Naviculaceae    

Genus   Amphora
     Species  A. delicatissima

 2-4 A. delicatissima AM9901

     ( , 2546) 



Amphora

Amphora sp.  (benthic 

diatom)

  ( , 2542) 

(planktonic diatom)  (Sundbäck et al., 1996) 

 (Norman-Boudreau  et al., 1986 

, 2539)  (Peterson  Curiel, 2002)

2.7

2.7.1

  (primary metabolite)   (secondary 

metabolite)

 (Becker, 1994) 

(Devlin and Barker, 1971) 

2.7.2

 (silicic acid)  (silicate) 



 45-

200

 (Werner, 1977) 

2.7.3 

 ( , 2541) 

2.7.4

(electrolyte)  (Na),  (K) 

 (Cl)  (Mg) 

(P)  (S)  (Co)  (Cu)  (Mn)  (Ca) 

 (cofactor) 

12 (  , 2534) 

2.7.5

 (McLachlan, 1973)  (coenzyme) 

12

 (Krichnavaruk et  al., 2004) 

2.7.6  (illumination)

 (light-saturation 



intensity)

 (Trainor, 1978) 

2.7.7  (aeration) 

 7.8-8.0 

 0.3-0.5 

2.7.8  (salinity) 

 20-25 

 (Hellebust, 1976  Darley, 1982) 

 (dark respiration) 

 ( , 2543) 

2.7.9  (temperature) 

 (Darley, 1982) 

 15-20 

(Lee and Ding, 1995) 

2.7.10  (pH)

 pH Spirulina sp.

 pH 3-7  pH  3 (Fyson et al.,
2006)



2.8

Chlamydomonas reinhardtii
 Chen  John (1994) 

 Nitzschia laevis  EPA 

(Eicosapentaenoic acid) 

, , , tryptone  (Zhi-You and Feng, 2001) 

Tan  Johns (1991) Chlorella saccharophila  2 

 (C18:2)  (C18:3) 

 15 

 14 

Chen and Johns (1994) Chlamydomonas reinhardtii

 0.4 

Shi et al. (1999)  lutein Chlorella
protothecoides  30 

36  0.92 

 lutein  16.4  4.85 

Zhang et al. (1999) Chlamydomonas reinhardtii

 0.48, 0.44  0.61

 0.071 



 1.1482 

 1.9 

de Swaaf et al. (2003) Crypthecodinium cohnii
 (PUFA) 

DHA (docosahexaenoic acid C22:6)  30 

 (2543) 

Amphora. delicatissima  AM9901 

(autotrophic)  (heterotrophic) 

 2-2 



 2-2 A. delicatissima

1 A. delicatissima

 F/2 

 (2543) 

2 A. delicatissima  F/2 

, ,

 4, 5, 2  1 

1  5  75x104

61x104

 (2546); 

 (2547) 

3 A. delicatissima
( )  F/2 

 1 

,

 4 

 0.96 

 7.4x105

 (2546) 

4 A. delicatissima
+2.4 mM Si+4C 

 10.19 

 584.17x104

 120 

 282.5x104

 (2546) 



2.9  (Perinereis nuntia)

 ( , 2538) 

 (carnivore) (Mettam, 1980) 

 3 

 (Baoling et al., 1985)  (palps)  1 

 1  (prostomium) 

(peristomium)  2 

 (tentacular cirri) 4 

 (paragnaths)  maxillary ring 

 (parapodium) 

 2  (notopodium)  (neuropodium) 

 (uniramous) 

 (biramous)  (compound setae)  (spiniger) 

 (falciger)  (pygidium) 

 2-5 

 2-5

: http://personal.cityu.edu.hk/~bhworm/sedentary/morphology1.jpg 



 8  1  ( , 2543) 

 (Nuptial dance)  (pheromone) 

 (Elliott, 1952) 

 ( , 2527) 

 4  (cleavage)  (trochophore) 

(hetatrochophore)  (nectochaete)

2.10

 (PUFAs) 

 57 

 17-19 

 Nereidae  Dhainaut et al., (1989) 

Nereis diuersicolor

2.11

 (vermiculite) (  2-6) 

, ,

 (mica)  (K) 



(Kalinowski and Schweda, 2007)

 (Malandrino et al., 2006; Vieira dos Santos 

and Masini, 2007; Abollino et al., 2007; Brigatti et al., 2005) 

 (Maqueda et al., 2007)  vermiculite  (Seo 

et al., 2004)  (Armstrong and Prosser, 1988)  (Johnson and 

Worral, 2007) 

(2549)  (vermiculite) 

 (vermiculite) 

 2-6  (vermiculite) 

2.12

 (2550) 

 (P<0.001) 



 (2549)

 (vermiculite) 

2.13

A.
delicatissima  Delgado et
al. (1991) Surirella ovata  Navicula 
digitoradiata   (batch culture) 

 (Armstrong and Prosser, 1988)

(Johnson and Worral, 2007) 



 3 

3.1 A.delicatissima

3.1.1 A. delicatissima

A. delicatissima  AM9901 

 (2543) 

 (Guillard’s medium)  F/2  ( , 2541)( .)

 (Axenic) 

( .) 30   1000 

A. delicatissima
 2  0.3-0.7  0.7  –   2

3-1  5.3x6.3x5.3 

 2.5 

 1  (  2.4 

 1 )

 5x104     1000 

 3-1 

1

 (sonicator) 

 (haemacytometer) 

.



 3-1 A. delicatissima

 1  0.3-0.7 

 2  0.7 –  2

 3-1 A. delicatissima  2 

      0.3-0.7 0.7 –  2  2.5 

3.1.2 A. delicatissima  (vermiculite) 

 Vermiculite 

A. delicatissima
(vermiculite) ,

 3.1.1  3 

 3-2 

3.1.2.1  1  A. delicatissima
 0.3-0.7  0.7-2 

 2.5  1 



5x104   1000 

 3-2

3.1.2.2  2  A. delicatissima
 0.3-0.7  0.7-2 

 2.5  3.1.2.1 

 5  (

12.03  1 )

 1000  3-2 

3.1.2.3  3  A. delicatissima

 3  3 

 0.1-0.35 .,  0.7-2 .  1.4-4 .

 3  1 

 5x104   



 3-2 A. delicatissima
        (vermiculite) 

 0.3-0.7 . -
 1 

 0.7-2 . 1 g-C/L 

 0.3-0.7 .

 1  0.7-2 . 2 

 2  0.7-2 .

5 g-C/L 

 1  0.1-0.35 .

 2  0.7-2 .
 3 

 3  1.4-4 .

1 g-C/L 

 3-2 A. delicatissima  (vermiculite) ,

 2.5 



3.2 A. delicatissima

 3.1 

 3-3  3-4  15x30.5x18 

 30  8.23 

 (vermiculite)  0.7-2 

 10 

 3-3  Perinereis nuntia  10 

A. delicatissima 
 (heterotrophic) 

1, 5  10 

A. delicatissima  5x104

1x105

 4 

.

 4  3-3 



3.2.1  A. delicatissima
 3  3.1.2 

 1 

 10 

 1 

 10x104   

 3-4 

3.2.2  A. delicatissima
 10 

 2  1 

 10  1 

 10x104

 3-4 

3.2.3  A. delicatissima  (vermiculite) 

 10 

 1  1  5 

 2  1 

 5x104   

 3-4 

3.2.4  A. delicatissima  (vermiculite) 

 F/2 

 1  1 

 F/2  2 

 10  3 

 4  1  10 

 5x104   



 3-4 

 3-3 A. delicatissima
         (vermiculite) 

-

 1  1.4-4 .

