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������� � 
 

��	�
��	��������� 
 
�-1. ��	�
��	����	
����������� (AOAC, 1995) 
 

����	
�����	������� 
1. Aluminum dish �� !"#$!%&!'��$� > 50 �++��,	 �&� < 40 �++��,	 .	 ��/$

�01 
2. Air 3 tight desiccator 
3. Hot air oven 
4. Food chopper / Bowl cutter 

  
�$	�,	B'�,CD�'#$� 
E1,CD�'#$��$F$	GB�, ���$	D+��	$�F��D$�H�I!JF ���B'11 D' Food chopper  

 
D+KB�$	G1�� 
1. HC��,CD�'#$��	��$
 5 �	C�J�#J! Aluminum dish GB�"#$!�$	�E�F � ��G	$E

!IL$F!C�GB��!#!�!  
2. EC!GM�!IL$F!C�,CD�'#$�.	 �� Aluminum dish N$�!CI!!L$O��EJF �F �GB���
FP&�+ 

105 QM� 107 ��%$�S�SB'�J! Hot air oven !$!�	��$
 5 HC�DT��  
3. !L$����$N$�,& �E� D�#�'JF �'U!J! Desiccator � D!L$�$HC��!IL$F!C� !L$O�

�ESIL$F$'W �	CI�N!O1 !IL$F!C���GB� (�#$GB�O1 �,�,#$��C!O�#��+! 0.05 �	C�) 
4. �L$!D
F$�	+�$
�D$�H�I! N$����$	 

 
  �	+�$
�D$�H�I!   =   !IL$F!C�,CD�'#$�GB�F$'O�FC��E�F �  x  100 
    (% wet basis)   !IL$F!C�,CD�'#$� 
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�-2. ��	�
��	���	
���#�	$%� (AOAC, 1995) 
 

����	
�����	������� 
1. ��	����D+��	$�F�T�	,B!�EE�M���C,T!�C,+ 
2. Kjeldahl flask 
3. ����	
�'#�' (Digester) 
4. F�1'#�' (Digester tube) 
5. Exhaust maniford �� Apirator 
6. Kjeltee 1002 distilling unit 
7. Tube stand 
8. Erlenmeyer flask 250 �+++,	 
9. Boiling chips F	�� Glass bead 
10. ����	
��$	O,�,	, 

 
�$	���B 
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 3 bromocresol green indicator �	���E1 D' 0.016% metyl red 

�� 0.083% bromocresol green J! ethyl alcohol 
 

D+KB�$	G1�� 
1. HC��,CD�'#$��$F$	�	��$
 1 3 1.5 �	C� (EC!GM�!IL$F!C�GB��!#!�!) J�#�J! 

Kjeldahl flask n!$1 500 �+++,	 T1'GL$ Blank �DE�&#O�1 D' 
2. �,+� CuSO45H2O 0.5 �	C� K2SO4 5 �	C� �� Conc. H2SO4 25 �+++,	 �J! 

Kjeldahl flask ,$�L$1CE 
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3. D$� Kjeldahl tube E! Stand �01 Heat shield � D�D� Exhaust manifold �
E!�#D!E!n��F�1 ����01 Power n�� Exhaust 

4. D$�F�1'#�'�E!��	����'#�'  '#�',CD�'#$�T1'JF �D$�	 �!GB�	�1CE,�L$�#�! 
(�	��$
 180 ��%$�S�SB'�) 	�N!�DC!N$�� NM��.+����
FP&�+��p! 250 ��%$�S�SB'� JF  
�D$�	 �!!$!�	��$
 15 !$GB FC�N$�!CI!�.+����
FP&�+��p! 350 ��%$�S�SB'� '#�'N!O1 
�$	�$'�Bqr$J�n�����T��!B'�SC�q, FC�N$��$	'#�'��	UN��E&	
� '�H�1'#�'GCI�H�1nMI!D$�
.C� 

5. ,CI��$	�$'G+I�OD JF �'U! �,+�!IL$�C�! 50 �+++,	 
6. ��01�U��!IL$F#��'U!��	�����C�! 
7. ��01 Power n����	�����C�! (Kjeltee) 
8. ��#!��	�����C�!T1'JH F�1GB��B!IL$�C�!�	��$
�	M��F�1 �� Flask ��#$�$

