
(1) 
 

 
 
 
 

 

 

Effects of Enteromorpha intestinalis in Diets on Growth Performance, Feed 

Utilization and Immune Response of Red Tilapia  

Oreochromis niloticus x O. mossambicus) 

 
 
 
 

 

Anuvee Baka 

 
 
 
 

 

 

 

A Thesis Submitted in Partial Fulfillment of the Requirements for  

the Degree of Master of Science in Aquatic Science 

Prince of Songkla University 

2555 

 



(2) 
 

 

 

  
  

 

 

   
 

 

  

 

 

  
 

 .....  

  

 

 ...

 

 

 

   
    

 
 

   ( )  

 



(3) 
 

         

 

  

  
     2554 

 

 

7 0 , 15, 30, 45, 60, 75 100  

14.78 ± 0.02  14.81 ± 0.01 180 130 

20 / 2   

30 7 3,500 1 

8

- 60  

15 

hematocrit 

p p>0.05

NBT reduction 

30 p  

lysozyme activity p>0.05

p>0.05

p  
Streptococcus agalactiae 14 

 

 

 
 



(4) 
 

Thesis title                  Effects of Enteromorpha intestinalis in Diets on Growth Performance, 

Feed Utilizationand Immune Response of Red Tilapia Oreochromis 
niloticus x O. mossambicus)  

Author Mr. Anuvee  Baka 

Major Program Aquatic Science 

Academic Year          2011 

 
ABSTRACT 

Enteromorpha intestinalis was examined for its suitability as fishmeal protein 

substitutes in feed of red tilapia. Algal meal was included at 0 control , 15, 30, 45, 60, 75 and

100 %. Fingerling tilapias with an average initial weight of 14.78 ± 0.02  14.81 ± 0.01 g were 

released into glass aquaria of 180 liters capacity, containing 130 liters of water with a stocking 

density of 20 fish per tank. Trial feeds were given twice daily for an 8 week period. Trial feed 

were formulated to contain 30% crude protein, 7% crude lipid, and 3,500 kcal/kg feed. The results 

indicated that the fish which received diets containing different algal meal between 15 and 60% 

showed good growth that there was insignificant difference among treatments and control 

p>0.05  while fish fed on diet containing 15% algal meal provided the best growth and feed 

efficacy p compared to the control. In addition, hematocrit and white blood cell of fish fed 

on diet containing algal meal were higher than that of control p but red blood cell of fish 

fed on diet containing algal meal no difference among treatments and control p>0.05  whereas 

NBT reduction of fish fed on diet containing 30% algal meal gave higher results compared to 

those of other treatments p Interestingly, the results from this study showed positive 

effects of algal meal as it promoted immune system in fish that antibody titer of fish fed on diet 

containing algal meal levels gave no difference compared to control p>0.05 . However, fish 

received the highest dose of algal meal (100%) provided the worst antibody titer value compared 

to those of other treatments p . Survival of red tilapia fed on algal meal levels after injected 

with Streptococcus agalactiae was higher than that of control.   
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1.1  

50 

Lovell, 2002 Alexis, 1997

 
Kaushik et al., 2004

Buschmann et al., 2001

  

( , 2543; Graham and Wilcox, 2000) Zemke-White  Ohno (

3

5 66.5 

33  

Dawes, 1998 . . 2007 

14.5x106 

FAO, 2009

A, D, E,  B1, B2, B5, B12,  niacin 

 folic acid P, Ca, Na, K (Nisizawa, 1988; Davies et al., 1997) Hela 

2011 Ulva 
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lactuca 54  

20.6  9 19.6  8.5  

7.9  42  

palmitic acid 60  

oleic acid 16  

(Zemke-White and Clements, 1999) 

 alginates, carageenans  agar)

(trace mineral) (Hertrampf and Piedad-Pascual, 2000; McHugh, 2003) Veronica Nelson 

1997 Gracilaria cornea  

10  

4 . 

