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��	�
��	��
������� 
 
�-1 ��	�
��	��
��	
����������� (AOAC, 1995) 
 
��������������
���
 
  1. Aluminium dish �&'()*+(,-(.���+� > 50 �0��0��1� &-� < 40 �0��0��1�  
4�'
�5+�67 
  2. Air-tight desiccator 
  3. Hot air oven 
  4. Food chopper/Bowl cutter 

 �+��1�H.�1IJ
.*+� 
  K71IJ
.*+�LH�1'
��+�J0���+�M��J+�N�O(PM'���
H.77'J. Food chopper/Bowl cutter 

  J0QH�+�L7�
� 
  1. NI��1IJ
.*+�����+� 5 ��I�   P&*P( Aluminium dish   LH�
K�M'����L�+K(OR+M(I�
LH��(*(
( 
  2. KI(LS�(OR+M(I�1IJ
.*+�4�'
� Aluminium dish   T+�(IO((R+U�
KLH�
��MV-�0 105 

WS� 107 °C P( Hot air oven ����+� 5 NI�JY�� (R+

�T+�1-'
K�����*
.PM'�.Z(P( Desiccator  
NI��(OR+M(I�T+�(IO((R+U�
K\OR+M�+.] ��IO� T(U7'(OR+M(I�LH���LH� (�*+LH�U7'1*+��I(U�*��0( 0.05 ��I�)  
  3. �R+(J�M+��0�+��J+�N�O( 

��0�+��J+�N�O(  = (OR+M(I�1IJ
.*+�LH�M+.U�M�I�
K�M'�  x  100 
                            (OR+M(I�1IJ
.*+� 
 
�-2 ��	�
��	��
��	
�����	��� (AOAC, 1995) 
 
��������������
���
 
  1. 
������.*
. (Digestor) 
  2. M�
7.*
. (Digestor tube) 
  3. Exhaust manifold ��� Apirator 
  4. Kjeltee 1002 distilling unit 
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  5. Tube stand 
  6. Erlenmeyer flask 250 �0��0�01� 
 7. Boiling chip M��
 Glass bead 

  &+����H 
  1. CuSO45H2O 
  2. Anhydrous K2SO4 
  3. Conc. H2SO4 
  4. 4 % Boric acid (H3BO3) 
  5. 50 % NaOH solution 
  6. 0.1 N HCl 
  7. Methyl red-bromocresol green indicator ����
K7'J. 0.016 % Methyl red 
��� 0.083 % Bormocresol green P( Ethyl alcohol 

  J0QH�+�L7�
� 
  1. NI��1IJ
.*+�
+M+�����+� 0.5 ��I� (KI(LS�(OR+M(I�LH��(*(
() P&*��P(M�
7.*
. 
o(+7 500 �0��0�01� 4�'
�LR+ Blank �JK�-* 
  2. �10� CuSO45H2O 0.8 ��I�, K2SO4 7��I� ��� Conc. H2SO4 12 �0��0�01�  ��P(
M�
7.*
.1+��R+7IK 
  3. J+�M�
7.*
.K( Stand �67 Heat shield &J� Exhaust Manifold ��K(&*J(K(
o
�M�
7.*
.  ��67 Power o
� Exhaust 

  4. 1IO� Stand M�
7 ��� Exhaust ��P(�����
�.*
.LH�1IO�
��MV-�0UJ'LH� 420 °C 
  5. .*
.��q(�J�+ 5 (+LH  4�'
��IK1IO�
I1�+�+�UM�o
�
+�+,  Exhaust Manifold  
�1Z�LH� T+�(IO(�7
I1�+�+�UM�o
�
+�+,�� �4��
PM'U
��7UM��JH.(
.-*P(��KK 
  6. .*
.1*
��q(�J�+ 30-45 (+LH T(U7'&+����+.LH�P& 
  7. .'+. Stand 4�'
�M�
7 ��� Exhaust �+1IO�UJ'o'+�] �����
�.*
. L0O�PM'�.Z( 
  8. �10�(OR+��I�( 50 �0��0�01� ��P(M�
7.*
.  �KK���I7��JI�  �(��
�T+���q(�+��10�
(OR+��P(&+����+.��7�o'�o'( 
  9. ��67�r
�(OR+M�*
�.Z(LH������
���I�( 
  10. ��67 Power o
������
���I�( (Kjeltee) 
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  11. Y.��I(Y.�o
�7*+����+ 2-3 ��IO�    T(�(*PTJ*+P(L*
7*+�U�*�Hs
�
+�+,M��
�M��

