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Extracts of sausage, sauce, cookie, cereal and pasta sauce spiked with milk standard protein at
a level of 5�20 ng/mL as sample solutions were analyzed in replicate in 10 laboratories. Coe$-
cients of variation (CVs) of the three ELISA methods using a Milk Protein Casein ELISA Kit
(Casein kit), a Milk Protein b-Lactoglobulin ELISA Kit ( b-Lactoglobulin kit) and a FASTKITTM

Milk ELISA Kit (Milk ELISA kit) were mostly below 10~. Mean recoveries of the milk standard
protein from the food extracts were over 40~ in the three ELISA methods with a few excertions.
The recoveries of milk standard protein from the sauce extract in Casein kit were improved by
adjusting the extract to neutrality before the Casein kit assay. The recoveries of milk standard
protein from cookie, cereal and pasta sauce were improved by the increasing the amount of
antibody coated in the Milk ELISA kit.

The detection limits of all the ELISA methods were 1 ng/mL in sample solutions. These
results suggested that the notified ELISA methods are reliable and reproducible for the inspection
of milk protein levels in extracts of sausage, sauce, cookie, cereal and pasta sauce.
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�������
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-M#�MN$�� +�v
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� ���No9G*� 13vw5� PEK (RSDR)
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��HI�� PEK '{��� �#���HIe	 *
�.JKL�M�RPJF�m�10 s �m; ���<���
HI��,b�	 s ; ���<��HI�� PEK '
{���

��
��
�
1. �����������
�'3o�������/��0��N�6��65�

sO$	 �'� 3 g � $% PBS � 27 mLP!$	 ��
����g*�/'$��

2. ��������
¡¢������Olm'_�*Q#$6"��O��

(0, 1, 2, 4, 8, 16, 32, 64 ng/mL) � 1 5��'jT
��
3 5����FG�QR£F (CV), O��� CV�� 2 5
���,b�� Table 1 '~g� lm 5 � 0 ng/mL JF
4 ng/mL V����S¤�	 ¥J�lm+
¦� CV�
�~$�)	 �G�§�lm�e	 TFJ'�a¨©��
*/ªhG*����«�%__¬­ 10® ��� CV�
��
	 U¯^*�vw5)~9G�� lm 5 � CV�
�¦�W°/$%	 >?@�����6)V±�����
/s"FG�� b-�<�²=�A�����*	��c�
Table 2 '~g� ¡¢�����/*	'	 lm 5 �W�
��¦� CV��~$��§e	 __¬­ 10® ���
CV���
	 U¯^*�vw5)~9G��
³X´µ����`a'_�%¡¢�����_+x

b-�<�²=�A����/¶'Qo��e 1 ng/mL, �
#��e 2 ng/mL �����
����������Olm'_�*Q#$6"��O
�� (0, 0.5, 1, 5, 25, 100 ng/mL) � 3 5����FG�

Table 1. CVs of Determination of Milk Standard Protein Using Milk Protein ELISA Kit (Casein)

Conc. (ng/mL) 0 1 2 4 8 16 32 64

Laboratory 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

1 1.4 2.5 1.7 1.8 2.7 1.9 2.3 5.6 6.3 2.6 2.5 5.9 0.9 1.8 2.2 3.6
2 27.7 8.9 5.6 7.7 9.1 6.5 9.9 5.7 29.6 9.6 7.9 8.0 7.8 4.4 2.7 5.3
3 10.7 19.8 3.5 10.2 2.6 12.5 0.9 3.3 0.9 3.3 3.7 0.4 0.9 2.4 1.8 0.9
4 21.3 12.7 8.6 2.6 19.1 0.4 7.8 1.9 3.2 4.2 1.7 1.6 2.4 0.3 2.3 2.0
5 13.3 35.0 23.3 18.8 11.0 33.7 12.1 10.0 7.3 17.4 9.6 8.8 3.4 4.4 1.7 2.0
6 9.1 3.4 3.6 50.1 6.1 3.9 1.2 1.8 3.8 1.3 2.6 1.7 1.2 0.3 1.4 1.0
7 4.4 2.6 3.4 3.8 19.8 0.0 1.6 0.8 3.5 2.9 1.8 1.0 4.0 3.8 0.4 1.5
8 2.4 11.4 6.6 1.0 5.3 2.6 2.0 3.4 3.6 0.6 1.3 1.9 2.9 5.2 1.1 2.1
9 14.9 11.0 10.8 6.0 5.6 3.3 2.9 3.1 0.0 5.0 2.9 1.5 0.8 1.9 2.6 3.0

