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!���� �4���� ����6>;6�LNO6���6�=��$������6��6/���>6 (salted broad bean) A��/

I���-
�K
�����! 

L#P� �4���� ����6>;6�LNO6���6�=��A	
���6
!��
��Q���� (whole wheat cracker) ��6�����6��B
/��
��


�=��S ���
=�&�	
���
9���;��6�
6/�6��
��

& 6����;��#�A���6�A�=����6��B
/��
��
���
=�&A���

	��&	
���7� A��6"
�
���
>�6��6���
�
�	
���!��
6���
���&��T����=��S A���
>�6���
����4�C���

�"�����
 9��=����
�
���&������
�4���
��
��

& (post technical meeting) ��;��6�	
�;� �
 �6������;�	
���
�
�����;��,&=��&�
$�4���
���
�4��
7����=��,�,�� $���
�����	��&


=�&&>6 	��&�=�����>6A���4����9����/�		��=��S ��;������=��&��������A��6����,&=,����=��,�� F 

�����;  

 

        	F��#��
��� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�



 

 �(0
'���

Project Code (��

*0�����): MRG5380021 

�!"�*0�����: ��
-�?�����6�=��6���
6���6
� A����
9���->�6�
��&
��$��"�-

��6��B
/��
��
9���
����4�A���
��&
�C����"�����
 
Investigator (�!"��
���	
�):  ��.�
.	

�
� ����
���	! 

     �$�/���"�����
 &���
������&�
���
E-mail Address:  kunchit.jud@mahidol.ac.th  

Project Period (
��������	
���
): 15 &
$����� 2553 - 14 &
$����� 2555 

 

��

�/�
����6���
���&��
�����!��;�6���
��A��6���
�4��
7�
#� ��&�
$�P6������
��
�

�
	,&=�
��=6�
>;6
��,�� C����"�����
/�/

��"�FY!���&�	��&�=���>�6$>6�=��9���#�/

�"	��&�
$

��>6�6���
���&��
�����!�=6���"�-,�� �����6&#�9�6�����;9����7��=�C����"�����
���A���6�#=/�

��
�"�FY!6���
������
����,&=��<�,���&�
�����
��
����Z�
F������,���4����,��  �T����

�4�	�������������6��=���&������6��B
/��
��
�����<��#��
�	
���!��
6���
A������4�C��� �����;�

��
�H�I���;�H�&����$��
���	! �->�6�H�I�	��&��&�
$�6���6��B
/��
��
9���
�
�	
���!��
6���


/��	�/ A����
����4�C����"�����
 �������4���<� 2 
6/ 
6/A
�9�����6�=��$������6��6/���>6 

(salted broad bean) 
6/��� 2 9�����6�=��A	
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Abstract
 

Regular consumption of healthy fresh and processed foods could prevent consumers 

from non-communicable diseases.  Reliable nutrient composition data on a food label is 

important information to assist the consumers in making the right choice for healthy 

processed foods.  Previous studies on nutrition labelling indicated considerable problems of 

non-complied information based on the Thai Food and Drug Administration (Thai FDA) 

regulations.  The main issue involving the unreliable nutrient information could be the 

analytical� laboratories who take responsibility for developing the nutrient composition data.  

This study aimed to evaluate the performance of laboratories on analysis (PT) of mandatory 

nutrients, and the preparation of nutrition labelling.  Two rounds of laboratory performance 

using salted broad bean and whole wheat cracker as test materials were performed.  In each 

PT round, two types of the samples were prepared: by the organiser and by individual 

laboratories.  Participating laboratories were requested to analyse mandatory nutrients for 

nutrition labelling and to use the obtained data to prepare ready-to-use nutrition information 

based on the Thai FDA regulations.  Laboratory analytical performance was statistically 

evaluated using z-score (following ISO 13528).  Laboratories performed well (|z-score|<2) on 

total fat, saturated fat, protein, Na, Ca, Fe, moisture and ash analyses.  Unsatisfactory 

performance was found on analyses of sugars, dietary fibre, vitamin B1 and B2.  For the 

preparation of nutrition information, based on the Thai FDA regulation, the common non-

complying performance included declaration of nutrition format, uncorrected calculation, and 

declared information on nutrient per serving and percent Thai RDI.  The findings strongly 

support a requirement of regular evaluation of laboratory performance and training on 

nutrition labelling preparation to improve the quality and reliability of the nutrition information 

on food labels.  The cost-effective programmes like this, which can be organised in Thailand, 

could successfully improve the quality and reliability of laboratory performance on preparation 

of nutrition labelling.   

Keywords(0)���
�): Nutrition labelling / laboratory performance / mandatory nutrient /  

        Thai FDA regulation 
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�������������� �����������������������������������!�	������

���"�#$%�����������&���'������� (Development of reference materials and 

their uses for evaluation of laboratory performance on nutrition labeling 

evaluation and production) 

 

	
����������
�������������������: *+.#�.,����	 "-#�����,/   

���������

�	�0��	

��$1�     15 ���-���� 2553   �6�
��$1� 15 ���-���� 2555 

 

����������
�!���
����� 

 �. "�#$%�	�
��
�������������� (food reference material) �����$�����7!�,10�
 86���1,
�

�������7���������� �%����!��������,
!,-�,-9������
��,����/7���������!�	���� 

 7. ��������������,
��������7���������!�	���������
��,����/��������!��,�! ���

�������,
�������������"�#$%�&���'������� 	�������+���$�
���:��9�-7&!�!$1� 

182/2542 ��� 305/2550 '#����"�#��"����$#��!,
���%���?  

 ,. "�#����-�*@��

�',����� ������"��*����������� ��#�,
��,�#�����������	-���

���#7��*�#���# 
���*���������A77��!���
�� 
���*������"�#��"����$1�	
������� ��������

�������!�	����������$+A$��1��������,-9������
��,����/���A#���	�B��$�#�$1����� 

 

������� 

���#%��������"�#$%�	�
��
�������������� ��������������������
��,����/��������

!��,�!	����	�B������ (ISO 17043) ������"�#$%�&���'������� 	�������+���$�
�

��:��9�-7&!�!$1� 182/2541 ��� 305/2550 7���������!�	����
��,����/�����������$+A$� 

�������!�	����$1��7���

�',���������!����1 17 ��
� �

���!$1� 2 �1"%��
� 16 ��
� ���

#%���������!
���F� 2 ��! '#����
�:1���$1���������� ��"����$�0���#���	
����!�1�������1�#���

#%��������,�� ������?�������!�	�����7���

�',����� ����	�1��	�
��
��$#��! ���$#��!,
��

��F����0��#1�
���7��	�
��
��$1��	�1��'#�*@�"�#',����� (homogeneity testing) ������	�
"��!

,
�����1��7���������� (stability testing)  ����
�	�
��
�����������$1���1��
7������*@��7���

�

',����� ����%���#,
� assigned values 7������������	�
��
��$#��! ����������

,
��������7���������!�	���������
��,����/��������!��,�!�����"�#$%�&���'������� 

(evaluation of laboratory performance or proficiency study) ����%���#,
� consensus values 

7������������	�
��
��������� (reference material) $1��	�1��760� ����������������"�#$%�7���@�

'�������!�&�������� �������-��������#%�������� (Post-PT Technical Meeting) ������

�71��������&!�!��!@�9/7�� PT-9 (�71����F���J�����KJ) ��� PT-10 (�71����F���J�A$� 



���������	
���������!�	�����1,
���7���"���760�)  ���+6�J�����!��� (PT-9) ��������
�������!

����� (salted broad bean) 86����F�	�
�$�������%���L"�@�����-
�7��7!�,10�
$1��1'��	1����A7���

�@� ��F�	�
��
��$#��! (proficiency test material)  86��#%�����������L"��0�������#��������,� �.+.

2553 �

����N$1� 2 (PT-10) ���	�
��
��7���Q����!*��7��
���1 (whole-wheat cracker) ��F�

	�
�$�������%���L"�@�����-
�7���Q��!���!$1��1,��/'!AR�#�	���A7����@� #%�����������L"��0������

�#����KJ��,� �.+.2555 ���	
����!7�����+6�J����	�
��
��$#��! 2 �@��!!,��	�
��
��$1�

*@�
�"���	�1��	�
��
�������F����0��#1�
��� (homogenized sample) ������%�*����
��,����/��"�#$%�

&���'������� 	�������+���$�
���:��9�-7&!�!$1� 182/2541 ���	�
��
�����@��!!$1�

"%���
��"��� (commercial packages) 86���������!�	������F�*@��	�1��	�
��
����� ������������

���!
����"�#$%�&���'�������$�0���!!����%�*����
��,����/��"�#$%�&���'������� 	��

�����+���$�
���:��9�-7&!�!$1� 305/2550   

��������������������
��,����/7���	
���������!�	����$%�'#����
�:1$�����	�,�� robust 

z-score �����"�#��#�!�������7���������!�	������F� 3 ��#�!,���������!�	����$1��1,
��������

��F�$1������! (satisfactory performance) �������!�	����$1���@
���

����������!���A�
*
����9U/ 

(questionable performance) ����������!�	����$1�A�
*
����9U/ (unsatisfactory performance)  *�

���+6�J�$�0� 2 ��!�!

� �������!�	�����1,
�������������
��,����/��F�$1��
����"  

(satisfactory result) ,���1,
� �z-score� < 2 ��������7�����
��,����/��������A7��� ��#A7���

����	�
 '��	1�  '8�#1�� �,��81�� ���L� ���� ���,
����0�  ������
������������
��,����/

7�������������
��10A#��1��������#1760�����

����+6�J�$1�*
��W�� ��
��A��L	���!*����


��,����/7����������!�����#$1��1,
���	�	
��������A#���
 ���
��,����/������� �0%�	�� ��#

A7������#$���8/ 
�	����!1 1 ��� 2  ��������������,
��������7���������!�	�������	
����!

