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'�(��)!�(45�4)3."���'��*(#���6#7�"8))!��49�4: �;++!���#��$)��<$��=>�%+'$?  �@=��4$�4� @ ���$������
),�(�($?  �@=��4$�4��49(!=>.� Hemacytometer $&-9+�6#7�+!���#��$)��<%+'$?  �@=��4$�4��49+3���E���;�'F *(
+���� 480G, pH7.0, 0.05% NaCl .Q����R4��$������$��'����� >.�%Q+�E �49*�Q*(#���,���)!�$"S(%Q+�E �49T.Q)�##��
�. +'(!=$?  �@=��4$�4��49(!=>.� Hemacytometer %+'�������)3 �4������  ��������������  �������� !�
�� "�#� (2552-2553) >.��4"8))!�),�@(#"��$�� (categorical variables) 4 �!�@"� �-+ ),�(�((!=$?  �@=��4$�4� 
(cell count) ),�@(#$"S( 2 # 3;� +3���E�� (temperature) ),�@(#$"S( 8 # 3;� �!9�>�'�49*�Q=;�$�-5+#;+((!=),�(�($?  �
@=��4$�4� (hour) ),�@(#$"S( 5 # 3;� &-5(�49�49(!=$?  �@=��4$�4� (area) ),�@(#$"S( 2 # 3;� : #����)!�&=�;�),�(�(
$?  �@=��4$�4��49(!=*(&-5(�49$��9��Q( $�;( A, B, C @ � D �4�;��;�$_ 49�(Q+�#�;� 80 $?  � +�;�'�4(!��,��!<��'������49 
α = 0.01 (P = 0.0001) .!'(!5(#��(!=),�(�($?  �@=��4$�4��49(!=*(&-5(�49$��9��Q( $�-9+&=),�(�($?  �@=��4$�4��49
(!=(Q+�#�;� 80 $?  � ( x 31= ) +�)$" 49�(T"(!=*(&-5(�49$ c# ' $�;( 1, 2, 3, 4 @ � 5 �;+T" �,���!="8))!��49�4: 
�;++!���#��$)��<$��=>�%+'$?  �@=��4$�4�)�##����Q�'�!�@== c+# �$(4����49$������ T.Q@#; ),�(�($?  �
@=��4$�4� +3���E�� �!9�>�'�49*�Q=;�$�-5+#;+((!=),�(�($?  �@=��4$�4� @ �&-5(�49�49(!=$?  �@=��4$�4� �49 α = 0.01 
(P < 0.0001) �;�(#��$"�4�=$�4�=#��$)��<$��=>�%+'$?  �@=��4$�4�����;�'+3���E����.!=�;�'F &=�;�@�#�;�'
#!(+�;�'�4(!��,��!<��'������49 α =  0.05 @ �#��$"�4�=$�4�=),�(�(�!9�>�'�49*�Q=;�$�-5+#;+((!=),�(�($?  �
@=��4$�4��49�4: �;++!���#��$)��<$��=>�%+'$?  �@=��4$�4�&=�;�@�#�;�'#!(+�;�'�4(!��,��!<��'������49 α = 0.01 



��������������	�
�����������                                                                                        ����� 20 ������� 2 ������ - ��� ���� 2555 

 118

@ �&=�;�),�(�(�!9�>�'�49*�Q=;�$�-5+#;+((!=),�(�($?  �@=��4$�4�$�;�#!= 12 �!9�>�' *�Q�;�$_ 49�%+'),�(�($?  �
@=��4$�4���#�49�3. 
 

�-��-���Q : �!�@== c+# �$(4��� �!�@"�),�@(#"��$�� #����$����������@"�"��(�;�� #���.�+=��!��! ����� 
 

Abstract 
This research aims to identify factors affecting the rate growth of bacterial cells and analyze the 

number of bacterial cells that are counted using Hemacytometer under 480G, pH 7.0, 0.05% NaCl. The 
experimental data from the department of microbiology, faculty of science Silpakorn University (2552-2553) 
consist of 4 variables: cell count (the number of bacterial cells) classified into 2 groups, Temperature classified 
into 8 groups, hour (hours incubation before counting the bacterial cells) classified into 5 groups, and area 
classified into 2 groups. The research results are divided into 4 parts: (1) The average number of bacterial cells 
that are counted before further study is found significantly less than 80, at α = 0.01 (P = 0.0001). Therefore, the 
number of cell counts obtained from the area A, B, C and D may well be reduced from 80 to 31 cells ( x 31= ) 
before further study in smaller area. (2) From the loglinear model, it is shown significantly at α = 0.01 (P < 
0.0001) that the factors affecting the rate growth of bacterial cells are group of cell count, temperature, hour, 
and area. (3) The mean of bacteria cell counts differ significantly between the temperature levels at α =0.05.  
(4) The median of bacteria cell counts differ significantly between hours of incubation in counting the bacteria 
cells at α =0.1 (P = 0.0001) and that the incubation period that gives the maximum cell counts is 12 hours. 
 