10 2.4 2.3 8.2 1.0 3.7 3.7 1.1 3.4 1.2 1.7 3.4 3.0 1.4 2.6 0.9 0.8

Mean (®) 10.8 11.0 7.5 10.3 8.5 6.9 4.2 3.9 5.9 4.8 3.7 3.4 2.6 2.7 1.7 2.2

Data represent mean values of 3 wells
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CV, ���� CV������ Table 3 	
�� ���

���	����
������������� �!
"�# $$%& 10'()� CV��
*# +,-./0
12�
*"�
3456
7!"8�	$9:# ;<=>?@ABC�
�DEFG 1 ng/mL
# �HEFG 5 ng/mL
�!"�

3. ������
IJ?KABC�L9:�MN
7!"OPQ�RST
U*# VWX	Y!"MN�Z[\]^����# _70
12�`abcde (RSDr) $fghi012�bcde
(RSDR) � Table 4 	
�� -$# 10MN
jU*"k
l# �mnoDp	$q���rp����G# $$%&
0 ng/mL�� 2 ng/mL�st	�u# 5 ng/mL�vw
��G-x# ��rp����yz*"{�mn�;<|
}HG# �~: 100 ng/g()
�!"� �mnoDp�
����\]^G# �P���9:G# ��Q�P�$q
���rp�� (5 ng/mL) �\]^ 34.3'���BAP
	$q���rp�� (5 ng/mL) �\]^ 90.5'�st
	�u# �P����Q�P�(�G ELISA�kl�*
:����
��kl
�!"11)�16)� *�*# �P�o
Dp�����\]^G# 5.4' ���rp���*: 5

ng/mL�-�f�	Z[�# 8.0' ���rp���*:
20 ng/mL�-�f�Z[����!"� ��Q�P�	
$9:�# ���mnoDp	�~���\]^��9�
���# �P��	$9:\]^��x-�����w�
�"� �P��� pH���*"���# pH� 2�3�
���mnoDp	�~��:��!"� ��"�# �P
�oDp	bcrp�Z[*"X	# pH��2 (pH 6�
8) �-�f�	��X# ().�� ¡�7!"kl#
��\]^G 106' ���rp���*: 5 ng/mL�-
�f�	Z[�# 97' ���rp���*: 20 ng/mL�
-�f�Z[��¢£*"� ��kl��# mnoDp�
pH��¤	¥2¦	d!:9��\]^��x-���
�
§¨�"� IJ?KABC	f��P����9"\
]^� RSDrG 4.8�31.0'
�u# RSDRG 8.5�35.6'

�!"� ��rp����©ª*:# 9«�� RSDR

���# hi¬���­��®b� 1¯
�� Horwitz

�°��Sz¨�����)\!:9"11)�
b->�C±²³´KABC
�.��kl� Table 5	

�� 10MN
jU*"kl# �mnoDp���rp
����G# �� 0 ng/mL�� 2 ng/mL�st	�u#
��rp����yz*"{�mn�;<|}HG# �~

Table 2. CVs of Determination of Milk Standard Protein Using Milk Protein ELISA Kit ( b-Lactoglobulin)

Conc. (ng/mL) 0 1 2 4 8 16 32 64

Laboratory 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

1 6.7 3.4 3.7 4.5 0.8 4.1 3.6 2.2 1.1 5.1 2.4 1.8 2.7 1.4 1.2 2.5
2 2.3 9.5 12.5 7.0 8.5 1.1 4.9 0.5 7.9 4.5 6.9 1.4 5.8 4.8 4.0 0.6
3 2.1 2.7 9.4 2.3 8.5 2.4 2.3 3.9 9.8 1.9 2.6 0.0 1.2 2.0 1.8 1.2
4 1.8 3.6 5.5 2.7 4.6 1.5 4.2 4.2 5.2 1.9 2.6 2.2 0.2 3.3 1.6 2.1
5 13.1 2.4 15.2 7.5 6.3 11.3 15.2 3.6 2.8 2.1 3.1 3.6 3.5 2.1 0.4 1.9
6 7.9 5.2 4.9 3.8 7.3 5.0 5.3 3.8 1.1 4.4 4.4 5.4 2.2 1.1 4.7 2.3
7 7.4 4.4 5.6 8.5 11.0 11.2 7.9 7.6 18.9 2.4 1.5 3.7 1.3 11.2 1.0 0.8
8 6.1 5.6 9.6 11.6 5.2 5.5 2.5 8.5 0.4 2.1 4.6 0.9 1.5 2.8 2.7 3.2
9 13.1 12.6 7.9 8.1 4.3 5.2 6.2 2.9 1.9 3.1 2.0 3.2 0.3 4.4 4.2 0.9

10 7.3 10.5 6.5 8.7 8.3 4.4 9.5 0.5 1.6 21.2 4.8 3.6 0.6 2.7 2.6 0.3

Mean (') 6.8 6.0 8.1 6.5 6.5 5.2 6.2 3.8 5.1 4.9 3.5 2.6 1.9 3.6 2.4 1.6

Data represent mean values of 3 wells

Table 3. CVs of Determination of Milk Standard Protein Using FASTKITTM Milk ELISA Kit

