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������� � 

 

	�
�����������	 

 
1. Carbohydrate fermentation broth 

 Phenol-red broth base 15.0 ���� 
 Glucose 10 ���� 
 Distilled water 1,000.0 �!""!"!#� 
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 7.4 4"1)*2%56*B3.C(%;DE-8,F3 110°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%10 
*%,F 
 
2. Gelatin agar 

 NA 23 ���� 
 Gelatin 10 ���� 
 Yeast Extract 5.0 ����  
 Polysobate 80 1.0 ����  
 Ammonium Citrate 2.0 ����  
 Sodium Acetate 5.0 ����  
 Magnesium Sulfate 0.1 ����  
 Manganese Sulfate 0.05 ����  
 Dipotassium Phosphate 2.0 ���� 
 Distilled water 1,000.0 �!""!"!#� 
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 6.5 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
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3. MacConkey agar (MCA) 
 Peptone 17.0 ���� 
 Proteose peptone 3.0 ���� 
 Lactose 10.0 ���� 
 Bile salt NO3 1.5 ���� 
 Neutral red 1.5 ���� 
 Crystal violet 0.001 ���� 
 Agar 13.5 ���� 
 Distilled water 1,000.0 �!""!"!#� 
 pH 7.1 
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 7.1 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
 
4. MRS (de Man Rogosa and Shape) agar 
 Proteose Peptone     10.0 ����  
 Beef Extract      10.0 ����  
 Yeast Extract      5.0 ����  
 Dextrose      20.0 ����  
 Polysobate 80 1.0 ����  
 Ammonium Citrate 2.0 ����  
 Sodium Acetate 5.0 ����  
 Magnesium Sulfate 0.1 ����  
 Manganese Sulfate 0.05 ����  
 Dipotassium Phosphate 2.0 ����  
 Agar 15.0 ���� 
 Distilled water 1,000.0 �!""!"!#� 
 pH 6.5  
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 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 6.5 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
 

5. MRS (de Man Rogosa and Shape) broth 

 Proteose Peptone     10.0 ����  
 Beef Extract      10.0 ����  
 Yeast Extract      5.0 ����  
 Dextrose      20.0 ����  
 Polysobate 80 1.0 ����  
 Ammonium Citrate 2.0 ����  
 Sodium Acetate 5.0 ����  
 Magnesium Sulfate 0.1 ����  
 Manganese Sulfate 0.05 ����  
 Dipotassium Phosphate 2.0 ����  
 Distilled water 1,000.0 �!""!"!#� 
 pH 6.5  
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 6.5 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
 
6. Mannitol  salt agar 

 Pancreatic Digest of Casein 5.0 ���� 
 Peptic Digest of Animal Tissue 5.0 ���� 
 Beef Extract 1.0 ���� 
 Sodium chloride 75.0 ���� 
 D-mannitol 10.0 ���� 
 Phenol Red 0.025 ���� 
 Agar 15 ���� 
 Distilled water 1,000.0 �!""!"!#� 
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 pH 7.4  
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 7.4 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
 
7. Mannitol Egg-yolk Polymyxin agar (MYP) 

 Base 
 Beef extract 1.0 ���� 
 Mannitol 10.0 ���� 
 Phenol red 0.025 ���� 
 Peptone 10.0 ���� 
 NaCl 10.0 ���� 
 Distilled water 900.0 �!""!"!#� 
 pH 7.2 
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 7.2 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 

*%,F )%.,!-.5)1@/1;&`*".6�$�%a 50°C 4"1);#!� polymyxin B solution 2.5 �". 4"$ 50% egg-yolk 
12.5 �". #(88%/%� 225 �". 
 