.-* 
  12. 
�*(�����
�Y7.PN' Flask ���*+�
��IK ���M�
7LH��H(OR+��I�(
.-*����+���S��M�
7  
Y7.��67 Steam ��I�(��q(�J�+����+� 5 (+LH 
  13. �67 Steam (R+M�
7��� Flask 

�T+������
���I�( 
  14. (R+ Flask LH�K��T� &+����+. 4 % Boric acid ��0�+1� 25 �0��0�01�    U�1IO�UJ'LH�
1R+�M(*�LH������
���I�( �������
(t+(oSO( PM'��+.�L*���'JT�*�
.-*P1'&+����+. 
  15. P&*M�
7.*
.LH��1�H.�UJ'P(�����
���I�( 
  16. �67M('+1*+��u
��I(���+ 
  17. Y.��I(Y.�7*+����+ ��67 Steam U�1R+�M(*���67 (Open) 
  18. ��I�(T(U7' Condensate ����+� 150 �0��0�01� (&+����+. Boric acid T�
���H�.(T+�&H�7��*J���q(&H�oH.J) PN'(OR+��I�( Rinse &+����+.LH��'+�K�0�J���+. Condenser 
��� Receiver ��&-* Flask o
� Condensate �������
��I�(�&�ZT��'JPM'����
(�I(Y.� Steam U�
.-*
1R+�M(*��67 (Close) 
  19. (R+&+����+.LH�U7'U�U1�1�L�IK&+����+. HCl LH�L�+K�J+��o'�o'(LH��(*(
(   
��
����+� 0.1 N PN' Methyl red-bromocresol green ��q( Indicator LH�T�7.�10&+����+.T�
���H�.(T+�&H�oH.J��q(&H�*J��7� KI(LS���0�+1�&+����+. HCl LH�PN' 
  20. �R+(J� Crude protein P(1IJ
.*+�
+M+� 

% Crude Protein =  V (Sample y blank) x N x F x 14.007 x 100 
                                mg of sample 
     
   ����
   V = ��0�+1�o
� Titrant LH�PN' 
    N = Normallity o
� Titrant 
    F = Kjeldahl factor  : General =  6.25 
         : Wheat     =  5.70 
         : Dairy product  =  6.38 
   14.007 = (OR+M(I�
�1
� (Atomic weight) o
� Nitrogen 
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�-3 ��	�
��	��
��	
������ � (AOAC, 1995) 
 
��������������
���
 
  1. �����
�J0���+�M���0�+�Uo�I(�KK
I1Y(�I10 (Soxtherm 2000 : Gerhardt) 
  2. Soxhlet extraction tube 

  &+����H 

  Petroleum ether (40-60°C) 

  J0QH�+�L7�
� 
   1. NI��1IJ
.*+�LH��M'� 2 ��I� (1IJ
.*+�LH�U7'T+��+�M+��0�+��J+�N�O()   M*
1IJ
.*+�
7'J.���7+|��
� P&*��P( Thimble  
  2. P&* Thimble LH�K��T�1IJ
.*+�P( Soxhlet extraction tube LH�
K�M'����L�+K
(OR+M(I�o
� Tube LH��(*(
( 
  3. P&* Petroleum ether ����+� 150 �0��0�01� M��
PM'L*J�1IJ
.*+� ��U�P( 
Soxhlet extraction tube 
  4. (R+U�&�I7Uo�I(Y7.1IO�&V+J�P(�+�&�I7 7I�(HO 