 2  0.7-2 .
 3.3.1 

 3  0.1-0.35 .

1 g-C/L 

-

 1  1.4-4 .

 2  0.7-2 .
 3.3.2 

 3  0.1-0.35 .

1 g-C/L 

(

)

-

 1  0.7-2 . 1 g-C/L  3.3.3 

 2  0.7-2 . 5 g-C/L 

 1  +  F/2 1 g-C/L 

 2  +  F/2 10 g-C/L 

 3 1 g-C/L 
 3.3.4 

 4 10 g-C/L 



 3-4 A. delicatissima  (vermiculite) 

 10 

3.3 A. delicatissima 

 Perinereis nuntia
 18x49x18 

 15.87 

 4.41 

 (Protein-skimmer  Foam fractionator)  2.27 

 3.32  3-5 

(vermiculite)  10 

 (Sonic AP1200) 

 70 

 Perinereis nuntia  2 

( )  1-2 

 11-15 . . .



 3-5  ( )  ( )

           Perinereis nuntia  A. delicatissima

( )  1  1 

30 /  41  11-15 

 30 /

 70 

 ( )  ( )

 3-6 



A. delicatissima

 1  2 

 3-6

 0.75  16.27 / /

A. delicatissima

 300x104 /  30  (

.)  1 

,  ( .)

 1 

.

Perinereis nuntia

 20 



 1 

 20 

 (pigments) 

 HPLC  Suzuki et al., (1993) 

 0.1  (freeze dry) 

 Eppendrof  1  -20 

 24  centrifuge  2,500 

 5 

 (HPLC  HP 1100)  100 

Alltech Apollo  150 × 4.6  C18  5 

 Photo-Diode Array   Mobile Phase 

 3-6 

 1  25 

 3-4  HPLC 

 ( )  A 

( )

 B 

( )

 C 

( )

0.00 25 0 75

4.00 25 0 75

4.01 0 0 100

5.00 0 0 100

5.01 0 20 80

11.00 0 20 80

11.01 0 35 65

 (spectrum) 

 440-655  HPLC 

 Jeffrey et al., (1997) 

 (Sigma Product no. A9335-250MG)



 (Relative Responsive factor) 

Jeffrey et al., (1997)

 Unagul et al., (2007) 

 (freeze dry)  30-50 

Heptadecanoic acid 

(C17:0) (50  5 ) 100 -

 95  5  2  90  1 

 1  1 

 100  (GC Shimadzu  GC-

17A)  Supelco : Omegwax 250 capillary Column (30  x 0.25 

 x 0.25 Catalog No.24156 )  FID (Flame Ionize 

Detector)

 250 

 150  260 

 4-24:1  (Std. 189-19) 

.25
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4.1 Amphora delicatissima

 4.1.1 A. delicatissima

A.delicatissima  (batch) 

 127 × 104  10 

 0.7-2  0.3-0.7 

 0.3-0.7 

465±199 × 104  8 

 0.7-2   155±45 × 104

 7 

 (Stationary phase)  7  11  4-1 

0

100

200

300

400

500

600

700

0 2 4 6 8 10 12
time(day)

ce
ll 

de
ns

ity
 (x

10
 4  c

el
ls

/c
m

3 -s
an

d)

 0.7-2 mm
 0.3-0.7 mm
control

sand size

 4-1 A. delicatissima  0.7-2 

     0.3-0.7 



A. delicatissima
 0-0.3  0.3-0.5  (  4-2) 

 0-0.3  0.3-

0.7  110.8±31.8 × 104
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 4-2 A. delicatissima  0.7-2 

     0.3-0.7  0-0.3  0.3-0.5 

 (P<0.05)



4.1.2 A. delicatissima  (vermiculite)

  4.1.2.1 

A. delicatissima  0.3-0.7 
 (vermiculite)  0.7-2  2.5 

 (  1 / )
 0.3-0.7  211.67±56.2 × 104

 14 

(vermiculite)  160±101.4 × 104  13 
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 0-
1.5  1.5-2.5  0-1.5 

 119.67±2.0 × 104

 29.33±7.2 × 104
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 35±19.1×104

 3.67±1.5 × 104

 (P<0.01) (  4-4) 
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  4.1.2.2 

A. delicatissima  0.7-2 ,
 0.3-0.7   (vermiculite)

 0.7-2  5 /
4-5  0.3-

0.7  52.33±22 × 104
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 (  5 / )



  4.1.2.3 

A. delicatissima 3

 (  1 / )
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 (  1 /

)



A. delicatissima
4-7  0-1 
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)  19.17±17.6 × 104

 (10.5±11.8 × 104 )

 (8±6.3 × 104 )  (P<0.01)
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1 / )
 (P<0.01)



4.2 A. delicatissima

4.2.1  A. delicatissima

 1 

A. delicatissima
(1.4-4 ),  (0.7-2 )  (0.1-0.35 )

 1 /

 7.16±9.8 × 104
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4.2.2  A. delicatissima
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4.2.3  A. delicatissima
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 4-10 A. delicatissima  (vermiculite) 

(0.7-2 )  10 

30  2 

1  5 /



4.2.4  A. delicatissima
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4.3 A. delicatissima

4.3.1

4.3.1.1

1-2  (
) A. delicatissima ( )

 55 
98.8±1.9

74.6±10.4  (P<0.05) 4-12
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4-12 Perinereis nuntia
A. delicatissima  55 

 (P<0.05)



4.3.1.2

55

 4-13  4-14 
0.3 mg NH4-N/L

0.012 mg NO2-N/L

 2.08 mg NO3-N/L

 15.9-18.4  mg NO3-N/L  (  4-13) 
 3.24 mg NO3-N/L

 10.09 mg NO3-N/L

(  4-14)
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4.3.1.3

 (  4-15) -
 20, 40  55  20 

-  0.06±0.025

-  0.01±0.01

 (P<0.01)

(0.06±0.026 )  (0.02±0.013

)  (P<0.01)  40 
-  0.15±0.052

) -  0.003±0.005

0.15±0.04 

0.01±0.009  (P<0.01)

55

-  0.03±0.02

 0.006±0.003

 0.03±0.021

( )  0.006±0.008

4-15
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4-15 Perinereis nuntia
 ( ) A. delicatissima

       ( ) 20, 40 55

 (P<0.01)

A. delicatissima  4-
16  (peak)  1 (  6.699) -  2, 4 

8 (  7.289, 8.392  22.722 )

 3 (  7.786) (Fucoxanthin)

 5, 6  7 ( 12.449, 13.006  13.962 )
-



4-16 A. delicatissima  1 
 2, 4 8

 3  5, 6  7



Perinereis sp.