*@�
�"��A#�"�#����1����������-� (Post-PT Technical Meeting)  '#����?*@��$�7���	
��

�������!�	�����7���

��������-� �1����!
���-
������������	
����������$1��1�Q?�� �������

����	-�����
$��������A7 �����-�����#L��%�,�?$1��
�"��
�*�������#,
���	�	
��7��*����


��,����/  	�
��
���������Q?�� ��
� �������!�	����	����������1���
��,����/�������� �������

����0%�	�� '#�*@�"�#A#�$%�����	�1��	�
��
��$1����#A7���������
 (defatted sample) ������#�Q""��$1�

$%�������#,
���	�	
�� �!

� A#�*����
��,����/80%���F�$1��
����" 7����-�"��*����+6�J�$�0���#

,�� �������!�	����$1��1,
��������#1�����
��,����/$-���������	�������+&!�!$1� 305/2550 �1

��1�� 2 (PT-9) ��� 8 (PT-10) "�� 16 ���17 �������!�	����	���%�#�! �����������	��

�����+&!�!$1� 182/2542 �1��1�� 3 "�� 17 �������!�	���� �����+6�J�$�0� 2 ��!    

��$1��-#*@�#%�����',����� A#��%���#,
�������� (consensus values) 7����������!�����#

��	�
��
�����
�������!����� (INMU-17) �����	�
��
��7���Q����!*��7��
���1 (INMU-18) "��

*����
��,����/7���������!�	����$1�*
����9U/���������� ��������$1��������%���#��F� 

consensus values ��	�
��
��$�0�������#�10,��A7��� ��#A7�������	�
 '��	1� ������� �0%�	�� 



'8�#1�� �,��81�� ���L� 
�	����!1 1 ����  ���,
����0�  $%����A#�	�
��
��������� (reference 

material) ���
�������!��������7���Q����!*��7��
���1 ��!����������!�	����$1��7���

�',�����

A������������A77��!���
��	�� ISO 17025 �������,
!,-�,-9������
��,����/7��

�������!�	������������0� ������"��$�0����	�
��
���1A7����@����
�	����!1 1 �1��
'����#�� 

�%����!����������,
�������������"�#$%�&���'��������!

� ����1�����#��@��!!

&��� ���,%��
9 ��������#������9��������	
���6����

�!��'�,�����������	
������9$1�

����%����!��'�,	
�
�� $1�A�
��F�A�	��7���%���#7�������+���$�
���:��9�-7�����"�#$%�

&���'������� 7���@�$1�A#�"�����+6�J�,��0��10���!��-�����1���"�#����!���������!�	����$1�

��!*�#��!�����"�#$%�&���'���������
����
�#

� ��������!��-�,-9������,
���
���������7��

7���@�'�������!�&�������� 

  

 

                     *+.#�. ,����	  "-#�����,/ 

           ��
����',�����
�"��*@���!$-� 
 

 



 

Output 	��*0�������	
�(3"7'��
�(1�	�� 
��. 

1. �������-
&-!9���
��
�
����
�������
 (
�/��>�6�#�A�=� �>�6�
>�6� �>�6��
��
 �J ��=&��� 

������ A������) �
>6�������&���	��,��9�������	
���
 

- Kunchit Judprasong, Prapasri Puwastien, Jirapitcha Boonpor, Naruemol 

Pinprapai.  Laboratory performance on analysis of mandatory nutrients and 

preparation of nutrition labeling.  Food Chemistry.  (in press, first submitted 

on 23 Dec. 2011, revised from reviewers on 15 May 2012). 

2. ��
�4�������
���,�9���
�����! 

- ���������	
  
      1) A&��=��	
���
��;,&=&����6�=��6���
6���6
������&�
$�4���=��,�� A�=,��&���


�
�������6�=��KH��&�	=�6���6
� (consensus value) �6���
6���
/����
� ��&�
$

�4�,�9���
�	
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Kunchit Judprasong, Prapasri Puwastien, Jirapitcha Boonpor, Naruemol Pinprapai 
Institute of Nutrition, Mahidol University, Salaya, Phuthamonthon, Nakorn Pathom, Thailand 

ABSTRACT 
 

This study was conducted to assess the performance of laboratories in Thailand on 
analysis of mandatory nutrients and preparation of Nutrition Information based on the Thai 
Notifications for Nutrition Labelling - No.182/1998 and 305/2007.  The international 
standard, ISO 17043 (2009) was followed throughout the laboratory performance study.  
Two types of salted broad bean – as commercial packages (BB) and as homogenised 
powder (INMU-17) - with no consensus values of components were used as test samples.  
The studied nutrients included total lipid, saturated fat, trans fat, protein, dietary fibre, 
sugars, sodium, calcium, iron, vitamin B1 and B2, ash and moisture. Seventeen laboratories 
participated in this study.  Test materials were analysed by participants’ routine methods.  
Assigned values of nutrients, as robust mean and robust standard deviation (SD), in each 
sample were estimated using Algorithm A of ISO 13528.  Data obtained from participants 
were statistically evaluated using robust z-score against assigned values obtained from 
different approaches. Laboratories with satisfactory, questionable and unsatisfactory 
results for each nutrient were identified based on robust z-score both within- and between-
laboratories.  Good performance laboratories (Iz-scoreI < 2) were found in more than 80% 
of participating laboratories for total lipid, saturated fat, protein, sodium, iron, and moisture 
analyses, whereas for calcium and ash analyses, about 60 to 70% of all laboratories were 
found satisfactory. The main discrepancies of submitted results included dietary fibre, 
sugars, vitamin B1 and B2.  Some possible causes of the discrepancies were discussed at 
the PT-9 Technical Meeting after the performance evaluation.  Repeated analyses of the 
nutrients were conducted by most of the participants.  At the end, consensus values of 
most nutrients - total lipid, saturated fat, protein, dietary fibre, sugars, sodium, calcium, iron, 
vitamin B1, ash and moisture - were established from analytical results of laboratories with 
good performance.  The broad bean INMU-17 with consensus values of nutrients becomes 
a reference material which can be used for checking laboratory performance and used as a 
reference for internal quality assurance system.  For laboratory performance on 
preparation of nutrition labelling, the major concern is that 14 out of 17 laboratories retain 
specific mistakes.  The common mistakes involve nutrition format, estimation of serving 
size and serving per package, which can be easily corrected by an extensive training.  This 
proficiency testing programme indicates the status of overall performance of laboratories 
responsible for nutritional labeling process in Thailand.  Improvement in the performance of 
the data generators can increase the reliability of the nutritional information on the label 
which provides direct benefit to the consumers in choosing the appropriate foods for their 
health.     
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1.  INTRODUCTION
 

Voluntary nutrition labelling in Thailand has been implemented since 1998 based on the 
Thai Notification No. 182, B.E. 25411: Nutrition Labelling.  The Institute of Nutrition, Mahidol 
University (INMU) has some concern on the analytical performance of the mandatory 
nutrient which could affect the reliability of the nutrition information on the labels.  Thus, 
three out of eight proficiency testing rounds on analysis of mandatory nutrients for nutrition 
labelling were conducted by the Institute of Nutrition, Mahidol University during 1998-20032-

4.  At PT-3 round in 19982, only 4 laboratories in Thailand had facilities for analyses of the 
specified mandatory nutrients and participated in the laboratory performance study at 
regional level.  The number of laboratories in Thailand who have facilities for analyses of 
mandatory nutrients was gradually increased to 12 in 20003 and to 18 laboratories in 20034.  
However, some of them may not have full facilities for analyses of all mandatory nutrients.  
Among these three proficiency testing, PT-4 which organised in 20003 included evaluation 
of laboratory performance on preparation of Nutrition Information on the package, based on 
the Thai Notification No. 182, B.E. 25411:  Nutrition Labelling.  Instant noodle was used as 
one of the test items in the study. The problematic components of analytical performance 
found at the previous PT studies were total lipid5, saturated fat, cholesterol, dietary fibre, 
sugars, Na, vitamin A, B1. B2 and Ca2-4.   During those periods, limit number of laboratories 
have facilities for analysis of saturated fat, cholesterol, dietary fibre and vitamins.  Recently, 
a new mandatory nutrition labelling - Thai Notification No. 305, B.E. 25506 - as simplified 
format, was issued for five ready-to-eat food products.  According to the questionnaire 
survey in 20097, 15 out of 17 laboratories have full facilities for analysis of nutrition labelling 
mandatory nutrients.  Besides, 12 out of them have facilities for analysis of trans fatty acid 
which has not yet been one of mandatory nutrients in Thailand.  In January 20107, a survey 
on correctness of Nutrition Information on food packages (599 labels) according to the 
Notification No. 305 was conducted at two branches of one of the most popular 
supermarkets – Tesco Lotus.  Nutrition Information on food label of 5 ready-to-eat food 
products (fried or baked potato chips, fried or baked popcorns, rice crisps or extruded 
snack, crackers or biscuits, and filling wafer) were examined.  It was found that about 93% 
of the surveyed Nutrition Information has some incorrect information. They are, for 
example, using Nutrition Facts instead of Nutrition Information, wrong assigned and 
presented serving size, servings per package, and mistake in calculation of energy and 
energy form fat per serving as well as rounding number per serving and %Thai RDI.  
Therefore, the objective of this work was to conduct a laboratory performance on analysis 
of mandatory nutrients and on preparation of Nutrition Information.   

 
 

SPECIFIC OBJECTIVE  
 
 

The specific objective of this study was to assess the performance of laboratories on the 
analysis of mandatory nutrients according to the Thai Notification No. 1821 and No. 3056 on 
nutrition labelling.  The test materials used were salted broad bean in commercial 
packages and broad bean powder prepared by the PT provider.  The performance on 
preparation of Nutrition Information on the food label was also evaluated.  At the end, 
broad bean powder with consensus values of nutrients is expected to be worthwhile 
outcome of this study. 
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2.  MATERIALS AND METHODS 
 
2.1  Test materials and their preparations 

Salted broad bean was selected as a representative commercial snack of ready-to-eat food.  
The same producing lot of about 25 Kg test material was ordered from the producing 
manufacturer.  Two types of packages were requested, 1) as commercial package - 240 
packages, 50 g each; 2) as one package of about 10 kg.      
 
