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Extracts of sausage, sauce, pasta sauce, fish paste and cereal spiked with wheat 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 both ELISA methods using a Wheat Protein ELISA Kit (Gliadin
kit) and a FASTKITTM Wheat ELISA Kit (Wheat ELISA kit) were mostly below 10}. Mean
recoveries of the wheat standard protein from the food extracts were over 40} in the two ELISA
methods except those from cereal extract determined using the Wheat ELISA kit. Repeatability
relative standard deviations of wheat standard protein in the five food extracts were in the ranges
of 16�26.9} and 3.7�36.2} for the Gliadin kit and the Wheat ELISA kit, respectively. Reprodu-
cibility relative standard deviations of wheat standard protein in the five food extracts were 21.6
�38.5}, 29.7�53.8} for the Gliadin kit and the Wheat ELISA kit, respectively. The recoveries of
wheat standard protein from the cereal extract were improved by the increasing the amount of
antibody coated on the plate in the Wheat ELISA kit. The detection limits of both 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 wheat protein levels in extracts of sausage, sauce,
pasta sauce, fish paste and cereal.
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 1.���jS
��� 3.����EF�IJ¥? (CV), N��
 CV

�
 2.��
(a�� Table 1 ��f2 KEI���
¦§'¨gF"©
�ª��� 3L�M��^^«¬
10­��
 CV���	� N®]&�vw0!�6F�2
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�d 1 ng/mL, ����d&�&P 1 ng/mL��1�2
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Nlm�^�"P� /��
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�� (0, 0.5, 1, 5, 25, 100 ng/mL) 
 1.���jS��
� 3.����EF� CV� N��
 CV�
(a��
Table 2��f2 0.5 ng/mL�^�" CV�! 10­�6
�"©
!�1�!� 1 ng/mL�µ
���d� KEI
���¦§'¨gF"����ª��� ^^«¬ 10­�
�
 CV����� N®]&�vw0����2 ¯O°±
�01�_`�^��� ²Q³�9´���
Po��d
1 ng/mL�� ����d 5 ng/mL��1�2

3.  !"#��
¤?����������Nlm�01�¶>X�)L
t/�� yz(��1�lm
H�.k-
(a�� '0

Table 1. CVs of Determination of Wheat Standard Protein Using Wheat Protein ELISA Kit (Gliadin)

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 5.2 1.0 2.9 4.3 1.9 4.2 1.4 5.6 3.0 5.6 3.4 7.9 2.3 2.1 2.8 3.1
2 7.4 5.4 4.1 3.1 6.8 6.9 2.0 1.4 0.0 2.5 3.6 4.9 0.2 3.4 2.4 6.1
3 10.0 8.0 4.7 6.3 4.2 1.0 3.5 6.9 3.1 2.9 2.6 3.6 1.7 2.8 3.1 2.2
4 4.0 3.1 1.1 4.1 2.7 4.5 6.5 4.9 5.3 7.9 3.7 7.4 1.5 2.3 1.5 4.1
5 4.6 12.5 2.2 32.1 2.2 4.2 2.0 2.7 6.1 1.0 0.9 3.6 2.8 1.1 3.3 3.3
6 7.2 10.3 1.1 4.9 1.2 3.9 3.5 6.3 1.6 4.5 1.4 5.8 2.6 5.0 2.0 4.7
7 25.4 11.1 9.6 2.5 11.8 2.9 8.6 2.9 9.2 1.2 7.5 3.0 4.7 2.2 4.0 2.0
8 11.2 8.6 6.7 2.4 4.7 5.5 7.4 7.8 0.6 7.0 5.3 3.1 1.4 2.3 1.1 2.0
9 90.0 0.0 8.5 10.8 4.1 0.8 2.9 2.6 2.6 2.8 2.7 0.9 2.1 0.6 1.2 1.5

