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 Gracilaria fisheri  G. tenuistipitata spp. 225 g 
30x50x30 cm3  50, 70, 90 

110 m  4 . . - . . 2551 

4.0-17.5 ppt .27.4-29.9 C 20.3-56.7 cm -  

7.7-8.0 0.021-0.030, 0.005-0.009, 0.006-0.011 

0.033-0.041 mg/l

(p<0.001) 
 Gracilaria spp. 

 
(p<0.001)  

G. tenuistipitata  
 G. fisheri  Gracilaria 

spp. 

(p<0.001)  
-  (p<0.001) 

( p<0.001) 

(p<0.001)  G. fisheri 
(p<0.001) (p<0.001) 
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ABSTRACT 

 

Gracilaria fisheri and G. tenuistipitata, at initial weight of 225g/repl, were cultured 

individually in 30x50x30 cm3 floating plastic baskets at distances of 50, 70, 90 and 110 m from 

the shore-line. There were 4 baskets for each species at every distance. The experiment took place 

at Ban Thasao, Singhanakorn District, Songkhla Province during April-July 2008. Water salinity 

of 4.0-17.5 ppt during the culture period were determined, with 27.4-29.9 C, 20.3-56.7 cm of 

transparency, pH of 7.7-8.0 average ammonia, nitrite, nitrate and phosphate of 0.021-0.030, 

0.005-0.009, 0.006-0.011 and 0.033-0.041 mg/l respectively were recorded. Highly significant 

differences (p<0.001) were shown among special growth rates (SGR), algal production, 

nutritional proximate values, agar yields and qualities between species. In both Gracilaria spp., 

the SGRs and algal productions (p<0.001), but not the quantity and quality of agar (p<0.001), 

were remarkably better when culture were set up at further distances from shore line than any 

those were closer. Agar quantity and quality from both species were statistically depended upon 

the month (p<0.0001), as well as the species of algae (p<0.001). G. tenuistipitata exhibited 

statistically highly SGR and production (p<0.001), higher agar quantity and better qualities than 
G. fisheri (p<0.001). Higher agar yield and better quality were. The algal SGRs of both species 

were statistically positively correlated to salinity and to every major nutrient component of water 

(p<0.001), but statistically negatively to the water transparency, temperature and pH (p<0.001). 

There were positive correlation between agar yield and water salinity (p<0.001), and negative 

correlation between gel strength and sulfate content in both species (p<0.001). Only the gel 

strength of agar from G. fisheri correlated positively to the SGR but negatively to the agar yield 

(p<0.001). 
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1.1 

( , 2548)  

Gracilaria spp. ( Chirapart, 2004) 
 

Gracilaria spp. 

( - , 2533)  Gracilaria spp. 

( , 2548)  Gracilaria spp. 

( Ornogo, 1994) 
Gracilaria spp. ( Buschmann, 

2001; Haglund and Lidstroem, 1995; Martinez-Aragon et al., 2002)  Gracilaria spp. 

 ( , 2538; , 2543) 

( Marinho-Soriano, 2001; Marinho-Soriano et al., 2001) 
(Hanisak, 1998)  

Gracilaria spp. 

(Lignell and Pedersen, 1989; Pondevida and Hurtado-Ponce, 1996) 
(Marinho-Soriano et al., 1999) ( Bird, 1988; Chirapart 

and Ohno, 1993; Hurtado-Ponce, 1994; Price and Birlig, 1992) (Frreile-Pelegrin 

and Robledo, 1997; Frreile-Pelegrin and Murano, 2005; Lemus et al., 1991) Gracilaria spp. 

 Gracilaria spp.  Gelidium spp.

( , 2543; Troell et al., 1999; Wang, 2002; Yu-Feng et al., 2006) 

( , 2536, 

2548) 

( , 2550)



 

2 

( , 2544) 

( , 2536; , 2537; , 2541) 

Gracilaria spp.  

( , 2550 , 2550 )  
G. fisheri G. tenuistipitata ( , 
2536; , 2543, 2545) Gracilaria spp. 

( , 2550) Gracilaria spp. 

( , 2552) 
 Gracilaria spp. 

 Gracilaria spp. 

/

 Gracilaria spp. 

Gracilaria spp. 

 Gracilaria spp. 
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1.2  
 
1.2.1  

1,018 

(
, 2542) ( lagoon) 

( Angsupanich, 1994) 
 

( , 2529) 

3 ( , 2547; , 2549) 
1) 

( ) 
 

2) 

 
3) 

( , 2536) 
( , 2547) 

( , 2536) 
 



 

4 

 
 
 

1  
: (2547) 
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1.2.1.1  

2 

2 

( , 2552) 
 
1.2.1.2  

2546-2549 

( , 2550) 
 

1) : 
( , 2540) 

13.68 ppt ( -
, 2550) 

 

2) : 
32.50 cm ( , 2550) 

. . 2528 

. . 2520 73 cm ( , 2520) 
 

3) : 
1.46-9.14 mg/l ( , 2550) 

( , 2536) 
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4) - : -

6.26-8.27 ( , 2550) 
 

5) : . . 2528 

0.035-0.070 mg/l ( , 2528) 0.03-2.17 mg/l ( , 

2537) 0.01-0.692 mg/l ( , 2550) 
 

6) : . . 2537 

0.022 mg/l ( , 2537) 16

. . 2546-2549  ND-0.93 mg/l (
16, 2550)  
 
1.2.1.3  

( , 2549)

( , 2550 , 2550 , 2550 ; 

Angsupanich, 2001, 2004; Bamber et al., 2001) 
 

1.2.2. Gracilaria spp. 
Gracilaria spp. 

 (thallus) ( chlorophyll) 

  

4 

( blue green algae) ( green algae) ( brown algae) 

(red algae) ( , 2527; , 2546) 
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Gracilaria spp.  
  Kingdom  Plantae 

Division Rhodophyta  

  Class  Florideophyceae 

  Order  Gracilariales 

  Family  Gracilariaceae 

  Genus  Gracilaria  Greville (1830) 

: Anonym (2010a, b) 

 
Gracilaria spp. 

( chlorophyll) ( phycobilin) ( carotene) 
Gracilaria spp. 

holdfast  Gracilaria spp. 

(alternate) (dichotomous) (secund) 

(irregular) ( 2) (terete) 

(compressed) 

( , 2536) Gracilaria spp. 

( , 2543) 
 

 

 

 

 

 
 

. (G. changii)                                    . (G. textoii)                                       . (G. irregularis) 
 

2 Gracilaria spp. 
: Lewmanomont and Ogawa (1995) 
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1.2.2.1  Gracilaria spp. 
Gracilaria spp. ( gametophyte plant) 

(sporophyte plant) 3 

3  3 ( , 2538; Plastino et al., 
1999) Gracilaria spp.  3 (triphasic type)  

1) gametophyte phase 

spermatium spermatangium 

spermatangial conceptacle carpogonium 

 

2) carposporphyte phase 

 zygote cystocarp 

cystocarp carpospores 

3) tetrasporophyte phase carpospore 

tetrasporophyte plant tetraspores 

 

Gracilaria spp. 1 tetraspores  60,000 

carpospore  40,000 ( Shang, 1976) Gracilaria spp.

5-6 
carpospores

tetraspores spermatium tetraspores  

gametophyte phase

spermatium 3 
 spermatium  carpogonium ( , 2552)  
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3 Gracilaria spp. 
: Milena (2006) 

 
1.2.2.2  

 Gracilaria spp. 160 (Graham and Wilcox, 2000) 
 (Freile-Pelegrin and Murano, 2005; Marinho-Soriano 

and Bourret, 2005) 

(Trono and Gavino, 1997; Iyer, 2002; Iyer et al., 2005) Gracilaria spp. 

(Santelices and Doty, 1989) Gracilaria spp.

(San et al., 1984 Edding et al., 1987) Gracilaria spp. 
10 

( , 2530; 

, 2541)  
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( , 
2538; , 2545) 
 
1.2.2.3 Gracilaria fisheri (Xia & Abbott)  G. tenuistipitata (Zhang & Xia) 

 
1) G. fisheri: G. fisheri
(stipe) 3-4 0.6-2.3 mm 

13-30 cm 45 cm ( 4 ) 

G. fisheri verrucosa-type 

polycavernosa-type pericarp 9-14 

gonimoblast absorbing filament 

(Lewmanomont and Ogawa, 1995) 
 

2) G. tenuistipitata: G. tenuistipitata
54 cm

 G. tenuistipitata
G.fisheri G. tenuistipitata   

( 4 ) 
 G. tenuistipitata textorii-type 

pericarp gonimoblast 

(Lewmanomont and Ogawa, 1995) 
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                       .            . 