Keywords: loglinear model, categorical variables, ANCOVA, Kruskal Wallis test 
 
 

1. ���-� 
)3 �(��4 ��  (microorganism) $"S(��9 '�4 �4 �� �

%(�.$ c#�49T�;�������+'$�c(T.Q.Q����$" ;� )6'
),�$"S(�Q+'.E.Q��# Q+')3 ����(� T.Q@#; @=��4$�4� �� 
+���$�4� @ ��4��� >.��!9�T"$��������&=)3 �(��4��
T.Q�3#�����@�. Q+� @�Q@�;*(�����@�. Q+��49
��9'�4�4���+-9(F +�E;T�;T.Q @�;)3 �(��4��=�'�(�.������
"�!=�!�+��!�+�E;T.Q $�;( *((5,�&3�Q+(=��$��*# Q�E$%�
Tt*�Q��$  6# ��-+�E$%�TtR���.� *�Q�����3���49�4
����#..!(%+'(5,��E'F @ �*((5,�@%c'�49�4+3���E��
$�c()!. � +.)(=��$���49�4���&���� $"S(#�..;�'

�E' ��-+@�Q#���!9'*(=��$���49T�;�4++#?�$)( [1] *(
=��.���9'�4�4����!5'��.(!5( +�)# ;��T.Q�;�)3 �(��4���4
����� �#� ����'�4���&�E'��# # ;���-+ �4����
� �#� ��%+'�"w�4�� ��-+����� �#� ��%+'
�(�.&!(R3� ),�(�()3 �(��4��*(> #(45�4+�E;"����� 5 
@�(�(�. @=;'++#$"S(# 3;�*�<;F 5 # 3;� �-+ 
@=��4$�4� ����;�� T��!� >&�>�?!� @ ����(�.�;�'F 

[2] 
)3 �(��4��),�(�(��#�49�4�����,��!<*(#��

: ������;�'F �49�4"��>��(�@ ��;��*�Q$#�.#��
$" 49�(@" '*(#��=�(#���;�'F �4.!'�;+T"(45 
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#��: ��+����@ �$��-9+'.-9�� ���(�.�49$#�.
)�##��#���,�%+')3 �(��4��  ?69'�(37�� $��T.Q*�Q
"��>��(���$"S($� �(�(@ Q� +�����49$#�.)�##��
��!#%+')3 �(��4�� $�4�#�;�+������!# (fermented 
food) $�;( #�� 9,�" 4.+' @�'#��.+' T�Q#�+# $#�.
)�##��#���,�%+'@=��4$�4��49��Q�'#�.@ c#��#$"S(
�;�(*�<; @=��4$�4�$� ;�(45+�)�4+�E;���R�������=(
+������-+$���!5'*)*�;$�-5+(!5( '*(+���� : ���!�x�
��'+3����#���� ���(�.�49$#�.)�##��#���,�%+'
@=��4$�4� T.Q@#; #��: ��#�.@ c#��#�49*�Q�!#7�>��
%�.@� $?4��@ ��!#7�>��> ���)�' #��: ��
#�.+���>( >.��4)3 �(��4��� ���(�.�49������
�!'$������#�.+���>()�#���"��#+=T(>��$)( 
?69'+�)�!'$������T.Q��#$#�(�����Q+'#�� )(: ��
$"S(#���Q�T.Q $�;( @+ -T ?4( (L-lysine) : ��>.�
$�-5+ Enterobacter aerogenes #�.@+ -# E����# (L-
glutamic acid) >.�@=��4$�4� Micrococus ��-+ 
Arthrobacter $"S(�Q( 

#��: ����'#��$#7�� )3 �(��4��*(.�(&�#
@=��4 $�4�@ �$�c.���(�.�;�'F  �;���;+�� ��
���+�(��4��)�#?�#��9'�4�4���*�Q$"S(���+(�(��4�� 
>.�)3 �(��4��T.Q���+����)�#?�#$� ;�(!5( @ �
(,�T"*�Q"��>��(� %��$.4��#!(���+�(��4���49� ��
$"S(���+(�(��4��#c$"S(���+����%+'&-��49.E.?6�T"
��Q�'$(-5+$�-9+&-�T.Q .!'(!5(�Q�%�.)3 �(��4��*(.�()� 
�,�*�Q.�(%�.���+���� @ �&-�T�;������$)��< 
$��=>�T.Q )3 �(��4��*(.�( )6'$#49��%Q+'#!=�!z)!#�%+'
����;�'F *(R�������  $�;( �!z)!#�T(>��$)(        
�!z)!#�����=+( �!z)!#�?! $t+�� $"S(�Q(  

)3 �(��4��=�'�(�.�4������������6'#{�?
T(>��$)(@ Q�$" 49�(*�Q$"S(@+�>�$(4� @ �&-�
(,�T"*�Q$" 49�($"S(>"��4(*(&-� [3] @ �)�#�3��;�

