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1. Minimal salt medium (,-,�.��/�� Shabtai and Gutnick, 1985) 
 K2HPO4.3H2O                           2.2  g/l 
 KH2PO4                                      0.73 g/l 
 (NH4)2SO4                                 1      g/l 
 NaCl                                          30    g/l 
 MgSO4.7H2O                             0.2   g/l 
 pH 7.0 

������� �!"#"�$%��&��'"()�*+(,*+-!�.+%/0120 1,000 !-""-"-.+ ���1*�4)56��789&:%�/!0:�4)5
;��!2(� <=) 121 :5>�7?"7?=$� ��� 15 ��<= 

 
2. Seawater medium (,-,�.��/�� Ana et al., 2000) 

  NH4NO3                                    1       g/l 
  Yeast extract                             0.2    g/l 
  Phosphate solution                    4       ml/l 
   - Na2HPO4.12H2O     25     g/l 
   - NaH2PO4                 3.6     g/l 
  pH 7.0 

������� �!"#"�$%��&��'"()�*+(,*+-!�.+%/0120 1,000 !-""-"-.+ ���1*�4)56��789&:%�/!0:�4)5
;��!2(� <=) 121 :5>�7?"7?=$� ��� 15 ��<= 
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1. �����������A.����BC.�����-����, C,�D�E���� Lowry method (Lowry et al., 1951) 

	������ 

1. ��+"#"�$ I  
��+"#"�$ Na2CO3 ;��!7P0!P0� 2% %�R?72=$!1S2+:'1?2T 0.1 �:+T!:" 
2. ��+"#"�$ II 
7.+=$! CuSO4.5H2O ;��!7P0!P0� 1% %���+"#"�$ sodium potassium tatrate ;��!
7P0!P0� 1% 
3. ��+"#"�$:(";�1"�T;:*7*:+T (Alkaline copper solution) 
7.+=$!R2$ �!��+"#"�$ I *+-!�.+ 50 !-""-"-.+ X"#��+"#"�$ II *+-!�.+ 1 !-""-"-.+ 
7.+=$!'�:�%80 
4. Folin-ciocateus reagent  
7.+=$!R2$7Z9:Z�520�$�&��'"()�%�:(.+����� 1: 1 :$��5+�27+\�'�:�%80 
������� 
1. 7.+=$!'+�]!�.+^��P:5 bovine serum albumin (BSA) 7P0!P0� 0.01, 0.02, 0.03, 

0.04, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3 !-""-'+(!.�:!-""-"-.+%��&��'"()� R2$,++Zb
��+"#"�$!�.+^��%�/":2<2�:,/":2"# 0.5 !-""-"-.+ 7.-!��+"#"�$:(";�1"�T
;:*7*:+T 3 !-""-"-.+ <-&51�0<=):bc/de!-/0:5 10 ��<= 7.-! folin-ciocateus reagent 0.3 
!-""-"-.+ 7P$��<(�<= <-&51�0<=):bc/de!-/0:5 30 ��<= ���1*�(2;��'�+2e2'"9�X�5<=);��!
$��;"9)� 750 ��R�7!.+ 7P=$�'+�]X�25;��!�(!g(�hT+#/���5*+-!�cR*+.=�X"#;��
'�+2e2'"9�X�5 

2. �-7;+�#/T.(�:$��5R2$%80.(�:$��5<=)7Z9:Z�51207/!�#�! 0.5 !-""-"-.+ X"0��-7;+�#/T.�!
�-h='�+7.+=$!'+�]!�.+^��P:5 bovine serum albumin 

 
 

 
 
 
 



 

 

72 

y = 1.5097x + 0.0628

R2 = 0.9592
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d�g<=) 14 '+�]!�.+^��R*+.=�R2$�-h= Lowry method 
Figure 14. Standard curve of protein 
 
2. �����������A.����BC.����C,�D�E���� Bradford method (Bradford, 1976) 

	������ 

1. ��+"#"�$X,+2]:+T2 (Bradford reagent) 
������� 

1. 7.+=$!'+�]!�.+^��P:5 bovine serum albumin (BSA) 7P0!P0� 100, 200, 400, 600, 
800, 1000 1!R;+'+(!.�:!-""-"-.+%��&��'"()� R2$,++Zb��+"#"�$!�.+^��%�/":2
<2�:,/":2"# 100 1!R;+"-.+ 7.-!��+"#"�$X,+2]:+T2 5 !-""-"-.+ <-&51�0<=)
:bc/de!-/0:5 30 ��<= ���1*�(2;��'�+2e2'"9�X�5<=);��!$��;"9)� 595 ��R�7!.+ 
7P=$�'+�]X�25;��!�(!g(�hT+#/���5*+-!�cR*+.=�X"#;��'�+2e2'"9�X�5 