4  G.  fisheri ( )  G. tenuistipitata ( ) 
 
1.2.2.4  Gracilaria spp. 

 Gracilaria spp.

(
, 2550; Lobban and Harison, 1994)  

 
1) : Gracilaria spp.  

( , 2536) osmotic pressure 

water potential 

electro-chemical gradient 

semi-permeable membrane Chloroplast, Mitochondria 

Vacuole (Lobban and Horrison, 1994; Wong and Chang, 2000) Gracilaria spp. 

15- 35 ppt (Trono, 1988) Gracilaria spp.

25 ppt (Simonetti et al., 1970 , 2537; Trono, 1988; Wu et al., 1989) 
Bird and McLachlan (1986) Gracilaria spp. 7 

15-60 ppt G. gracilis 20 C  
80 µEm-2s-1 12:12 6.7±0.1% 30 ppt 
(Rebello et al., 1996) Gracilaria spp. 35 ppt (Trono, 

1988) Gracilaria spp. 25-35 ppt 



 

12 

( , 2524) G. tenuistipitata 18-30 ppt

21-27 ppt G. fisheri 10-30 ppt

15-25 ppt ( , 2536; Chaiyakam and Tunvilai, 1992) 
Gracilaria 

Gracilaria -
- ( , 2530) G. fisheri   

G. tenuistipitata 

20-33 ppt 35-45 ppt  (
, 2544) 

 
2) : 

Gracilaria spp. 

( , 2544) G. fisheri 25 -35 cm

( , 2547; Chaiyakam and Tunvilai, 1992) 
 

3) : ( Boyd, 

1990) 400-750 nm (Graham and 

Wilcox, 2000) 

( Gacia et al., 1996) 
( , 2543) 

tetrasporophyte gametophyte G. vermiculophyllum 

Takamatsu 80-100 µmolm-2s-1 
20 µmolm-2s-1 20±0.5 C 30-32 ppt 

(Yokoya et al., 1999) ( Cool-white light) 

Gracilaria spp. 1,000 -3,000 lux  
12 ( , 2536) 
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4) :  
Gracilaria spp. ( , 2549; Lee et al., 1999)  Gracilaria spp. 

Gracilaria spp. 

20-30 C (Chen, 1976; Santecies and Doty, 1989; Wu et al., 1989)  
Gracilaria spp.  

 Gracilaria spp.

24 2 C ( , 
2536) 80 µEm-2s-1 30 ppt G. gracilis 7.7±2.7 %

18 C (Rebello et al., 1996) Gracilaria spp. aquatron 

culture system 100±10 µMm-2s-1 12 2.47±1.05 % 

16 C 1.2±0.27 % 28 C (Chirapart et al., 1994) 
Gracilaria Uranouchi inlet Tosa  

6,952 g m-2 
( Chirapart et al., 1994) G. gracilis Tosa 

11.01±1.56 %  
2.9±1.4 % ( Rebello et al., 1996)  

G. multipartite 

30 %DW 25 %DW 

1995 (Givernaud et al., ,1999) G. cervicornis  
390 g m-2 30 C 126 g m-2 

29 C  G. cervicornis 

( Marinho-Soriano et al., 2001) G. salicornia  Oyster  
Chwaka  59.8 g m-2 

 
13.7-30.2 %DW ( Buriyo 

and Kivaisi, 2003) G. edulis 

5.60±0.35-9.29±0.65 % day-1

-1.95 ±2.67-1.42 ±2.25  % day-1 ( , 2550) 

2541-

2542 G. fisheri ( ) 5.40±2.58 % day-1 
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G. tenuistipitata 2.18±1.36 %day-1 

30 C ( , 2544)  
 
5) : 

( , 2544 ; Gonen 

et al., 1993; Ng, 1972; Parker, 1982; Toma, 1987; Wheeler and Neushul, 1981) 
0.5-0.8 m (Ohno 

and Critchley, 1997) 
 G. conferta 30-50 %

0-1.5 cm s-1 (Gonen et al., 1993) 

G. parvispora 

2.8-8.9 % 

13.7 cm s-1 3.6 11.6 cm s-1 

G. parvispora 0.02-10 % (Ryder et al. , 2004) 
 

6) - : 
( , 2539) Gracilaria spp.

- 7.3 8.5 ( , 2544 ; Chaiyakam and Tunvilai, 1992; Santecies and 

Doty, 1989) 20 C 100 µmolm-2s-5  G. tenuistipitata var. liui 
(p<0.05) - 6.5 7.0 20 30 ppt 

(Israel et al., 1999) 
 

7) : 
( , 2530) 

(Glenn et al., 1999) 3  

C, N, P, trace elements Ca, Fe 
 Mg ( , 2544; , 2543)
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( Andria et al., 2001; Friedlander, 2004; Jesus et al., 
1999) 

 

epiphyte 

 (Bird and 
Benson, 1987) 

 nucleotide total 

chlorophyll phycoerythrin (Horrocks et al., 1995; Lobban et al., 1985) 

( Jesus et al., 1999) 
( , 2531) 

( Horrocks et al., 
1995) Gracilaria spp. (Brid, 1982) 

( Liu et al., 2000) 
Gracilaria spp.  

( ) 0.2-0.4 µmol (Edward et al., 1999; Wu et al., 1989) 
Gracilaria spp. DNA 

 Gracilaria spp. phycoerythrin 

(Brid, 1982) 
G. tikvahiae  (Bird et al., 1981; Taw, 1993) 

G. parvispora 

(Glenn et al., 1999) 

0.1 ml/l 0.03 ml/l ( -
, 2550) Gracilaria spp. 

8 :1 (Edding et al.,1987)  G. fisheri
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2:1 6.5 g/l ( , 2548)

 G. robustum 21 % 150 mol 

25 C 200 µmolm-2s-1 (Sousa-Pinto et al., 1996) G. fisheri 
16-20-0 46-0-0, 15-15-15 0-45-0 

1 ml 100 ml ( , 2543) 

( Chirapart 

and Lewmanomont, 2004; Marinho-sariano et al., 2009; Nelson et al., 2001; Ryder et al., 2004)  
( 2537) 

 G. fisheri 5 kg 93.28 kg 8  

 

 

1.2.2.5  Gracilaria spp. 
 

 Gracilaria spp.

( , 2552 ; Santelices 

and Doty, 1989; McHugh, 2003) 

Gracilaria spp. 

( Lewmanomont, 1998) 
Gracilaria 

Gracilaria - -
( , 2530) 

G. fisheri 0.5 3 m2

5,000 g m-2 2 8 
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141 .45 kg 3 ( , 
2538) 

Gracilaria Uranouchi inlet Tosa 

6,952 g m-2 
( Chirapart et al., 1994) G. gracilis Tosa 

11.01±1.56 % ( ) 
( ) 2.9±1.4 % (Rebello et al., 1996) G. multipartite 

30 %DW

1995 25 %DW (Givernaud et al., 
,1999) ( ) 30 C G .cervicornis  

390 g m-2 126 g m-2 ( ) 
29 C ( Marinho-Soriano et al., 2001) 
G. salicornia  Oyster Chwaka 59.8 g m-2 

13.7-30.2 %DW

(Buriyo and Kivaisi, 2003) 
G.fisheri G.tenuistipitata 

2541 2542 

G.fisheri ( ) 5.40±2.58 % day-1 

G.tenuistipitata 2.18±1.36 % day-1 

2 

( , 2544) 

G.edulis 

5.83±4.90 %day-1 29.70±3.33 % 

( , 2550) 
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1.2.3 (Agar) 
 phycocolloid

biopolymer

polysaccharide 

Gracilaria polysaccharide

Sulfate galactan (
, 2533) 

 
1.2.3.1  

agarose agaropectin agarose  
disaccharide agarobiose  D-galactose 3,6-anhydro-L-galactose  

agarobiose neutral polysaccharide 

agaropectin acid polysaccharide sulfate ester, pyruvic acid D-glucuronic 

acid agarobiose agarose  
agaropectin  agaropectin ( -

, 2533; Chirapart, 2004; Norziah et al., 2006; Andriamanantoanina et al., 
2007; Li et al., 2008) 
 
1.2.3.2  

hyteresis ( , 2525; 

, 2525) 
1) 

 carragenan 

 

2) 1.5  % 32-43 C

85 C  
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3) 100 C

sterilization medium  

4) -
- 5-8  

5)  

6) 
 

7) 
 

8) 
Fixation  

 
1.2.3.3  

1) : 
(Chirapart and Ohno, 1993; Hurtado-Ponce and Umezaki, 1988; Meena et al., 2007; Pondevida 

and Hurtado-Ponce, 1996) 
(Marinho-Soriano and Bourret, 2003) G. bursa-pastoris 34.8 0.28 % 

G. dura  G. gracilis 33.5 0.5  30±0.45 %  G. gracilis
630 15 g cm-2  G. dura G. bursa-pastoris

318 49 22.2 3.6 g cm-2 (Marinho-Soriano, 2001) G. bursa-pastoris 27.63 %  
G. gracilis  25.75 % (Marinho-Soriano and Bourret, 2003) 
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1 Gracilaria  spp. 
 