@ ������,��!<%+')3 �(��4����'.Q�(+����$#7�� 
@ �+3����#���.!'# ;��@ Q� )�$�c(�;�)3 �(��4��$"S(
��!&��#��49�,��!<�;+����$"S(+�E;@ ������4�3%��&
.4%+'�(37�� ?69'�����)�+(3�!#7��(�.&!(R3�%+'
)3 �(��4��T�Q��*�Q�E<��� *(R�������#c�4)3 �(��4�� +4#
��#�49�!'T�;T.Q�6#7�@ �(,���*�Q"��>��(� )6'���
�;'$����*�Q�4(!#+(3#����R�(��'.Q�()3 �(��4����#
%65($&-9+*�Q�4#���,���)@ ��!.@�# (isolate) )3 �(��4��
�(�.*��;F )�#R������� $#c=��=���)3 �(��4�� 
$� ;�(!5(@ �$#c=�!#7�T�QT�;*�Q�E<��� >.�T�;*�Q�4
#��"($"|}+(#!=$�-5++-9( T�;*�Q$#�.#��$" 49�(@" '
 !#7��&!(R3#��� @ �$�-5+(!5(�!'�4�4����+.+�E;T.Q 
>.��!'�'��=!��.!5'$.��%+'$�-5+���&!(R3�(!5(F #��$#c=
�!#7�)3 �(��4��T�Q�4�!��3"���'�� $&-9+(,���*�Q*(#��
$�4�(#���+(��'.Q�()3 �4������ *�Q*(+3����#��� 
*�Q*(#��: �� ��-+$#c=$�-5+�49T.Q)�##���!.$ -+#���
&!(R3�$_&���49*�Q: : ���E' �;�((!#+(3#����R�($#c=
�!#7�$�-5+�49T.Q)�##���!.@�#*��;@ ���=���)�#
@� ;'+-9(F $&-9+(,���$"�4�=$�4�= [4] 

)�#�����,��!<%+')3 �(��4���49�4"��>��(��!5'
��'.Q�(+���� $#7�� @ �+3����#���  :EQ��)!�)6'
�(*)�6#7�"8))!��49�4: �;++!���#��$)��<$��=>�%+'
)3 �(��4���;�"8))!�*.�4: �;++!���#��$)��<$��=>�%+'
)3 �(��4��=Q�' @ ����)�+=$#�x���-+��R4#��(!=
)3 �(��4��$&-9+(,�T"*�Q"��>��(��;+T" :EQ��)!�T.Q*�Q
%Q+�E $?  �@=��4$�4�)�#=;+(5,�&3�Q+(~�' +3���(
@�;'����.+�:Q��;�"# )!'��!.$�4�'*��; �49(!=>.� 
Hemacytometer )�#���)3 �4������ ��������-
������ �������� !��� "�#� (2552-2553) �,���!=
#����$������@ ��6#7�"8))!��;�'F $�;( ��.!=%+'
+3���E�� ),�(�(�!9�>�'�49(!=$?  �@=��4$�4� @ �
&-5(�49�49(!=$?  �@=��4$�4� ����6'#����$����������
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@�#�;�'#��$)��<$��=>�%+')3 �(��4������;�'��.!=
%+'+3���E���;�'F @ �����;�'&-5(�49�49(!=$?  �
@=��4$�4� ?69'>.��!9�T")�(!=*(&-5(�49$��9��Q( A, B, C 
@ � D #;+( $�-9+&=),�(�($?  �@=��4$�4�*(&-5(�49
$��9��Q(��#&+ $�;( 80 $?  � )6')�(!=*(&-5(�49�49$ c# ' 
1, 2, 3, 4 @ � 5 �;+T" ��3"$"S( 4 %Q+ �-+ 

1. �6#7��;�$_ 49�),�(�((!=$?  �@=��4$�4��49
(!=>.� Hemacytometer *(&-5(�49$��9��Q(�;�(Q+�#�;� 
80 $?  � T.Q 

2. �6#7�"8))!��49�4: �;++!���#��$)��<$��=>�
%+'$?  � 

3. $"�4�=$�4�=��.!=�;�'F %+'+3���E���49�4: 
�;++!���#��$)��<$��=>�%+'$?  �@=��4$�4� 

4.  $"�4�=$�4�=),�(�(�!9�>�'�49(!=$?  �
@=��4$�4��49�4: �;++!���#��$)��<$��=>�%+'$?  � 

#���� $������%Q+�E  :EQ ��)! �T.Q���)�+=
 !#7��%Q+�E  @ �������($��)�#�����&���(� 
#���.�+=�����/�($��'������!5'@==*�Q&�����$�+��
@ �@==T�;*�Q&�����$�+�� @ �#����Q�'�!�@== c+#
 �$(4��� (Loglinear modeling) [5, 6] 
 

2. ��8�*����W(��W	W(9*����,�� 
2.1 W%(�$����X'%X�*���-���,�� $"S(%Q+�E �49T.Q

)�##���. +'#��(!=),�(�($?  �@=��4$�4�.Q�� 
Hemacytometer ?69'*(#���. +'T.Q�!.+!���#��
$)��<$��=>�%+'$?  �@=��4$�4��49+3���E���;�'F *(
+���� 480G, pH 7.0, 0.05% NaCl 

2.2 	��������X'%�Y*����*(�&%�� 
2.2.1 ),�(�($?  �@=��4$�4� ),�@(#$"S( 2 

# 3;� "��#+=.Q�� (1) (Q+�#�;� 13,800,000 $?  �/ml 
(*�Q$"S(# 3;� 1) @ � (2) ��##�;���-+$�;�#!= 
13,800,000 $?  �/ml (*�Q$"S(# 3;� 2) 