( )  55  4-17
(Astaxanthin) 4 (  8.283) 5 ( 8.818)

-
 Photo-Diode array 

4-17 Perinereis nuntia
 55  1, 2  3  4

 5 -

Perinereis nuntia A.
delicatissima ( )  55  4-18

 5, 6, 7, 11 (  7.290, 7.540, 7.732 12.263 )

5 (Retaintion time) 

A. delicatissima (  4-16)  1, 2, 
3, 4, 8 9  10 



4-18 Perinereis nuntia
A. delicatissima ( )  55 

1, 2, 3, 4, 8  9  5, 6, 7, 11  12 
 10 



 ( )
4-19 1

400-500

1

529

4-19  ( )



 4-20 

 8.274 479

 4-20



 4-1 
 1,736.39 

 569.75 
 12.6 

 5.9 
0.072

4-1  (Fucoxanthin)  (Carotenoids)

(Astaxanthin)

1

 55 

( / . )

ND ND ND

1736.39±0.03 569.75±0.11 ND

ND 0.072±0.0000004 0.03±0.000003

12.60±0.0003 5.90±0.003 ND

ND = 

4.3.1.4 Perinereis nuntia

 55  (  4-21) 

 (  4-22)  Palmitic acid 

(C16:0)  24.30±0.60  19.16±0.14 

 EPA (Eicosapentaenoic acid) (C20:5) 



  4.06±0.09 

 3.99±0.04 

 DHA (Docosahexaenoic acid) (C22:6) 

5.08±0.15

3.75±0.04

A. delicatissima
Perinereis nuntia

Perinereis nuntia

A. delicatissima

4-21 , , A. delicatissima,

A. delicatissima  55 



4-22 , A. delicatissima,
Perinereis nuntia  Perinereis nuntia

A. delicatissima  55 



4.3.2

4.3.2.1

 ( )
A. delicatissima ( )
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4.3.2.2

 ( )  ( )
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A. delicatissima

 41 
 (P<0.01)

 HPLC  4-25  4-29 



 350-700 

 Jeffrey et al. (1997) 

4-25  ( )

4-26 Perinereis nuntia
20



4-27 Perinereis nuntia
A. delicatissima 20

4-28 Perinereis nuntia
41



4-29 Perinereis nuntia
A. delicatissima 41

4.3.3 Perinereis nuntia

4.3.3.1

Perinereis nuntia  ( )
A. delicatissima ( ) 15

33

 (  4-30) 15  93.33±7.6

 93.33±2.8

90±10
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4.3.3.2 Perinereis nuntia

 4-31  4-32
 0.01-0.14 mg NH4-N/L  0.011-0.11 mg 

NO2-N/L  37.9-52.53 mg NO3-N/L

 0.01-0.14 
mg NH4-N/L  0.024-0.13 mg NO2-N/L

 10.48  
mg NO3-N/L  35.36 mg NO3-N/L
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  4.3.3.3 

A. delicatissima
 4-33 15 -  0.003±0.005
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 (P<0.01)



4.4.6 Perinereis sp.

 HPLC  4-34 

4-34  ( )

Perinereis nuntia  (
4-35) -  1  2 (  1.749  6.827) 

3-13

4-35



4-35 Perinereis nuntia
 1  2 3-13



 4-35  ( )

Perinereis nuntia
 15 ( ) 4-36

12

4-36

4-36 Perinereis nuntia
 15 



 4-36   ( )

Perinereis nuntia
A. delicatissima ( )  15 

 ( 4-37)
- 3  1, 2  4 (  2.038, 7.026  7.512 

) 3 5-18

 (
4-37)



4-37 Perinereis nuntia
A. delicatissima

 15  1, 2  4
3 5-18



 4-37  ( )



 4-2 
 1,736.39 

 569.75 
 ( )  22.048

 11.526 
 13.557 

4-2  (Fucoxanthin) (Carotenoids)

Perinereis nuntia
15

( / . )

ND ND

569.75±0.11 1736.39±0.03

13.557±0.0002 ND

( ) 11.526±0.0015 ND

 ( + ) 22.048±0.0031 ND

   ND = 



4.4.7 Perinereis nuntia

 4-39  (  4-38) 

 C16:0, C18:1  C18:2  C14:0 

C16:1

 ( )

 ( )

 C16:0, C18:0, C20:2, C20:5 

 (Eicosapentaenoic acid)  EPA (C20:5) 5.68±0.07 

 EPA 5.76±0.36 

 EPA 

4.08±3.53  (Docosahexaenoic 

acid)  DHA (C22:6)  DHA 0.56±0.03 

 DHA 1.18±0.18 

 DHA 2.50±1.62 



A. delicatissima Perinereis nuntia

Perinereis nuntia

Perinereis nuntia

A. delicatissima

4-38 , , A. delicatissima,
Perinereis nuntia ,

A. delicatissima 15



4-39 , A. delicatissima,
,

A. delicatissima
15



 5 

 Amphora delicatissima
(batch)  2  0.3-0.7  0.7-2 

 0.3-0.7 

 465±199 × 104  8  (  4-1) 

 0.3 

 (0.3-0.7 )  (0.7-2 )

 (0.3-0.5  )

 (0.7-2 )

 (  4-2) 

( .1)

A. delicatissima  0.41 

 40 

1

A. delicatissima 
Synedra tabulate  0.1-1  (Werner, 

1977) A. delicatissima
 Jewson et al. (2006) 

 3.1.2 



 3 

 1 

A. delicatissima

 2.5 

 (  5 )

 (heterotrophic) 

 (mixotrophic) 

 0.3-0.7 

 52.33±22 × 104  9  (  4-5) 

 Trainor (1978) 

 (mixotrophic) 

 2.5 

 (vermiculite) 

 3  (1.4-4 ),  (0.7-2 )

 (0.1-0.35 )  4.1.2 



 2.5  10  3.2 

 (  4-8)  3.3.2 

 3.3.3 

 1  5 /

4-9

 ( , 2541)  3.3.4 

 F/2 

 10 /

A. delicatissima
 ( , 2545; 

, 2547) 

 (axenic culture) 

A. delicatissima
 (vermiculite) 

 ( )



 (2546) .

 1-2 

A.
delicatissima

 (pigment degradation) 

 Domı´nguez et al. (2005) 

Haematococcus pluvialis
 Bjerkeng et al. (1993) 

Modiolus modiolus

Mytilus edulis  (Partali et al.,
1993)

 3.3 

 55 

 (Nitrification) 

 (Armstrong  Prosser, 1988)

 (Darley, 1982) 

 4-34  4-35



 4-31  4-32 

 (essential fatty acids) 

 EPA, DHA  AA (Arachidonic acid) 

 Olive et al.
(2006)  Arenicola marina L.  iso15:0, iso16:0 

 ant16:0 

 EPA, AA  DHA 

 Saito (2007) n-4  NMI-PUFA 

 ( , )

Chaetoceros sp. 

A. delicatissima
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 F/2 (Guillard, 1975  Smith, 1975)

 1 (  1 )

 (NaNO3)                42.074 

 (Na2HPO4. H2O) 3.0 

 (FeCl3)     1.45 

 (Na2EDTA) 5.0 

 2 (  1 )

-5-  (CuSO4. 5H2O)  1.96 

 (ZnSO4)     4.40 

-4-  (Na2MoO4. 2H2O)  1.26 

-4-  (MnCl2. 4H2O)  3.60 

-6-  (CoCl2. 6H2O)  2.0 

 3 (  1 )

-9-  (Na2SiO3. 9H2O)  16.50 

 1  3  2 

 2  1  30 

 1 
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 (antibiotic solution)  (Guillard, 1975 

  Stein, 1975) 

 100  50 

 10  10 

 95  1 

 0.22 

 5, 10, 15 25  24 

 F/2  7 
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1.

 (haemacytometer) 

 ( )

 1  1  0.1 

 1  0.1 

 ( .1)

.1

: http://web.agri.cmu.ac.th/ppath/course/360301/untitled.jpg 

 4 

 45 

 4  0.4  45 

 1  (1000 )    = 45 x1000

                      0.4 

                             = 11.25x104
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2.