 

Porphyra purpurea  (Davies et al., 1997) Undaria 

pinnatifida  Ascophyllum nodosum  (Yone et al., 1986) Eucheuma cottonii 

 Gracilaria lichenoides  (Tacon et al., 1990) Gracilaria bursa-pastoris,  

Ulva rigida  Gracilaria cornea (Valente et al., 

Ulva sp., Enteromorpha sp.  Chaetomorpha sp. 

 

(Pillai, 1975) (Enteromorpha spp.) 

 
Nisizawa et al., ,  

  

 

Enteromorpha intestinalis      

 (Aguilera , 2005)   

 (Murata  Nakazoe, 2001)  
Morales (2005)  
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- , - -

EPA DHA  alkaloids, cyanogenic 

glucids, saponins,  tannic acid

P, Ca, Na, K, Mg, Zn  
P Ca  

Enteromorpha intestinalis

anti-tumor) (Jiao et al., 2009) 

 
, 60 

, 2551  

Sakevich 1985

Jiao 

2010

Kiyaka 

1999

pheophytin-a chlorophyll

inflammation Hagashi et al., 2000  

98 (Morales et al., 2005) 
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1.2  

1.2.1 Enteromorpha intestinalis  

Fish and Fish 1989   
Phylum    Chlorophyta 

     Class Ulvophyceae 

     Order Ulvales  

     Family Ulvaceae 

     Genus Enteromorpha intestinalis 

 
1.2.1.1  

 

Enteromorpha sp.

Farinha et al., 1996

Fish and Fish, 1989

 
Farinha et al., 1996  

 

  

 
Fish and Fish, 1989 Fu 2008

25 

gamete flagellate 5 

 60 

 (  , 2551) Wang 2007

10  30 Wu Xu 2000
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20.2  26.9 ppt pH 7  9 

B1, B2 B7

Reddy et al., 2005

Enteromorpha sp. 70

Fish and Fish, 1989  
 

1.2.1.2  

 

Hashim and Maat-Saat, 1992 Mamatha 

in vitro

pH  pH pH

 pH

- pH pH

ferric iron ferrous iron  
, 2554

21.0  0.3 48.2 18.6 

1.3 Morales 2005

9-14, 2-3.6, 32-36 

3 10.4 100 6 10.9 100 

 Karthikai 2009  
8

Co, Fe, Mg, Mn, Ni, Cu, Na, Fn, K Ca

Fn, K 
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Ca

trypsin chymotrypsin

peptidase NRC, 1994

Ito and Hori, 1989 2544

Gracilaria fisheri

Enteromorpha linsa  7.32-30.08, 0.24-1.40, 5.35-

27.57, 13.39-36.65 Ca, P, Fe 492-1,561, 46-390 10-138 

/100 30.08

1.4  1,561 /100 

 Amany 2000  

Gulf of Gdan'sk 7 7 

1993 

 

 

 

Mohammad 1997 4 

13.6  4.6  

methionine 13.8  6.2 glutamic acid  6.2  

68.1   Manimala  Rengasamy 

bioactive

Xanthomonas oryzae  

 2   

    

amorphous (Paulsen et al., 1998) 

 38-50  

 8-29    

 (Lahaye and Rubic 2007)  
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    (Sakevich, 1985) Jiao 2010

 Kiyoka 1999

 

pheophytin-a  chlorophyll  

 

 

1.2.1.3  

1.2.1.3.1  

 

Ventura 1994

0, 100, 200, 300 /

 
0,

A, B1 

, Nori: Porphyra spp.

anori Monostroma spp., Enteromorpha spp. Caulerpa spp. , 2543    

Kim 2006 Enteromorpha liza  

Fleurence 1999

10  26 % 

47 % 

 El-Deek Mervat 2009

Polysiphonia spp 

3  
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1.2.1.3.2  

 

Enteromorpha intestinalis

Yildirim 2009 2 

10 

 

10 

Yousif 2004

Siganus canaliculatus

0, 10, 20, 30 

Zemke- White  Clements 1999 9
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Gracilaria fisheri  