2.2.2 +3���E��  ),�@(#$"S( 8 # 3;� 
"��#+=.Q�� 

- +3���E���49 650C (*�Q$"S(# 3;� 1) 
- +3���E���49 700C (*�Q$"S(# 3;� 2) 
- +3���E���49 750C (*�Q$"S(# 3;� 3) 
- +3���E���49 780C (*�Q$"S(# 3;� 4) 
- +3���E���49 800C (*�Q$"S(# 3;� 5) 
- +3���E���49 850C (*�Q$"S(# 3;� 6) 
- +3���E���49 880C (*�Q$"S(# 3;� 7) 
- +3���E���49 900C (*�Q$"S(# 3;� 8) 

2.2.3 �!9�>�'�49(!=),�(�($?  �@=��4$�4� 
),�@(#$"S( 5 # 3;� "��#+=.Q�� 

- �!9�>�'�49 0 (*�Q$"S(# 3;� 1) 
- �!9�>�'�49 3 (*�Q$"S(# 3;� 2) 
- �!9�>�'�49 6 (*�Q$"S(# 3;� 3) 
- �!9�>�'�49 9 (*�Q$"S(# 3;� 4) 
- �!9�>�'�49 12 (*�Q$"S(# 3;� 5) 

2.2.4 &-5(�49�49(!=$?  �@=��4$�4� ),�@(#
$"S( 2 # 3;� "��#+=.Q�� 

- A, B, C @ � D (*�Q$"S(# 3;� 1) 
- 1, 2, 3, 4 @ � 5 (*�Q$"S(# 3;� 2) 

2.3 ������-���J�
��J� 
2.3.1 Hemacytometer $"S(#��(!=),�(�(

@=��4$�4��!5'��.*("�������49���= ?69'T�;������
@�#����@�#�;�'����;�'@=��4$�4��49�4�4��� (viable 
bacteria) @ �@=��4$�4��49���@ Q� (nonviable) 

2.3.2 ),�(�((!=%+'$?  �@=��4$�4� 
�����6' ),�(�((!=%+'$?  �@=��4$�4��49(!=>.� 
Hemacytometer 

2.3.3 ),�(�(�!9�>�'�49(!=$?  �@=��4$�4� 
�����6' $� �$��9��Q(%+'#��(!=$"S( 0, 3, 6, 9 @ � 
12 �!9�>�' 
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2.3.4 &-5(�49�49(!=$?  �@=��4$�4� �����6' 
&-5(�49�49*�Q(!=$?  �@=��4$�4�?69'@=;'$"S( 2 # 3;� �-+ 
&-5(�49$��9��Q( A, B, C @ � D >.��!9�T" $�-9+&=
),�(�($?  �@=��4$�4��49(!=*(&-5(�49$��9��Q(*�Q��#&+
#;+( @ Q�)6'T"(!=*(&-5(�49$ c# ' 1, 2, 3, 4 @ � 5 
�;+T" 

2.4 *��������+
W%(�$�  
�4 4 �+( .!'(45 
2.4.1 �+(�49 1 : #����$������$&-9+�6#7�

$#�x�#��(!=$?  �@=��4$�4�.Q�� Hemacytometer *(
&-5(�49 A, B, C @ � D �;����)�(Q+�#�;� 80 $?  �
��-+T�; >.�*�Q�!������  t-test 

2.4.2 �+(�49 2 : #����$������$&-9+�6#7�
"8))!��49�4: �;++!���#��$)��<$��=>�%+'$?  �
@=��4$�4� @ �#����"8))!��49�4: �;++!���#��
$)��<$��=>�%+'$?  �@=��4$�4� >.����)�+=.Q�� 
�!�@== c+# �$(4����49$������#!=%Q+�E  

2.4.3 �+(�49 3 : #��$"�4�=$�4�=$&-9+�6#7�
��.!=�; � 'F  %+'+3���E�� �49 �4 : �;++! � ��#��
$)��<$��=>�%+'$?  �@=��4$�4� �;�(#���6#7��;�
� � .! = �; � ' F  % + ' +3 ���E �� �4 :  �; + +! � � � # � �
$)��<$��=>�%+'$?  �@=��4$�4���-+T�;(!5( *�Q#��
�� $����������@"�"��(�;�� (ANCOVA) @ �
�.�+=����@�#�;�'����;�'�;�$_ 49�%+'),�(�(
$?  �@=��4$�4� ),�@(#�����.!=%+'+3���E�� 

2.4.4 �+(�49 4 : #��$"�4�=$�4�=),�(�(
�!9�>�'�49*�Q=;�$�-5+#;+((!=$?  �@=��4$�4��49�;��4: �;+
+!���#��$)��<$��=>�%+'$?  �@=��4$�4���-+T�;(!5( 
*�Q Kruskal Wallis test �.�+=�!R�/�(),�(�($?  �
@=��4$�4�����;�'),�(�(�!9�>�'�49*�Q=;�$�-5+#;+((!=
),�(�($?  � 
 

3. #�*����,��   
: #����$������%Q+�E >.�*�Q SAS version 

9.1 @=;'$"S( 4 �+( ��� ,�.!=%+'�!��3"���'��#��
��)!� .!'(45 

3.1 	(���� 1 *��������+
�JK�(�Y*����8�*�����

�.��
����������������&� Hemacytometer 
#���.�+=�;�$_ 49�%+'),�(�($?  �

@=��4$�4��49(!=*(&-5(�49# 3;�@�# �-+ A, B, C @ � D 
�;�(Q+�#�;� 80 $?  ���-+T�; >.�*�Q�!������ t-test .!'
����' 1 
  