2.1  (Strickland  Parsons, 1972) 

1.  phenol :  phenol 20  95  200 

 2.  Sodium nitroprusside :  Sodium nitroprusside Na2Fe(CN)5NO.2H2O

1  de-ionized 200 

 3.  Alkaline :  Sodium citrate 100  Sodium hydroxide 5 

 de-ionized 500 

 4.  Sodium hypochlorite

 5.  Oxidizing :  Alkaline  Sodium 

hypochlorite  4:1 

 GF/C   1  

Phenal  0.04  Sodium nitroprusside 0.04 

 Oxiding reagent 0.1  1

 640  Spectophotometer (  GENESYS 10 

uv)  0, 0.01, 0.05  0.25 

-  640 

Spectophotometer

.2
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y = 1.8632x
R2 = 0.9881

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.1 0.2 0.3

mg NH4-N/L

Ab
s

.2   0, 0.01, 0.05  0.25 

-

2.2  (Strickland  Parsons,1972)

1.  Sulphanilamide :  Sulphanilamide 5 

 50  300  500 

 2. N-(1-naphthyl)-ethylenediamine dihydrochloride (NNED) : 

dihydrochloride 0.5  500 

 1   Sulfanilamide 0.02 

 N-(1-naphthyl)-ethylenediamine dihydrochloride (NNED) 0.02 

 30  543 

 Spectophotometer (  GENESYS 10 UV) 

 0,   0.01,   0.05    0.25 -

.3
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y = 5.3454x
R2 = 0.9993

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6

0 0.1 0.2 0.3

mgNO2-N/L

Ab
s

.3   0, 0.01, 0.05  0.25 

-

2.3  ( Greenberg et al, 1992 ) 

 220  275  Spectophotometer 

  220 

275  0, 2, 4, 6  8 

-

.4

y = 0.2432x
R2 = 0.9887

0

0.5

1

1.5

2

2.5

0 2 4 6 8 10

mgNO3-N/L

Ab
s

.4   0, 2, 4, 6  8 

-
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 Stickland  Parsons (1972) 

 1 

(  3-7) 

 GF/C

 (acetone)  90  10 

 -20  20  20 

centrifuge  3,000  30 

 480, 630, 645  665 

Chlorophyll a  = 11.6E665-1.31E645-0.14E630

Carotenoid  = 10E480

A. delicatissima

 F/2 + NB (

5 ,  2  1 ) +  4 

 +  2.4 mM ( , 2546)  250 

 100  rotary sheker  10 

 (sedimentation cone) 

 30 
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.1 A. delicatissima  40 

.1

 ( )

 ( )  ( )

0.73 0.17 4.21 

0.47 0.13 3.51 

1.49 0.45 3.32 

0.93 0.29 3.26 

3.57±0.44
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.2 A. delicatissima  0.7-2 

                          0.3-0.7 

 (104 )

( )
 0.3-0.7  0.7-2 

0 2 0.00 0.33±0.58 

1 0 1.00±1.00 0.33±0.58 

2 1 6.67±1.53 1.33±0.58 

3 5 14.00±7.81 3.67±1.15 

4 1 55.33±24.99 24.33±14.57 

5 94 150.00±132.29 38.33±7.02 

6 11 223.33±142.16 81.67±30.86 

7 6 401.67±204.96 155.67±45.35 

8 10 465.00±199.25 153.33±88.05 

9 127 275.00±77.94 137.00±53.70 

10 7 290.00±151.58 106.33±23.18 
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.3 A. delicatissima  0.7-2 

                          0.3-0.7  0-0.3  0.3-0.5 

 Oneway Anova  Duncan 

 (104 )

 ( )  0.3-0.7  0.7-2 

0-0.3 110.83±31.82 99.17±12.96 

0.3-0.5 7.50±1.18 26.67±0.00 

Oneway
Test of Homogeneity of Variances 

Levene 
Statistic df1 df2 Sig.

3.561 3 20 .033

ANOVA 

Sum of 
Squares df

Mean
Square F Sig.

(Combined) 47886.458 3 15962.153 24.440 .000
Contrast 38700.208 1 38700.208 59.254 .000

Between 
Groups Linear 

Term Deviation 
9186.250 2 4593.125 7.033 .005

Within Groups 13062.500 20 653.125 
Total 60948.958 23

Post Hoc Tests 
Homogeneous Subsets 
Duncan  

Subset for alpha = .05 
Factor N 1 2
4.00 6 7.5000
3.00 6 26.6667
1.00 6 99.1667
2.00 6 110.8333
Sig. .209 .438

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 6.000. 
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.4 A. delicatissima  0.3-0.7 

 (vermiculite)  0.7-2 

2.5  (  1 / )

 (104 )

 ( )  0.3-0.7  (vermiculite) 

0 3.67±3.06 0.67±0.58 

1 3.67±2.08 1.00±0.00 

2 3.00±2.65 4.67±5.51 

3 1.33±0.58 2.67±2.89 

4 2.00±1.00 3.00±4.36 

5 16.33±11.68 2.00±1.73 

6 9.67±4.51 2.00±1.00 

7 31.00±9.00 12.33±8.33 

8 65.00±17.58 32.67±32.35 

9 131.67±68.07 15.33±7.51 

10 120.00±95.00 36.67±7.09 

11 158.33±56.86 55.00±19.08 

12 106.67±47.52 35.33±13.43 

13 106.67±18.93 160.00±101.49 

14 211.67±56.20 126.67±78.16 

21 185.00±31.22 90.00±5.20 

22 140.00±30.41 77.33±6.81 

23 91.67±64.29 24.33±15.70 

24 83.33±50.58 59.67±24.34 

25 150.00±8.66 89.67±19.86 

26 118.33±77.67 88.67±27.39 

29 86.67±27.54 30.67±1.15 
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.5 A. delicatissima  0.3-0.7 

 (vermiculite)  0.7-2 

 0-1.5    1.5-2.5  (  1 

/ )  Oneway Anova 

 Duncan 

 (104 )

( )  0.3-0.7  (vermiculite) 

0-1.5 29.33±7.23 119.67±2.08 

1.5-2 3.67±1.53 35.00±19.16 

Oneway 
Test of Homogeneity of Variances 

Levene 
Statistic df1 df2 Sig.

9.206 3 8 .006

ANOVA 

Sum of 
Squares df

Mean
Square F Sig.