Species yield (%) gel strength (g cm-2) references 
G. fisheri 
 
G. tenuitipitata 
 
G. edulis 
G. edulis 

G. tikvahiae 
G. vermiculophylla 
G. bursa-pastoris 

G. eucheumoides 
G. dura 

34.66-44.13 

40.07-43.48 

34.16-35.41 

35.75-39.28 

14.30-35.52 

24-26 

7 

17.8 

20-36 

20-29 

34±1.0 

- 

623-658.6 

- 

565.8-611 

15-192.50 

- 

260 

120-240 

- 

225-430 

455±97.85 

(2544) 
Chirapart  (2006) 

(2544) 
Chirapart  (2006) 

(2550) 
Price Bielig (1992) 

Lopez-Bautista Kapraun (1995) 

Mollet (1998) 
Marinho-Soriano (1999) 

Villanueva (1999) 
Marinho-Soriano Bourret (2005) 

 
2) : 

(Christiaen et al., 1987; Marinho-Soriano et al., 1999)  G. verrucosa  gametophyte  

20.76-29.31 % 7-15.5 g cm-2  carposorphyte  
20.16-30.09 % 9-122 g cm-2 ( , 2525) G. bursa-pastoris  tetrasporic  

38.3% vegetative 41.3 g cm-2 

(Marinho-Soriano et al., 1999) 
 

3)   
 

3.1) : 
(Price and Bielig, 1992; Villanueva et al., 

1999) ( Daugherty and Bird, 1988; Marinho-Soriano et al., 
2001; Marinho-Soriano and Bourret, 2003)  

(Givernaud et al., 1999; Marinho-Soriano, 1999) 
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 G. gracilis  G. bursa-pastoris   

36 g cm-2 23 g cm-2 

G. confervoides 

20 C (Marinho-Soriano and Bourret, 2003; Wood, 

1974) G. cervicornis 11-20% 

( Marinho-

Soriano et al., 2001) 

3.2) : 
G. tenuistipitata 570.9±6.7 %

1,650 µmol photon m-2s-1 6 0.5 µmol/l 

0 µmol l-1 (Israel et al., 1999) 

G. robustum 0-20 µmol/l 

G. robustum 10 % 43 % 

20 µmol l-1 (Sousa-Pinto et al., 1996) 
 

4) : 
(Frreile-Pelegrin and Robledo, 1997; Lemus et al., 1991) 

 (Buriyo and Kivaisi, 

2003; Freile-Pelegrin and Murano, 2005; Givernaud et al., 1999; Wakibia et al., 2001) 

( Rebello et al., 1996) 121 C 
(Buriyo and Kivaisi, 2003) 

10  %(wt/v) G. blodgttii 
90 C 1 0.01 % 

 : (1:30) 
15 5 19.21  % 184.50 g cm-2 

 G. confervoides 4  % (wt/v) 

70 C 1.30 
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: (1:30) 15 lb inch-2 30 35.16  % 
183.75 g cm-2 ( , 2525) 

 
1.3  

 

1) G. fisheri G. tenuistipitata 

 

2) G. fisheri  
G. tenuistipitata  

3)   G. fisheri G. tenuistipitata
 

4)  G. fisheri                      
G. tenuistipitata Alkaline Treatment 

5)  G. fisheri 
G. tenuistipitata
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2 
 

 

2.1    
 

2.1.1   
1) G. .fisheri G. tenuistipitata 

2) 1 m3  

3) 30x50x30 cm3 

4) 1"  
5) 5 m 128  

6)  128  

7) 1 kg 

8) 2  

9)  

10)  

11)  

 
2.1.2   

1) 1 L  

2) 2  4  

3) -   
4) 
5) (spectrophotometer) 
6)  

7) (Secchi disc) 

8) 42 (Whatman) 

9)  

10)  
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11)  
 

 
2.1.3   

1)   
4  

2) 

 

3)  
4  

4)   
  4  

5) ( glass 

crucible) 1   4  

 
2.1.4   

1) 2 4  

2) -  

3)  

4)  (water bath) 

5)   

6) (0-300 C) 
7) (Texture Analyzer) 
8)  

9)  

10)  

11)  

12)  

13)  
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14)  

15)  

                     16)  

   

 

2.2   
 

2.2.1 :  G. fisheri  
G. tenuistipitata  

( Factorial Design; Completely Randomized 

Design: CRD) 4x2x4 3 1)  
4 50, 70, 90 110 ; 2) G. tenuistipitata 

G. fisheri ; 3) 4 -
4  

 
2.2.1.1  

2 2  
50, 70, 90 110 m 2

- - 8 

 
 

2.2.1.2  
G. fisheri G. tenuistipitata 

7 

225 g 

1 1 

1 
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2.2.1.3  
1) :

225 g 

225 g  

2 

(Specific Growth Rate: SGR) (Lobban et al., 1985) 
    SGR     =  [100 ln(Wt/Wo)]/T 

SGR (%d-1) 
Wo    (g) 

  Wt     T (g) 
  T       (d) 
 

2) : 

AOAC (1990) ( )  

 
 

3) : 2 

-

(Strickland and Parsons, 1972; Sasaki and Sawada, 1980; )  

30 cm

 
2.2.2.  

G. fisheri G. tenuistipitata 
Marinho-Soriano (1999); Freile-Pelegrin  Murano 

(2005) 
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1)  

2) 
1) 

3) 
1) 2) 

4) 1)-3) 
 
2.2.3 G. fisheri  

G. tenuistipitata  
 
2.2.3.1 : 2. 2.1.3 2) 

4.5 g/rep

AOAC (1990) ( )  
 

2.2.3.2 : 
2.2.2 

-10 C 60 C 24 

( Roleda et al., 1997; 

Villanueva et al., 1999)  

 (%) = [( / ] X100 

 
2.2.3.3 : 2 

1 1.5 % 

( / ) 

Texture Analyser 2 

AOAC Gravimetri (Santos, 1990) 0.5 g  
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10 ml 123 C 2-3 ml 

BaSO4  

   

(%)= [(41.16 x BaSO4 -ml)/ ] x 100 

  
2.3  

( Two-way analysis of 

variance: Two-way ANOVA) 
( One-way analysis of variance: 

One-way ANOVA)   
95%

( Partial correlation coefficient) Linear Regression  
Stepwise SPSS Versions 16 ( , 2548) 

 



 
 

3 

 

 

3.1  G. fisheri  G. tenuistipitata  

Gracilaria spp. 