	���9 1 : #���.�+=�; � $ _ 49 � ), �(�( $?  �

@=��4$�4��49(!=*(&-5(�49 A, B, C @ � D (Q+�
#�;� 80 

�;������)�#%Q+�E �49
��=E���*(&-5(�49

$��9��Q( 

 

+'��
+���� 

 

�;������ 
t 

 

�;�  
p-value 

:  !&R�#���.�+= 398 -56.14 0.0001 
 

)�#����' 1 &=�;��;�$_ 49�%+'),�(�($?  �
@=��4$�4��49(!=*(&-5(�49# 3;�@�# A, B, C @ � D (Q+�
#�;� 80 $?  � +�;�'�4(!��,��!<�49 0.01 >.�&�)����
)�# p-value ��-+�;� Sig. (@==��'$.4��) �49$�;�#!= 
0.0001/2 = 0.00005 ?69'(Q+�#�;��;���.!=(!��,��!<��'
������49 0.01  

3.2 	(���� 2 *��������+
�JK�(�Y*���\,,�������

#�	N((�	��*���,��Q�	���	W(9�.��
��������� 
)�##����Q�'�!�@== c+# �$(4����;�'F 

�!5'��.�49$"S(T"T.Q >.�(,��!�@"��49�(*)�6#7�@ �
�!�@"�),�(�($?  �@=��4$�4�����$������ &=�;�
������$ -+#�!�@== c+# �$(4����49$������#!=%Q+�E 
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+�;�'�4(!��,��!<��'������49 0.01 ),�(�( 2 �!�@== 
((+#(!5(�!�@==T�;$������) �-+ 

ijklog(m ) = u + + + +

+ + +

+ + +

+ +

 
+
  

 

                                                         ��.���. (1) 
 

ijklog(m ) = u + + + +

+ + +

+ + +

+ +

 
+
  

 

+   
                                                          ��.���.(2)                                                

$�-9+ i =1, 2 
       j = 1, 2, 3, �, 8  
       k = 1, 2, 3, 4, 5 
       l = 1, 2 
>.�  @�( �����49%+'�;���.����

%+'),�(�($?  �@=��4$�4�# 3;��49 i +3���E��# 3;��49 j 
�!9�>�'�49(!=$?  �@=��4$�4�# 3;��49 k @ �&-5(�49�49(!=
$?  �@=��4$�4�# 3;��49 l 

 @�(�;�$_ 49��!5'��.%+' log (mijkl) 
 @�(+��R�& %+'),�(�(

$?  �@=��4$�4�# 3;��49 i 
 @�(+��R�& %+'+3���E��# 3;��49 j 

 @�(+��R�& %+'�!9�>�'�49(!=
$?  �@=��4$�4�# 3;��49 k 

@�(+��R�& %+'&-5(�49�49(!=$?  �
@=��4$�4�# 3;��49  l 

 @�(+��R�& �; ��

%+'),�(�($?  �@=��4$�4�# 3;��49 i #!=+3���E��# 3;��49 
j 

 @�(+��R�& �;��%+'
),�(�($?  �@=��4$�4�# 3;��49 i #!=�!9�>�'�49(!=$?  �
@=��4$�4�# 3;��49 k 

 @�(+��R�& �;��%+'
),�(�($?  �@=��4$�4�# 3;��49 i #!=&-5(�49�49(!=$?  �
@=��4$�4�# 3;��49 l 

 @�(+� � R� & �; ��%+'

+3���E��# 3;��49 j #!=�!9�>�'�49(!=$?  �@=��4$�4�# 3;��49 
k 

 @�(+� � R� & �; ��%+'

+3���E��# 3;��49 j #!=&-5(�49�49(!=$?  �@=��4$�4�# 3;��49 l 
@ � ( +� � R� &  �; � � % + '

�!9�>�'�49(!=$?  �@=��4$�4�# 3;��49 k #!=&-5(�49�49(!=
$?  �@=��4$�4�# 3;��49 l 

 @�(+��R�& 

�;��%+'),�(�($?  �@=��4$�4�# 3;��49 I +3���E��# 3;�
�49 j @ ��!9�>�'�49(!=$?  �@=��4$�4�# 3;��49 k 

 @�(+��R�& 

�;��%+'),�(�($?  �@=��4$�4�# 3;��49 i +3���E��# 3;�
�49 j @ �&-5(�49�49(!=$?  �@=��4$�4�# 3;��49 l 

 @�(+��R�& 
�;��%+'),�(�($?  �@=��4$�4�# 3;��49 i �!9�>�'�49(!=
$?  �@=��4$�4�# 3;��49 k @ �&-5(�49�49(!=$?  �@=��4$�4�
# 3;��49 l 

#�����)�+=�������E".4 (goodness of 
fit) %+'�!�@== c+# �$(4��� (1) @ � (2) .!'����' 2 
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	���9 2 �;� Deviance %+'�!�@== c+# �$(4��� 
�!�@== DF �;� Deviance 

�!�@== (1) 32 677.1851 
�!�@== (2) 28 341.1862 

 
)�#����' 2 �;�: �;�'%+' Deviance (∆ Dev) 