   - Extraction temperature 150 °C 
   - Boiling time    30   min 
   - Solvent reduction A  5 x 15 ml 
   - Extraction time   80   min 

  - Solvent reduction B  8     min 
  - Solvent reduction C  5     min 

   - Solvent reduction interval 3     min 
   - Solvent reduction phase 3     sec 
  5. (R+&*J( Ether LH����+.Uo�I(LH�&�I7U7'U�U�* Ether 

� Y7.PM'�J+��'
(K( Hot 
plate V+.P(1-'�JI( 

  6. ����
U�* Ether 

�M�7��'J PM'�
+Uo�I(LH��.�U7'U�
KLH� 100 °C (+( 30 (+LH 
L0O�PM'�.Z(P( Desiccator ��'J(R+U�NI��M+(OR+M(I� 
  7. �R+(J�M+��0�+�Uo�I( 
   % Crude fat = (OR+M(I�Uo�I(LH�&�I7U7'   x 100 
             (OR+M(I�1IJ
.*+� 
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�-4 ��	�
��	��
��	
����"#� (AOAC, 1995) 
 
��������������
���
 
  1. �1+�)+ (Muffie furnace) 
  2. Crucible or Platinum dish (7 cm. diameter) 
  3. Hot plate 
  4. Desiccator 
  5. Food chopper/ Bowl cutter 
  6. Water bath 

  �+��1�H.�1IJ
.*+� 
  K71IJ
.*+�LH�1'
��+�J0���+�M��W'+PM'���
H.77'J. Food chopper/ Bowl cutter 

 J0QH�+�L7�
� 
  1. NI��1IJ
.*+� (K7���
H.7)  P&*P( Crucible M��
 Platinum dish LH�)*+(�+��)+LH�


��MV-�0����+� 500 °C (+( 1 NI�JY�� L0O�PM'�.Z(P( Desiccator ��'JNI��M+(OR+M(I�LH��(*(
( 
  2. PM'�J+��'
(K( Hot plate T(1IJ
.*+�
+M+�U�*�H�JI(7R+   �*
((R+U��)+P(
�1+�)+ 

  3. (R+1IJ
.*+�LH�U7'U��)+P(�1+�)+LH�
��MV-�0 550 °C T(���LI��U7'�W'+&Ho+J �
+


�T+��1+�)+ LR+PM'�.Z(P( Desiccator ��'JNI��(OR+M(I��W'+  
  4. �R+(J�M+��0�+��W'+o
�
+M+� 
   %  Ash  =     (OR+M(I�o
��W'+  x  100 

      (OR+M(I�1IJ
.*+�  
 
�-5 ��	�
��	��
��	
����%#�&' (AOAC, 1995) 
  
��������������
���
 
  1. N�7J0���+�M�M+�&'(P. ����
K7'J. Beaker 600 �0��0�01�  Condenser  ����1+
PM'�J+��'
( 
  2. N�7��
� ����
K7'J.��J.LH�K�7'J.�)*(�J71+o*+.  Filtering   ��� Sunction 
pump 
  3. Desiccator 
  4. Hot air oven 
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  5. Muffle furnace 
  6. Blender 
  7. Porcelain dish 

  &+����H 
  1. 1.25 % (w/v) H2SO4 solution 
  2. 1.25 % (w/v) NaOH solution 
  3. 95 % Ethyl alcohol 
  4. Boiling chips 

  J0QH�+�L7�
� 
  1. NI��1IJ
.*+�LH�K7���
H.7���)*+(�+�&�I7Uo�I(

�  ����+� 2 ��I�  (KI(LS�
(OR+M(I�LH��(*(
() P&*P( Beaker o(+7 600 �0��0�01�  W'+1IJ
.*+��HUo�I( < 1% �+�&�I7Uo�I(