 2.1.1  Salted broad bean packed in a package as sold in supermarket 
 

The salted broad beans were packed in an aluminum foil package of 50 g; about 240 
packages were requested.  The organiser, as PT provider, assigned the participants to 
prepare the laboratory samples using their routine methods and to submit the prepared 
powder in a package of about 50 g to the PT provider.  The prepared samples, namely as 
salted broad bean (BB), were used for analysis of mandatory nutrients according to the 
Thai Notification No. 305 (2007)6. 
 
 2.1.2  Salted broad bean, about 10 Kg, packed in one package 
 

This sample was prepared as fine powder by the PT provider to be used as broad bean 
powder (INMU-17) as another test material.  Ten kilograms of the salted broad bean were 
homogenised using Robot Coupe food processor until fine particles were obtained.  Due to 
high content of lipid, the powder could not pass through the sieve or could not mix in a V-
shape mixer.  They were put in a big plastic bag and mixed thoroughly by manual and then 
packed under vacuum in aluminum foil bags, about 50 g each.  The bags of test sample 
were labeled which included name of test material as broad bean powder INMU-17, date of
sample preparation and sample code number.  They were then randomly divided into 2 
sets - set A and set B.  The samples were used for analyses of mandatory nutrients 
according to the Thai Notification No. 182 (1998)1.  The remained samples are kept in a 
freezer at -20o C.
 
2.2  Homogeneity and stability testing of the broad bean powder (INMU–17) 

2.2.1 Homogeneity testing 
 

Ten packages of the INMU-17 samples (5 from set A and 5 from set B) were selected at 
random.  Homogeneity of the test material was evaluated by analyses of selected 
representative nutrients, i.e., protein, ash and moisture (representatives of proximate 
composition), total fat (an expected problematic nutrient) and dietary fibre (representatives 
of previous problematic nutrients), sodium (representative of minerals), vitamin B1 
(representative of vitamin and labile nutrient).  Each analysis was performed in two test 
portions from each package in a random order, in one setting under repeated conditions, 
i.e. by competent analysts, on the same day(s) using the same set of reagents and 
conditions.  The results obtained were statistically evaluated without removal of any value. 
 
 2.2.2  Stability testing 
 

Since vitamin B1 is the most labile nutrient in the test material, its stability was checked 
throughout the storage period.  Five packages of the INMU-17 test material were randomly 
selected (3 from Set A and 2 from set B and vice versa in each period) and analysed for 
vitamin B1 during 3, 6 and 12 months storage intervals at -20oC.  In order to exclude that
there might be some leakage of the sample bags, analysis of moisture content was 
concurrently analysed.  At each period, single analysis of the nutrients was performed in 
each sub-sample.   
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2.3  Laboratory performance study 

Following closely the ISO/IEC 170438, a laboratory performance study on analyses of 
nutrition labeling mandatory nutrients was conducted as follows.  

2.3.1  Participants 

An internet questionnaire survey was first carried out to identify laboratories in Thailand 
who have facilities for analysis of mandatory nutrients for nutrition labelling and would like 
to participate in the proficiency testing organised by the Institute of Nutrition, Mahidol 
University.  Twenty-two laboratories responded back; 17 out of them would like to attend 
the PT.  However, some of them informed that their laboratories have not yet had full 
facilities to analyse all assigned nutrients.  Names and addresses of participants are 
presented on Appendix 1. 
 
      2.3.2  Distribution of samples and documents  
 
Following the Thai Notification for nutrition labeling, twelve commercial packages of salted 
broad bean (BB) were randomly selected and packed in a box together with two packages 
of broad bean powder (INMU-17) (package A and B with random number).  They were 
delivered to each participating laboratory by post together with a covered letter and 
Document 1: “Instruction to participants”.  The instruction contains a secret laboratory code 
number assigned to each participating laboratory.  Other documents - Document 2: Report 
forms (with prescribed number of significant digits and unit of expression for each analyte), 
and Document 3:  Questionnaire for method used - were sent electronically as attached 
files to each participating laboratory. 
 

     2.3.3  Assigned analytical components to be analysed

For salted broad bean (BB): participating laboratories were assigned to analyse mandatory 
nutrients according to the Thai Notification No. 305 (2007)6 which includes  total fat, protein, 
sugars, sodium, ash and moisture.  Duplicate analysis of each nutrient and report of 
individual results were requested to be presented in the report form where unit of 
expression and number of significant decimal places were indicated.  Specific request for 
total fat analysis was also made which included acid digestion before solvent extraction. 
  

For broad bean powder (INMU-17): participating laboratories were assigned to analyse 
mandatory nutrients according to the Thai Notification No. 182 (1998)1 which includes total 
fat, saturated fatty acid, trans fat, protein, dietary fibre, sugars, sodium, vitamin B1, vitamin 
B2, calcium, iron, ash and moisture.  Since cholesterol and vitamin A are not found in plant 
samples, these mandatory components were omitted.  Two individual values (value A from 
package A and value B from package B) of each component were requested to be reported 
in the report form where unit of expression and number of significant decimal places were 
indicated.  Specific request was made for analysis of total fat - acid digestion before solvent 
extraction – and of dietary fibre - sample must be defatted before analysis.    

     2.3.4   Methods of analysis
 

Participating laboratories were requested to follow sample preparation protocol and 
analytical methods which have been used routinely.  They were requested to submit a 
summary of the methods used in the Document 3.  The information provided by 
participants is very useful for data interpretation, especially when extreme values were 
identified. 
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2.4  Preparation of Nutrition Information for nutrition labelling 

Each laboratory was requested to prepare a simplified Nutrition Information for nutrition 
labelling based on the Thai Notification No. 305 (2007)6 using the analytical data obtained 
from salted broad bean (BB), and prepare a full format Nutrition Information based on the 
Thai Notification No. 182 (1998)1 using the analytical data obtained from INMU-17.  
Participating laboratories were requested to follow their routine methods for preparation of 
the Nutrition Information. 
 

2.5  Submission of the results 
All participants were requested to submit the report forms and other documents 
electronically as attached files within 1.5 mo. after receiving the samples.

2.6.  Statistical analysis  
 

 2.6.1  Homogeneity of test materials 

The data of duplicate values obtained from analysis of each assigned nutrient in INMU-17 
samples from homogeneity study were evaluated using Cochran’s maximum range test9 for 
within-sample variation (indication of analyst’s performance).  If the ratio of the maximum 
range (difference between duplicate data) to the sum of the ranges was less than the 
Cochran’s critical value (0.602 for 10 sets of data, when the number of results per set (n) = 
2, the results indicates good precision of the analyst who performs the test of the 
representative nutrient.   
 

The high fat content in the salted broad bean test material limited the efficiency of sample 
grinding and sieving which could affect the sample homogeneity.  Thus, for checking 
between sample variations (which indicate sample homogeneity), 3 types of statistical 
methods based on one-way ANOVA, ISO 1352810 and % relative standard deviation 
(%RSDr) plus professional judgment were applied.  For target SD, the Horwitz’s equation 
was used to estimate predicted relative standard deviation (pRSDR). 
 
Criteria for indication of sample homogeneity 
 
   a.  One-way ANOVA 
.     
 

One-Way ANOVA: F value (MSB/MSW) should be < critical F-value 
 
       where MSB  =  Mean square between 
                        MSW =  Mean square within  
     
     
       b.  ISO 1352810   
 
   ISO 13528:  
   
     where SS = Between-samples standard deviation 
          (due to sampling) 
                      = Target standard deviation 
 
       
 
 
 

�̂3.0�ss

�̂
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        c.   % Relative standard deviation (%RSD) 
 
 

   %RSD   =  SD x 100/mean 
 
 

                                   RSDr/pRSDR    = 0.3-1.3 11, 12 
 
where:  RSDr   = Relative Standard Deviation, within- laboratory from analysis of a 

nutrient by laboratory who check the sample homogeneity               

 pRSDR  = Predicted Relative Standard Deviation-between laboratory 
estimated from Horwitzs’ equation (pRSDR  = 21-0.5 logC) 

                          
                         RSDr/pRSDR  = HORRAT12

   
       

2.6.2  Stability of vitamin B1 and moisture in INMU-17 test materials 
 

The results of single analysis of vitamin B1 and moisture in five random samples of the 
INMU-17 were evaluated by two classical and two standard statistical methods:  1) 
comparing the results obtained at each period to the results of mean + SD from the 
homogeneity study at 0 day; 2) using slope and intercept for trend analysis; 3) following 
ISO 1352810, compared mean value of the analysed nutrient at each storage period to the 
mean value at 0 day and 4)  following ISO Guide 3513, comparing the ratio of slope to the 
uncertainty of slope with the t-critical value.  

2.6.3  Assignment of components values in test materials
   

    a.  According to ISO 1352810 
 

Nutrient values of the test materials used in this study were assigned from the participants’ 
analytical data following the ISO 13528.  The process starts by removing the known 
extreme values due to common errors such as using unaccepted analytical methods, 
misplacement of the decimal points, wrong unit of expression, etc.  Then several steps 
according to ISO 13528 were conducted to modify the extreme values, if any, until the 
modified mean and standard deviation of each nutrient were steady.  Then, the assigned 
values of the components in the test materials as robust mean + robust SD are presented.   
             
               b.  According to ISO 1352810 and target standard deviation of Horwitz14    
 

In some specific cases, variation of a set of analysed data obtained from various 
laboratories is too large.  This occurs frequently for nutrients with low concentration or 
nutrients with complicated analytical methods, or the test material has some limitation in 
degree of homogeneity.  The high variation can be demonstrated by the high percentage of 
relative standard deviation (%RSDr) obtained from the homogeneity study.  Then the 
HORRAT value (RSDr/RSDR) is calculated and used to evaluate whether the RSDr could 
be accepted.  The variation of the nutrient in the test materials could be accepted if the 
HORRAT value ranged from 0.3 to 1.3.  If the HORRAT is out of the range (i.e., as shown 
for dietary fibre – a component with complicated analytical method), the robust mean 
derived from the process of the ISO 1352810 for the particular component will be used as 
the assigned mean value but the assigned robust SD was replaced by the target SD of 
Horwitz based on the robust mean value.    
 