Oreochromis niloticus Linn

Caulerpa lentillifera J. Agardh

2538

2.5 

2 

Diler 2007

5, 10, 15 20 

5

Guroy 2007

2 Ulva meal

5

10 20 

Guroy et al., 2007; Azaza et al., 2008 Ergun  2008

 0, 5  2 10, 20

5 

Nakagawa, 1997

macro algae

Dalmo Seljelid 1995

lipopolysaccharide laminaran

sulphate laminaran B- glucan
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Laminaria hyperborean macrophage

organelles

neutrophiles macrophage  
Hardie et al., 1996 Heo, 2010  

fucoxanthin   
 nitric oxide  

lipopolysaccharide   

bioactive

Harada et al., 1997

NBT reduction lysozyme activity Sudagar and

Hajibeglou, 2010

Citarasu et al., 2003

Sana 2011 Enteromorpha compressa

anti oxidant

carotenoids linoleic acid ascobate catalase 
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1.3  

11- 42  -

ppt

, 2541  

 

 

1.3.1  Trewavas  

   Phylum   Vertebrata 

    Class Osteichthyes 
     Order Perciformes 

      Family Cichlidae 

       Genus Oreochromis 

        Species niloticus 

 

 

1.3.2  

 

 . . 2511   

  

 . . 2525   . . 2527 

    

  22 

  78   2 . . 2527 

  

  

 , 2552  
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1.3.3  

 

3 15  17 

12  14 13 1 

5 3 9-11 

16  18 33  38 18  19  
, 2527 1  
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1  

   

1.  , ,  ,  

2.  ,   

3.  3.64-4.15 3.52-3.76 

4.  1.05-1.23 0.97-1.14 

5.  XVI-XVII, 12-14 XVI-XVII, 12-13 

6.  III, 9-11 III, 9-10 

7.  I, 5 I, 5 

8.  33-38 33-39 

9.  4-5 4-5 

10.  10-11 11-12 

11.    

12.    

13.    

(Omnivorous) (Omnivorous) 

 2526) 
 

1.3.4  

 

   

   7   

 1.3.4.1  

 

  

 

 1.3.4.2  1 

  7  

  22  
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 1.3.4.3  2 (Genefically Male Tilapia; GMT) 

   YY  YY  male 

 (YY)  

 1.3.4.4  3 (Genefically Improved Farmel Tilapis Line; GIFT) 

 8   5  (F5) 

  2  

   3-4   6-8  

 40   24   3 

 

 1.3.4.5  CP  3    

Oreochromis niloticus,O.mossamlicus, O.ausres   

( )   

   

 

 1.3.4.6   
 Electorphoresis  

Oreochromis niloticus  O.mossamlicus 

        

  

11 - 35 ppt  
 1.3.4.7   3  

 Oreochromis niloticus, O. mossamlicus    ( ) 

  

  30 ppt    25 

  3  , 2552  

 

1.3.5  

 1.3.5.1 

12 50 

, 2541  
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 1.3.5.2 17  

17 - methyltestosterone 17-MT 40 - 60  
1 28 - 30 

17- MT 

100 

 

 1.3.5.3 hybridization

genus species

O. niloticus x O. aureus 100  

1.3.5.4 indirect monosex production

supermale YY-male YY 

genetically male tilapia

XT GMT  

1.3.5.4.1 

 

1.3.5.4.2 diethylstilbestrol, 

DES 1 1

28 2 XX XY 

1.3.5.4.3 XY 

XY 

3 1 XY 
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1.3.5.4.4  XY 

1 3 1

Y 

1.3.5.4.5 YY 

YY 

GMT 2 

GMT GMT 1 8

GMT 

217.43 GMT 

303.02 28.28  
, 2538  

1.3.6  

  1.3.6.1  

 

 

Fitzsimmons, 2005

- -
-  

-
-  

Byamungu et al., 2001; Yong-Solum et al., 2006 Mohsen 2010

0.4-0.5 45  
17-22 37-43 35 

Kivin, 1997 Santiago Lovell 1988  
1.18 % ,  

0.87 % , 1.34 % , 1.05 % , 0.78 % , 0.48 % ,  
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0.95 % , 0.75 % , 0.28 % 1.05 %

El-Sayed and Teshima, 1992 NRC 1993

81-117 /

 
 

 1.3.6.2  

 

 