	��	CE ��01 Steam ���C�!��p!�D$ 5 !$GB 
9. �01 Steam !L$F�1 �� Flask ���N$���	�����C�! 
10. !L$ Flask GB�E		N��$	�$' 4% Boric acid �	+�$,	 50 �+++,	 �� Methyl 

red 3 bromocresol green indicator 2-3 F'1 O�,CI�OD J!��	�����C�! T1'JF �$'�G#��� DN�#��'&#
J, �$	�$' 

11. �,+� Glass bead 2 3 3 �J!F�1,CD�'#$� � D!L$�n $��	�����C�! 
12. �,+� 50% NaOH 50 �+++,	�J!F�1,CD�'#$� �$	�$'GB�O1 N��B�B1L$ 
13. ,CI�	�'��D$�$	�C�! 5 !$GB �C�!N!O1  Condensate �	��$
 150 �+++,	 

(�$	�$' Boric acid N���B�'!N$��B�1��#D���p!�B�nB'D)  
14. !L$�$	�$'GB�O1 O�O,�,	,�CE�$	�$' HCl GB�G	$E�D$��n �n !GB��!#!�!

�	��$
 0.1 N JH  Methyl red 3 bromocresol green ��p! Indicator GB�N�1'�,+ �$	�$'N�
��B�'!�BN$��B�nB'D��p!�B�1� 3 �#D� EC!GM��	+�$,	n���$	�$' HCl GB�JH  

15. �L$!D
�	+�$
T�	,B! N$����$	 
 

 % Crude protein   =   V (sample 3 blank) x N x F x 14.007 x 100 
 mg of sample 
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 ����� V = �	+�$,	n�� Titrant GB�JH  
  N = Normallity n�� Titrant 
  F = Kjeldahl factor  : General = 6.25 
     : Wheat = 5.70 
     : Dairy product = 6.38 
  14.007 = !IL$F!C���,��n�� Nitrogen 
 
�-3. ��	�
��	����	
���'(�)� (AOAC, 1995) 
 

����	
�����	������� 
1. ��	����D+��	$�F��	+�$
On�C!�EE�C,T!�C,+ (Soxtherm 2000 : Gerhardt) 
2. Soxhlet extraction tube 
3. Hot plate 
4. Hot air oven 
5. Desiccator 

 
�$	���B 
Petroleum ether (40 3 60oC) 

 
D+KB�$	G1�� 
1. HC��,CD�'#$�GB�"#$!�$	�E�F ��	��$
 2 �	C� (,CD�'#$�GB�O1 N$��$	F$�	+�$


�D$�H�I!) F#�,CD�'#$�1 D'�	�1$x�	�� J�#�J! Thimble 
2. J�# Thimble GB�E		N�,CD�'#$��J! Soxhlet extraction tube GB�"#$!�$	�E�F � 

��G	$E!IL$F!C�n�� Tube GB��!#!�! 
3. J�# Petroleum ether �	��$
 150 �+++,	 F	��JF G#D�,CD�'#$��J! 

Extraction tube  
4. !L$O���C1On�C!P$'J, �P$D�J!�$	��C1 1C�!BI 

 Extraction temperature 150 oC 
 Boiling time 30 min 
 Solvent reduction A: 5 x 15 ml 



146 

 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. !L$�#D!n�� Ether GB��$'On�C!GB���C1O1  O�O# Ether ���T1'JF �D$�	 �!E! 
Hot plate P$'J!,& �DC!  

6. �����O# Ether ���F�1� D JF !L$On�C!GB��'�O1 O��EGB���
FP&�+ 100 ��%$
�S�SB'� ��p!�D$!$! 30 !$GB � D�#�'JF �'U!J! Desiccator N$�!CI!!L$O�HC��!IL$F!C� 

7. �L$!D
F$�	+�$
On�C!J!,CD�'#$� N$����$	 
 

 % Crude fat   =   !IL$F!C�On�C!GB���C1O1   x  100 
    (% wet basis)   !IL$F!C�,CD�'#$��F � 
 
�-4. ��	�
��	����	
����+,�-. (Crude fiber) (AOAC, 1995) 
 

����	
�����	������� 
1. H�1D+��	$�F�F$�� !J' �	���E1 D' Beaker 600 �+++,	 Condenser �� �,$