 

Horwitzs Predicted Relative Standard Deviation or pRSDR = 21-0.5 logC 
 

where C = fraction concentration of the robust mean 
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However, in some cases, using of target Horwitz’s SD directly may not be possible as it 
may be too small or too big value, resulted in too few or too many accepted laboratories.  
An expanded or a strict target SD should be considered, together with a professional 
judgment.   The SD obtained from analysis of the particular nutrient in the homogeneity 
study must be taken into account at this step.  One such case experienced in this study 
was analytical results of dietary fibre.   
 

2.6.4   Evaluation of laboratory performance 
 

The analytical results of all components submitted by the participating laboratories were 
evaluated first for within- and then for between-laboratory variations as follows. 
       

          2.6.4.1  Within-laboratory variation  

For each pair of the results (A and B), the difference between the values was used to 
evaluate within-laboratory variation by calculation of robust z-score(within)

15, based on the 
median and Normalised Inter-Quartile Range (NIQR). 

 

 
 
 
 

where xdi is the difference between the values of A and B from each laboratory / 2 ; 
median is the median of the difference between the value of A and B obtained from 
participating laboratories; NIQR (Normalised Inter-quartile Range) is (Quartile 3 - Quartile 1) 
x 0.7413. 

 

             2.6.4.2  Between-laboratory variation 
 

For each pair of results, between-laboratory variation was evaluated by calculation of 
robust z-score(between) against assigned values obtained from three approaches as follows. 
 

1) For the first approach, the evaluation was conducted based on the 
classical assigned values as median + NIQR using the following formula, 
 
 
 
 
 
where xsi is the sum of the reported values of A and B of a nutrient per 100 g, obtained 
from each laboratory,  divided by 2 ; median is the median of the xsi values;  NIQR:  
Normalised Interquartile Range is (Quartile 3 - Quartile 1) of the xsi values multiplied by 
0.7413. 
 

2) For the second approach, the mean of the submitted values were 
evaluated against the assigned values obtained from ISO 1352810 as robust mean + robust 
SD using the formula as follow. 
 

 

 

 

where x is the average value of reported A and B of a nutrient per 100 g, obtained from 
each participating laboratory; robust mean is the assigned value of the nutrient per 100 g 

NIQR
medianxscorez di

within
)( �

��

SDrobust
meanrobustx

scorez between

)( �
��

NIQR
medianxscorez si

within
)( �

��
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according to ISO 13528; robust SD is the standard deviation of the robust mean value 
according to ISO 13528.   
 

3) In some specific cases where variation of a set of analysed data 
obtained from various laboratories is too large, for example, data sets of dietary fibre and 
vitamin B1 experienced in this study.  Laboratory performance on these analyses were 
evaluated based on the assigned robust mean of the reported values (from ISO 1352810) 
and replaced the robust SD by the predicted SD calculated from Horwitz’s  equation16.   

 

        2.6.4.3  Interpretation of laboratory performance study 

Results with an absolute z-score of  � 2 were satisfactory and coded as “a”. Values with 
the absolute z-score of 2 � | z-score | � 3 were identified as questionable results and coded 
as “w” for within- or “b” for between-laboratory variation.  Values with the absolute z-score 
of � 3 were identified as unsatisfactory and coded as “ww” (within) or “bb” (between), 
respectively. 
 

           Z-score Interpretation Code 

       | z-score | � 2 Satisfactory result “a” 

 2 � | z-score | � 3 Questionable result “w” (within),  
“b” (between) 

       | z-score | � 3 
 

Unsatisfactory result   
(presented as extreme values) 
 

“ww” or “bb”  
 

2.6.5  Presentation of results 
 
Submitted analytical results of each nutrient analysis from individual laboratories and data 
on statistical evaluation as z-scores as well as final consensus value for each nutrient are 
summarised in individual tables.   Graphical presentations as bar charts are shown in 
figures following the tables of each nutrient.  Youden plots which is a graphical method to 
visualise the status of the inter-laboratory data are shown in particular figures but only for 
total fat, protein, sodium, moisture, and ash because the participating laboratories analysed 
these nutrients in both BB and INMU-17 which are the salted broad bean and contain close 
concentrations of the nutrients.   

2.7  Evaluation of laboratory performance on preparation of Nutrition Information  
       for nutrition labelling 

The correctness of Nutrition Information for nutrition labelling prepared by participating 
laboratories was evaluated in terms of format, serving size, serving per package, 
calculation of nutrients per serving and as %Thai RDI, rounding number and declaration of 
nutrition information.  All incorrect information were recorded and summarised. 
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3.  RESULTS AND DISCUSSION 
 
3.1  Preparation of salted broad bean test material 
 
Two sets of salted broad bean were used as test materials in this study.  The first set of 12 
packages of salted broad bean (BB) in commercial packages as sold in the supermarket 
was sent to each participating laboratory.  This is to simulate the actual process for 
nutrition labelling preparation at each laboratory.  Detailed information on sample 
preparation and submission of about 50 gram the prepared powder were requested.   
 
Common procedures for preparation of the samples among 17 laboratories included 
removing salted broad bean from each package and pooled them in a big container.  Ten 
laboratories pooled the samples from 12 packages whereas 4 labs (lab nos. 2, 4, 8, 16) 
pooled 11 packages and 3 labs (lab nos. 11, 14, 15) pooled only 10 packages.  After 
mixing thoroughly, most laboratories used the total sample except three laboratories (lab 
nos. 10, 14, 16) took representative amount for grinding.  According to the Thai Notification 
for nutrition labelling, 12 packages of a food product must be used to prepared 
representative laboratory sample, using the whole or representative samples from each 
package.  After grinding, only one (lab no. 6) out of 17 laboratories sieved the ground 
sample through sieve no. 10 and repeated grinding until all particles passed through the 
standard sieve.  The others did not mention this step.  Due to the fact that the salted broad 
bean powder contains high fat content, sieving the sample after grinding could be a 
problem.  The prepared samples were kept in aluminum foil bags/zip-locked plastic 
bag/screwed-cap plastic or glass bottles and left at room temperature (25-30oC) or in a 
refrigerator or in a freezer until analysis.  To ensure the integrity of the dry and high fat 
sample, an air tight container or a package which can be sealed should be used and the 
sample should be kept at low temperature, especially when the left-over sample is intended 
to be used for QC sample after PT programme.             
 
Another set of salted broad bean was prepared as salted broad bean powder (INMU-17) by 
the PT provider and 2 packages of random samples (A and B) were distributed to each 
laboratory.  The aim in using the INMU-17 sample as one of the test materials was to 
evaluate the analytical performance of the participating laboratories without involving the 
incurred variation due to different methods of sample preparation in each lab.  Since salted 
broad bean contains high lipid content - more than 25 g/100 g - grinding about 10 Kg of the 
test materials by the PT provider using high speed grinder (Robot Coupe food processor) 
for 1-2 minutes generated some heat with white smoke.   Lower the speed and lengthen 
the period of grinding to maintain sample integrity could produce broad bean powder with 
some restriction of particle size homogeneity.   Since the sample tended to stick together 
due to the high fat content, sieving of the powder after grinding was omitted in the 
preparation of INMU-17 broad bean powder by the PT provider.  The problem encountered 
affected, to some extent, the homogeneity of nutrients in the test material. This was 
discussed in Section 3.2 below.         
  
3.2  Homogeneity of the salted broad bean powder (INMU-17) 

   
The testing for homogeneity of the INMU-17 test material was conducted by duplicate 
analysis of representative nutrients in ten strictly random sub-samples.  The duplicate 
values for each nutrient are summarised in Table 1A and 1B.  The within-sample variation 
which was evaluated by Cochran’s maximum range test (from the difference of the 
duplicate values of each sample), showed the ratios of the maximum range divided by sum 
of the ranges of all representative nutrients of less than the Cochran’s critical values at 
95% confidence level.  Thus, the variation of the analytical values of all representative 
nutrients - moisture, crude protein, total fat, dietary fibre, ash, sodium and vitamin B1 - 



                Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9         10 

Final Report: PT-9        August 2010 
 

could be accepted. This indicated good precision of the analysts who performed the 
homogeneity testing of the test materials. 
 
Summaries of homogeneity test results and statistical treatment are shown in Table 2A to 
2C.  Between-sample variation, which used to indicate sample homogeneity, was 
evaluated using the average of duplicate results of each representative nutrient derived 
from 10 packages.  Evaluation based on one-way ANOVA, the F-values (between-sample 
variance/within-sample variance – MSB/MSW) for most representative components in the 
prepared salted broad bean powder (INMU-17) were higher than the critical F-value except 
for crude protein and vitamin B1 (Table 2A). The results implied that the samples are not 
sufficiently homogeneous in terms of moisture, total fat, dietary fibre, ash and sodium by 
one-way ANOVA approach.  According to the formula for calculation of the F-value
(=MSB/MSW), if the values of MSW is much less than the MSB due to the high precision of 
the analyst, the derived F-value will always be higher than the critical F-values, as the 
cases in this study.   With this limitation, ISO 1352810 recommended that F-value from 
ANOVA may not be an appropriate tool for evaluation of homogeneity of a test material; it 
would be used for calculation of uncertainty measurement of an assigned nutrient value.   
 