-
protein  sparing effect  

Shiau Peng 

, dextrin

 Quin Keough 2003

35 

25-30 Kivin 1997

1 25  
 

1.3.6.3  

 

-6 :2n-6 - :3n-3 Kanazawa 

Tilapia zillii :2n-6

:3n-3

  

0.5-1 Chou and Shiau, 1996 El-Sayed 

:2n-6
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Ng et al., 2004 Huang 1998

n-3 PUFA   
Chou  Shiau, 1996

 

10-15  
 

1.3.6.4  

 

  

Watanabe   
Oreochromis niloticus - Robinson 

Oreochromis niloticus

Haylor et al.,

Phromkunthong Udom (2008) 

Watanabe 1980

0.9 

phosphoproteins, nucleic acid phospholipids 

Wee and Shu, 1989  Shiau Tseng (2007) 

(Oreochromis niloticus x O. aureus) 

 
-   

 

1.4  

Streptococcus sp.  

100 
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Teska and Shotts, 1994; Robert, 1998; Dodson et 

al., 1999  

 

 Streptococcus sp. 

 2549   

(Streptococcus spp.)  (Septicemia)  

(meningoencephalitis)

Plumb, 1994  Perera 1994 Streptococcus iniae 

Kei 2008  

Streptococcus sp.

 Streptococcus sp. 2

40  60 

peduncle  

Streptococcus agalactiae  Streptococcus iniae  

 Streptococcus sp.

Inglis 1993  Streptococcus sp.

  

Streptococcus sp. , 2529 . . 2530 

, 2530  Streptococcus sp.

pop-eye disease

Meningocephalitise Erypsipelas Smith, 1969  

 

1.5  
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, 2531

     

  

   

 (Food Safety)    

 
, 2553  

FAO (2006)  4 

. . 2549  153,000   1,111,461 

  160,482     179,934  

  

    

  

 

 50  

. . 2553 3.7 

1.1  1.2 30  32  

79  21  

. . 2558 4.6 INFOFISH Tilapia, 2010  

 . . 2553 

215.38  

1. 150.77  

70 ) 611.07 90   7

 2  1   

1.06 0.70   

2. 40.89 19 65.51 

56  40   
4  3 1.18 3  

1.78  
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3. 23.72  

11  166.28 33  

31  25  11  

INFORFISH Trade News, NO 22/2010  

 

1.6  

 lymphocyte

spleen

bone marrow  
Sakai, 1999  

2 non specific immunity  
specific immunity

Vadstein, 1997  

1.6.1  
 

 

natural immunity innate immunity

Ellis, 1988

 
cell mediated immunity humoral factor Ellis, 1988

phagocytotic cell  

macrophage  neutrophyll eosinophils basophil

Roberts, 1989 lysozyme  
Dalmo et al., 1997
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transferrin interferon

 macroglobulin  

 

 1.6.2  
 

 3 cell mediated immunity CMI , humoral 

immunity HI  memory humoral immunity 

lymphoid 

organ memory

antigen 2  
Robert, 1989  2 - thymus-derived, T-lymppcytes -

bone marrow-derived, B-lympocyte 2 

memory cell immunoglobulin, Ig

IgM

 2524  

 

1.7  
 

 

Hunter, 2000

Okuzumi et al., 1993

 zeaxanthin lutein  

Amar 2004

Thompson et al., 1995  
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alginate carrageenans agar

Charreau et al., 1997  
 polyphenols phlorotannins

 polyphenols

Nakamura et al., 1996
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1.8  

 1. 