�
+TU�*TR+��q(1'
�LR+ 
  2. �10� Boiling 1.25 % H2SO4 200 �0��0�01� ��P(1IJ
.*+� P&* Boiling chip ��U� 
2-3 N0O( �4��
�u
��I(�+��7�
7�KK Bumping (R+U�1*
�IK�����
�.*
.LH��1�H.�4�'
�UJ'���1'���q(
�J�+ 30 (+LH PM'�o.*+ Beaker ��q(��.� �4��
U�*PM'1IJ
.*+���+�LH�)(I� Beaker 
  3. �
+ Beaker 

�T+������
�.*
.��'J(R+1IJ
.*+�U���
�)*+(�����
���
� 
  4. �'+��+�7'J.(OR+��I�( Y7.�+� Rinse 7'J.(OR+��I�(LH��7�
7 50-75 �0��0�01� ��
�
)*+(�����
���
� LR+\OR+
.*+�(HO 3 ��IO� M��
T(M�7��7 
  5. (R+�+�LH��'+���'JP&*P( Beaker 600 �0��0�01� ��'J�10� Boiling 1.25 % NaOH 
200 �0��0�01� ��'J1'���q(�J�+(+( 30 (+LH 
  6. (R+�+��+��
� �'+�7'J. Boiling 1.25 % H2SO4 25 �0��0�01� LR+\OR+ 3 ��IO� 1+�
7'J.(OR+��I�( 50 �0��0�01� 3 ��IO� ��� Alcohol 25 �0��0�01� 
  7. (R+�+�LH�U7'U�P&*P( Crucible LR+PM'�M'�Y7.
KLH�
��MV-�0 130 + 20 OC (+( 2 
NI�JY��  LR+PM'�.Z(P( Desiccator ��'JNI��(OR+M(I� 
  8. �R+(J�M+��0�+��&'(P. 
   ��0�+��&'(P.  = (OR+M(I��M'�o
��+�  x  100 
                                 (OR+M(I�1IJ
.*+� 
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�-6 ��	�
��	��
��	
�����	��)�*�+	� (T+��+��R+(J�) 
  ��0�+��+��YKU~�7�1M+U7'T+��+��R+(J�   Y7.(R+�*+ 100 MI��K7'J.��0�+�
�J+�N�O( ��0�+�Y��1H( ��0�+�Uo�I( ��0�+��W'+ �����0�+��&'(P. 7I�&��+�   
   % Carbohydrate  =  100 - % Crude protein - % Crude fat - % �J+�N�O(  
                                                         - % �W'+ - % �&'(P. 
 
�-7 ��	�
��	��
��	
����- ..��/�
�	 
  
��������������
���
 
  1. �����
�K
�K����
�0�0�1
�� ��*( PARR 1351 (K�0|IL Parr Instrument Company) 
  2. WI�Y�M��HM-M0OJ&R+M�IKP&*(OR+ (Calorimeter bucket) 
  3. �-�K
�K� (Bomb) 
  4. W'J.o
��-�K
�K� 
  5. WI�
I7�r+\

�\0�T( 
  6. �J7T�7���K07 (Fuse wire) 
  7. Food chopper/ Bowl cutter 
  8. �����
�NI��L,(0.� 4 1R+�M(*� 

 �+��1�H.�1IJ
.*+� 
  (R+1IJ
.*+�LH�1'
��+�J0���+�M�4�I��+(U�
K�M'�  ��'JK71IJ
.*+�PM'���
H.77'J. 
Food chopper/ Bowl cutter 

  J0QH�+�L7�
� 
  1. NI��1IJ
.*+�LH�)*+(�+�
K�M'����K7���
H.7��'J    7'J.�����
�NI�����
H.7L,(0.�  
4  1R+�M(*� PM'U7'(OR+M(I�����+� 1 ��I� (KI(LS�(OR+M(I�LH��(*(
() 
  2. (R+1IJ
.*+�LH�NI����H.K�'
.��'J   K��T���P(W'J.o
��-�K
�K�   P&*�J7T�7���K07
.+J 10 �\(10��1� Y7.PM'�J7�1��IK1IJ
.*+� ��'JM.*
(W'J.K��T�1IJ
.*+���U�P(�-�K
�K�  
  3. �675+�-�K
�K�PM'�(*( ��'J
I7�r+\