Evaluation of sample homogeneity based on ISO 1352810, the results were consistent with 
those obtained from one-way ANOVA.  The between-samples standard deviation (Ss) for 
most representative components was more than 0.3 times of the target standard deviation 
except for crude protein and vitamin B1 (Table 2B).  As mentioned earlier that the salted 
broad bean contains high fat content (about 28 g/100 g), it gave some difficulties and 
reduced the efficiency of the homogenising process - unable to grind the sample to 
optimum degree of fine particles without generating heat although we have tried to balance 
the proper speed and grinding interval to maintain sample integrity.  Although we can 
foresee the problem, the salted broad bean was intently chosen to be the test material for 
evaluation of the laboratory analytical performance because it is a representative of a real 
snack in the market. Finally, the relative standard deviation (RSD) approach - a simple but 
practical statistic – was applied to evaluate the variation of a nutrient analysed within a 
laboratory (RSDr) compared to the predicted RSD (pRSDR) (expected RSDR which could 
be obtained from laboratories if the sample is used as a test material for a PT study).  As 
shown in Table 2C, the relative standard deviation of the analytical values for most 
representative nutrients were ranged from 0.7% for crude protein to 3.1% for sodium which 
considered as low values and can be generally accepted for within-laboratory variation but 
a slightly high value was found for dietary fibre (7.3%).  The HORRATs (RSDr/pRSDR)12 of 
most components were within acceptable range (0.3-1.3) except that of dietary fibre (2.7).  
Based on this approach, it could be concluded that the broad bean powder (INMU-17) has 
sufficient homogeneity to be used as a test material for laboratory performance study.   
Since all criteria showed that the samples have some limitation in homogeneity for testing 
of dietary fibre; thus, when samples are used for analytical performance study of dietary 
fibre, the RSDr obtained from homogeneity study must be taken into account in estimation 
of its assigned value.    
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3.3   Stability of vitamin B1 in broad bean powder test material (INMU-17) 
 
Vitamin B1 and moisture in the remaining salted broad bean powder (INMU-17, packed 
under vacuum) were selected as representative nutrients for stability testing during storage 
at -20oC.  The levels of the nutrients in the INMU-17 samples, kept for 0, 3 and 6 months, 
are summarised in Table 3A and 3B.  Pattern of changes in vitamin B1 and moisture in 
INMU-17 during 6 months storage is shown in Figure 1.  Simple method for stability 
evaluation shows the levels of the nutrients at each period fell within mean + 2SD of their 
respective values analysed on 0 day.  For trend analysis, the slopes of the regression line 
for vitamin B1 and moisture in INMU-17 are closed to zero, -0.0015 and 0.0041 respectively.  
The intercept of the regression line for vitamin B1 and moisture are 0.239 and 2.812, 
respectively which are closed to their mean values at 0 day (0.241 mg/100 g and 2.80 
g/100 g).  These indicate the stability of the nutrients throughout the study period.  
However, the slope of vitamin B1 showed a slight reduction in trend which probably due to 
an auto-oxidation caused by the high fat content in the INMU-17.   
 
According to the ISO 1352810 approach for stability testing, the difference between the 
mean levels of vitamin B1 and moisture at each storage compared to the mean values at 0 
day should be less than 0.3 times of the target SD ( 	

� , calculate based on Horwitz’s 
equation12).  The target SD of the mean values at 0 day of vitamin B1 (0.241 mg/100 g) and 
moisture (2.80 g/100 g) are 0.034 mg/100 g and 0.096 g/100 g and the derived 0.3 	

�  are 
0.010 mg and 0.029 g/100 g, respectively.  The mean levels of vitamin B1 and moisture in 
INMU-17 after 3 months storage at -20oC were 0.230 and 2.86 g/100 g and after 6 months 
storage were 0.232 and 2.82 g/100 g, respectively.  Although the variation of the mean 
moisture content at 3 months storage was more than the ISO 13528 stability criteria but 
later at 6 months the change returned to the acceptable level.  This approach shows 
sufficient stability of vitamin B1 and moisture in the INMU-17.   
 
The ISO 13528 approach considers only the change of the mean value of a measurand; it 
does not include the variations derived from sample inhomogeneity and from analysis.  
Therefore, the ISO guide 35 approach13 - slope/uncertainty of slope - was applied.  The 
ratio for vitamin B1 and moisture was 1.428 and 0.323, respectively.  The values were less 
than t critical value of 2.160 (at 95% confident interval, n=15, df =13).  This indicates no 
statistically significant reduction trends of vitamin B1 and moisture during 6 months storage 
compared to at 0 day.   
 
Although the previous PT studies showed sufficient stability of moisture and vitamin B1

 in 
several matrices of test materials, kept under vacuum at -20oC for more than one year, the 
stability of these nutrients in the INMU-17 which contains high fat will be followed up every 
6 months during storage at –20oC.     
 
 

Table 3A. Stability of vitamin B1 in broad bean powder (INMU-17)   
       

Vitamin B1 content (mg/100 g) during 6 months storage at –20oC 
Sample No. 0 day 3 months  6 months  

1 0.25 0.23 0.24 
2 0.24 0.23 0.24 
3 0.24 0.21 0.23 
4 0.25 0.23 0.22 
5 0.24 0.25 0.23 

Mean 0.241 0.230 0.232 
SD 0.004 0.014 0.008 

%CV 1.7 6.2 3.6 
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Table 3B. Stability of moisture in broad bean powder (INMU-17) 
 

Moisture content (g/100 g) during 6 months storage at –20oC 
Sample No. 

0 day 3 months 6 months 
1 2.95 2.92 2.86 
2 2.77 2.89 2.54 
3 2.69 2.92 2.97 
4 2.85 2.79 2.79 
5 2.73 2.77 2.95 

Mean 2.80 2.86 2.82 
SD 0.10 0.07 0.17 

%CV 3.7 2.5 6.1 

 

y = -0.0015x + 0.2388

0.215
0.220
0.225
0.230
0.235
0.240
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0.255
0.260
0.265
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-2 SD
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y = 0.0041x + 2.8121

2.30
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-1 SD
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-3 SD
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(A)  Vitamin B1      (B)  Moisture 
 

Figure 1. Pattern of changes of vitamin B1 (A) and moisture (B) in sub-samples of  
                        INMU-17 test materials during 6 months storage at –20oC 

3.4  Assigned values of nutrients in salted broad bean test materials: BB and INMU-17

According to the Thai Notification No. 305 (BE 2552)6, the assigned values of salted broad 
bean (BB), include total fat, protein total sugars, and sodium,  whereas for broad bean 
powder (INMU-17), followed the Thai Notification No. 182 (BE 2541)1, the assigned values 
include total fat, saturate fat, protein, dietary fibre, sugars, vitamin B1, calcium, and iron. 
Both presented together with the values of moisture and ash. The assigned values of 
nutrients in the salted broad bean:  BB and INMU-17 were estimated from the results 
submitted by participants, based on the ISO 13528 (2005)10.  The values, as robust mean 
(x*) and robust standard deviation (S*), were summarised in Table 4A. Several 
measurands, i.e., sugars, dietary fibre, and vitamin B1, showed robust mean and SD with 
high %CV.   
The PT providers called for a post PT-9 Technical Meeting and discussed about the 
possible causes of having variable results.  Repeat analyses of the problematic 
components were carried out.  The new assigned values of sugars (by HPLC method only) 
and vitamin B1 were estimated following ISO 1352810.  Assigned value of dietary fibre was 
estimated as robust mean + Horwitz predicted standard deviation (SDp)12, as described in 
Section 2.6.3 b.  The new assigned values of these nutrients were presented in Table 4B.  
The estimated assigned values were used to evaluate analytical performance of all 
laboratories by calculation of z-score. 
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Table 4A. Assigned values of nutrients in salted broad bean: BB and INMU-17,     
                   estimated according to ISO 13528 . 
 

Samples and measurands Unit per 
100 g 

 Robust 
mean 

Robust 
SD %RSD 

Salted broad bean: BB     
   Fat g 27.57 1.06 3.8 
   Protein (N x 6.25) g 22.28 0.32 1.4 
   Sugars (n=17) – all methods g 1.91 1.09 57.3*
       - by HPLC method (n=8) g 0.97 0.28     28.9* 

       - by other methods (n=9) g 2.66 0.36 13.5*
   Sodium mg 388.8 50.8 13.0 
   Moisture g 3.90 0.24 6.2 
   Ash g 2.94 0.13 4.4 
Broad bean powder: INMU 17     
   Fat g 27.95 0.76 2.7 
   Saturated Fat g 12.14 0.99 8.1 
   Protein (N x 6.25) g 22.62 0.33 1.5 
   Dietary fibre g 9.76 2.14 21.9* 
   Sugars (n=17) – all methods g 2.13 1.29 60.5* 
       - by HPLC method (n=8) g 1.02 0.28 27.2*
       - by other methods (n=9) g 3.05 0.42 13.7* 
   Sodium mg 461.8 33.6 7.3 
   Calcium mg 39.3 4.9 12.6 
   Iron mg 2.96 0.37 12.7 
   Vitamin B1 mg 0.23 0.08 34.2*
   Moisture g 3.38 0.38 11.4 
   Ash g 3.05 0.08 2.5 
* Too high %RSD, not used for evaluation of analytical performance 

Table 4B. New assigned values of sugars (only data from HPLC), dietary fibre and  
                   vitamin B1 in broad bean powder (INMU-17)  
 

(a) Estimated according to ISO 13528 as robust mean + robust SD 
(b) Estimated according to ISO 13528 as robust mean + 3SDp (Horwitz’s predicted SD) 
 

 

Sample and measurand  Unit per 
100 g 

 Robust 
mean 

Robust 
SD %RSD 

Broad bean powder: INMU 17  
   Sugars, by HPLC method (a) g 1.03 0.14 13.7 
   Vitamin B1

(a) mg 0.22 0.04 18.4 

   Dietary fibre(b) g    10.58 0.89 

(3SDp) 8.4 
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3.5   Laboratory performance on analyses of mandatory nutrients for nutrition  
        Labelling 
PT-9 was organised to check the analytical performance of mandatory nutrients analysis 
based on the two Thai Notifications on nutrition labeling, No. 1821 and 3056.  The 
participants were laboratories in Thailand only.  Seventeen laboratories, five governmental 
and 12 non-governmental participated in this programme.   Few laboratories did not have 
facilities for analyses of some nutrients, i.e., saturated fat (lab nos. 7 and 8), trans fat (lab 
nos. 7, 8, 10, 14, 15), vitamin B1 and B2 (lab nos.7 and 14), calcium and iron (lab no. 7).  All 
laboratories submitted the requested information on methods of analysis.   
 