%+'�!�@== (1) @ � (2) $�;�#!= 677.1851-341.1862 

= 335.9989 ?69'��##�;�  = 13.2767 )6'

"z�$�R H 0 ��-+�!�@== (1) @ �$ -+#�!�@== (2) �49�4
����$��������##�;�+�;�'�4(!��,��!<��'������49 
0.01 $�-9 +(, ��!�@== (2) �����; �"�����%+'
&����� $�+��  ?69'*�Q�;�(�(69'%+':  !&R�%+'�!�
"�����&�����$�+��%+'�!�@== c+# �$(4��� .!'����' 
3 

 
	���9 3  �;�(�(69'%+'�;�"�����&�����$�+��@ ��!�������49$#49��%Q+'%+'�!�@== c+# �$(4��� 

 
 

)�#����' 3 "8))!��;�'F %+'�!�@==�49�4
(!��,��!<��'������49 0.01 (P < 0.01) �������4����
:  !&R�$#49��#!=�;�%+' Odds ratios �;�'F T.Q.!'(45 

)�# cellcount *temp (1,1) = log odds ratio   
= -38.2913 .!'(!5( Odds ratio =  
���������;� ),�(�($?  �@=��4$�4��49# 3;�(Q+�#�;� 
13,800,000 $?  �/ml ($�-9+$�4�=#!=# 3;� ),�(�($?  �
@=��4$�4��49��##�;���-+$�;�#!= 13,800,000 $?  �/ml) 
�49+3���E�� 650C )�$"S(  $�;�%+'�49
+3���E�� 700C 

)�#  cellcount *temp (1,2) = log odds ratio  
= -38.4128 .!'(!5( Odds ratio =     

���������;� ),�(�($?  �@=��4$�4��49# 3;�(Q+�#�;� 
13,800,000 $?  �/ml ($�-9+$�4�=#!=# 3;� ),�(�($?  �
@=��4$�4��49��##�;���-+$�;�#!= 13,800,000 $?  �/ml) 
�49+3���E�� 700C )�$"S(   $�;�%+'�49
+3���E�� 750C  

)�#  cellcount *temp (1,3) = log odds ratio  
= -38.5957 .!'(!5( Odds ratio =  
���������;� ),�(�($?  �@=��4$�4��49# 3;�(Q+�#�;� 
13,800,000 $?  �/ml ($�-9+$�4�=#!=# 3;� ),�(�($?  �
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@=��4$�4��49��##�;���-+$�;�#!= 13,800,000 $?  �/ml) 
�49+3���E�� 750C )�$"S(  $�;�%+'�49
+3���E�� 780C 

)�#  cell*temp (1,4) = log odds ratio            
= -38.4273 .!'(!5( Odds ratio =  
���������;� ),�(�($?  �@=��4$�4��49# 3;�(Q+�#�;� 
13,800,000 $?  �/ml ($�-9+$�4�=#!=# 3;� ),�(�($?  �
@=��4$�4��49��##�;���-+$�;�#!= 13,800,000 $?  �/ml) 
�49+3���E�� 780C )�$"S(  $�;�%+'�49
+3���E�� 800C  

)�#  cellcount *temp (1,5) = log odds ratio  
= -40.3587 .!'(!5( Odds ratio =  
���������;� ),�(�($?  �@=��4$�4��49# 3;�(Q+�#�;� 
13,800,000 $?  �/ml ($�-9+$�4�=#!=# 3;� ),�(�($?  �
@=��4$�4��49��##�;���-+$�;�#!= 13,800,000 $?  �/ml) 
�49+3���E�� 800C )�$"S(  $�;�%+'�49
+3���E�� 850C 

)�#  cellcount *temp (1,6) = log odds ratio  
= -39.4861 .!'(!5( Odds ratio =  
���������;� ),�(�($?  �@=��4$�4��49# 3;�(Q+�#�;� 
13,800,000 $?  �/ml ($�-9+$�4�=#!=# 3;� ),�(�($?  �
@=��4$�4��49��##�;���-+$�;�#!= 13,800,000 $?  �/ml) 
�49+3���E�� 850C )�$"S(   $�;�%+'�49
+3���E�� 880C 

)�#  cellcount *temp (1,7) = log odds ratio  
= -18.3883 .!'(!5( Odds ratio =  
���������;� ),�(�($?  �@=��4$�4��49# 3;�(Q+�#�;� 
13,800,000 $?  �/ml ($�-9+$�4�=#!=# 3;� ),�(�($?  �
@=��4$�4��49��##�;���-+$�;�#!= 13,800,000 $?  �/ml) 
�49+3���E�� 880C )�$"S(  $�;�%+'�49
+3���E�� 900C  

)�#  cellcount *hour (1,4) = log odds ratio   
= -17.5396 .!'(!5( Odds ratio =  
���������;� ),�(�($?  �@=��4$�4��49(Q+�#�;� 
13,800,000 $?  �/ml ($�-9+$�4�=#!=# 3;� ),�(�($?  �
@=��4$�4��49��##�;���-+$�;�#!= 13,800,000 $?  �/ml) 
$�-9+(!=�!9�>�'�49 9 )�$"S(  $�;�%+'$�-9+
(!=�!9�>�'�49 12  