�\0�T(��U� 
 4. �10�(OR+ 2,000 �0��0�01� P&*��P(WI� ��'JM.*
(�-�K
�K���U�P(WI� PM'T�
.-*P1'(OR+ 
  5. �675+�����
�K
�K����
�0�0�1
�� ��'JLR+�+�T�7���K07 (Bomb) M�I�T+� Bomb 
�&�ZT TS���675+�����
� (R+�-�K
�K�

��+ ��'JU�*�r+\

�\0�T(

�T+��-�K
�K� 
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  6. ��675+�-�K
�K�

� (R+�J7T�7���K07LH��M��
�+JI7�J+�.+J��'JMI��K

�T+�
�*+ 10 �\(10��1� 
  7. (R+�*+LH�MI��K��'J U�P&*o'
�-�P(�����
� 4�'
�LIO� Assume �*+ Acid ��� Sulfer 
PM'�H�*+�L*+�IK 0.00001 ��'JTS�
*+(�*+4�I��+(LH�U7'T+������
� \S��T��+.�+(�*+

��+P(M(*J.
���
�H1*
��I� (cal/g) 
 
�-8 ��	�
��	��
��	
���1�-
�2	�'�2 �.
�+ (Total plate count) 
  
������ �����
���
 ���
+M+���HO.��N�O
 
  1. T+(�4+��N�O
LH��*+�N�O
��'J (Sterile petridishes) 
  2. M�
7L7�
� (Test tubes) 
  3. �6��1LH��*+�N�O
��'J (Sterile pipets) 
  4. �����
�1H���(
+M+� (Stomacher) 4�'
�W��&R+M�IK1H���( 
  5. �����
� Vortex mixture 
  6. (OR+&R+M�IKLR+�+��T�
T+� (Sterile dilution water) 
  7. Plate count agar M��
 Tryptone glucose extract agar 
  8. 1���H.��
��
~
�� 4�'
��
��
~
��T�7Us 
  9. �
��
~
��&R+M�IK�*+�N�O
Y�� 
  10. M�'
(S���J+�7I(U
&R+M�IK�*+�N�O
 (Autoclave) 
 11. 1-'K*��N�O
 (incubator) 
 12. �����
�(IKTR+(J(Y�Y�(H 

  �+��1�H.� Dilution water 
 �1�H.�&+����+.���Y1( 0.1 % P((OR+��I�(   �*+�N�O
Y7.(R+�o'+M�'
(S���J+�7I(U

(+(  15 (+LH  4H�
N&�7L'+.LH�U7'�J���q( 6.8  

  �+��T�
T+�1IJ
.*+� (Sample Dilution) 
 �+��T�
T+�1IJ
.*+�7'J. Dilution water Y7.PN' Dilution water  90 �0��0�01� �IK
1IJ
.*+�LH�&���+Y7.�L�(0���+,T+��N�O
 10 ��I� 1H���(
+M+�7'J.�����
�1H���(
+M+�(+( 1 (+LH 
T�U7'1IJ
.*+�
+M+�LH��T�
T+�P(
I1�+&*J( 1:10 T+�(IO(PN'�6��17-71IJ
.*+�
+M+�LH��T�
T+� 1:10 
��0�+1� 1 �0��0�01��10���P( Dilution water 9 �0��0�01� LH�K��T�
.-*P(M�
7L7�
� (R+M�
7
L7�
�U��o.*+7'J.�����
� vortex mixture (+( 10-15 J0(+LH   T�U7'1IJ
.*+�
+M+�LH��T�
T+�P(
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I1�+&*J( 1:100 �1�H.�1IJ
.*+�
+M+�LH���7IK�J+��T�
T+� 1:1000 M��
��7IK�J+��T�
T+�LH�
1'
��+�P(LR+(
��7H.J�I(  