 50, 70, 90 110 m 4 

 (species), (p<0.01) 

(p<0.05) , 

(p>0.05) 

 

3.1.1  ( 2, 5)  

G. tenuistipitata G . fisheri (p<0.01)
 G. tenuistipitata 0.78±0.31-

1.08±0.35 % d-1; G. fisheri 0.70±0.32-0.85±0.43 % d-1

 

 

  

 

 

 

 

 

 

 

2 (SGR)1 G. fisheri G. tenuistipitata 

50, 70, 90 110 m - 2551 
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Distance (m) species 
SGR (% d-1) 

April May June July Average 

50 Gf 0.53±0.36 nsB 1.07±0.19bC 0.20±0.04aA 1.06±0.17abC 0.71±0.34a 

70  0.58±0.37 nsB 0.94±0.07aCD 0.35±0.13abA 0.95±0.06aCD 0.70±0.32a 

90  0.67±0.43nsB 1.05±0.09bC 0.32±0.07abA 1.05±0.13abC 0.77±0.38ab 

110  0.71±0.44 nsB 1.18±0.07cdC 0.31±0.04abA 1.21±0.07cdC 0.85±0.43ab 

50 Gt 0.64±0.39 nsB 1.00±0.07abC 0.51±0.25bcB 0.97±0.11aC 0.78±0.31ab 

70  0.72±0.39 nsBC 1.09±0.09bcD 0.59±0.26cdB 1.11±0.12bcD 0.88±0.33ab 

90  0.78±0.42 nsB 1.22±0.09dC 0.63±0.26cdB 1.24±0.08deC 0.97±0.36bc 

110   0.92±0.40 nsB 1.13±0.06eC 0.74±0.21dB 1.34±0.08eC 1.08±0.35c 

         F        P  

Distance    11.130   <0.0007 *** 

Species    126.030   <0.0007 *** 

Month    32.843   <0.0003 *** 

Distance *Species    0.427   <0.920
 
 NS 

Distance*Month    1.533   <0.207
 
 NS 

Species*Month    3.248   <0.023 * 

Distance*Species*Month    0.420   <0.924
 
 NS 

Gf = G. fisheri , Gt = G. tenuistipitata; 1 ± (n = 8) 

NS - (p>0.05); * - (p<0.05); *** - (p<0.001) 
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5 (SGR)  G. fisheri  G. tenuistipitata

50, 70, 90 110 m -  2551 
 

3.1.2  ( 3, 6) 
 

110 m 
 50 m G. tenuistipitata  

G. fisheri  (p<0.01) G. tenuistipitata  16.62±8.35- 

46.59±3.22 g ;  G. fisheri 6.43±1.33 -41.49±2.70 g 

 

 

 

 

 

3 (production, g) 1  G. fisheri G. tenuistipitata

50, 70, 90 110 m - 2551 
 

Distance (m) Species 
Production (g)   

April May June July Sum 

50 Gf 17.48±12.34nsB 36.34±6.89bC 6.43±1.33aA   36.03±6.03abC     770.24a 

70  19.43±12.68nsB 31.61±2.59aCD 11.22±4.42abA   31.88±2.14aCD     753.11a 

90  22.45±14.93nsB 35.71±3.20bC 10.33±2.30abA   35.51±4.80abC     831.92ab 

110  24.07±15.47nsB 40.44±2.58cdC 10.03±1.20abA   41.49±2.70cdC     928.27ab 
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50 Gt 21.32±13.34nsB 33.66±2.49abC 16.62±8.35bcB   32.86±3.81aC     835.62ab 

70  24.22±13.71nsBC 37.12±3.32bcD 19.61±8.88cdB   37.97±4.38bcD     951.38ab 

90  26.31±14.73nsB 41.93±3.35dC 20.79±8.86cdB   42.67±2.83deC     1053.59b 

110   31.25±14.22nsB 46.00±2.44eC 24.50±7.25dB   46.59±3.22eC     1186.68c 

         F          P  

Distance      11.942 <0.0002 *** 

Species      127.207       <0.0003 *** 

Month      32.973         <0.0003 *** 

Distance *Species      0.495           <0.877  NS 

Distance*Month      1.686           <0.171  NS 

Species*Month      2.865           <0.038 * 

Distance*Species*Month      0.441           <0.911  NS 

Gf = G. fisheri , Gt = G. tenuistipitata; 1 ± (n = 8) 

NS - (p>0.05); * - (p<0.05); *** - (p<0.001) 
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6  G. fisheri  G. tenuistipitata 50, 70, 

90 110 m -  2551  
 

3.2  ( 4, 7)  
27.44±1.54-29.94±0.07 C 

4.00±2.14-17.50±3.74 ppt 

-
7.71±0.06-8.05±0.05 20.34±21.70-56.75±12.16 cm 

 

0.021±0.001-0.030±0.001 mg/l 0.005±0.001-0.009±0.000 

mg/l 0.006±0.002-0.011±0.001 mg/l 0.033±0.001-0.041±0.001 mg/l 
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7  50, 

70, 90  110 m - 2551  
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3.2.1  ( 5) 

G. fisheri G. tenuistipitata

(Linear Regression) G. fisheri G. tenuistipitata  
( positive), (negative) (p<0.05) 

(p>0.05)  

 

3.2.1.1 : G. fisheri  
G. tenuistipitata  

G. fisheri 

 

 
3.2.1.2 : G. fisheri  
G. tenuistipitata   
G. fisheri -  

 

3.2.1.3 :  
G. tenuistipitata -

 
 

5  (SGR)   Gracilaria spp.  
 - 2551  

 

SGR Model r2 P 
 G. fisheri = 11.239-1.388(pH)+39.688(nitrate)+0.050(salinity)+30.498(phosphate)-

0.084(temperature)-0.005(transparency)+50.678(nitrite)+23.878(ammonia) 

  0.914 <0.0001 

G. tenuistipitata = 12.701+64.428(phosphate)+0.037(salinity)-0.106(temperature) 

+38.753(nitrate) 

0.874 <0.0004 

 

 

 

3.3 G. fisheri  G. tenuistipitata 
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3.3.1  ( 6) 

 
 G. fisheri G. tenuistipitata ( p<0.01) 

G. fisheri 11.72±0.10 %DW 0.48±0.01 %DW  63.94±0.05 %DW 
16.07±0.17 %DW 16.50±0.21 %DW 7.36±0.01 %DW G. tenuistipitata 

12.72±0.10 %DW 0.34±0.01 %DW 65.84±0.17 %DW 

15.12±0.06 %DW 14.26±0.15 %DW 6.84±0.01 %DW  

 

3.3.2 G. fisheri  G. tenuistipitata ( 6, 9) 
 

1) :  G. fisheri  G. tenuistipitata 

 G. fisheri  11.98±0.14 %DW G. tenuistipitata 

12.18±0.05 %DW  

G. fisheri  11.17±0.11 %DW G. tenuistipitata 11.86±0.05 %DW 
 

2) : G. fisheri G. tenuistipitata  G. fisheri

0.46±0.02, 0.54±0.04 %DW   
G. tenuistipitata 0.27±0.03  

0.39±0.03 %DW  

 

3) :  G. fisheri G. tenuistipitata 

64.56±0.08 67.28±0.13 %DW 

62.99±0.13 66.27±0.04 %DW  

 

4) :   

G. fisheri  16.80±0.11 %DW G. tenuistipitata  15.5149±0.09 %DW  
G. fisheri 16.28±0.13 %DW  G. tenuistipitata 

15.10±0.06 %DW 
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5) : G. fisheri G. tenuistipitata G. fisheri

 16.53±0.07, 16.70±0.04 %DW  

G. tenuistipitata 14.30±0.07 %DW 

G. tenuistipitata 14.67±0.04 %DW 

 

6) : G. fisheri G. tenuistipitata G.fisheri

 7.27±0.00, 7.70±0.03 %DW  
G. tenuistipitata 6.28±0.08, 

6.73±0.07 %DW 
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8  G. fisheri  G. tenuistipitata (%DW)
- 2551
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3.4 G. fisheri G. tenuistipitata  
Alkaline Treatment

 G. fisheri G. tenuistipitata 
 

 

 

3.4.1  ( 7, 10) 
 G. fisheri G. tenuistipitata  

0, 3, 5, 7 10 N 12 (Agar 

yield) (Gel strength) (p<0.01) 
 

1) : (
,%DW) G. fisheri 19.05±0.05-29.58±0.1 %DW G. tenuistipitata 

19.11±0.02-28.06±0.17 %DW 

 G. fisheri  
G. tenuistipitata

(p<0.01)  
 

2) : G. fisheri G. tenuistipitata

 5 N 110.29±0.05 120.66±0.01 g cm-2 

G. fisheri G. tenuistipitata -
(p<0.01) 
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9 G. fisheri G. tenuistipitata 

 3, 5, 7 10 N   

7  1 G. fisheri G. tenuistipitata 

 3, 5, 7 10 N 
 

Species NaOH  (N) Agar yield (%DW) Gel strength (g cm-2) 