 

 2. 
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2 

 

2.1  

  2.1.1  

   

2.1.2  

  . .  
. 5,000 4-5  

7,000 . . 12-13 

1  

2.1.3  

   4-5 /   

7,000 . .   1 ( )  2   

9.00 .  16.00 .  12 /  

( )   20  

 2  (  1 ) 

   

2.1.4  

2.1.4.1 

 
2.1.4.2  

 

2.1.4.3 oxytetracycline

formalin) 

2.1.4.4  
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2.2  
 

2.2.1  

2.2.1.1 7,000 . . 1  

2.2.1.2 45 x 91 x 45 180  

2.2.1.3  

2.2.1.4  

2.2.1.5 WALRUS 

400  

2.2.1.6 30 

50  

2.2.1.7 3,100 2 

Satorius Basic  

 

2.2.2  

 

  2.2.2.1 Hobart Mixer  A 200 T 

 

  2.2.2.2 2

Satorius  Basic 4 Satorius Research  

250, 100  

 
  2.2.2.3 -20  

2.2.3  

2.2.3.1 digestion apparatus

Gerhardt Kjeldathem distillation apparatus  Gerhardt Vapodest I 

digestion tube  
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2.2.3.2

Soxtec System HT6 thimble

4  

2.2.3.3 crucible

muffle furnace 4  

2.2.3.4  
Fibertec System glass crucible 1  

4  

2.2.3.5 crucible

hot air oven desiccators 4  

 

2.2.4  

 

2.2.4.1 25 G 

1  EDTA  

2.2.4.2 centrifuge  

Backmaan Avanti TM ependorf 1

96 micro plate 96 well  

2.2.4.3 haemacytometer

RBC-diluting pipete 

2.2.4.4 capillary tube

 
2.2.4.5 Elisa reader micro plate  

2.2.5  Lysozyme activity 

1 4 

2 5 

4 -80  Lysozyme 

activity Obach (1993) 
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2.3.1  
 

2.3.2 Micrococcus lysodeikticus 0.075 %)  

2.3.3 

 

2.3.4 

Optical dencity, OD

OD  

 

 

1.  

2. egg white lysozyme x 

y  

3. linear regression lysozyme 

 

 

2.2.6 NBT reduction  

Phagocyte

Stasiak Bauman 1996  

 

 

2.4.1 50 microtitre plate ACD 30 

 

2.4.2 37 1  

2.4.3 tip  

2.4.4 PBS 3  

2.4.5 0.2 NBT 0.85 Nacl 

2.4.6 37 1  
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2.4.7 100 % 2-3  

2.4.8 70 % 3  

2.4.9 microtitre plate  

2.4.10 2N KOH 60 DMSO 70  

2.4.11. ELISA reader 630  

 

2.3  
2.3.1  

2.3.1.1  

, 30, 45, 60, 75,  

Enterromorpha intestinalis meal

(Completely 

Randomized Design, CRD) 7 3  

 

2.3.1.2  

 ×  ×   
-

3

 

2.3.1.3  

7 

0 ,

 
wheat gluten

 

 



30 
 

 
 

 

2 15  
 3 30  

 4 45  

5 60  
6 75  
7 100  

 

 2.3.1.4  

2.3.1.4.1

2  
2.3.1.4.2 30 (mesh)

3  
2.3.1.4.3

15 5 

5  
35  

2.3.1.4.4

 

 
2.3.1.4.5 60 24  

2.3.1.4.6

4   

2.3.1.4.7

AOAC (1990) 

nitrogen free extract, NFE    

Nitrogen free extract  NFE = 100 - ( + + + +  

4
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1  (
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  N

FE
2  

 
6.

23
 ±

 0
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2 
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.3
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± 
0.

80
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8
± 

0.
19

 
20
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 ±
 0
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 ±
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 ±
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21
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 ±
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3  

1 / : Thiamine (B1) 10 mg; Riboflavin (B2) 20 mg; Pyridoxine (B6) 10 mg; 

Cobalamin (B12) 2 mg; Retinal (A) 4,000 IU; Cholecalciferol (D3) 2,000 IU; Menadione sodium bisulfite (K3 ) 

80 mg; Folic acid 5 mg; Calcium pantothenate 40 mg; Inositol 400 mg; Niacin 150 mg; Tocopherol (E) 50 IU;  

Ascorbic acid (C) 500 mg; Biotin 3 mg   / : Na 0.098 ; Mg 0.758; K 2.298; Ca 

1.473;  Fe 0.145; Zn 0.02; Mn 0.013; Cu 2.07mg; Co 0.59 mg; I 0.45 mg    (

x 4. )+ ( x )+ x ) , 2541   

              

           