Each laboratory reported 2 values of duplicate results for salted broad bean (BB) and 2 
independent results, each from package A and B. for broad bean powder (INMU-17).  
Laboratory performance – within- and between-laboratory variation - was evaluated by 
estimation of z-score.  For each nutrient, individual data submitted by participants were first 
evaluated for within-laboratory variation.  Then mean values of each nutrient were 
evaluated against the assigned values, mostly used the assigned values from ISO 1352810; 
few used the assigned values of robust mean and Horwitz’s predicted SD12.  Laboratories 
with satisfactory, questionable and unsatisfactory results were identified based on the z-
scores of the within- and between-laboratory variations.  General observations and 
comments on the results for each nutrient are presented as follow.   A summary of 
individual results, including statistical parameters, i.e. assigned values and z-score are 
presented in Table 5 to Table 17, Graphical presentation as bar charts are shown in 
Figure 2 to Figure 12 and as Youden plots are shown only for total fat, protein, sodium, 
sugars, moisture, and ash in Figure 2C, 4C, 7C, 11C and 12C, respectively; these 
nutrients were analysed in both BB and INMU-17.   
 
Total Fat 

A summary of individual results together with statistical data is shown in Table 5A and 5B 
and Figure 2A and 2B.  In the previous studies3-5, 17, total fat has been found to be one of 
the problematic nutrients due to some laboratories did not included acid digestion prior to 
solvent extraction for the samples of plant origin.  In this study, including of acid digestion 
prior to solvent extraction was recommended in the instruction to the participants.  Sixteen 
out of 17 laboratories followed the instruction whereas one (lab no. 3) applied acid and 
alkali digestion prior to solvent extraction (Appendix 2A) with hexane for salted broad 
bean (BB). For broad bean powder (INMU-17) in which saturated fat was requested, lab
no. 3 digested and extracted total fat by hexane, then analysed fatty acids by GC and 
reported total fat by summation of fatty acids from GC analysis.     
 
For salted broad bean-BB (Table 5A), 14 laboratories (82%) showed satisfactory results 
for within- and between-laboratory z-scores (indicated as “a”).  Two out of them (lab nos. 7 
and 15), used similar methods as the others, reported extreme highest and lowest values, 
respectively.  Lab no. 13 submitted A and B values with highest difference compared to 
other laboratories, and was considered as questionable (2<�z-score�<3) for within-
laboratory variation.    The relative percent difference (%RPD) from the reported mean 
values of A and B was 2.2%.   
  
As shown in Table 5B, 14 out of 17 laboratories achieved satisfactory results (82%) for 
broad bean powder (INMU-17).  Lab no. 3 reported unsatisfactory low results of total fat; 
the data obtained by a summation of fatty acids derived from GC.   Since lab no. 7 
submitted the highest values of fat content in both test materials, this could be indicated 
that lab no. 7 has a systematic error on fat analysis in broad bean.    For within-laboratory 
variation, lab no. 3 reported unsatisfactory results whereas lab no. 13 reported 
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questionable results.  However, for these cases, the %RPD from the reported mean values 
of A and B were 3.8 and 2.1%, respectively.   
 
From the Youden plot graphical presentation (Figure 2C), it shows that lab nos. 3, 7 and 
15 have systematic errors in total fat determination.   
 
The consensus values, as mean + SD, of total fat content in salted broad bean (BB) and 
broad bean powder (INMU-17) derived from good performance laboratories (for both 
within- and between-laboratory variations, indicated as “a”) are 27.44 + 0.90 g/100 g (N=14) 
and 27.94 + 0.65 g/100 g (N=14), with %CV=3.3 and 2.3, respectively (Table 18). 
 
In conclusion, although few outliers were identified, the overall performance of total fat 
determination in this group of participants can be considered as satisfactory.  The 
consensus values obtained were with low percentage of coefficient variation.   
 
 
 
Saturated Fat 

Saturated fat was assigned to be analysed in broad bean powder - INMU-17, not in salted 
broad bean - BB.  Fifteen out of 17 laboratories submitted results on saturated fat.  A 
summary of the results is shown in Table 6 and Figure 3.  Most laboratories (13 
laboratories) used crude fat for saponification and methylation prior to gas chromatography 
analysis whereas two laboratories (lab nos. 9 and 14) extracted fat with cold extraction 
method (Appendix 2B). 
 
Twelve laboratories showed satisfactory results (80.0%) as indicated by within- and 
between-laboratory z-scores (indicated as “a”).  Lab no. 2 reported questionable high 
values (z-scorebetween = 2.2 for between-laboratory performance) with high variation (z-
scorewithin = 3.6 for within-laboratory performance) compared to other laboratories whereas 
lab nos. 3 and 17 submitted values identified as questionable for within-laboratory variation.      
 
The consensus values, as mean + SD, of saturated fat in broad bean powder (INMU-17), 
derived from good performance laboratories (for both within- and between-laboratory 
variations, indicated as “a”), is 12.01 + 0.80 g/100 g (N=12) with %CV=6.7 (Table 18B). 
 
In conclusion, although few laboratories were identified as questionable performance, none 
was identified as unsatisfactory (bb) among this group of participants.  The overall 
performance on saturated fat determination markedly improved compared to the previous 
studies2-4.   
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Total fat in salted broad bean (BB)
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Figure 2A.  z-scores of total fat in salted broad bean (BB) 

Total fat in broad bean powder (INMU 17)
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Figure 2B.  z-scores of total fat in broad bean powder (INMU-17) 
 
 

Youden plot, total fat content (g/100g)
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Figure 2C.  Youden plot of z-scores (from Table 5A and 5B) of total fat determination 
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Saturated fat in broad bean powder (INMU 17)
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Figure 3.  z-scores of saturated fat in broad bean powder (INMU-17) 

Trans-fat

Trans fat analysis is one of requested nutrients to be analysed in the broad bean powder - 
INMU-17.  The individual results of trans-fat from each laboratory are shown in Table 7.
Three laboratories could not detect any, only trace amounts of trans-fat in the test material 
was detected in 9 laboratories, ranged from 0.01 to 0.09 g/100 g, the data are presented 
below without statistical evaluation. 

Table 7.  Trans fat (g/100 g) in broad bean powder: INMU-17  

Lab code Result 
No. A B

1 0.00 0.00 
2 0.06 0.06 
3 0.02 0.02 
4 0.02 0.02 
5 0.01 0.01 
6 0.08 0.08 
9 0.04 0.04 
11 0.00 0.00 
12 0.00 0.00 
13 0.02 0.02 
16 0.09 0.09 
17 0.04 0.03 

No of results 12 12 



                Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9         26 

Final Report: PT-9        August 2010 
 

Protein

Protein content in dry broad bean is about 22 g/100 g18.  All 17 laboratories submitted the 
protein data.  The analytical methods used based on traditional Kjeldahl method with a 
mixture of K2SO4 and CuSO4 or K2SO4 and Se, as catalysts (Appendix 2C).  Types of 
catalysts were previously found to have no significant effect on the reported protein 
content.3-5, 17, 19, 20  Based on the N-protein conversion factor proposed by Jones in 194121, 
the factor of 6.25 was indicated by the PT provider as the factor to convert total nitrogen in 
broad bean to crude protein. 
 
A summary of the individual results of protein in broad bean test materials (BB and INMU-
17) and statistical data are presented in Table 8A and 8B. Graphical presentation of z-
scores, estimated based on robust mean and robust SD (ISO 13528) are shown in Figure 
4A and 4B and the Youden plot comparing z-scores obtained from BB and INMU-17 is 
presented in Figure 4C. 
 
According to the z-scores for within- and between-laboratory variations, using salted broad 
bean as test materials, about 82-88% of laboratories conducted good performance in 
protein analysis.  This compared well with the performance of laboratories participated in 
PT-819 which organised at international level.    

For within-laboratory performance, two out of 17 laboratories (lab nos.12 and 17) submitted 
protein values for BB test material with extremely difference between A and B when 
compared to those submitted by other laboratories.  Based on the z-scoreswithin, they were 
identified as unsatisfactory performance on within-laboratory variation.  Difference in 
degree of sample homogeneity prepared at each laboratory could be one of the factors 
involved in the discrepancy of the duplicate results.   For INMU-17 test material, which was 
prepared by the PT provider, a less degree of difference between A and B values was 
found in submitted results by lab nos. 6 and 8.   

For between-laboratory performance, lab no. 5, 15 and 17 submitted slightly lower results 
of protein than the others in BB sample. However the z-scores, evaluated based on the 
robust mean and robust SD obtained according to ISO 13528, indicated only lab no. 5 as 
questionable performance for protein analysis; based on the classical evaluation using 
assigned value of protein from median + NIQR, z-score of this lab was just about 3.0.  For 
INMU-17 test material, no unsatisfactory or questionable value of submitted protein was 
found.  