  J0QH�+�1�JTJ0���+�M� 
  1. �oH.(M�+.��o1IJ
.*+� ��7IK�J+��T�
T+� JI(/�7�
(/�� ��K(5+T+(�4+��N�O
 
M�
7���oJ7L��PK Y7.K�0�J�Y1r�LH�LR+�+�J0���+�M�1'
�&�
+7 �NZ77'J.(OR+.+�*+�N�O
 
  2. �1�H.�1IJ
.*+�
+M+�PM'�H��7IK�J+��T�
T+���7IK1*+�]  
  3. (R+
+M+���HO.��N�O
LH��1�H.�UJ' ��
 Plate count agar M��
 Tryptone glucose 

extract agar LH�)*+(�+��*+�N�O
��'J�+M�
��M�JP((OR+�'
(���
�*(UJ'LH�
��MV-�0  44-46 °C  
  4. ��675+V+N(�P&*1IJ
.*+�
+M+�LH��1�H.�UJ'    Y7.�(UsLH��+�V+N(���'J�6��1
1IJ
.*+� 1 �0��0�01� P&*��P(T+(�4+��N�O
 Y7.�*
.] ��'�5+T+(�4+��N�O
 
  5. �L Plate count agar ��P(T+(�4+��N�O
����+� 15-20 �0��0�01� �HK�675+��'J
LR+�+�M��(T+(U��
K] PM'
+M+���HO.��N�O
)&��J���q(�(�O
�7H.J�I(�IK1IJ
.*+� Y7.LR+\OR+ 3 ��IO� 
P(�1*����7IK�+��T�
T+� 
  6. 1IO�L0O�UJ'PM'
+M+���HO.��N�O
�oZ�1IJ (����+� 10 (+LH)    ��'J4�0��J�R+T+(

�4+���HO.��N�O
�� (R+�o'+K*�P( Incubator LH�
��MV-�0 35+0.5 °C ��q(�J�+ 24 ± 2 NI�JY�� 
  7. (IKTR+(J(T��0(L�H.�LH��T�0��10KY1P(T+(�4+���HO.��N�O
 M+�*+���H�. ��'J�+.�+(
�*+��q(TR+(J(T��0(L�H.�LIO�M�71*
��I�
+M+� 
 
�-9 ��	�	�1�
��	��
�1@����'�%��A-�	� (Yeast and mold count) 
 
������ �����
���
 ���
+M+���HO.��N�O
 
  1. T+(�4+��N�O
LH��*+�N�O
��'J (Sterile petridishes) 
  2. M�
7L7�
� (Test tubes) 
  3. Spreader 
  4. Autopipettes  
  5. �����
�1H���(
+M+� (Stomacher) 4�'
�W��&R+M�IK1H���( 
  6. �����
� Vortex mixture 
  7. (OR+&R+M�IKLR+�+��T�
T+� (Dilution water) 
  8. 0.1 N Tartaric Acid 
  9. Potato dextrose Agar 
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  10. 1���H.��
��
~
�� 4�'
��
��
~
��T�7Us 
  11. �
��
~
��&R+M�IK�*+�N�O
Y�� 
  12. M�'
(S���J+�7I(U
&R+M�IK�*+�N�O
 (Autoclave) 
 13. 1-'K*��N�O
 (incubator) 
 14. �����
�(IKTR+(J(Y�Y�(H 

  �+��1�H.� Dilution water 
 LR+�N*(�7H.J�I(�IK�+�J0���+�M���0�+�T��0(L�H.�LIO�M�7 (Total plate count)  

  �+��T�
T+�1IJ
.*+� (Sample Dilution) 
  LR+�N*(�7H.J�I(�IK�+�J0���+�M���0�+�T��0(L�H.�LIO�M�7 (Total plate count) 

  J0QH�+�1�JTJ0���+�M�  
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