JF �D$�	 �! 
2. H�1�	���	���E1 D'�	D'GB�E�1 D'D1�"#!,$n#$' Filtering flask �� Suction 

pump 
3. Desiccator  
4. Hot air oven 
5. Muffle furnace 
6. Blender 
7. Porcelain dish 
8. Crucible  
9. Boiling chips 
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�$	���B 
1. 1.25% (w/v) H2SO4 solution 
2. 1.25% (w/v) NaOH solution 
3. 95% ethyl alcohol 
  
D+KB�$	G1�� 
1. HC��,CD�'#$�GB�E1���B'1 ��"#$!�$	��C1On�C!���� D �	��$
 2 �	C� (EC!GM�

!IL$F!C�GB��!#!�!) J�#J! Beaker n!$1 600 �+++,	 Q $,CD�'#$��BOn�C!! �'�D#$ 1% �$	��C1
On�C!����$NO�#NL$��p!, ��GL$ 

2. �,+� Boiling 1.25% H2SO4 solution 200 �++,	 �J!,CD�'#$� J�# Boiling 
chip �O� 2 3 3 H+I! �.����r���C!�$	�1��1�EE Bumping  

3. !L$O�,#��CE��	����'#�'GB��,	B'�OD  ��, ���p!�D$ 30 !$GB T1'JF �n'#$ Beaker 
��p!	�'�W �.���O�#JF ,CD�'#$���$�GB�"!C� 

4. !L$ Beaker ���N$���	����'#�'� D!L$,CD�'#$�O��	��"#$!��	�����	�� 
5.  $��$�1 D'!IL$�C�! T1'�$	 Rinse 1 D'!IL$�C�!GB��1��1 50 3 75 �+++,	 �	��

"#$!��	�����	�� GL$SIL$ 3 �	CI� F	��N!F�1�	1 
6. !L$�$�GB� $�� DJ�#J! Beaker 600 �+++,	 � D�,+� Boiling 1.25% NaOH 

solution 200 �+++,	 � D,#��CE��	����'#�' , ���p!�D$ 30 !$GB 
7. !L$�$��$�	��  $�1 D' 1.25% H2SO4 solution 25 �+++,	 3 �	CI� ,$�1 D'!IL$

�C�! 50 �+++,	 3 �	CI� �� Alcohol 25 �+++,	  
8. !L$�$�GB�O1 O�J�#J! Crucible GL$JF �F � T1'�EGB���
FP&�+ 130 + 20 ��%$

�S�SB'� ��p!�D$ 2 HC�DT�� N$�!CI!GL$JF �'U!J! Desiccator � DHC��!IL$F!C� 
9. !L$O��"$J! Muffle furnace GB���
FP&�+ 300 + 15 ��%$�S�SB'� ��p!�D$ 30 

!$GBGL$JF �'U!J! Desiccator � DHC��!IL$F!C� 
10. �L$!D
F$�	+�$
�� !J' N$����$	 
 

 % Crude fiber   =   (!IL$F!C��F �n���$�  -  !IL$F!C��Q $)  x  100 
  (% wet basis)   !IL$F!C�,CD�'#$� 
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�-5. ��	�
��	����	
����6,� (AOAC, 1995) 
 

����	
�����	������� 
1. �,$�"$ (Muffle furnace) 
2. Crucible 
3. Hot plate 
4. Air 3 tight desiccator 
5. Food chopper / Bowl cutter 
 
�$	�,	B'�,CD�'#$� 
E1,CD�'#$��$F$	GB�, ���$	D+��	$�F��Q $JF ���B'11 D' Food chopper  
 
D+KB�$	G1�� 
1. HC��,CD�'#$�GB�E1���B'1�	��$
 10 �	C� J�#J! Crucible GB�"#$!�$	�"$GB�

��
FP&�+ 500 ��%$�S�SB'� ��p!�D$ 1 HC�DT�� �#�'JF �'U!J! Desiccstor � DHC��F$!IL$F!C�GB�
�!#!�! 