Youden plot of crude protein is shown in Figure 4C. A plotted point derived from the 
protein values of BB and INMU-17 submitted by Lab No. 5 was the only one outside the 
95% of the total values submitted by other participants.  This can interpret that, compared 
to other laboratories; lab no. 5 has some error in protein determination.    

The consensus value, as mean + SD, of protein content in the salted broad bean BB and 
INMU-17 test materials derived from participating laboratories with accepted values for 
both within- and between- laboratory variations (indicated as “a”) are 22.32 + 0.30 g/100 g 
(N=14) and 22.60 + 0.30 g/100 g (N=15), with %CV=1.1 and 1.3, respectively (Table 18). 

In conclusion, although few questionable results were identified among participants in this 
group, the majority of the participants (82%) have good performance on protein 
determination. 
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Protein in salted broad bean (BB)
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Figure 4A.  z-scores of crude protein in salted broad bean (BB) 

Protein in broad bean powder (INMU 17)
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Figure 4B.  z-scores of crude protein in broad bean powder (INMU-17) 
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Figure 4C.  Youden plot of z-scores (from Table 8A and 8B) of crude protein determination  
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Dietary fibre
 

Broad bean powder (INMU-17) which prepared from salted broad bean contains high fat 
(from frying), high protein and starch.  Low amount of sugars was found in most legume 
seeds (sucrose and oligosaccharides).  Laboratories used 0.5-1 g for DF analysis except 
lab no. 13 used 0.3 g (Appendix 2D).  Lab no. 15 did not mention the weight of sample for 
analysis.  The PT provider informed the participants to defat the samples before analysis 
and all laboratories followed the suggestion.  Lab nos. 4, 12 and 13 removed both fat and 
sugars.  All participants followed the same method – enzymatic-gravimetric - for total 
dietary fibre analysis.  Lab no. 12 deducted moisture, ash and protein from the residue. 
 

A summary of submitted original data of dietary fibre in broad bean powder (INMU-17) is 
shown in Table 9-1.  The original coefficient variation from all laboratories was very high 
(28.3%) which indicated high variation of the submitted results.  The average data varied 
from the minimum level of 6.06 to the maximum of 15.96 g/100 g.  If the data were used to 
estimate the assigned value according to ISO 13528, the robust mean + robust SD would 
be 8.97 + 2.36 g/100 g with high variation (%CV = 26.3%) and cannot be accepted.  The 
PT provider decided not to evaluate the results and proposed it to be one of the corrective 
actions at the PT-9 Technical Meeting.    
 

After discussion on all possibilities which could involve in the discrepancies of the analytical 
values, the participants agreed to re-analyse the dietary fibre using a new set of INMU-17 
test material, together with a reference material of breakfast cereal from BRI (see results in 
Appendix 3).  Lab No. 16 confirmed using the same results.  Although the test material 
was defatted and ground into fine particles by the organiser prior to distributing to the 
participants, high variation of the re-analysed data (indicated by “C” after lab code number). 
were demonstrated (Table 9-2).  The average data varied from the minimum level of 7.99 
to the maximum level of 13.15 g/100 g.  The assigned value estimated from the submitted 
values according to ISO 13528 was 10.04 + 1.77 g/100 g; it shows lower % CV (17.7%) 
than that estimated from the first set of the submitted data.  Using assigned values as 
median + NIQR of the robust means and the robust mean + robust SD derived from ISO 
13528 (both were less strict criteria) to evaluate the submitted data.  With the wide range of 
SD of the assigned values, they evaluated all laboratories as satisfactory performance.  
These approaches of evaluation could not be accepted because the existing of too wide 
range of submitted values of dietary fibre (8 to 13 g/100 g).  Other approach using 
Horwitz’s predicted RSD (pRSDR) was applied.  The pRSDR based on the robust mean of 
10.04 g/100 g was 2.83.  Since the RSDr derived from homogeneity of the INMU-17 was 
7.15; thus the expanded criteria as 3 times of the pRSDR (3 x 2.83 = 8.5%) was used for 
estimation of new assigned value.  The robust mean + 3SDp from Horwitz’s equation was 
10.04 + 0.85 (%CV = 8.5%); it was used to evaluate the between-laboratory performance 
of dietary fibre analysis.  
 

Eight laboratories (50.0%) showed satisfactory results (�z-score�<2) for both within- and 
between-laboratory z-scores (indicated as “a”).  In this round, only lab no. 1C submitted 
extreme high values, much higher than those submitted in the first set; it was considered 
as unsatisfactory performance (z-score = 3.66) for dietary fibre analysis.  Seven 
laboratories reported questionable high (lab nos. 2C, 3C, 8C and 13C) and low (lab nos. 
(4C, 12C, and 16) results for between-laboratory variation (Table 9-2 and Figure 5).
   

The consensus values, as mean + SD, of dietary fiber content in broad bean powder 
(INMU-17) derived from good performance laboratories (for both within- and between-
laboratory variations, indicated as “a”) are 9.78 + 1.00 g/100 g (N=8), with %CV=10.3 
(Table 18B). 
 

In conclusion, although data identified as unsatisfactory were submitted before PT-9 
Technical Meeting, a lot of improvement in many laboratories was observed after the 
meeting. Thus, a technical meeting after a laboratory performance programme is 
recommended especially when there are some problematic nutrients. 
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Total dietary fibre in broad bean powder (INMU 17)

-4
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-2

-1

0
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12C 16 4C 14C 15C 11C 6C 17C 10C 5C 9C 2C 8C 3C 13C 1C

Laboratory code  number

z-score

Figure 5.  z-scores of dietary fibre in broad bean powder (INMU-17) 

Sugars
 
Salted broad bean (BB) and broad bean powder (INMU-17) contain high fat, protein and 
carbohydrate (starch).  For sugar analysis, they should be defatted using organic solvent 
and protein should be precipitated, for example by potassium hexacyanoferrate and zinc 
sulfate, before extraction step.  As shown in Appendix 2E, three laboratories included fat 
removal step (lab nos. 6, 8, 15) and 5 out of 17 (lab nos. 1, 2, 5, 7, 16) included protein 
precipitation step and only one laboratory (lab no. 9) included both steps in the process.  
Two main methods used for sugar determination among participants are HPLC with RI 
detector (lab nos. 3, 4, 8, 11, 12, 15) or ELSD (lab nos. 1, 6) and LANE–EYNON using 
Fehling’s solution and quantified  by volumetric method (lab nos. 2, 5, 7, 10, 13, 16, 17) or 
by Munson-Walker gravimetric method (lab nos. 9 and 14).  The HPLC method can 
differentiate and quantify individual sugars whereas the Lane-Eynon and Munsen-Walker 
methods determine total sugars which include mono-, di- and oligosaccharides.  Sugars in 
legume seeds are sucrose and oligosaccharides (galactosyl-sucrose derivative: raffinose, 
stachyose and verbascose).  Amounts of sugars in broad bean or fava bean are:  sucrose 
1.24 g/100 g, raffinose 0.01 g/100 g, stachyose 0.57 g/100 g; and verbascose 1.50 g/100 g 
(total = 3.32 g/100 g)22.  For nutrition labeling, following the U.S. FDA, the Thai FDA 
defined the mandatory sugars as a sum of glucose, fructose, sucrose, maltose and lactose.   
   
As expected, laboratories who applied Lane-Eynon and Munsen-Walker methods for sugar 
analysis reported higher levels of sugars in salted broad bean (BB) and broad bean powder 
(INMU-17), as shown in   Table 10A-1 and 10B-1, respectively. In addition, when data 
were considered together, high variation of results with high percentage of coefficient 
variation (66.9 and 64.4 respectively) was shown.  The PT provider decided not to evaluate 
the data in these sets and raised it to be one of issues at the post PT-9 meeting.  Process 
of sugar analysis and natural sugars in legume seeds were discussed at the post PT-9 
meeting.  After the meeting most of the participants, except lab nos. 7 and 12, decided to 
re-analyse the broad bean powder INMU-17 which was prepared by the PT provider.  To 
reduce the variation of the analysis between laboratories, the organiser defatted and then 
ground the INMU-17 test material again before distribution.  To confirm the above 
assumption, three laboratories (lab nos. 2, 13 and 16) applied both HPLC and Lane-Eynon 
method for sugar determination.   
 
New data of sugars submitted after the meeting is shown Table 10B-2 (indicated by “C” 
after lab code number).  The PT provider decided to estimate the assigned value of sugars 
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from the data which were analysed by HPLC method only.  The submitted data of sugars 
derived from HPLC method submitted in both sets (before and after the PT-9 meeting) 
were pooled and used for estimation of the assigned value.     
  
The assigned value estimating according to ISO 13528 based on only HPLC method.  was 
1.03 + 0.14 g/100 g (CV=13.7%, N=19).  Since the same lot of salted broad bean from the 
same manufacturers were used as the two test materials – BB and INMU 17 - in this study, 
the estimated assigned value was used to evaluation the data of BB and INMU-17 as 
shown in Table 10A-2 and 10B-2, respectively.   
 
For salted broad bean (BB) (Table 10A-2), 5 (lab nos. 1, 3, 6, 8, and 15) out of 8 
laboratories who submitted results from HPLC method showed satisfactory results (�z-
score�<2) for both within- and between-laboratory z-scores (indicated as “a”).  For Lab nos. 
2, 5, 7, 9, 10, 13, 14, 16 and 17 submitted extremely high results (�z-score� >3) because 
they used LANE–EYNON and Munsen-Walker methods, as discussed above, which is not 
fit for the purpose for nutrition labelling.  Among these, lab no. 9, 13 and 14 submitted high 
results with high variable between A and B  values, they were considered as unsatisfactory 
performance �z-score� >3) for both within- and between-laboratory variations.   
 