8. Oxford agar 

 Peptone 23.0 ���� 
 Starch 1.0 ���� 
 Sodium chloride 5.0 ���� 
 Esculin 1.0 ���� 
 Ammonium iron (lll) citrate 0.5 ���� 
 Lithium chloride 15.0 ���� 
 Columbia agar 13.0 ���� 
 Distilled water 500.0 �!""!"!#� 
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 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 7 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
 
9. Skim milk agar 

 NA 23 ���� 
 Skim milk 10 ���� 
 Yeast Extract 5.0 ����  
 Polysobate 80 1.0 ����  
 Ammonium Citrate 2.0 ����  
 Sodium Acetate 5.0 ����  
 Magnesium Sulfate 0.1 ����  
 Manganese Sulfate 0.05 ����  
 Dipotassium Phosphate 2.0 ���� 
 Distilled water 1,000.0 �!""!"!#� 
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 6.5 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 

*%,F )%.@/1;&`*".6�$�%a 50°C 4"1);#!� skim milk ,F3*2%56*B3.C(%;DE-8,F3 110°C H)%�0�* 15 
68*0I#(8#%�%.*!-) ;6J*;)"%10 *%,F 
 

10. Starch agar 

 NA 23 ���� 
 Corn starch 10 ���� 
 Yeast Extract 5.0 ����  
 Ammonium Citrate 2.0 ����  
 Sodium Acetate 5.0 ����  
 Magnesium Sulfate 0.1 ����  
 Manganese Sulfate 0.05 ����  
 Dipotassium Phosphate 2.0 ���� 
 Distilled water 1,000.0 �!""!"!#� 
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 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 6.5 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
 

11. Tributyrin agar 

 NA 23.0 ���� 
 Tributyrin 10.0 ���� 
 Yeast Extract 5.0 ����  
 Polysobate 80 1.0 ����  
 Ammonium Citrate 2.0 ����  
 Sodium Acetate 5.0 ����  
 Magnesium Sulfate 0.1 ����  
 Manganese Sulfate 0.05 ����  
 Dipotassium Phosphate 2.0 ���� 
 Distilled water 1,000.0 �!""!"!#� 
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 6.5 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
 
12. Tryptic soy agar (TSA) 

 Pancreatic Digest of Casein    15.0 ���� 
 Enzymatic Digest of Soybean Meal   5.0 ���� 
 Sodium Chloride     5.0 ���� 
 Agar       15.0 ���� 
 Distilled water      1,000.0 �!""!"!#� 
 pH 7.3 
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 7.3 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
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13. Tryptic soy broth (TSB) 

 Pancreatic Digest of Casein    15.0 ���� 
 Enzymatic Digest of Soybean Meal   5.0 ���� 
 Sodium Chloride     5.0 ���� 
 Distilled water      1,000.0 �!""!"!#� 
 pH 7.3 
 "$"%&'()*+'�,�-./�001)&*-2%�"�3* 4"$*2%56#�-.578(8*9 :*'()*+'�"$"%&;<1%��* 

6��= pH @/1;,(%��= 7.3 4"1)*2%56*B3.C(%;DE-8,F3 121°C H)%�0�* 15 68*0I#(8#%�%.*!-) ;6J*;)"%15 
*%,F 
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������� C 

 

1. ��D���EFG	H�IJ��G (�K	�I 3 H2O2) 

 35% H2O2 8.6 �!""!"!#� 
 Distilled water 1,000.0 �!""!"!#� 
 "$"%&'()*+'�,�-./�0@/1;<1%��*;�`=5)1@*<)0'FD%4"1)4D(#f1;&`* 
 
2. G����M�E�NO�KO�����K	MG���PM 

 1. Crystal violet 
- '%�"$"%& A : "$"%& crystal violet 2.0 ���� @* 95% ethyl alcohol 6�!�%#� 20 �!""!"!#� 
- '%�"$"%& B : "$"%& ammonium oxalate 0.8 ���� @**-2%�"�3*6�!�%#� 80 �!""!"!#� 
+'�'%�"$"%& A 4"$ B ;<1%01)&��* ,!-.5)1 24 D�. ��8.+(%*��$0%h��8.501;6J* 

crystal violet staining reagent 
2. 95% ethyl alcohol 
3. Gram iodine (mordant) 
=058i80F* 1.0 ���� 4"$ potassium iodine 2.0 ���� ;<1%01)&��*4"1)H(8&9 ;#!�*-2%�"�3* 