Gf 0 29.58±0.17e  21.14±0.14a 

 3 21.85±0.23d 100.26±0.05d 

 5 20.66±0.05c 110.29±0.00e 

 7 20.17±0.03b 98.93±0.12c 

 10 19.05±0.05a 95.27±0.31b 

Gt 0 28.06±0.17d 23.71±0.12a 

 3 20.62±0.06c 112.03±0.03d 

 5 19.74±0.12b 120.66±0.01e 

 7 19.63±0.09b 109.64±0.07c 

 10 19.11±0.02a 100.00±0.01b 

Gf = G. fisheri ; Gt = G. tenuistipitata 
1 ± (n = 3) 

  ;   (p<0.01)  
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3.4.2  ( 8, 11) 
 5 N 

1, 6, 12, 18 24 

(p<0.01)  

 

1) : G. tenuistipitata 

-  5 N 1-24 G. fishri 

15.76±0.15-23.02±0.04 %DW G. tenuistipitata 16.85±0.15-21.09±0.02 %DW

G. fisheri  5 N 1  6 
( p>0.05) 

 5 N 1 
  

 
2) : G. fisheri  G. tenuistipitata 

 5 N 1 , 6, 12, 18  24 

( p<0.01) G. fisheri G. tenuistipitata - 
 5 N 12  

G. fisheri 110.29±0.00 g cm-2 G. tenuistipitata

120.66±0.01 g cm-2 6 
18 24  
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8   1 G. fisheri G. tenuistipitata    
1, 6, 12, 18 24 

 

Species Time (hr.) Agar yield (%DW) Gel strength (g/cm2) 

Gf 1 23.02±0.04d 99.27±0.55c 

 6 22.65±0.57d 100.29±0.02c 

 12 20.66±0.05c 110.29±0.00d 

 18 17.82±0.11b 66.72±0.31b 

 24 15.76±0.15a 56.11±4.74a 

Gt 1 21.09±0.02e 99.97±0.02c 

 6 20.68±0.03d 111.09±0.00d 

 12 19.74±0.12c 120.66±0.01e 

 18 18.27±0.16b 89.28±0.53b 

 24 16.85±0.15a 78.35±0.73a 

Gf = G. fisheri ; Gt = G. tenuistipitata 
1 ± (n = 3) 

;   (p<0.01) 
 

 

 

             
 

10 G. fisheri G. tenuistipitata

 5 N 1-24   
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3.4.3  ( 9, 12) 

 5 N 12 

60, 70, 80, 90 100 C 
(p<0.01)  

 

1) :  
5 N 60 C 12  G. fisheri 24.33±0.10 %DW G. tenuistipitata 22.10±0.03 %DW 

  

 

2) : G. fisheri  5 N 80 C 
 G. tenuistipitata 60 C 12 

G. fisheri  G. tenuistipitata 110.29±0.00 121.90±0.01 g cm-2 

(p<0.01) 
 

9   1 G. fisheri G. tenuistipitata

60, 70, 80, 90 100 C 
 

Species Temperature ( C) Agar yield (%DW) Gel strength (g cm-2) 

Gf 60 24.33±0.10e 106.85±0.07a 

 70 23.21±0.02d 108.90±0.00b 

 80 22.51±0.47c 110.00±0.10d 

 90 20.66±0.05b 110.29±0.00d 

 100 19.91±0.13a 109.57±0.50c 

Gt 60 22.10±0.03e 121.77±0.58c 

 70 21.56±0.18d 121.90±0.01c 

 80 20.21±0.05c 120.99±0.10b 

 90 19.74±0.12b 120.66±0.01b 

 100 18.74±0.06a 119.90±0.01a 

Gf = G. fisheri ; Gt = G. Tenuistipitata 
1 ± (n = 3) 

  ;   (p<0.01)  
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11 G. fisheri G. tenuistipitata

 5 N 60-100 C 

 

3.4.4  ( 10, 13) 

 5 N 12 

80 C G. fisheri 60 C G. tenuistipitata  

5-60 (p<0.01)  
 

1) :  G. fisheri G. tenuistipitata  5-60 

 16.88±0.10-25.02±0.06 20.09±0.10-28.55±0.38 %DW

60 G. fisheri 25.02±0.06 %DW 
 G. tenuistipitata 28.55±0.38 %DW 

 G. fisheri G. tenuistipitata

(p<0.01) 
 

2) :  G. fisheri G. tenuistipitata  5-60 

98.47±0.41-108.99±1.64 100.08±0.02-121.07±0.05 g cm-2
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60  G. fisheri 108.99±1.64 g cm-2 
 G. tenuistipitata 121.07±0.05 g cm-2  

 

 

 

 

 

 

 

10 1 G. fisheri G. tenuistipitata 

5-60 
Species Time (min.) Agar yield (%DW) Gel strength (g cm-2) 

Gf 5 16.88±0.10a 98.47±0.41a 

 15 19.03±0.06b 99.97±0.05b 

 30 20.68±0.45c 108.06±0.64c 

 45 22.41±0.45d 108.99±1.64cd 

 60 25.02±0.06e 110.08±0.01d 

Gt 5 20.09±0.10a 100.08±0.02a 

 15 22.07±0.06b 109.68±0.15b 

 30 24.19±0.04c 119.81±0.10c 

 45 27.88±0.18d 120.10±0.06d 

 60 28.55±0.38e 121.07±0.05e 

Gf = G. fisheri ; Gt = G. tenuistipitata 
1 ± (n = 3) 

 ;   (p<0.01) 

 

 

       
12 G. fisheri G. tenuistipitata 5-60  
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3.5 G. fisheri G. tenuistipitata ( 11, 14) 
 

50, 70, 90 110 
( 3.4)   

 
3.5.1   

G. fisheri G. tenuistipitata (% DW) 
(p<0.01) G. tenuistipitata  26.65±1.74 %DW G. fisheri

24.52±1.82 %DW 

50, 70, 90 110 m ( p>0.05) 
(p<0.01) 

G. fisheri  26.10-26.42 %DW G. tenuisipitata 28.04-28.64 %DW 

 G. fisheri  

26.10-26.42, 23.24-23.48 22.08-22.35 %DW G. tenuisipitata 27.83-28.31, 25.17-26.42 

24.40-24.76 %DW   

 

3.5.2   

G. fisheri G. tenuistipitata  (p<0.01)  

G. tenuistipitata 122.31±1.84 g cm-2 G. fisheri

 111.45±2.35 g cm-2  Gracilaria 

50, 70, 90 110 m ( p>0.05) 
( p<0.01) G. fisheri  

115.11-115.64 g cm-2

110.28-110.43, 

110.03-110.43 109.74-109.99 g cm-2  G. tenuistipitata

125.03-125.53 g cm-2

 121.53-

121.96, 120.79-121.20 120.56-121.14 g cm-2  

 



 

49 

3.5.3   

G. fisheri   
G. tenuistipitata (p<0.01) G. fisheri  

1.07±0.10 %  G. tenuistipitata

 0.61±0.09 %

50, 70, 90 110 m ( p>0.05) 
(p<0.01) 

G. fisheri 1.18-1.20 % G. tenuisipitata 0.69-0.70 % 

G. fisheri 1.10-1.11, 1.08-1.09 

0.91-0.92 % G. tenuisipitata 0.64-0.65, 0.62 0.46-0.47 %
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11 ( Agar yield,%DW) ( Gel strength, g cm-2) ( Sulfate,%) 

G. fisheri G. tenuistipitata 50 , 70, 90 110 m

- 2551 

Month Distance (m) Species Agar yield (%DW) Gel strength (g cm-2)        Sulfate (%) 

April        50  26.14±0.27c 110.03±0.74a       1.08±0.01b 
        70  26.42±0.57c 110.43±0.57a       1.09±0.01b 
        90  26.10±0.18c 110.24±0.94a       1.09±0.01b 
        110  26.28±0.31c 110.09±0.81a       1.09±0.01b 

May        50  26.14±0.26c 115.11±0.79b       0.91±0.01a 
        70  26.42±0.59c 115.64±0.29b       0.91±0.01a 
        90 Gf 26.10±0.20c 115.39±0.37b       0.92±0.01a 
        110  26.28±0.30c 115.38±0.47b       0.91±0.01a 

June        50  23.24±0.17b 109.99±0.74a                  1.11±0.01c 
        70  23.48±0.37b 109.85±0.14a                  1.11±0.01b 
        90  23.48±0.37b 109.85±0.14a                  1.11±0.02b 
        110  23.30±0.43b 109.74±0.49a                  1.10±0.01b 