10 19.6 23.0 5.6 1.7 3.7 1.0 1.7 4.2 1.6 5.1 1.7 1.2 1.6 0.1 1.2 1.0

Mean (­) 19.6 8.3 4.6 7.2 4.3 3.5 4.0 4.5 3.3 4.0 3.3 4.1 2.1 2.2 2.3 3.0

Data represent mean values of 3 wells
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mL) �MNO 26.8S/0qrs7t��&'()*%8
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RSDr , 3.7T36.2S �34� RSDR , 28.8T53.8S �
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Horwitz�`/0a;bY'c+�IMJGW�11)�
uvMNO��,� wnox@hij�yF� zz{W
|}���GW'~� mnop��WG���FG�!"
� 40T53S��)��MNO����� mnop�uv
MNO~{/J���/0� �����Qj��Qj�'
������� 2���'����W� ������W
Gmnop��&'uvMN����J����� 5 ng/

mL� 58.1S�CV+ 0.9S�� 10 ng/mL� 59.8S�CV+
9S� ���bY�� ���������� ¡ ELISA
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Table 2. CVs of Determination of Wheat Standard Protein Using FASTKITTM Wheat 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 6.3 6.8 1.2 2.8 2.6 5.1 2.0 4.4 6.2 5.5 5.2 5.3
2 2.5 3.6 19.2 7.8 2.1 2.1 6.4 2.9 6.7 8.1 � 3.9
3 8.1 7.1 10.5 19.6 4.8 4.4 2.6 3.8 5.5 2.3 2.6 65.7
4 12.1 4.9 7.9 2.2 8.3 8.9 4.8 5.5 5.5 7.1 1.2 4.7
5 4.3 4.5 8.8 7.4 5.2 6.0 4.2 2.9 3.8 4.7 1.7 5.1
6 8.1 7.2 37.7 14.4 3.0 5.7 3.4 14.7 5.7 5.6 2.2 2.8
7 6.5 7.1 6.6 11.4 4.2 7.9 2.3 3.6 6.3 4.3 4.1 4.9
8 9.4 6.6 13.2 6.4 7.0 6.7 5.3 3.2 3.6 8.2 � 0.0
9 5.6 8.3 2.7 2.4 5.1 4.9 3.7 3.5 1.7 1.3 0.3 0.5

10 25.1 39.9 8.4 3.8 8.3 36.3 11.5 5.9 2.5 4.9 2.4 5.1

Mean (S) 8.9 9.9 8.7 7.1 5.3 9.1 4.8 4.0 4.6 5.2 2.5 10.6

Data represent mean values of 3 wells
� : could not determined

Table 3. Results of Inter-laboratory Evaluation for Recovery Test of Wheat Standard Protein Using Wheat Protein
ELISA Kit (Gliadin)

Extract
Sample solution

conc. (ng/mL)
Number of

laboratories

Accuracy
recovery (S)

Precision

Repeatability (S) Reproducibility (S)

Mean Bias RSDr RSDR

Sausage 5 9 68.2 º31.8 18.5 24.7
20 10 58.4 º41.9 17.8 21.6

Sauce 5 10 43.6 º56.4 26.9 38.5
20 9 35.2 º64.8 18.4 22.6

Pasta sauce 5 10 65.0 º35.0 19.7 28.9
20 10 61.8 º38.2 17.3 25.8

Fish paste 5 9 59.2 º40.8 17.4 30.0
20 10 55.7 º44.3 16.2 22.0

Cereal 5 9 65.1 º34.7 16.0 26.8

20 10 52.7 º47.3 18.9 23.5
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Table 4. Results of Inter-laboratory Evaluation for Recovery Test of Wheat Standard Protein Using FASTKITTM Wheat
ELISA Kit

Extract
Sample solution

conc. (ng/mL)
Number of

laboratories

Accuracy
recovery (º)

Precision

Repeatability (º) Reproducibility (º)

Mean Bias RSDr RSDR

Sausage 5 8 41.2 »58.8 9.4 35.4
10 7 44.9 »55.1 8.8 28.8

Sauce 5 8 50.0 »50.0 36.2 39.0
10 9 47.6 »52.4 15.3 29.7

Pasta sauce 5 9 46.4 »53.6 22.8 42.6
10 7 44.4 »55.6 3.7 40.9

Fish paste 5 7 52.2 »47.8 18.0 32.0
10 7 48.0 »52.0 19.4 33.7

Cereal 5 7 26.8 »73.2 28.2 53.8

10 7 30.3 »69.7 19.4 43.8
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