".56+'�:*��$,�3.58i80F*"$"%& ;#!�*-2%�"�3*6�!�%#� 300 �!""!"!#� ;�`=5)1@*<)0'FD% 
 4. Safranin (conunterstain) 
 "$"%& safranin O 2.5% (w/v) @* 95% ethylalcohol 6�!�%#� 10 �!""!"!#� ;#!�*-2%�"�3*
6�!�%#� 100 �!""!"!#� 
 
3. G��I��Q	R	F�� 

 Iodine 1.0 ���� 
 Potassium iodine 20.0 ���� 
 Distilled water 100.0 �!""!"!#� 
 @D1*-2%"$"%&58i80F* 4"$ potassium iodine :*/�0:B.;#!�*-2%,F3;/"E8".56 
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4. Bromocresal purple ���M�CKMCK� 1% 

 Bromocresal purple 1.0 ���� 
 Distilled water 100.0 �!""!"!#� 
 "$"%& bromocresal purple 01)&*-2%;lF&.;"`�*18&4"1)H(8&9 ;#!� 95% alcohol ;lE38D()&
"$"%& bromocresal purple 4"1);#!�*-2%@/1H�= 100 �!""!"!#� 
 
5. Sodium azide 

 Sodium azide 1.0 ���� 
 Distilled water 10.0 �!""!"!#� 
 "$"%& sodium azide @**-2%�"�3*:*��$,�3."$"%&/�0 @'(@*<)0'FD% 4"1)*2%56;�`=@*
#f1;&`* 
 
 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

     

106 

������� � 

      
1. G����M�E�NO�KO����
��U	�V�W����	 

 1.1 '%�"$"%& Ferric alum 8!3�#�) 

"$"%& Ammonium ferric sulfate [FeNH4(SO4)2] 400 ���� @**-2%�"�3* 1 "!#� /&0 2 N Nitric acid 
(HNO3) :2%*)* 2-3 /&0 
 1.2 '%�"$"%& Silver nitrate (AgNO3) ;<1�<1* 0.1 N 
8= AgNO3 ,F38na/of�! 100 8.p%;q";qF&' *%* 1-2 D�3)i�. *2%88��%;�`=@*ir0f0H)%�DE-* 
(Dessicator) ,!-.5)1@/1;&`*,F38na/of�!/18. D�3. AgNO3 /*�� 16.9870 ���� @'(".@*<)06��=6�!�%#� 
(Volumetric flask) <*%0 1 "!#� "$"%&@**-2%�"�3*:*6�!�%#�H�= 1 "!#� ;�`=5)1@*<)0'FD% *2%56
;,F&=�%#�t%*��= NH4SCN  ;lE38/%H)%�;<1�<1*�%#�t%*<8. AgNO3 

 1.3 '%�"$"%& Ammonium thiocyanate (NH4SCN) �%#�t%* 
D�3. NH4SCN 7.61 ���� @'(".@*<)06��=6�!�%#� (Volumetric flask) <*%0 1 "!#� "$"%&@**-2%
�"�3*:*H�=6�!�%#� 1 ;#�F&�;'�̀:4"1);�`=@*<)0'FD%;lE386u8.��*4'.,F3:$,2%6v!�!�!&%��='%�,F3
;#�F&�5)1 
 1.1.4 '%�"$"%& Potassium chloride (KCl) 0.1 N 
D�3. KCl 7.456 ���� "$"%&@**-2%�"�3*4"$6��=6�!�%#�@/1501 1 "!#� 01)&*-2%�"�3* 
 1.1.5 '%�"$"%& Potassium dichromate (K2CrO4) ;<1�<1* 5% 
D�3. K2CrO4 5 ���� "$"%&@**-2%�"�3* 6��=6�!�%#�01)&*-2%�"�3*@/1501 100 �!""!"!#� @*<)06��=
6�!�%#� (Volumetric flask) <*%0 100 �!""!#� 
 