2. !L$,CD�'#$�O�JF �D$�	 �!E! Hot plate N!O�#�B�DC!1L$ �#�!!L$O��"$J!�,$�"$ 
3. !L$,CD�'#$�GB�O1 O��"$J!�,$�"$GB���
FP&�+ 550 ��%$�S�SB'� N!�	�GC��O1 �Q $�B

n$DGCI�F�1 ��$���N$��,$�"$ �#�'JF �'U!J! Desiccator � DHC��F$!IL$F!C��Q $ 
4. �L$!D
F$�	+�$
�Q $n���$F$	 N$����$	 
 

  % Ash   =   !IL$F!C�n���Q $  x  100 
    (% wet basis)   !IL$F!C�,CD�'#$� 
 
�-6. ��	�
��	����	
�����	�#8'9�:	$ (;����	�<����) 
 

�	+�$
�$	�TEO{�1	,�$�$	QF$O1 N$��$	�L$!D
 1C����$	 
 

 % Carbohydrate  = 100 - %Crude protein - %Crude fat - %Moisture content 3  
  %Ash - %Crude fiber 
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�-7. ��	�
��	����	
���;�>
�?	%.�?)�@�: (Total plate count) 
 

����	
�����	������� 
1. N$!�.$��H�I�GB�"#$!�$	|#$�H�I�� D 
2. F�1G1�� 
3. �0��,GB�"#$!�$	|#$�H�I�� D 
4. ��	����,B�}~!�$F$	 (Stomacher) .	 ��Q���L$F	CE,B�}~! 
5. ��	���� Vortex mixture 
6. ,���B'�����{�� 
7. ����{���L$F	CE|#$�H�I�T	�E	+�D
GL$�$	G1�� 
8. F� �!M���D$�1C!O� (Autoclave) 
9. ,& E#��H�I� (Incubator) 
10. ��	����!CENL$!D!T�T!B 

 
 �$F$	�BI'��H�I� 
1. Plate count agar 
2. Peptone 
3. Sterile dilution water 

 
�$	�,	B'� Dilution water 
�,	B'� Dilution water T1'�,	B'��$	�$'���T,! 0.1% J!!IL$�C�! |#$�H�I�T1'

!L$�n $F� �!M���D$�1C!O�GB���
FP&�+ 121 ��%$�S�SB'� ��p!�D$!$! 15 !$GB .B��H��1G $'GB�O1 
�D	�B�#$�G#$�CE 6.8 
 

�$	�N��N$�,CD�'#$� 
1. �,	B'� Dilution water 90 �+++,	 �CE,CD�'#$�GB���#��$1 D'�G�!+��	$%N$��H�I� 

10 �	C� ,B�}~!1 D'��	����,B�}~!�$F$	!$! 1 !$GB N�O1 ,CD�'#$��$F$	GB��N��N$�J!�C,	$�#D! 1:10 
2. JH �0��,GB�"#$!�$	|#$�H�I�� D1&1,CD�'#$��$F$	GB�	�1CE�D$��N��N$� 1:10 

�	+�$,	 1 �+++,	 �J! Dilution water 9 �+++,	GB�E		N��'&#J!F�1G1�� !L$F�1G1��
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O��n'#$1 D'��	���� Vortex mixer JF �n $�C! N�O1 �$	�$',CD�'#$��$F$	GB�	�1CE�D$��n �n ! 
1:100 

3. �,	B'�,CD�'#$��$F$	GB�	�1CE�D$��n �n ! 1:1000 F	��	�1CE�D$��n �n !���!W O1 
1 D'D+KBGB��#$D�$n $�, ! 

 
D+KB�$	,	DND+��	$�F� 
1. �,	B'�N$!�.$��H�I�GB�"#$!�$	|#$�H�I�� D T1'�nB'!F�$'�n,CD�'#$� ��

	$'���B'1,#$�W �E!/$N$!�.$��H�I� 
2. GL$�D$����$1E	+�D
T,����+EC,+�$	1 D'����{�� 
3. �,	B'�,CD�'#$��$F$	GB�	�1CE�D$��N���N$�	�1CE,#$�W 
4. !L$�$F$	�BI'��H�I�GB��,	B'�OD  (Plate count agar) GB�"#$!�$	|#$�H�I�� D�$

F���FDJ!!IL$	 �! 
5. ��01/$P$H!�,CD�'#$�1 D'�G�!+��	$%N$��H�I� T1'!OqGB��$�P$H!��#�!       

�0��,,CD�'#$��$F$	 1 �+++,	 J�#�J!N$��.$��H�I� T1'��01/$�.B'��U�! �'  
6. �G Plate count agar �J!N$!�.$��H�I��	��$
 15 3 20 �+++,	 �01/$ � D

F��!N$!�.$��H�I��E$W �.���JF �$F$	�BI'��H�I���,CD�'#$�"����p!�!�I��1B'D�C! 
7. ,CI�G+I�OD JF �$F$	�BI'��H�I��nU�,CD �	��$
 15 !$GB � D.+��D�L$N$!�.$��H�I�� 

!L$�n $O�E#�J! Incubator GB���
FP&�+ 37 ��%$�S�SB'� ��p!�D$ 24 + 2 HC�DT�� 
8. !CENL$!D!N�+!G	B'�GB��N	+��,+ET,J!N$!�.$��BI'��H�I� F$�#$��B�' ��	$'�$!