3.3 	(���� 3 *��������+
�JK�(�Y*���&��

	N�9] W(9( L+M$�������#�	N((�	��*���,��Q�	���	

W(9�.��
��������� 
3.3.1 %!5(�+( 3.1 $"S(#�����)�+=#��

@)#@)'"#��%+'%Q+�E ),�(�($?  �@=��4$�4� >.�
&�)����)�#������.�+= Kolmogorov-Smirnor test 
&=�;��;������%+' Kolmogorov-Smirnov $�;�#!= 
0.187 @ �*�Q�;� p-value 0.011 > 0.01 ���������;�
%Q+�E ),�(�($?  �+�)T�;�4#��@)#@)'"#���49��.!=
(!��,��!< 0.01 )6'@" '%Q+�E *(%!5(�+( 3.2 �;+T" 

3.3.2 %!5(�+( 3.2 )�#%!5(�+( 3.1 �49
&=�;�%Q+�E T�;T.Q�4#��@)#@)'"#�� )6'+�)@" '
%Q+�E >.�*�Q natural log @ Q����)�+=#��@)#@)'
%+'%Q+�E *��; >.�&�)����)�#����� Kolmogorov-
Smirnor test +4#��!5'�(69' : #����$������&=�;�
�;������%+' Kolmogorov-Smirnov $�;�#!= 0.116 @ �
�;� p-value $�;�#!= 0.010 ?69'$�;�#!=��.!=(!��,��!< 
0.01 .!'(!5(%Q+�E ),�(�($?  �@=��4$�4�$�-9+@" '.Q�� 
natural log �4#��@)#@)'>.�"�����@=="#���49
��.!=(!��,��!< 0.01 ?69'�+.� Q+'#!=%Q+�������'
��7�4%+'��R4#���� $����������@"�"��(�;�� 
(ANCOVA) �;+T"*(%!5(�+( 3.3 

3.3.3 %!5(�+( 3.3 )�#%!5(�+( 3.2 $�-9+
&=�;�%Q+�E ),�(�($?  �@=��4$�4�$�-9+@" '%Q+�E 
.Q�� natural log �4#��@)#@)'"#�� .!'(!5(:EQ��)!�)6'*�Q
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#���.�+=����@�#�;�'����;�'�;�$_ 49�%+'),�(�(
$?  �@=��4$�4��49@" '%Q+�E .Q�� natural log ),�@(#
�����.!=%+'+3���E��>.�*�Q#����$����������
@"�"��(�;�� (ANCOVA) >.�*�Q�!�@"��;���-+
),�(�(�!9�>�'�49(!=$?  �@=��4$�4� $(-9+')�#$"S(�!�
@"��49�;': #���=��-+�4����$#49��&!(#!=),�(�(
$?  �@=��4$�4�.!'�49T.Q&=)�#�!�@== c+# �$(4��� : 
#����$������&=�;��4�;� p-value $�;�#!= 0.018 ?69'(Q+�
#�;���.!=(!��,��!< 0.05 (!5(���������;��;�$_ 49�
%+'),�(�($?  �@=��4 $�4�$�-9+@" '%Q+�E .Q�� 
natural log ),�@(#�����.!=%+'+3���E���4�;�
@�#�;�'#!(�49��.!=(!��,��!<��'������49 0.05 

3.4 	(���� 4 *��������+
�JK�(�Y*��,-����
'�����9���X'%�N��'K^(*N(����,-�����.��
��������������

#�	N((�	��*���,��Q�	���	W(9�.��
��������� 
)�##�����)�+=#��@)#@)'"#��%+'

%Q+�E .�=  �-+  ), �(�($?  �@=��4 $�4 �.Q������� 
Kolmogorov-Smirnor test *(%!5(�+(�49 3.1 &=�;�
%Q+�E ),�(�($?  �@=��4$�4�+�)T�;�4#��@)#@)'
"#��$�;((45 ��'$ -+#*(#����$������$&-9+�6#7�),�(�(
�!9�>�'�49*�Q=;�$�-5+#;+((!=),�(�($?  �@=��4$�4��4: 
�;++!���#��$)��<$��=>�%+'$?  �@=��4$�4���-+T�; 
:EQ��)!�)6'$ -+#*�Q#���.�+=�����/�($��'�����@==
T�;*�Q&����� $�+��*(#���.�+=����@�#�;�'
����;�'�;��!R�/�(%+'),�(�($?  �@=��4$�4� ),�@(#
���),�(�(�!9�>�'�49*�Q=;�$�-5+#;+((!=),�(�($?  �
@=��4$�4� ?69': #����$������&=�;� �49),�(�(�!9�>�'�49
(!=$?  �@=��4$�4�$�-9+$� �$��9��Q(%+'#��(!=$"S( 12 
*�Q�;�$_ 49�%+'+!(.!=�E'�49�3. �-+ 131.47 �+' '���-+
�49),�(�(�!9�>�'�49(!=$?  �@=��4$�4�$�-9+$� �$��9��Q(
%+'#��(!=$"S( 9 $�;�#!= 116.77 @ �),�(�(�!9�>�'�49
(!=$?  �@=��4$�4�$�-9+$� �$��9��Q(%+'#��(!=$"S( 0   