'f#�H2%*)a/%;68�I;q`*#I;�"E8 
 

 ;68�I;q`*#I;�"E8 (%NaCl) =  0.00585 × (30-Vag) × 100 
         6�!�%#�#�)8&(%. (�!""!#�) 
  Vag   =  6�!�%#�<8. 0.1 N NH4SCN ,F3@D1@*�%�5#;#�# 
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2. ������	� Degree of Hydrolysis 

 

����	�
�� 

 

   D = dz/dmo 

   D = degree of hydrolysis 

   dz = diameter of zone 

   dmo = diameter of microorganism 

 

     

    = diameter of zone 

     

= diameter of microorganism 
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Table1 Differential Characteristic of Lactic Acid Bacteriaa 

Carnob.; Carnobacterium, Lactob.; Lactobacillus, Aeroc.; Aerococcus, Enteroc.; Enterococcus, Lactoc.; Lactococcus, Vagoc.; Vagococcus, Leucon.; 

Leuconostoc, Pedioc.; Pediococcus, Streptoc.; Streptococcus, Tetragenoc.; Tetragenococcus 
a+; positive, - ; negative, ± ; response varies between species, ND ; not determined. 
bTest for homo- or heterofermentation of glucose; negative and positive denotes homofermentative and heterofermentative, respectively. 

Rods Cocci Characteristic 

Carnob. Lactob. Aeroc. Enteroc. Lactoc. 

Vagoc. 

Leucon. Pedioc. Streptoc. Tetragenoc. 

Tetrad formation - - + - - - + - + 

CO2 from glucoseb - ± - - - + - - - 

Growth at 10°C + ± + + + + ± - + 

Growth at 45°C - ± - + - - ± ± - 

Growth in 6.5%NaCl NDd ± + + - ± ± - + 

Growth in 18%NaCl - - - - - - - - + 

Growth at pH 4.4 ND ± - + ± ± + - - 

Growth at pH 9.6 - - + + - - - - + 

Lactic acidc L D,L,DLe L L L D L,DLe L L 

108 



cConfiguration of lactic acid produced from glucose. 
dNo growth in 8% NaCl has been reported. 
eProduction of D-, L-, DL-lactic acid varies between species. 

��L�� : Axelsson, 1993 
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1. ������� 

 1.1 ��������������������������� ����!�"�#$"%��&�' ��(�)�����* ��(� 
2. � �	��� 

�+��#��%,�-�.�&�')�")������������������������� ��/�-�0�12��� 
 2.1 !�"�#$"%�� #��%45- ���������&�'1/"(�66���.�6"��!�"�#$"��#��6/"+%!�7����8�"+#��6
/�-)���.�2��-�9&�'&.�(�690+�2�*6� �0�-: !�0� ��.���� !6�7� �-;*<�" 1+�� ��(��;��68/- ,"�+
8/- ,�- �%$0/"+% #�7��.�6"��!�"�#$"��#��6/�-)�!�"�!(��%+ 
3 "����#$�% �&���'#�� 