July        50  22.26±0.25a 110.41±0.40a                  1.20±0.01d 
        70  22.08±0.80a 110.35±0.61a                  1.18±0.00c 
        90  22.35±0.21a 110.28±0.20a                  1.18±0.01c 
        110   22.32±0.16a 110.43±0.37a                  1.19±0.02c              

           F                P            F               P              F                P 

Distance      2.380       <0.082       NS         0.758      <0.523       NS          0.748        <0.529    NS 

Month      218.083   <0.0001
 
    ***         196.182  <0.0001     ***          1737.359  <0.0003  *** 

Distance*Month      1.638       <0.132       NS         0.940      <0.500       NS          0.403        <0.927     NS 

April        50  28.19±0.23c 121.96±0.75a       0.62±0.01b 
        70  27.83±1.01b 121.79±0.51a       0.62±0.01b 
        90  28.31±0.21c 121.53±0.56a       0.62±0.01b 
        110  28.26±0.83b 121.79±0.50b       0.62±0.01b 

May        50  28.64±0.30c 125.03±0.05b       0.46±0.01a 
        70   28.42±0.44b 125.25±0.25b       0.47±0.01a 
        90  28.04±0.04c 125.48±0.55b       0.47±0.01a 
        110 Gt 28.45±0.41b 125.53±1.02c       0.46±0.02a 

June        50  26.42±0.58b 121.31±0.18a                  0.65±0.01c 
        70  25.22±0.17a 121.62±0.40a                  0.64±0.01c 
        90  25.17±0.57b 121.20±0.40a                  0.65±0.01c 
        110  25.35±0.05a  120.79±0.92ab                  0.65±0.01c 

July        50  24.40±0.24a 121.14±0.68a                  0.70±0.02d 
        70  24.52±0.95a 121.05±0.68a                  0.69±0.01d 
        90  24.49±0.39a 120.97±0.71a                  0.69±0.01d 
         110   24.76±0.20a 120.56±0.33a                  0.69±0.01d             

            F                P              F               P               F            P 

Distance      0.474        <0.702      NS          0.303       <0.823      NS           0.407        <0.749    NS 

Month      444.567    <0.0005
 
   ***          314.287   <0.0001    ***           1536.285  <0.0001  *** 

Distance*Month      0.456        <0.897      NS          0.264       <0.981      NS           1.127        <0.363     NS 

 Gf = G. fisheri, Gt = G. tenuistipitata ; 1 ± (n = 4); NS - (p>0.05); *** -  (p<0.001)  
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13   G. fisheri  G. tenuistipitata 

50, 70, 90 110 m - 2551  
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3.6 Gracilaria spp.  

( 12) 

 (SGR)  

 

3.6.1   

1) :  G. fisheri 

 G. tenuistipitata 

-  

2) :  G. fisheri 

      

3.6.2   

1) :  G. fisheri 

  

G. tenuistipitata  

2) :  G. fisheri 

 G. tenuistipitata 

 

3) :  G. fisheri 

-
 G. tenuistipitata 
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12 

Gracilaria spp.

 - 2551 
 

 Model r2            P 
G. fisheri 
Agar Yield           =  36.788-119.335(ammonia)-8.047(sulfate)+0.177(salinity)                              0.980                 <0.0001 

                                +0.038(transparency)-111.243(phosphate) 

Gel Strength        =  140.198-22.271(sulfate)+2.427(SGR)-0.273(agar yield)                                 0.961                 <0.0002 

Sulfate                 =  7.082-0.022(gel strength)-0.394(pH)-0.017(agar yield)-0.077(SGR)              0.979                 <0.0005 

 

G. tenuistipitata 
Agar Yield          =  -41.570-3.430(sulfate)+0.283(salinity)+8.471(pH)                                          0.948                 <0.0009 

Gel Strength        =  135.362-20.332(sulfate)-0.018(transparency)                                                  0.951                 <0.0005 

Sulfate                 =  4.903-0.031(gel strength)-0.016(agar yield)-11.812(nitrite)                            0.968                 <0.0004 
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4 
 

 
4.1 G.fisheri G.tenuistipitata 

 G. fisheri  
G. tenuistipitata 50 , 70, 90 110 m  

4 ( - 2551) 

G. tenuistipitata 0.78±0.31-1.08±0.35 % d-1  835.65-1186.68 g 
 G. fisheri 0.70±0.32-0.85±0.43 % d-1  753.11-

928.27 g (wet wt) Gracilaria spp. 

( Buriyo and Kivaisi, 2003;  

Chirapart et al., 1994; Friedlander et al., 1987; Friedlander 1991; Kumar et al., 2010; Wong and 

Chang, 2000)  Yongjian  (2009) G. lichenoides 

16.26 %d-1 32.10 ppt 31.30 C 

287.23 umol m-2.s G. tenuistipitata 14.83 % d-1 21.1 ppt  

25.38 C 229.07 umol m-2.s  

( 2536) 
G. fisheri G. tenuistipitata 20-30 ppt 

G. fisheri 0.73 %d-1  G. tenuistipitata
0.20 %d-1 ( 2544) 

 18-30 ppt  G. fisheri 
5.40±2.58 %d-1 G. tenuistipitata 2.18±1.36 %d-1

G. fisheri G. tenuistipitata
( , 2536) 

4-17 ppt 

 Capo 

(1999) G. ferox 31.0-36.5 ppt 

4 21.4-59.2 gdwtm-2d-1 Capo 
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Chirapart and Lewmanomont (2004) G. fisheri G. tenuistipitata 1999

20-35 ppt 18-35 C 
  G. fisheri  G. tenuistipitata

G. fisheri  G. tenuistipitata

 3.08±1.14 %d-1  2.68±1.76 %d-1  1000 

 961  ( . )  G. fisheri G. tenuistipitata 
1.85±1.00  1.70±0.49 %d-1 

 

(Figueroa et al., 2010; Marinho-Soriano et al., 2009; Yu and Yang, 2008)  

 G. tenuistipitata G. fisheri
  G. fisheri 

( Emsong, 1998) 
( , 2552; Tamhi, 

2008) 

( , 2540) 
( Limpadanai, 1977) 

22-33 ppt  
12-28 ppt (Tamhi, 2008) 

. . 2549-2550 

20 ppt 

( ) ( , 2550) 
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4-17 ppt 

 . . 2550  
( , 2550) . . 2550

( ; 2552) 
( , 2536; , 

2544; Chirapart and Lewmanomont, 2004) 
(Bunsom, 2010)

( 16, 

2550; , 2552)  Gracilaria spp. 

 ( . . 2553) 
20 ppt

G. tenuistipitata  
G. fisheri ( , 2553) 

 

( , 2534; Trono and Gavino, 1997; Capo et al., 1999)

( , 2536; 

Rebello et al., 1996; Yokoya et al., 1999) 

G. tenuistipitata G. fisheri 50,70, 
90 110  m 

30 cm  
( ) 

1-4 m 

( , 2548; , 2552; Tamhi, 2008) 

-
70, 90 

110 m 
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50 70 m 

(Ng, 1972; Nelson et al., 2001; Ryder et al., 2004; Wheeler and Neushul, 1981)  

( Hanisak, 1998; Thomas and Harrison, 1992) 

( 16, 2550)  

Chirapart and Lewmanomont (2004) 

1) 
. . 2532 

-
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2) 
 

3) 
5 ( , 2540) 

4 -
-

( 16, 2550; , 2549; , 2553) 

(eutrophication) 

( , 2553) 

1 

1 

 

30 25-35 cm 

(Wu et al., 1989) - 2551 

20.34±21.70-56.75±12.16 cm 

1 

( Friedlander and Levy, 1995) 

(Bunsom, 2010) 

 Gracilaria spp. 
( , 2544 ; Parker, 1982) 

( , 
2547; Bunsom, 2010) 

( , 2544 ; Parker, 1982; 

Bunsom, 2010) Bunsom (2010)
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G. tenuistipitata 

 

30  cm Garcilaria spp.  