*�Q�;�$_ 49�%+'+!(.!=�9,��49�3. $�;�#!= 24.55 @ �: 
#���.�+=����@�#�;�'����;�'�!R�/�(%+'
),�(�($?  �@=��4$�4� ),�@(#���),�(�(�!9�>�'�49*�Q
=;�$�-5+#;+((!=),�(�($?  �@=��4$�4�.Q�� Kruskal  
Wallis test &=�;��4�;� p-value 0.0001 < 0.01 (!5( 
���������;� �!R�/�(%+'),�(�($?  �@=��4$�4� 
),�@(#���),�(�(�!9�>�'�49*�Q=;�$�-5+#;+((!=),�(�(
$?  �@=��4$�4��4�;�@�#�;�'#!(�49��.!=(!��,��!< 0.01 
.!'(!5(),�(�(�!9�>�'�49*�Q=;�$�-5+)6'�4: �;+),�(�(
$?  �@=��4$�4� +�;�'�4(!��,��!<��'����� 
 

4. �� �#�*����,��  
: #����)!���3"T.Q 4 "��$.c( �-+ 
4.1  *(# �����)�+=�� R4 # � �(! = $ ?  �

@=��4$�4��49(!=>.� Hemacytometer .Q������� t-test 
�;�),�(�($?  �@=��4$�4�>.�$_ 49��49(!=*(&-5(�49 A, B, 
C @ � D (Q+�#�;� 80 $?  ���-+T�; &=�;��;�$_ 49�%+'
),�(�($?  �@=��4$�4��49(!=*(&-5(�49 A, B, C @ � D �4
�;� 31.15 $?  � ��-+�4�;�(Q+�#�;� 80 $?  � +�;�'�4
(!��,��!<�49 α = 0.01 .!'(!5($�-9+&=�;�),�(�($?  �
@=��4$�4��49(!=*(&-5(�49 A, B, C @ � D ��##�;� 31 
$?  � +�)$" 49�(T"(!=),�(�($?  �@=��4$�4�*(
&-5(�49 1, 2, 3, 4 @ � 5 �;+T" 

4.2 *(#�����)�+=�;�"8))!��49�4: �;++!���
#��$)��<$��=>�%+'$?  �@=��4$�4��4"8))!�*.=Q�'  
.Q���!�@== c+# �$(4��� &=�;�"8))!��49�4: �;++!���
#��$)��<$��=>�%+'$?  �@=��4$�4� ?69'"��#+=.Q��
+��R�& � !#T.Q@#; # 3;�%+'),�(�($?  �@=��4$�4�
(cell count) +3���E�� (temp) ),�(�(�!9�>�'�49(!=$?  �
@=��4$�4� (hour) @ �&-5(�49�49(!=$?  �@=��4$�4� (area) 
@ �+��R�& �;���;�'F T.Q@#; (cell count)(temp), (cell 
count)(hour), (cell count)(area), (temp)(hour), 
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(temp)(area), (hour)(area), (cell count)(temp)(hour), 
(cell count)(temp)(area) @ � (temp)(hour)(area) >.�
�!�@==�4����$������#!=%Q+�E +�;�'�4(!��,��!<
��'������49 0.01 

4.3 #��$"�4�=$�4�=��.!=�;�'F %+'+3���E��
�49�4: �;++!���#��$)��<$��=>�%+'$?  �@=��4$�4� 
.Q��#����$����������@"�"��(�;�� &=�;��;�$_ 49�
%+'),�(�($?  �@=��4 $�4�$�-9+@" '%Q+�E .Q�� 
natural log ),�@(#�����.!=%+'+3���E���4�;�
@�#�;�'#!(�49��.!=(!��,��!<��'������49 0.05 

4.4 #��$"�4�=$�4�=: ����;�'),�(�(�!9�>�'
�49*�Q=;�$�-5+#;+((!=),�(�($?  �@=��4$�4��49�4: �;+
+!���#��$)��<$��=>�%+'$?  �@=��4$�4�.Q�������
@==T�;*�Q&�����$�+�� &=�;��!R�/�(%+'),�(�(
$?  �@=��4$�4�$�-9+@" '%Q+�E .Q�� natural log �4�;�
@�#�;�'#!(�49��.!=(!��,��!<��'������49  0.01 >.�
),�(�(�!9�>�'�49(!=$?  �@=��4$�4�$�-9+$� �$��9��Q(
%+'#��(!=$"S( 12 �!9�>�' *�Q�;�$_ 49�%+'),�(�(
$?  �@=��4$�4���#�49�3. 
 

5. W%(���(��,�*9����,��   
)�#: #����)!�(45 %Q+�E #��(!=),�(�($?  �

@=��4 $ �4 ��49 (!=>.�  Hemacytometer �Q ��4 %Q +�E  
�. +'�49��=E���T�;��#&+ *(�3#�!�@"�#��
$"�4�=$�4�=+�)*�Q�����@==*�Q&�����$�+���!5'��. 
@�;�Q��4%Q+�E �. +'�49��=E�����#&+%+'�3#�!�@"�
��-+��#%65(#�;�$.�� +�)$ -+#��R4��$������%Q+�E 
���*�Q#��@)#@)'"#��T.Q  �;�(#��(!= $?  �
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