"J!F!#D'NL$!D!N�+!G	B'�GCI�F�1,#��	C��$F$	 
 
�-8. ��	�
��	����	
���.%+$� J>�	� (Yeast and mold count) 
 

����	
�����	������� 
1. N$!�.$��H�I�GB�"#$!�$	|#$�H�I�� D 
2. F�1G1�� 
3. Spreader 
4. �0��,GB�"#$!�$	|#$�H�I�� D 
5. ��	����,B�}~!�$F$	 (Stomacher) .	 ��Q���L$F	CE,B�}~! 
6. ��	���� Vortex mixture 
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7. ,���B'�����{�� 
8. ����{���L$F	CE|#$�H�I�T	�E	+�D
GL$�$	G1�� 
9. F� �!M���D$�1C!O� (Autoclave) 
10. ,& E#��H�I� (Incubator) 
11. ��	����!CENL$!D!T�T!B 
 
�$F$	�BI'��H�I� 
1. 0.1 N Tartaric Acid 
2. Potato Dextrose Agar (PDA) 
 
�$	�,	B'� Dilution water 
�,	B'��$F$	�BI'��H�I�1 D'D+KB�1B'D�C!�CE�$	D+��	$�F��	+�$
N�+!G	B'�GCI�F�1 (Total 

plate count) 
 
�$	�N��N$�,CD�'#$� 
GL$�$	�N��N$�,CD�'#$�1 D'D+KB�1B'D�C!�CE�$	D+��	$�F��	+�$
N�+!G	B'�GCI�F�1 

(Total plate count) 
 
D+KB�$	,	DND+��	$�F� 
1. �,	B'�N$!�.$��H�I�GB�"#$!�$	|#$�H�I�� D T1'�nB'!F�$'�n,CD�'#$���

	$'���B'1,#$�W �E!/$N$!�.$��H�I� 
2. GL$�D$����$1E	+�D
T,����+EC,+�$	1 D'����{�� 
3. �,	B'�,CD�'#$��$F$	GB�	�1CE�D$��N���N$�	�1CE,#$�W 
4. !L$�$F$	�BI'��H�I�GB��,	B'�OD  ��� Potato Dextrose Agar (PDA) GB�"#$!�$	|#$�H�I�

� D �$F���FDJ!!IL$	 �! �	CE�#$.B��Hn���$F$	�BI'��H�I�1 D' 0.1 N Tartaric Acid JF �B�#$  
.B��H��1G $'�	��$
 3.5 � D�G�$F$	�BI'��H�I�GB��	CE�#$.B��H� D�J!N$!�.$��H�I��	��$
 
15 3 20 �+++,	 �#�'JF D� !�nU�,CD�	��$
 15 !$GB 
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5. ��01/$P$H!�,CD�'#$�1 D'�G�!+��	$%N$��H�I� T1'!OqGB��$�P$H!��#�!      
�0��,,CD�'#$��$F$	 1 �+++,	 J�#�J!N$��.$��H�I�GB��B�$F$	�BI'��H�I� PDA GB��nU�,CD� D T1'
��01/$�.B'��U�! �'  

6. !L$ Spreader N�#�����{�� � D�"$Oq�.���|#$�H�I� 	�JF ��DOq1CE G+I�JF �'U! 
N$�!CI!JH  spreader �!E!"+DF! $n��D� !�.���JF ,CD�'#$��	�N$'GC�DN$!�.$��H�I� 

7. ,CI�G+I�OD �	��$
 10 !$GB N$�!CI!!L$�n $O�E#�J! Incubator GB���
FP&�+�	��$
 
30 ��%$�S�SB'� ��p!�D$ 72 - 120 HC�DT�� T1'O�#, ��.+��D�L$N$!� 

8. !CENL$!D!�H�I�'B�,� ��	$GB��N	+��,+ET,J!N$!�.$��BI'��H�I� F$�#$��B�' ��
	$'�$!"J!F!#D'NL$!D!'B�,� ��	$GCI�F�1,#��	C��$F$	 
 
 

 
 
 