2. �-7;+�#/T.(�:$��5R2$%80.(�:$��5<=)7Z9:Z�51207/!�#�! 100 1!R;+"-.+ X"0��-7;+�#/T
.�!�-h='�+7.+=$!'+�]!�.+^��P:5 bovine serum albumin 
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y = 0.001x - 0.0279

R2 = 0.9963
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d�g<=) 15 '+�]!�.+^��R*+.=�R2$�-h= Bradford method 
Figure 15. Standard curve of protein 
 

3. �����������A.����B��N�����-����, C,����� phenol-sulfuric method (Dubois et al., 1956) 

	������ 

1. ��+"#"�$]m�:";��!7P0!P0� 5% 
2. '+2?("]n�+-'7P0!P0� 
������� 

1. 7.+=$!'+�]!�.+^��P:5�&��.�"'"eR;�7P0!P0� 10, 35, 50, 70, 100 1!R;+'+(!.�:
!-""-"-.+%��&��'"()� R2$,++Zb��+"#"�$!�.+^��%�/":2<2�:,/":2"# 100 
1!R;+"-.+ 7.-!��+"#"�$]m�:";��!7P0!P0�5% *+-!�.+ 100 1!R;+"-.+ 7.-!'+2
?("]n�+-'7P0!P0� 1 !-""-"-.+ %/0�(! (�'(,��+"#"�$R2$.+5:$��5+�27+\� <-&51�0<=)
:bc/de!-/0:5 10 ��<= 7P$��:$��5+b�X+5 <-&51�0 30 ��<= ���1*�(2;��'�+2e2'"9�X�5<=)
;��!$��;"9)� 490 ��R�7!.+ 7P=$�'+�]X�25;��!�(!g(�hT+#/���5*+-!�c�&��.�"
X"#;��'�+2e2'"9�X�5 

2. �-7;+�#/T.(�:$��5R2$%80.(�:$��5<=)7Z9:Z�51207/!�#�! 100 1!R;+"-.+ X"0��-7;+�#/T
.�!�-h='�+7.+=$!'+�]!�.+^��P:5�&��.�"'"eR;� 
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y = 0.0081x + 0.002

R2 = 0.9967
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d�g<=) 16 '+�]!�.+^���&��.�"<(&5/!2R2$�-h= phenol-sulfuric method  
Figure 16. Standard curve of total sugar 
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Spraying reagent  
 

1. Ninhydrin reagent 

 7.+=$!R2$��� ninhydrin 0.3 '+(! "#"�$%� 1-butanol 100 !-""-"-.+ Z�'�(&�7.-! gracial 
acetic acid "51* 3 !-""-.+  �!%/07P0�'(� %80%�'�+<2�:,/!e�:#!-R�:-�+# ?4)5Z#*+�'oZb2�=
!��5R2$!=g9&�/"(57*p��=P��,�X �� TLC /"(5Z�'%/0;��!+0:� 105 :5��7?"7?=$� ��� 10 ��<= 
 
2. Rhodamine B 

 7.+=$!R2$��� rhodamine B 0.25 '+(! "#"�$%�7:h��:" 100 !-""-"-.+  �!%/07P0�'(�%80
%�'�+<2�:,'+21P!(� ?4)5Z#*+�'oZb2�=8!ge,�X �� TLC 7!9):!:5d�$%.0 UV 
 
3. Anisaldehyde 

 7.+=$!R2$ �! anisaldehyde 0.5 !-""-"-.+ '(, 7:h��:" 9 !-""-"-.+ Z�'�(&�7.-!'+2
?("]n�+-'7P0!P0� 0.5 !-""-"-.+ X"# '+2:#?-.-' 0.1 !-""-"-.+  �!%/07P0�'(� %80%�'�+<2�:,
�&��.�" ?4)5Z#*+�'oZb2�=!��57P0!R2$!=g9&�/"(57*p��=8!ge,�X �� TLC /"(5Z�'%/0;��!+0:� 105 
:5��7?"7?=$� ��� 10-15 ��<= 
 
 
 
 
 
 
 
 
 
 
 
 