 1 2 3 4 5 6 7 

  0% 15% 30% 45% 60% 75% 100% 

 10 8.5 7 5.5 4 2.5 0 

 21 21 21 21 21 21 21 

 5 5 5 5 5 5 5 

 37.19 32.44 27.7 23.15 18.57 13.86 6.28 

 20 20 20 20 20 20 20 

 0 5.43 10.87 16.30 21.74 27.17 36.23 

 0 0.58 1.15 1.73 2.30 2.88 3.84 

 0.8 0.9 1 1 1.02 1.1 1.1 

 0.8 0.9 1 1 1.02 1.1 1.1 
1 1 1 1 1 1 1 1 

 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
2 3 3 3 3 3 3 3 

 1 1 1 1 1 1 1 

 0.11 0.15 0.18 0.22 0.26 0.29 0.35 

 100 100 100 100 100 100 100 
3 

(

1  3,470.59 3,470.06 3,470.1 3,450.19 3,470.23 3,470.46 3,460.94 
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 2.3.2  

 2.3.2.1  

aseptic teqchique

tryptic soy agar TSA Peres et al., 2004

catalase

oxidase

TSA- stock  

tryptic soy broth TSB glycerin  
-  

2.3.3.2 Klesius et al., 2000  

trypthic soy agar TSA  -
TSB -

TSB

TSA -

centrifuge ,000

phosphate 

buffer solution PBS  pH

sterile TSA 
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2.4  

2.4.1  

 

 

2.4.2  

 2 2 

1 

survival rate Hardy Barrows 

2002  

Survival rate   

  (  X 100 

 

 

Jantrarotai  1994  

Weight gain  

  -  X 100 
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Specific growth rate, SGR) (  

 ln  ( - ln  X 100 

 

 

Feed conversion rate   

Dupree Sneed 1966      

  (   X 100 

 

 

Rate of feed intake  

Yone Fujii 1975   

       =     F X 100     

W0 + W1 X N0 + N1 X    t 

2 2 

 

F =    N0 =   

W0 =   N1 =   

W1 =   t =  
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2 4.3  

0

AOAC (1990)

 

(protein efficiency ratio, PER) Zeitoun (1973)  

Protein efficiency ratio, PER  

  X 100 

 

 

(Apparent net protein utilization, ANPU) 

Robinson  Wilson (1985)  

  (% -  X 100 

 (  

 

2.4.4  

100-200 1

Streptococcus agalactiae 15 

reciprocal titer  Klesius 2000) 

microtiter plate  Streptococcus agalactiae
C  
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2.4.5  

8

5 -

ethylenediaminetetraacetic acid: EDTA) 1.0 

(anticoagulant) ( , 2530)

 
2.4.5.1 (Red blood cell count, RBC) 

(White blood cell count, WBC)  Blaxhall Daisley (1973)

Yokoyama 1:200 

(hematocytometer) 200 

/ 1  

2.4.5.2 (% hematocrit, Hct)

Blaxhall Daisley (1973) capillary tube 2 hematocentrifuge 

 11,000 /  5 hematocrit 

accessory hematocrit 

 

2.5  

1

Streptococcus agalactiae x10 CFU/ml 

LD50 ml 

Relative Percent Survival (RPS) (Ellis, 1988) 
 

 

 

 



39 
 

 
 

2.6  

ANOVA 

One Way Analysis of Variances  

multiple range test Duncan, 1955 95 

SPSS version 6  
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3.1.1.2 

 

8 

p<0.05

30-60 

6 75 100  

15 

p<0.05
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75 100 6  
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3.2  

8 8

p>0.05

71.80 ± 0.87  72.96 ± 0.60 8  

p<0.05  ± 0.46 - 56.52 ± 0.04

8  

7

p<0.05 20.21 ± 0.10  25.02 ± 0.07 

 

p<0.05 8  
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p<0.05

p<0.05 8
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3.3  

7

9  
 3.3.1 

7

p<0.05  27.48 ± 0.15  34.63 ± 1.21 

30 

100 p<0.05

9  
 3.3.2 7  

4.57 ± 1.31  5.27 ± 0.38 X 10
8
 

p>0.05 9  
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3.5 Lysozyme activity NBT reduction  