3 4 ( ) 30 C

Gracilaria spp. (Trono and Gavino, 1997; Capo et al., 1999) 
G. tikvahiae  25 C 

(Hanisak, 1987) (Eppley, 1972) 

(Goldman, 1979) 

27.5 C

Gracilaria spp. Epiphytes

( , 2544;Friedlander, 1991; Friedlander and Ben-

Amotz, 1991; Hanisak, 1987)  (2549)  Epiphyte

Enteromporpha  

 

4.2  G. fisheri  G. tenuistipitata  

G. fisheri 
G. tenuistipitata G. fisheri G. tenuistipitata

( 2540) 
Gracilaria spp. 8.90 0.34 

55.94 %DW ( 2543) 
G. fisheri 10.5 0.79 

62.78 %DW Norziah and Chio (2000) G. changii 
6.9 3.3 24.7 22.7 %DW Hong ( 2007)   

G. tenuistipitata 6.9 1.0 70.5 11.2 26.5 %DW 
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Brid (1982) G. tikvahiae 

DNA 

phycoerythrin 

 

( Jesus et al., 1999) 
( , 2552) 

 

4.3  G. fisheri  G. tenuistipitata  
 G. fisheri G. tenuistipitata 

5 N G. fisheri 
80 C G. tenuistipitata 60 C 12 60 

G. fisheri  24.65±1.81 %  111.46±2.35 g cm-2 G. tenuisipitata 
26.65±1.75 % 122.31±1.86 g cm-2

(Frreile-Pelegrin and Robledo, 1997; Lemus et al., 1991) ( 2540) 
Gracilaria spp. 

4 N 90 C 2  

1 9.02 %  100.9 g cm-2 

Freile-Pelegrin Murano (2005) G. cervicornis, G. blodgettii G. crassissima 

0, 3, 5 7 % 

3,6 anhydro-galactose

3,6 anhydro-galactose

( , 2537)  
G. fisheri G. tenuistipitata -

G. fisheri G. tenuistipitata  
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26.10-26.42, 28.04-28.64 %  115.11-115.64 125.03-125.53 g cm-2 
 

Bunsom (2010) 24.80 % 
(2544) G.fisheri G.tenuistipitata 34.66-44.13, 34.16-35.41 % 

Chirapart (2006) G. fisheri  G. tenuistipitata 

40.07-43.48, 35.75-39.28 % 

623-658.6, 565.8-611 g cm-2  

G. salicornea 22.6-30.2 % (Buriyo and Kivaisi, 2003) G. dura 

34 % (Marinho-Soriano and Bourret, 2005) G.edulis 25.19-29.70 %  

( , 2550)

(Chirapart and Ohno, 1993; 

Givernaud et al., 1999; Marinho-Soriano et al., 2001; Marinho-Soriano and Bourret, 2003;  

Meena et al.,2007; Pondevida and Hurtado-Ponce, 1996)  

G. fisheri G. tenuistipitata 

( 2544)  
G. salicornea ( 59.8 g/m2)  

( 22.6 %) ( 21 g/m2) 
(30.2 %) (Buriyo and Kivaisi, 2003) Givernaud (1999) 

G. multipartita 30 %  

Bird 

(1981)

Marinho-Soriano et al., (2006) 
G.gracilis DIN (Dissolved Inorganic 

Nitrogen) Chirapart (2006) G. fisheri 
G. tenuistipitata DIN   

 

( Bunsom, 2010) ( Lobban and 

Harison, 1994) 
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( , 2550) G. tenuistipitata 24.80 ±2.96 % 
1000 umolm-2.s-1 4.00 0.60 %

 (Bunsom, 

2010)  

G. fisheri G. tenuistipitata 

G. tenuistipitata 125.03-125.53 g cm-2 G. fisheri 115.11-

115.64 g cm-2

G. eucheumatoides (Villanueva et al., 1999) 
(2550) G. edulis 

92.64±16.37 g cm-2

 116.08±34.51 g cm-2  

( 2550) 
 G. edulis 114.30±58.79 g cm-2

29.90±3.33 % Li (2008) G. lemaneiformis 

25.8 % 2042 g cm-2 1940 g cm-2 23.8 %  
( Li et al., 2008; Praiboon, 2008; 

Praiboon et al., 2006; Sousa et al., 2010) 
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5 

 
G. fisheri G. tenuistipitata 225 g/repl 30x50x30 cm3

50 70 90 110 m 
- . . 2551  

 
5.1  G. fisheri G. tenuistipitata  

Gracilaria spp. 
 (species), 

(p<0.01) 
 (p<0.05) 

 
5.2  G. fisheri G. tenuistipitata  

Gracilaria spp. 
(p<0.001) 

 -  (p<0.001) 
 
5.3  G. fisheri G. tenuistipitata  

(species) 
(p<0.001) G. fisheri G. tenuistipitata 

(p<0.001) 
  

5.4  G. fisheri G. tenuistipitata  

 5 N 12 G. fisheri 80 C  
G. tenuistipitata 60 C 60 

  

(p<0.001) G. fisheri G. tenuistipitata 
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( p<0.001) G. fisheri  
G. tenuistipitata ( p<0.001)

( p<0.001)  G. fisheri  
( p<0.001) 

(p<0.001) 
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. 2550. - . http://www.customs.go.th [  

1 2550]. 

. 2552. 8 

. http://www.sbasin.net [  

12 2552]. 

. 2548. SPSS for windows. : . 
. 2527. . : 

.  
. 2538. . : 

. 
. 2548. . 

. . 1(2): 1-2. 

. 2536. . 
: . 

. 2537. Gracilaria fisheri 

. 
. 

. 2548. 
  

Gracilaria fisheri (Xia & Abbbott) Abbott, Zhang & Xia non linear regression 

analysis. 33/2548. 
. 

. 2542. 

. : 
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 . 2544. , 

Gracilaria fisheri (Xia et Abbott) Abbott, Zhang et Xia  G. tenuistipitata var. liui 

Chang et Xia . 

. 

. 2552. 

. 
. 

. 2537. 

. . 
   . 2547. :  

. : 

. 
. 2544. , Caulerpa 

lentillifera. . 
. 2536. 

. :

. 
. 2540. . 

. 
. 2525. . 

. 
. 2549. 

Gracilaria fisheri (Xia & Abbott) Abbott, Zhang & 

Xia. . 
. 2529. 

. . 
. 2547. : . : 

. 
. 2520. 

. : . 
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. 2528. 

. 34/2528 

, . 
. 2550. 

 Gracilaria edulis (Gmelin) Silva  

. . 
. 2543. . : . 

. 2540. 

.  4/2540. 

, . 
. 2531. II. : .  

. 2546. . : 

.  
. 2536. Gracilaria tenuistipitata Chang & Xia G. fisheri (Xia & 

Abbott) Abbott, Zhang & Xia . : 

. 
. 2537 . 2 . 

:

. 
. 2552 . : . : 

. 
. 2536. 1: 

. . 4 

. . 21  2535 92-94. 

. 2553. . 
http://www.songkhlalake.com [ 1 2553]. 

. 2547. 
( Gracilaria fisheri), ( Caulerpa lentillfera) 
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( Acanthophora  spicifera) . 
23/2547. , . 

. 2525. . 
.  

. 2543. , 
Gracilaria fisheri (Xia & Abbbott) Abbott, Zhang & Xia,. 
10/2543. , . 

. 2543. Gracilaria fisheri (Xia 

& Abbbott) Abbott, Zhang & Xia, , Lates Calcarifer Blach,  

. 14/2543. , 
. 

. 2538. ,  Gracilaria 

fisheri (Xia & Abbbott) Abbott, Zhang & Xia, . 
58/2538. , . 
. 2550. 

. . 2550. 

. 
. 2550 . 

. : . 
. 2550 . 

: 

. : . 
. 2550 . 

: 

. : . 
. 2530. 

. 
. 

. 2544. . : 
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( AOAC, 1990) 
 

1.  

 1. 100 C 40 

 

 2.  

 3. 3 g  

 4. 100 C 8  

                 5.  

 6. 4-5 

 
 

  (%) = [(a-b)/W] × 100 

a  =  

    b  =   

      w =   

 

2.  

 1. 2 g  

 2. 600 C 3  

 3. 

4  

 

(%) =  [(b-a)/W] × 100 

a =   

      b =   

     c =    
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3.  