(Combined) 22842.917 3 7614.306 71.496 .000
Contrast 1470.150 1 1470.150 13.804 .006

Between 
Groups Linear 

Term Deviation 
21372.767 2 10686.383 100.342 .000

Within Groups 852.000 8 106.500 
Total 23694.917 11

Post Hoc Tests
Homogeneous Subsets 
Duncan

Subset for alpha = .05 
Factor N 1 2 3
3.00 3 3.6667
1.00 3 29.3333
4.00 3 35.0000
2.00 3 119.6667
Sig. 1.000 .520 1.000

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000.
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.6 A. delicatissima  (vermiculite)

0.7-2 ,  0.3-0.7
 (vermiculite)  0.7-2 

 2.5  (  5 / )
 (x104 )

( )

 (vermiculite)  0.3-0.7  (vermiculite)

0 2.33±3.21 3.33±4.04 2.33±4.04 

1 4.00±1.00 6.00±4.36 1.00±1.00 

2 1.67±0.58 2.00±1.00 4.00±4.36 

3 2.67±1.53 5.00±3.61 0.67±0.58 

4 3.33±0.58 18.33±17.04 1.33±2.31 

5 2.33±1.53 46.33±7.02 0.67±1.15 

6 14.33±10.02 20.00±6.08 1.00±1.00 

7 30.67±28.02 37.00±9.54 0.33±0.58 

8 35.67±11.72 43.67±23.69 2.00±3.46 

9 25.00±10.44 52.33±22.01 1.67±2.89 

10 23.33±6.66 35.33±24.13 2.00±3.46 

11 42.00±27.78 48.33±33.86 0.00

12 22.33±10.07 49.67±13.05 0.00 

13 31.00±21.79 30.00±8.54 0.00 

14 23.67±18.88 49.00±34.39 0.00 

15 39.33±22.74 31.33±25.79 0.00 

16 46.67±29.40 47.00±7.00 0.00 
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.7 A. delicatissima  (vermiculite)

(1.4-4 ),  (0.7-2 )  (0.1-0.35 
)  (  1 

/ )  3 
 (x104 )

 (vermiculite)

( )

(1.4-4 ) (0.7-2 ) (0.1-0.35 )
0 2.00±1.79 0.00 0.40±0.89 0.17±0.41 

1 0.17±0.41 0.00 0.20±0.45 1.17±1.17 

2 0.67±0.82 2.20±2.77 2.60±2.07 3.17±3.06 

3 0.00 0.80±1.79 6.20±3.42 3.17±1.60 

4 1.00±2.45 3.80±3.56 2.40±1.67 1.33±1.51 

5 12.17±9.66 4.20±5.02 4.60±3.51 2.67±1.75 

6 15.50±12.41 1.00±1.00 3.80±2.59 3.33±1.75 

7 10.50±9.27 3.80±2.86 7.00±1.87 4.17±2.14 

8 11.00±8.00 3.80±4.09 7.00±2.35 5.33±2.94 

9 14.33±14.32 11.20±6.38 8.20±4.97 4.33±5.57 

10 18.00±12.66 9.20±7.85 17.20±7.33 3.83±2.64 

11 7.67±7.53 9.00±4.24 12.40±7.13 5.50±4.32 
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.8 A. delicatissima  (vermiculite)

(1.4-4 ),  (0.7-2 )  (0.1-0.35 
)  0-1 , 1-2  2-3 

(  1 / )  Oneway Anova

 Duncan 

 (x104 )

 (vermiculite)

( )

(1.4-4 ) (0.7-2 ) (0.1-0.35 )
0-1 10.50±11.81 19.17±17.62 8.00±6.32 

1-2 5.00±7.80 6.17±5.95 5.00±4.73 

2-3 - 3.50±2.26 3.83±1.72 

Oneway
Test of Homogeneity of Variances 

Levene 
Statistic df1 df2 Sig.

5.854 7 40 .000
density  

Sum of 
Squares df

Mean
Square F Sig.

(Combined) 1133.479 7 161.926 2.101 .066
Contrast 187.313 1 187.313 2.430 .127

Between 
Groups Linear 

Term Deviation 
946.167 6 157.694 2.046 .082

Within Groups 3083.500 40 77.088 
Total 4216.979 47
Post Hoc Tests Homogeneous Subsets 
Duncan  

N Subset for alpha = .05 
Factor 1 2 1
6.00 6 3.5000
9.00 6 3.8333
2.00 6 5.0000
8.00 6 5.0000
5.00 6 6.1667
7.00 6 8.0000
1.00 6 10.5000 10.5000
4.00 6 19.1667
Sig. .241 .095

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 6.000. 
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.9 A. delicatissima  (vermiculite)

(1.4-4 ),  (0.7-2 )  (0.1-0.35 
)  (  1 

/ )  3 
 (x104 )

 (vermiculite)

( )

(1.4-4 ) (0.7-2 ) (0.1-0.35 )
0 14.33±6.92 2.20±1.30 3.80±1.92 1.00±0.63 

1 3.00±0.00 1.60±1.52 5.00±3.54 2.33±2.88 

2 3.67±2.07 1.00±1.22 4.60±1.14 2.00±1.67 

3 2.67±1.21 1.60±1.52 1.20±1.30 2.00±2.61 

4 4.83±2.48 1.80±1.10 0.80±0.84 4.00±3.16 

5 8.83±8.38 3.60±3.78 1.80±0.84 3.50±2.17 

6 6.67±2.94 2.40±1.52 0.80±1.30 2.67±1.86 

7 8.50±5.39 3.80±1.79 1.40±1.34 7.17±9.83 

8 6.83±4.36 2.40±0.55 1.00±1.00 4.67±3.56 

9 4.67±2.80 1.80±1.10 2.00±2.24 1.83±1.47 

10 4.17±3.06 2.80±1.92 1.40±0.89 2.50±3.33 

11 3.33±1.03 2.80±2.05 1.40±1.67 2.67±2.07 

12 13.17±7.96 3.80±2.95 1.20±1.30 3.17±1.72 

13 9.33±5.43 1.80±0.84 1.00±1.00 3.50±2.35 

14 6.33±3.27 2.60±2.07 1.00±0.71 4.67±2.25 
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.10 A. delicatissima  (vermiculite)

(1.4-4 ),  (0.7-2 )  (0.1-0.35 
)  10  (

 1 / )  30 

 (x104 )

 (vermiculite)

( )

(1.4-4 ) (0.7-2 ) (0.1-0.35 )
0 4.67±3.44 4.20±1.79 3.80±2.86 5.83±3.37 

1 0.83±0.98 3.20±1.64 5.80±9.09 4.17±6.37 

2 6.83±3.87 3.40±1.67 3.80±3.03 6.83±5.71 

3 5.67±1.21 7.20±9.09 8.80±7.82 10.67±7.06 

4 5.17±1.94 2.20±1.92 4.00±1.22 6.67±4.59 

5 4.17±2.32 2.60±1.95 6.20±3.90 6.50±1.52 

6 15.67±10.15 1.20±0.45 8.60±5.41 6.50±4.51 

7 1.50±0.55 1.00±1.22 5.60±3.29 2.83±1.60 

8 5.17±2.14 3.40±3.91 8.00±3.32 4.17±2.93 

9 7.83±3.25 2.40±1.67 12.60±8.96 2.83±1.60 

10 5.33±2.88 1.40±1.14 16.40±12.38 4.67±4.59 

11 5.67±2.94 0.80±0.84 5.00±2.12 1.67±1.37 
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.11 A. delicatissima  (vermiculite) 

(0.7-2 )  10 

 30  2 

 1  5 /

 (x104 )

( ) 1 /  5 /

0 4.80±3.63 4.80±3.63 4.83±1.72 

1 2.40±1.52 2.40±1.52 9.50±3.78 

2 14.20±9.76 14.20±9.76 2.67±3.33 

3 16.40±15.47 16.40±15.47 4.83±2.32 

4 11.00±2.24 11.00±2.24 4.33±4.08 

5 5.60±4.83 5.60±4.83 2.67±1.21 

6 13.20±11.73 13.20±11.73 6.67±1.75 

7 5.00±2.74 5.00±2.74 4.33±3.78 

8 4.80±2.59 4.80±2.59 4.67±4.59 

9 2.80±0.84 2.80±0.84 3.33±4.27 

10 1.20±1.10 1.20±1.10 2.50±1.05 

11 9.60±6.02 9.60±6.02 1.33±0.82 

12 5.40±3.78 5.40±3.78 2.17±1.47 

13 1.40±0.55 1.40±0.55 2.50±2.88 
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.12 A. delicatissima  (vermiculite)