7 8 

 Lysozyme activity 9.50 ± 0.04  10.99 ± 0.68

p>0.05

11  
7 8 

NBT reduction 0.139 ± 0.02  0.22 ± 0.04 

O.D

30

p<0.05

15, 45, 60, 75 100 

p>0.05 11
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3.6  

 Streptococcus agalactiae 

14 55.56 ± 38.49 77.78 ± 19.25 

p>0.05 12  

 

 

 

 Streptococcus agalactiae 14  
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4 

 

4.1 
 

15-100  p>0.05

15  

5  

p<0.05

30, 45 60

60 

20 

75 

Hiskia 2011

(Enteromorpha prolifera) yellow croaker 5

10, 15 

yellow croaker 

Steffens, 1989

 2 
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(Scott et al., 1982  

 (Sugahara et al., 1969) 

(NRC, 1993)

 
5 

 Hiskia 2011

 

Guillaume Choubert 2001  

Wong 1999 Hypnea charoides  
Ulva sp. 5 total 

cholesterol Guroy 2007

Ulva rigida Cystoseira barbata 15 

Morehouse 

1999

 

Yildirim 2009 2 

2 10 

  

Yildirim 2009
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2 

 Yildirim 2009

2 Yousif 2004  
 0 , 10, 20 30 

Siganus cunalicalatus
Guroy 2007 Ulva sp. 5 

Ulva sp.  

2.5-5 

Diler 2007 5-15 

Cyprinus capio

15 

 

Mustafa  1995

red sea bream  3  
Ascophyllum nodosum, Porphyra yezeoensis Ulva pertusa 

5  

Guroy 2007   

2 Ulva rigida Cystoseira barbata 

5  

Deveis 1997

Porphyra purpurea  
Parupeneus cinnabarins 2 9 18 

2 
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Azaza 2008 10 

1.13 0.16 

0.47 

Phromkunthong Udom (2008) 

 
0.75 Santiago and Lovell, 1988  

Robinson  
Oreochromis niloticus

 Watanabe 1980

0.9 

phosphoproteins, nucleic acid phospholipids 

Wee and Shu, 1989  

Wassef 2001

(Mugil dussumieri )

20  

 

4.2  
2

2  

NBT reduction Streptococcus agalactiae 14 

100  

Tutsuk  (2011)     
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 Shieh-Tsung  (2008)  

sodium alginate  
Epinephelus fuscoguttatus      

Streptococcus sp.      

NBT reduction  sodium alginate 1 2 /

sodium alginate

 polysaccharide  Skjermo 1995

alginate, fucoidan Ascophyllum nodosum
Vibrio anguillarum Brachirus harmandi

 
Perecival, 1975

memory

Sakai, 1999

prebiotic 

Delzenne and Kok, 2007)

2548  

0, 5, 10, 15, 20, 25 30 

  ,  
Hughes, 2001   

Skjermo et al., 1995

Chitmanat 2011

Streptococcus agalactiae
Sudagar Hajibeglou 2010
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Aeromonas hydrophila 

Cyprinus capio

Duncan Klesius 1996 lymphocyte

Ictalurus punctatus  
2.7  Rosario 2004

 
NBT reduction Brachirus harmandi

8 

 Peddie 2002 alginic acid 

NBT reduction

interleukins  Tsuneo Nobuo 1981

Enteromorpha linza pigment

yellow orange pigment 

Fujiki Yano 1997

Chondrus ocellatus Edwarsiella tarda 

Aeromonas hydrophila 

MacAllister 2009

phlorotannins Ascophyllum nodosum   
E. coli  phlorotannins phloroglucinal-based 

phenolics 1,3,5-trihydroxybenzene

(Targett and Arnold, 1998) 

2549
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5.1  

5.1.1 

60 20 

15  5 

 
5.1.2  15-75 

white blood cell count  
NBT reduction   

5.1.3  

15-100 Streptococcus 
agalactiae 14  

 
 

 

5.2  
5.2.1 

 

 5.2.2 
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