  

1. (sulfuric acid, H2SO4) 93 98 % 

2. ( catalyst mixture): ( copper sulfate, 

CuSO4) 7 g (potassium sulfate, K2So4) 100 g  

 3. 45% (sodium hydroxide, NaOH) :  
450 g 1 L 

 4. ( hydrochloric acid, HCl) 0.1 N : 

9 ml 1 L 
5. (boric acid, H2BO3) 4 % : 50 ml

4 g 100 

ml 

 6. (mixed indicator): ( methyl red) 0.2 g

95 % 100 ml ( methylene blue) 0.2 g

95 % 100 ml 2 

1  
7. ( methyl orange indicator) : 

0.1 g 100 ml 
8. ( sodium carbonate, Na2CO3) 0.1 N : 

260 270 C 30 1.325 g

250 ml 
 

 

40 ml 250 ml 20 

ml 2 3 0.1 N

 

       N1V1   =    N2V2 

 N1   =    
  N2   =   

  V1   =    
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  V2    =    

 

 

.  

 1. 0.5 g

  

2.  3 g  

3.  10 ml 

4.  375 C

 

 

. (distillation) 
1.  20 ml 
2.  2 

40 ml

 

3.  2-3 

4.  10 

 

 

. (titration) 
1.  ( 0.1 N) ( end point) 

2.   

  

 

(%)  =  [1.4 × (V1-V2) × N × 6.25]/W 

                              V1  =  

    V2   =  
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    N   =
   W  =  

 

4. ( Soxtec System HT6) 
 

 1.  Trichloroehterline 

  

 

 1. 100 C 8  
2. 65 C 1 

 
3.  (w1) 
4.  1 1 2 g (w2) 

(thimble)  
5.  Trichloroehterline 25 

6. 160 C

boiling 30  
7.  rinsing 20  

8.  evaporation 5  

9.  evaporation

135 C 2  

10. (w3) 
 

 

  (%) =  [W3-W1/W2] × 100 

       W1  =  

             W2  =  

             W3  =  
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5. ( Fibertec system) 
 

1.  0.128 M: 7 ml  
1 L  

2.  0.223 M: 12.5125 

g 1 L 

3. (l-Octanol reinst) 
4.  (acetone) 
 

 

1.  135 C 2 (
500 C 3 ) 

2.  ( W1) 1-2 g (W2) 
Fibertec system 

3.  150 ml 2-3 

 

4.  

4.5 

30 Vaccunm  

5.  3 Vaccunm

 

6.  150 ml 6.2.4-6.2.5 

7.  cold extraction unit 

 

8.  135 C  

9.  ( W3) 
500 C 3  

10. (W4)  
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(%) =  [(W3 - W4 )/W2] × 100         
    W2  =  

                W3  =  

                                   W4 =  
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1. (Strickland and Parsons, 1972) 

 

1. de-ionized , 

 

2.  :  (C6H5OH) 5 g 95 % (V/V) 50 

ml 

3.  :  

(Na2Fe(CN)5NO.2H2O ) 0.5 g de-ionized 100 ml

1  

4  : (Na3C6H5O7.2H2O) 

(analytical reagent grade) 20 g (NaOH) (analytical reagent grade) 1 g 

de-ionized 100 ml 

5  
(  ) 1.5 N

 

  1) (Na2S2O3.5H2O) 12.5 g deionized 500 ml 
0.1 N 

2) (KI) 2 g de-ionized 50 ml 

1 ml 

3) (12 N) 2) 

4) 0.1 N 

 

5)  

4) 12 ml 

6. oxidizing : 
4 : 1  

7. (analytical reagent quality) 

1 L 
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8. : ((NH4)2 SO4) 

(analytical reagent grade) 105-110 C 1-24 0.165 g de-ionized 

1 L 35 mg-N/L 

stock standard solution 

6 1  

 

 

1.   
1)  stock standard solution 10 ml

100 ml 3.5 mg-N/L 

2) 1) 1, 2, 4 8 50 

ml 50 ml 0.070, 

0.140, 0.280  0.56 mg-N/L 

 

3) 2.5 ml

2.5 5 ml

 

4) 1 24 

640 nm

Linear regression (

) 

2.  

1) GF/C  10 ml 

 

2) 0.5 ml 

0.5 1 ml 

1 24  

3) 640 nm 

4)  
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2 ppt 

 

NH3(corr)   =  (1+0.0073  x (Ss  S0)) x NH3(unc) 

NH3(corr), NH3(unc)  = 

 S0  Ss = 

 

  
2.  (NO2

-) (Strickland and Parsons, 1972) 

 

1.  :  (C6H8N2O2S) 5 g

50 ml 300 ml

500 ml 

2. (NED) : 
(C10H7NHCH2CH2NH2.2HCl.CH3OH) 0.50 g

500 ml 

3.  : (NaNO2)  105-

110 C 1 ( 24  ) 0.345 g  

1,000 ml 70 mg-N/L stock nitrite standard 

solution 1-2  

 

 

1.  

1) stock standard solution 1 

100 100 

0.70 mg-N/L intermediate standard 

solution 
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2) 1) 1, 5, 10, 20  40 ml 50 

ml 50 ml working standard 0.014, 

0.07, 0.14, 0.28   0.56 mg-N/L 

working standard 

3)  1 ml 2-8 

 NED 1 ml 10 1 $
540 nm

linear regression (

) 

2.  

1) GF/C 50 ml

125 ml 

2) 1 ml  2-8  
 

3)  NED 1 ml 10 2 

540 nm 

4)  

5) 
 

 

3.  (NO3
-) (Cadmium reduction method) (Strickland and Parsons,1972) 

 

1. (NH4Cl) 125 g 

500 ml  

2.  1 50 ml

2000 ml   

3.   

4. (NED)  
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     5.   

6. CuSO4 2 % (W/V) CuSO4.5H2O 10 g 500 ml 

7. (KNO3) 

105-110 C 1-1.5  1.02 g  1 L

140 mg-N/L stock standard solution  

 

 

 

1. 50 g CuSO4 2 % (W/V) 250 ml 

10  

2. 
(

) 3  

      3. 1.4 mg-N/L 100 ml (
2 ml ) 8-12 ml/ activated 

 3  

 

 

1.  

1) stock standard solution 5 ml

500 ml 1.4 mg-N/L 

intermediate standard solution 

2) intermediate standard solution 1, 5, 10 20 ml

100 ml 100 ml 0.014, 

0.070, 0.140, 0.280 mg-N/L working standard solution 

 

3)  2 ml  working standard solution 
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4)  working standard solution 3) 

8-12 ml/   5-10 ml 

25 ml 50 ml 

   

5)  1 ml   2-8 

 NED 1 ml 10 

1 543 nm 

6) 
linear regression ( ) 

2.  

1) GF/C 100 ml 

2)  2 ml  

3) 2) 5-10 ml 8-12 

100 ml  

4)  2) 

25 ml 50 ml 

5) 1 ml  2-8 

 

6)  NED 1 ml 10  1 

543 nm

 

7)  = 

 

3.  

1) 
( ) 

2) 
sulfanilamide NED 
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3)  

 =  Abs(0.070 mg-N/L  NO3
-)-Abs(Blank mg-N/L NO3

-) x 100 

           Abs(0.070 mg-N/L  NO2
-)-Abs(Blank mg-N/L NO2

-) 

90 110 % 

90 % 110 %  

1) KNO3 1.4 mg-N/L 100 ml 

 

2)  100 ml 3  

3)  

4) 90 %  

5) 
mesh size 0.5-1 ml  

 

4.  (PO4
3-) (Strickland and Parsons, 1972) 

 

1. :  (NH4)6Mo7O24.4H2O) 

15 g 500 ml 

 

2.  : (H2SO4) 140 ml  900 ml 

( )  

3. :  27 g 500 ml

  

1  

4.  :  

(K(SbO)C4H4O6.0.5H2O) 0.34 g 250 ml

 

5.  (mixed reagent) : 
, , 

 2 : 5.5 : 2 : 1  6  
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6. :  (KH2PO4) 

105 C 1-24 0.2197 g 1 L 
50 mg-P/L 

 

 

1.  

1) 10 ml

100 ml 5.0 mg-P/L intermediate standard solution 

2)  intermediate standard solution 1, 2, 3, 4 5 ml

50 ml 0.1, 0.2, 0.3, 0.4 0.5 mg-P/L  

blank  

3)  5 ml 5  2-3  

4) 885 nm

 

5) 
linear regression  

2.  

1) GF/C 
100 ml   

2)  10 ml 5  2-3  

3) 885 nm  

  
 