(0.7-2 ) 10  2 
 1  10 / F/2

 2 
 1  10 /

 (x104 )

( ) 1 /

 + F/2 

10 /

 + F/2 

1 / 10 /

0 23.83±17.90 8.50±6.25 12.33±2.73 5.00±2.00 

1 12.83±4.96 21.17±17.50 7.00±4.56 5.67±7.12 

2 11.17±11.14 9.50±5.68 5.17±5.08 6.67±7.20 

3 23.50±26.19 10.33±6.80 3.00±2.37 3.50±1.87 

4 16.42±0.00 5.67±0.00 4.33±0.00 3.08±0.00 

5 9.33±12.58 1.00±1.55 5.67±7.23 2.67±4.32 

6 12.83±7.44 20.33±9.93 10.33±7.79 6.67±4.23 

7 2.00±1.10 2.00±1.26 4.17±2.23 2.50±2.59 
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.13 Perinereis sp. 

A. delicatissima  20 

41  Oneway Anova 

Duncan

Perinereis nuntia

( )

20 93.34±9.43 98.34±2.35 

41 92.74±3.20 89.67±8.96 

Oneway 
Test of Homogeneity of Variances 

Levene 
Statistic df1 df2 Sig.
28453276

27768964.
000

3 4 .000

ANOVA 

Sum of 
Squares df

Mean
Square F Sig.

(Combined) 77.376 3 25.792 .558 .670
Contrast 2.932 1 2.932 .063 .814

Between 
Groups Linear 

Term Deviation 
74.444 2 37.222 .805 .508

Within Groups 184.869 4 46.217 
Total 262.244 7

Post Hoc Tests 
Homogeneous Subsets 
Duncan  

Subset for 
alpha = 

.05

Factor N 1
4.00 2 89.6650
2.00 2 92.7400
1.00 2 93.3350
3.00 2 98.3350
Sig. .276

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 2.000. 
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.14 Perinereis nuntia
A. delicatissima

 41  Oneway Anova 

 Duncan 

( )

 0.05±0.05 0.11±0.06 

 0.06±0.01 0.18±0.03 

Oneway 
Test of Homogeneity of Variances 

Levene 
Statistic df1 df2 Sig.

4.651 11 24 .001

ANOVA 

Sum of 
Squares df

Mean
Square F Sig.

(Combined) .095 11 .009 14.596 .000
Contrast .029 1 .029 49.895 .000

Between 
Groups Linear 

Term Deviation 
.065 10 .007 11.066 .000

Within Groups .014 24 .001
Total .109 35

Post Hoc Tests 
Homogeneous Subsets 
Duncan  

Subset for alpha = .05 
Factor N 1 2 3
3.00 3 .0034
6.00 3 .0067
5.00 3 .0069
4.00 3 .0111
1.00 3 .0134
2.00 3 .0200 .0200
12.00 3 .0356 .0356
11.00 3 .0358 .0358
8.00 3 .0633
7.00 3 .0637
10.00 3 .1522
9.00 3 .1535
Sig. .168 .058 .948

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 
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.15 Perinereis nuntia
A. delicatissima

55  t-Test

Perinereis nuntia

( )

55 74.67±10.48 98.89±1.92 

t-Test: Paired Two Sample for Means
Variable 

1
Variable 

2
Mean 74.66667 98.88889
Variance 109.7778 3.703704
Observations 3 3
Pearson Correlation 0.936766  
Hypothesized Mean 
Difference 0  
df 2  
t Stat -4.82188  
P(T<=t) one-tail 0.02021  
t Critical one-tail 2.919986  
P(T<=t) two-tail 0.04042  
t Critical two-tail 4.302653   
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.16 Perinereis nuntia
A. delicatissima

 41  Oneway Anova 

 Duncan

( )

 ( )

 0.01±0.01 0.06±0.03 20

 0.02±0.01 0.06±0.03 

 0.00±0.01 0.15±0.05 40

 0.01±0.01 0.15±0.04 

 0.01±0.00 0.04±0.02 55

 0.01±0.01 0.04±0.02 
Means for groups in homogeneous subsets are displayed. a  Uses Harmonic Mean Sample Size = 
3.000.
Oneway 
Test of Homogeneity of Variances 

Levene 
Statistic df1 df2 Sig.

4.651 11 24 .001
ANOVA 

Sum of 
Squares df

Mean
Square F Sig.

(Combined) .851 11 .077 14.596 .000
Contrast .264 1 .264 49.895 .000

Between 
Groups Linear 

Term Deviation 
.586 10 .059 11.066 .000

Within Groups .127 24 .005
Total .978 35
Post Hoc Tests  Homogeneous Subsets  Duncan 

Subset for alpha = .05 
Factor N 1 2 3
3.00 3 .0101
6.00 3 .0200
5.00 3 .0208
4.00 3 .0333
1.00 3 .0401
2.00 3 .0600 .0600
12.00 3 .1067 .1067
11.00 3 .1074 .1074
8.00 3 .1900
7.00 3 .1911
10.00 3 .4567
9.00 3 .4606
Sig. .168 .058 .948
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.17 A. delicatissima

Pigment

relative

response

factor

Peak Time Area 
Pigment

(mg/g dry weight) 

Degrate-

Chlorophyll c 
0.63 1 6.70 36.1 2.22 2.223 2.223 

Unidentified

Carotenoid
0.77 2 7.29 24.8 0.02 0.018 0.018 

Fucoxanthin 1.09 3 7.79 1651.3 1.74 1.736 1.789 

Unidentified

Carotenoid
0.77 4 8.39 617.0 0.46 0.458 0.349 

Chlorophyll a 2.89 5 12.45 332.8 0.93 0.927 0.927 

Chlorophyll a 2.89 6 13.01 393.0 1.10 1.095 1.095 

Chlorophyll a 2.89 7 13.96 160.4 0.45 0.447 0.447 

Unidentified

Carotenoid
0.77 8 22.72 125.2 0.09 0.093 0.036 

.18 Perinereis nuntia
 55 

Pigment

relative

response

factor

Peak Time Area 
Pigment

(mg/g dry weight) 

Unidentified - 1 1.43 1465.2 1465.2 - - 

Unidentified - 2 2.14 70.10 70.1 - - 

Unidentified - 3 6.67 69.40 69.4 - - 

Astaxanthin 1 4 8.28 15.80 15.0 0.000086 0.000082 

Unidentified

Carotenoid
0.77 5 8.82 17.30 17.4 0.000072 0.000073 
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.19 Perinereis nuntia
A. delicatissima  55 

Pigment

relative

response

factor

Peak Time Area 
Pigment

(mg/g dry weight) 

Unidentified - 1 1.41 1480.40 1480.40 - - 

Unidentified - 2 2.24 93.40 93.40 - - 

Unidentified - 3 2.47 123.20 123.20 - - 

Unidentified - 4 6.67 106.60 106.60 - - 

Fucoxanthin 1.09 5 7.29 2115.30 2107.66 0.01260 0.01256 

Unidentified

Carotenoid
0.77 6 7.54 335.80 338.25 0.00141 0.00142 

Unidentified

Carotenoid
0.77 7 7.73 677.90 671.18 0.00285 0.00283 

Unidentified - 8 8.34 117.40 117.40 - - 

Unidentified - 9 8.84 170.80 170.80 - - 

Unidentified - 10 9.37 71.20 71.20 - - 

Unidentified

Carotenoid
0.77 11 12.26 39.70 39.47 0.00017 0.00017 

Unidentified

Carotenoid
0.77 12 19.99 349.40 168.37 0.00147 0.00071 
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.20 Perinereis nuntia
A. delicatissima

15  33  Oneway Anova 

 Duncan 

Perinereis nuntia

( )

15 93.33±7.64 93.33±2.89 

33 90.00±10.00 90.00±10.00 

Oneway 
Test of Homogeneity of Variances 

Levene 
Statistic df1 df2 Sig.