Conc. (ng/mL) 0 0.5 1 5 25 100

Laboratory 1 2 1 2 1 2 1 2 1 2 1 2

1 3.2 1.3 2.3 2.5 1.6 0.9 1.1 5.7 1.9 4.8 1.4 5.4
2 3.9 4.7 3.8 3.3 4.2 1.9 5.2 2.2 2.5 3.5 3.0 2.8
3 2.6 6.2 3.9 19.7 1.2 7.9 11.9 7.8 2.2 6.4 1.1 10.6
4 4.2 5.2 2.5 4.3 2.2 6.0 2.7 3.2 3.0 2.1 4.4 2.4
5 2.5 3.7 2.2 3.8 3.3 2.7 1.4 3.2 1.6 1.7 2.9 1.3
6 3.5 2.5 1.8 15.3 2.4 0.7 2.9 2.3 4.3 35.2 2.7 4.4
7 2.1 2.7 4.6 7.9 2.3 2.2 2.2 4.1 4.7 3.9 4.8 1.8
8 6.5 3.4 9.6 2.7 2.9 2.9 2.4 3.6 2.1 3.8 2.2 1.4
9 7.4 16.3 5.3 5.6 5.8 4.7 4.6 4.4 3.2 3.6 1.9 1.5

10 3.6 3.1 4.6 3.7 2.8 2.1 3.6 7.5 1.2 1.2 2.8 1.6

Mean (') 4.0 4.9 4.1 6.9 2.9 3.2 3.8 4.4 2.7 6.6 2.7 3.3

Data represent mean values of 3 wells
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Table 4. Results of Inter-laboratory Evaluation for Recovery Test of Milk Standard Protein Using Milk Protein ELISA
Kit (Casein)

Extract
Sample solution

conc. (ng/mL)
Number of

laboratories

Accuracy
recovery (#)

Precision

Repeatability (#) Reproducibility (#)

Mean Bias RSDr RSDR

Sausage 5 9 62.9 ¶37.1 15.2 21.9
20 8 49.6 ¶50.4 8.3 15.0

Sauce 5 10 5.4 ¶94.6 118.6 130.9
20 10 8.0 ¶92.0 44.9 52.7

Cookie 5 10 90.5 ¶9.5 15.9 19.2
20 8 82.3 ¶17.7 4.8 8.5

Cereal 5 10 64.9 ¶35.1 16.4 22.4
20 8 62.9 ¶37.1 7.2 11.6

Pasta sauce 5 10 34.3 ¶65.7 31.0 35.6

20 10 34.5 ¶65.5 19.0 27.4

Table 5. Results of Inter-laboratory Evaluation for Recovery Test of Milk Standard Protein Using Milk Protein ELISA
Kit ( b-Lactoglobulin)

Extract
Sample solution

conc. (ng/mL)
Number of

laboratories

Accuracy
recovery (#)

Precision

Repeatability (#) Reproducibility (#)

Mean Bias RSDr RSDR

Sausage 5 8 94.8 ¶5.2 19.4 18.4
20 8 74.2 ¶25.8 19.8 18.7

Sauce 5 10 49.0 ¶51.0 44.5 44.0
20 9 58.6 ¶41.4 17.2 17.7

Cookie 5 8 93.0 ¶7.0 25.5 22.8
20 8 85.4 ¶14.6 17.1 17.7

Cereal 5 9 53.2 ¶46.8 26.8 41.3
20 8 66.8 ¶33.2 13.2 17.4

Pasta sauce 5 9 61.3 ¶38.7 47.4 49.0

20 9 64.0 ¶36.0 27.9 31.0
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Table 6. Results of Inter-laboratory Evaluation for Recovery Test of Milk Standard Protein Using FASTKITTM Milk
ELISA Kit

Extract
Sample solution

conc. (ng/mL)
Number of

laboratories

Accuracy
recovery (¹)

Precision

Repeatability (¹) Reproducibility (¹)

Mean Bias RSDr RSDR

Sausage 5 10 41.0 º59.0 35.2 37.7
10 10 48.4 º51.6 34.5 37.9

Sauce 5 8 40.9 º59.1 36.3 35.0
10 9 42.5 º57.5 28.4 40.0

Cookie 5 9 34.2 º65.8 41.0 46.3
10 10 41.2 º58.8 60.9 55.0

Cereal 5 8 25.4 º74.6 69.7 69.9
10 9 23.3 º76.7 58.4 59.1

Pasta sauce 5 7 27.1 º72.9 59.8 63.9

10 10 40.4 º59.6 57.4 55.9
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