 3.1 ��6>�*&�'+12  
�"�-!2?�6"�� 1�0!�* 90+�&�'!2?�,�-!#�+�"�-1�08%6���� 90+�2�*6� �0�-: �"�-6�*(�%��+
�0��,"�-9�'.�!9�� 
 3.2 9�  
�"�-��9�&�'/����@�������,�-90+�2�*6� &�')�" 
 3.3 6��'��9  
�"�-��6��'��9&�'/����@�������,�-90+�2�*6� &�')�" 
 3.4 ��6>�*!�7��9����9 
 �"�-!��%��*!��%/!�7'���+(9� </%+�@�)#"�*8�����,"� 8.1 8�"+ �"�-1/"�*8��!C��'%,�-8�0�*
��6>�*(�6�$"��+(9� &�6�� 1�0�"�%6+0� D �*8�� 8�*1�0����6>�*)/1/"1 �*8�� (�6�$"
��+(9� ��)/��#�5'- 
 3.5 9�'-82�62���  
�"�-1�0; 9�'-82�62���&�'1�0)�090+�2�*6� &�')�" !�0� !9"��� /�� &��% 6�+/ #�7�����90+�9�'-
2F�6$�(�69��+� 
 3.6 +��4�!(7�2���#�� 
 3.6.1 #"��)�"9�9�-!���*#�&�6���/ 
 3.6.2 #�6��6��)�"+��4�6��!9�% )#")�"1/"������/8�*2�����&�'6H#��%6.�#�/ 
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 3.7 �+��!2?�6�/-/0�- �"�-�%$0�*#+0�- 4.0 45- 6.0 
 3.8 !6�7� (�.��+�!2?�<L!/�%����1�/�) 
�"�-�%$0�*#+0�-�"�%�* 12 45-�"�%�* 20</%��.�#��6 
 3.9 (����&��%� 
 3.9.1 <���O���� </%+�@�!�P�;�!�P� �"�-�"�%6+0� 3 �0���+�%0�- 1 6��� 
 3.9.2 %�9��8�*�� �"�-1�0!6�� 100 <�<����0���+�%0�- 1 6��� 
4. )����#$�% 
 4.1 9�,��6>�*)�6��&.�!�"�#$"%�� )#"!2?�12����.�8�*�.���������+6 6. 
5. #�����+� 

 5.1 )#" ��(�!�"�#$"%��)�����* ��(�&�'9*��/ 8#"- 2Q/1/"9��& 8�*9����42R�-6��
6��2�!2ST��(�69�'-962�6��%��61/" 
 5.2 ��.�#��69�&@�,�-!�"�#$"%��)�8�0�*����* ��(� �"�-1�0�"�%6+0�&�'�* �1+"&�'C��6 
6. �"�-&�'����.�%/��# 

 6.1 &�'����* ��(�!�"�#$"%��&�6#�0+% �%0�-�"�%�"�-��!�, ��6>� #�7�!��7'�-#��%8("-
��%�*!��%/�0�12���)#"!#P�1/"-0�% ��/!(� 
 (1) �7'�!��%6��������� !�0� !�"�#$"%�� !�"�#$"%��8/- 
 (2) 90+�2�*6� &�'9.���U 
 (3) ���/8�*2�����+��4�!(7�2���#�� (4"���) 
 (4) ��.�#��69�&@� 
 (5) +�� !/7�� 2V&�'&.� 8�*+�� !/7�� 2V&�'#�/��%� #�7�,"��+��+0�W�+� ��<��60�� 
(+�� !/7�� 2V)X 
 (6) ,"�8�*�.�)�6��!6P ��6>� !�0� �+�!6P 1+")��$"!%P� 
 (7) �7'��$"&.� #�7�94��&�'&.� ;�"��94��&�'���- #�7�!��7'�-#��%6���"�&�'(/&*! �%� 
)�6���&�')�"��>��0�-2�*!&Y �"�-���+��#��%��-6� ��>�1&%&�'6.�#�/1+","�-�"� 
7. #����#��1����'.�%�#����2)	� 

 7.1 ��0� )�&�'��� #��%45- !�"�#$"%��&�'��90+�2�*6� !/�%+6�� &.�)��*%*!+��!/�%+6�� 
 7.2 6����6��+�%0�-8�*6��%����  )#"!2?�12���8��6����6��+�%0�-&�'6.�#�/
�0�12��� 
 7.2.1 6����6��+�%0�-8�*6��%����  9.�#�� 6��&/9� 9�'-82�62��� 6�� ��(� 
8�*!��7'�-#��%8�*C��6 
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)#"��6��+�%0�-</%+�@�9�0�(�6��0�!/�%+6�� (.��+� 3 #�0+%����* ��(� !�7'���+(9� 8�"+&�6
��+�%0�- 
�"�-!2?�12���,"� 3.5 ,"� 5 8�*,"� 6 (5-(*47�+0�!�"�#$"%����0�����!2?�12���!6���&�'6.�#�/ 
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