.667 3 8 .596

ANOVA 

Sum of 
Squares df

Mean
Square F Sig.

(Combined) 33.333 3 11.111 .167 .916
Contrast .000 1 .000 .000 1.000

Between 
Groups Linear 

Term Deviation 
33.333 2 16.667 .250 .785

Within Groups 533.333 8 66.667 
Total 566.667 11

Post Hoc Tests
Homogeneous Subsets 
Duncan  

Subset for 
alpha = 

.05

Factor N 1
2.00 3 90.0000
3.00 3 90.0000
1.00 3 93.3333
4.00 3 93.3333
Sig. .649

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 
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.21 Perinereis nuntia
A.

delicatissima 15 33

Oneway Anova  Duncan 

( )

 ( )

 - 0.0032±0.0056 15

 - 0.0033±0.0033 

 0.0045±0.0052 0.0116±0.0021 33

 0.0111±0.0038 0.0133±0.0058 

Oneway 
Test of Homogeneity of Variances 

Levene 
Statistic df1 df2 Sig.

4.068 7 16 .010

ANOVA 

Sum of 
Squares df

Mean
Square F Sig.

(Combined) .001 7 .000 5.640 .002
Contrast .000 1 .000 22.991 .000

Between 
Groups Linear 

Term Deviation 
.000 6 .000 2.748 .050

Within Groups .000 16 .000
Total .001 23

Post Hoc Tests
Homogeneous Subsets 
Duncan  

Subset for alpha = .05 
Factor N 1 2 3
1.00 3 .0000
2.00 3 .0000
5.00 3 .0032
6.00 3 .0033
3.00 3 .0045 .0045
4.00 3 .0111 .0111
7.00 3 .0116
8.00 3 .0133
Sig. .217 .055 .519

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 
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.22 Perinereis nuntia

Pigment

relative

response

factor

Peak Time Area 
Pigment

(mg/g dry weight) 

Chlorophyll a 2.89 1 1.749 10.8 10.8 0.00023 0.00023 

Chlorophyll a 2.89 2 6.829 12.1 12.1 0.00026 0.00026 

Unidentified - 3 7.29 76.1 71.1 - - 

Unidentified - 4 8.326 48.9 41.4 - - 

Unidentified

Carotenoid
0.77 5 8.829 988.7 990.0 0.00568 0.00568 

Unidentified

Carotenoid
0.77 6 9.369 240.5 238.3 0.00138 0.00137 

Unidentified

Carotenoid
0.77 7 9.598 194.2 191.2 0.00111 0.00110 

Unidentified

Carotenoid
0.77 8 9.782 6.2 13.4 0.00004 0.00008 

Unidentified - 9 11.212 70 76.5 - - 

Unidentified - 10 14.26 21.7 19.2 - - 

Unidentified

Carotenoid
0.77 11 19.779 43 42.0 0.00025 0.00024 

Unidentified

Carotenoid
0.77 12 20.376 540 526.9 0.00310 0.00302 

Unidentified

Carotenoid
0.77 13 21.115 349.2 307.8 0.00200 0.00177 
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.23 Perinereis nuntia
 15 

Pigment

relative

response

factor

Peak Time Area 
Pigment

(mg/g dry weight) 

Unidentified - 1 7.15 46.9 124.3 - - 

Unidentified - 2 8.29 32.5 49.4 - - 

Unidentified

Carotenoid
0.77 3 8.88 1141.8 1323.8 0.00669 0.007761 

Unidentified

Carotenoid
0.77 4 9.52 159.9 - 0.00094 - 

Unidentified

Carotenoid
0.77 5 9.79 235.4 256.7 0.00138 0.001505 

Unidentified

Carotenoid
0.77 6 10.01 21.6 10.6 0.00013 0.000062 

Unidentified - 7 11.61 15.2 89.2 - - 

Unidentified - 8 13.86 35.6 0.0 - - 

Unidentified - 9 14.24 36.4 18.6 - - 

Unidentified - 10 15.16 19 9.4 - - 

Unidentified

Carotenoid
0.77 11 23.75 307 - 0.00180 - 

Unidentified

Carotenoid
0.77 12 24.75 100.4 - 0.00059 - 
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.24 Perinereis nuntia
A. delicatissima  15 

Pigment

relative

respons

e factor 

Pe
ak Time Area 

Pigment

(mg/g dry weight) 

Chlorophyll a 2.89 1 2.038 42.6 42.6 0.00087 0.000871 

Chlorophyll a 2.89 2 7.026 7.9 7.9 0.00016 0.000161 

Unidentified - 3 7.262 138.8 122.7 - - 

Chlorophyll a 2.89 4 7.512 29.2 29.2 0.00060 0.000597 

Unidentified Carotenoid 0.77 5 8.089 15.2 7.3 0.00008 0.000040 

Unidentified Carotenoid 0.77 6 8.329 74.5 8.9 0.00041 0.000048 

Unidentified Carotenoid 0.77 7 8.841 1868.8 1497.4 0.01018 0.008155 

Unidentified Carotenoid 0.77 8 9.396 436.1 368.1 0.00238 0.002004 

Unidentified Carotenoid 0.77 9 9.62 339.4 292.5 0.00185 0.001593 

Unidentified Carotenoid 0.77 10 9.815 30.2 12.8 0.00016 0.000070 

Unidentified - 11 11.262 36.8 86.7 - - 

Unidentified Carotenoid 0.77 12 13.589 39.3 13.6 0.00021 0.000074 

Unidentified - 13 14.346 19.3 21.2 - - 

Unidentified Carotenoid 0.77 14 15.881 23.2 17.4 0.00013 0.000095 

Unidentified Carotenoid 0.77 15 16.162 15 9.0 0.00008 0.000049 

Unidentified Carotenoid 0.77 16 20.04 53 50.5 0.00029 0.000275 

Unidentified Carotenoid 0.77 17 20.649 735.5 585.9 0.00401 0.003191 

Unidentified Carotenoid 0.77 18 21.422 418.1 362.9 0.00228 0.001977 
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.25  (Sigma # 189-19) 

1. Butyric acid methyl ester (C4:0) 4% 

2. Caproic acid methyl ester (C6:0) 4% 

3. Caprylic acid methyl ester (C8:0) 4% 

4. Capric acid methyl ester (C10:0) 4% 

5. Undecanoic acid methyl ester (C11:0) 2% 

6. Lauric acid methyl ester (C12:0) 4% 

7. Tridecanoic acid methyl ester (C13:0) 2% 

8. Myristic acid methyl ester (C14:0) 4% 

9. Myristoleic acid methyl ester (C14:1,cis-9)

2%

10. Pentadecanoic acid methyl ester (C15:0) 

2%

11. cis-10-Pentadecenoic acid methyl ester 

(15:1) 2% 

12. Palmitic acid methyl ester (C16:0) 6% 

13. Palmitoleic acid methyl ester (C16:1,cis-9)

2%

14. Heptadecanoic acid methyl ester (C17:0) 

2%

15. cis-10-Heptadecenoic acid methyl ester 

(C17:1) 2% 

16. Stearic acid methyl ester (C18:0) 4% 

17. Oleic acid methyl ester (C18:1,cis-9) 4% 

18. Elaidic acid methyl ester (C18:1, trans-9)

2%

19. Linoleic acid methyl ester (C18:2,cis-9,12)

2%

20. Linolelaidic acid methyl ester (C18:2,trans-

9,12) 2% 

21. Linolenic acid methyl ester (C18:3,cis-

9,12,15) 2% 

22. -Linolenic acid methyl ester (C18:3,cis-

6,9,12) 2% 

23. Arachidic acid methyl ester (C20:0) 4% 

24. cis-11-Eicosenoic acid methyl ester (C20:1) 

2%

25. cis-11,14-Eicosadienoic acid methyl ester 

(C20:2) 2% 

26. cis-11,14,17-Eicosatrienoic acid methyl 

ester (C20:3) 2% 

27. cis-8,11,14-Eicosatrienoic acid methyl ester 

(C20:3) 2% 

28. Arachidonic acid methyl ester (C20:4,cis-

5,8,11,14) 2% 

29. cis-5,8,11,14,17-Eicosapentaenoic acid 

methyl ester (C20:5) 2% 

30. Heneicosanoic acid methyl ester (C21:0) 

2%

31. Behenic acid methyl ester (C22:0) 4% 

32. Erucic acid methyl ester (C22:1,cis-13) 2% 

33. cis-13,16-Docosadienoic acid methyl ester 

(C22:2) 2% 

34. cis-4,7,10,13,16,19-Docosahexaenoic acid 

methyl ester (C22:6) 2% 

35. Tricosanoic acid methyl ester (C23:0) 2% 

36. Lignoceric acid methyl ester (C24:0) 4% 

37. Nervonic acid methyl ester (C24:1,cis-15)

2%



.26 , A. delicatissima ,  Perinereis nuntia
 55 

Peak Retention
time ( )

 (%) 

(
)  (%) 

(
)  (%) 

(
)  (%) 

(
)

1 8.881 C14:0 3.27±0.04 2.22±0.06 5.61 3.49 1.89±0.01 1.70±0.05 1.88±0.06 1.39±0.05

2 10.511 C15:0 1.09±0.02 0.74±0.02 5.62 3.49 0.84±0.01 0.76±0.02 0.86±0.01 0.63±0.01

3 11.969 C16:0 24.50±0.17 16.64±0.35 23.62 14.67 27.02±0.00 24.30±0.60 25.97±0.12 19.16±0.14

4 12.359 C16:1 4.43±0.06 2.99±0.08 32.37 20.11 4.54±0.02 4.08±0.12 4.34±0.07 3.20±0.06

5 15.639 C18:0 8.59±0.07 5.82±0.13 - - 8.92±0.04 8.02±0.23 9.73±0.01 7.18±0.01

6 16.087 C18:1 13.75±0.16 9.31±0.24 2.54 1.57 11.03±0.10 9.92±0.34 10.24±0.05 7.56±0.06

7 17.25 C18:2 10.69±0.03 7.31±0.08 1.00 0.62 7.08±0.01 6.37±0.16 6.25±0.07 4.61±0.06

8 19.129 C18:3 1.32±0.01 0.91±0.00 - - 0.49±0.01 0.44±0.02 - -

9 21.371 C20:0 - - 0.46±0.01 0.41±0.00 0.49 0.36

10 21.829 C20:1 0.59±0.02 0.40±0.02 - - 1.73±0.00 1.56±0.04 1.12±0.03 0.83±0.02

11 23.026 C20:2 - - - - 1.55±0.01 1.39±0.05 1.51±0.05 1.11±0.03

12 26.431 C20:5 4.46±0.01 3.05±0.03 5.11 3.18 4.51±0.01 4.06±0.09 5.41±0.04 3.99±0.04

13 34.911 C24:0 - - 1.66 1.03 - - - -

14 35.504 C22:6 15.73±0.26 10.61±0.33 - - 5.65±0.03 5.08±0.15 5.08±0.04 3.75±0.04

11.56 8.24 67.10 0.37 22.3 21.81 27.11 45.55

100.00 69.30652 100.00 62.11 100.00 91.67141 100.00 100.8095
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.27 , A. delicatissima ,  Perinereis nuntia ,
 33

Peak Retention
time

( )
 (%) 

(

)

 (%) 

(

)

 (%) 

(

)

 (%) 

(

)

 (%) 

(

)

1 4.699 C12:0 - - - - 0.54±0.03 0.58±0.04 - - 0.67 0.79

2 8.883 C14:0 2.39±0.88 1.20±0.10 5.61 3.49 1.29±0.01 1.38±0.01 0.88±1.06 0.89±0.04 1.75±0.87 1.23±0.15

3 10.511 C15:0 5.62 3.49 0.45±0.01 0.48±0.00 0.48 0.49±0.04 0.61±0.17 0.46±0.16

4 11.979 C16:0 23.28±0.75 11.73±0.88 23.62 14.67 27.69±0.23 29.67±0.70 24.39±0.93 24.74±1.73 23.46±0.28 19.44±11.79

5 12.362 C16:1 3.19±0.42 1.61±0.08 32.37 20.11 4.36±0.04 4.67±0.12 3.98±0.46 4.03±0.14 3.31±0.08 2.75±1.70

6 15.645 C18:0 6.48±0.48 3.27±0.28 - - 6.64±0.02 7.11±0.09 7.26±0.62 7.36±0.50 6.37±0.08 5.24±3.07

7 15.91 C18:1 18.89±8.28 9.53±0.82 2.54 1.57 4.90±0.16 5.25±0.25 4.53±10.03 4.60±0.31 12.54±8.77 8.20±1.06

8 17.241 C18:2 20.63±9.38 10.40±0.88 1.00 0.62 3.59±0.13 3.85±0.08 4.40±11.38 4.46±0.25 12.34±11.50 7.36±3.42

9 19.127 C18:3 1.72±0.50 0.87±0.06 - - 1.45±0.02 1.56±0.05 0.85±0.62 0.86±0.05 1.31±0.58 0.94±0.17

10 21.719 C20:1 0.91±0.62 0.46±0.03 - - 1.66±0.02 1.78±0.05 2.00±0.75 2.02±0.11 1.42±0.71 1.35±1.29

11 23.031 C20:2 - - - - 3.18±0.08 3.41±0.14 2.82 2.86±0.22 3.11 3.65

12 26.426 C20:5 3.33±1.36 1.68±0.14 5.11 3.18 5.31±0.15 5.68±0.07 5.68±1.68 5.76±0.36 4.45±1.62 4.08±3.53

13 34.911 C24:0 - - 1.66 1.03 - - - - - -

14 35.472 C22:6 7.80±3.79 3.94±0.40 - - 0.52±0.02 0.56±0.03 1.17±4.53 1.18±0.18 4.40±4.59 2.50±1.62

11.37 5.89 22.47 9.06 38.42 41.16 41.56 43.73 24.24 45.39

100.00 50.57 100.00 57.22 100 107.13 100.00 102.99 100.00 103.39
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