For INMU-17, both sets of results, before and after correction, were evaluated against the 
assigned value estimated according to ISO 13528 from HPLC data.  As shown in Table
10B-2, 13 out of 18 data derived from HPLC method classified as satisfactory results (�z-
score� <2) for both within- and between-laboratory z-scores (indicated as “a”).   It was 
surprised that lab no. 1 who applied HPLC method for sugar determination submitted 
acceptable results in data set 1 (before correction) but reported unsatisfactory high results 
in data set 2 (after correction).  Not having calculation to original sample (before defatting) 
was suspected (same incidence was observed in dietary fibre using the same test material).  
Although lab nos. 4, 11 and 16C-1 used HPLC method, they reported questionable low 
results (2<�z-score�<3) of sugars.  For data from lab code nos. 2 and 2C-2 (precipitation 
method), 5, 5C, 7, 9, 9C, 10, 10C, 13 and 13C-2 (titration), 14, 14C, 16 and 16C-2 
(precipitation method), 17 and 17C submitted extreme high results (�z-score� >3), they 
analysed sugars by LANE–EYNON and Munsen-Walker methods.
 
The consensus values (from HPLC method), as mean + SD, of sugars content in salted 
broad bean (BB) and broad bean powder (INMU-17), derived from good performance 
laboratories (for both within- and between- laboratory variations, indicated as “a”) are 1.03 
+ 0.11 g/100 g (N=5, %CV =10.6)  and 1.03 + 0.09 g/100 g (N=13, %CV= 9.1), respectively 
(Table 18).  In conclusion, HPLC method is recommended for sugars determination in 
legume seeds.  



   
   

   
   

   
 In

st
itu

te
 o

f N
ut

rit
io

n,
 M

ah
id

ol
 U

ni
ve

rs
ity

, T
H

A
IL

A
N

D
 –

 L
ab

or
at

or
y 

P
er

fo
rm

an
ce

 S
tu

dy
 9

 
   

   
  3

5 

Fi
na

l R
ep

or
t: 

P
T-

9 
 

   
   

A
ug

us
t 2

01
0 

 LA
B

O
R

A
TO

R
Y 

PE
R

FO
R

M
A

N
C

E 
ST

U
D

Y 
– 

R
ou

nd
 9

 
Ta

bl
e 

10
A

-1
.  

 S
ug

ar
s 

in
 s

al
te

d 
br

oa
d 

be
an

: B
B

 (f
irs

t s
et

 o
f d

at
a 

- b
ef

or
e  

P
T-

9 
Te

ch
ni

ca
l M

ee
tin

g)
 

   
   

   
   

   
   

   
La

b 
co

de
 

R
es

ul
t  

D
i 

M
ea

n 
z-

sc
or

e(1
)

M
et

ho
d 

 
R

ef
er

en
ce

 

N
o.

A
B

(A
-B

)/
2

 
(A

+B
)/2

 
W

ith
in

 
Pe

rfo
rm

an
ce

co
de

us
ed

 
 

1 
1.

13
 

1.
08

 
0.

04
 

1.
11

 
1.

12
 

 
H

P
LC

-E
LS

D
 

In
 h

ou
se

 m
et

ho
d 

ba
se

d 
on

 A
O

A
C

 (2
00

6)
 9

82
.1

4 

2 
2.

23
 

2.
19

 
0.

03
 

2.
21

 
0.

90
 

 
La

ne
-E

yn
on

 
C

om
pe

nd
iu

m
 o

f M
et

ho
d 

fo
r F

oo
d 

A
na

ly
si

s 
(2

00
3 

3 
1.

15
 

1.
20

 
-0

.0
4 

1.
18

 
-1

.1
2 

 
H

P
LC

-R
I 

JA
O

A
C

 (1
99

2)
, V

ol
. 7

5,
 N

o3
 , 

p.
44

3 
– 

46
4 

4 
0.

60
 

0.
60

 
0.

00
 

0.
60

 
0.

00
 

 
H

P
LC

-R
I 

A
O

A
C

 (2
00

5)
 9

82
.1

4 

5 
2.

42
 

2.
42

 
0.

00
 

2.
42

 
0.

00
 

 
La

ne
-E

yn
on

 
C

om
pe

nd
iu

m
 o

f m
et

ho
d 

fo
r f

oo
d 

an
al

ys
is

 (2
00

3)
,C

2,
p 

84
-8

6 

6 
1.

01
 

1.
03

 
-0

.0
1 

1.
02

 
-0

.4
5 

 
H

P
LC

-E
LS

D
 

A
O

A
C

 9
82

.1
4 

7 
6.

24
6.

25
-0

.0
1 

6.
25

 
-0

.2
2 

 
La

ne
-E

yn
on

-ti
tra

tio
n 

8 
0.

94
 

0.
92

 
0.

01
 

0.
93

 
0.

45
 

 
H

P
LC

-R
I 

JA
O

A
C

 (1
99

2)
, V

ol
. 7

5,
 N

o3
 , 

p.
44

3 
– 

46
4 

9 
3.

18
3.

33
-0

.1
1 

3.
26

 
-3

.3
7

w
w

 
M

un
so

n-
W

al
ke

r 
G

ra
vi

m
et

ric
 

A
O

A
C

 9
25

.3
5(

B
)

10
 

2.
90

2.
80

0.
07

 
2.

85
 

2.
25

w
 

La
ne

-E
yn

on
-ti

tra
tio

n 
In

-h
ou

se
 m

et
ho

d 
ba

se
d 

on
 A

O
AC

 O
ffi

ci
al

 m
et

ho
d 

96
8.

28
 (2

00
7)

11
 

0.
67

 
0.

66
 

0.
01

 
0.

67
 

0.
22

 
 

H
P

LC
-R

I 
A

O
A

C
 (2

00
5)

 9
84

.1
2 

12
 

1.
48

 
1.

47
 

0.
01

 
1.

48
 

0.
22

 
 

H
P

LC
-R

I 
In

-h
ou

se
 m

et
ho

d 
TM

-C
H

-0
88

 b
as

ed
 o

n 
AO

AC
(2

00
5)

, 9
82

.1
4 

13
 

2.
61

2.
41

0.
14

 
2.

51
 

4.
50

w
w

 
La

ne
-E

yn
on

-ti
tra

tio
n 

A
O

A
C

(2
00

5)
 9

74
.0

6 

14
 

2.
31

2.
48

-0
.1

2 
2.

40
 

-3
.8

2
w

w
 

M
un

so
n-

W
al

ke
r 

G
ra

vi
m

et
ric

 
A

O
A

C
 2

00
5,

 9
25

.3
5(

B
)

15
 

0.
92

 
0.

93
 

-0
.0

1 
0.

93
 

-0
.2

2 
 

H
P

LC
-R

I 
G

ui
de

lin
e 

fo
r A

m
in

ex
 8

7 
C

 

16
 

2.
77

 
2.

71
 

0.
04

 
2.

74
 

1.
35

 
 

La
ne

-E
yn

on
-g

ra
vi

m
et

ric
 

In
-h

ou
se

 m
et

ho
d 

ba
se

d 
on

 A
O

A
C

 (2
00

5)
.9

50
.5

0 

17
 

2.
59

2.
68

-0
.0

6 
2.

64
 

-2
.0

2
w

 
La

ne
-E

yn
on

-g
ra

vi
m

et
ric

  
A

O
A

C
(2

00
5)

 9
06

.0
3 

92
5.

35

N
o 

of
 re

su
lts

 
17

 
17

 
17

 
17

 
 

M
ed

ia
n 

2.
23

0 
2.

19
0 

0.
00

 
M

ea
n:

 2
.0

7 
 "w

"  
= 

 q
ue

st
io

na
bl

e 
re

su
lt;

  2
 <

 | 
z-

sc
or

e 
| <

 3
  

Q
1 

1.
01

 
1.

03
 

-0
.0

1 
S

D
: 1

.3
8 

 "w
w

"  
= 

un
sa

tis
fa

ct
or

y 
re

su
lt;

 | 
z-

sc
or

e 
| >

 3
   

   
   

Q
3 

2.
61

 
2.

68
 

0.
03

 
%

C
V:

 6
6.

9
 (w

 =
 w

ith
in

 la
b,

 b
 =

 b
et

w
ee

n 
la

b)
 

IQ
R

 (Q
3-

Q
1)

 
1.

60
 

1.
65

 
0.

04
 

N
o 

ev
al

ua
tio

n 
of

 p
er

fo
rm

an
ce

 o
n 

su
ga

rs
 a

na
ly

si
s 

du
e 

to
 h

ig
h 

va
ria

tio
n 

of
 s

ub
m

itt
ed

 re
su

lts
 

N
or

m
al

is
ed

 IQ
R

 
1.

19
 

1.
22

 
0.

03
 

 

R
ob

us
t C

V
 

53
.1

9 
55

.8
5 

  
 

(1
)  b

as
ed

 o
n 

m
ed

ia
n 

+ 
N

IQ
R

 o
f d

iff
er

en
ce

 (D
i) 

  

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   

                Final Report: PT-9                                                                                          August  2010                   

                       Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9                       35                 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
 In

st
itu

te
 o

f N
ut

rit
io

n,
 M

ah
id

ol
 U

ni
ve

rs
ity

, T
H

A
IL

A
N

D
 –

 L
ab

or
at

or
y 

P
er

fo
rm

an
ce

 S
tu

dy
 9

 
   

   
  3

6 

Fi
na

l R
ep

or
t: 

P
T-

9 
 

   
   

A
ug

us
t 2

01
0 

 LA
B

O
R

A
TO

R
Y 

PE
R

FO
R

M
A

N
C

E 
ST

U
D

Y 
– 

R
ou

nd
 9

 
Ta

bl
e 

10
B

-1
.

Su
ga

rs
in

 b
ro

ad
 b

ea
n 

po
w

de
r: 

IN
M

U
-1

7 
(fi

rs
t s

et
 o

f d
at

a 
- b

ef
or

e  
P

T-
9 

Te
ch

ni
ca

l M
ee

tin
g)

   
   

   
   

   
   

 
La

b 
co

de
 

R
es

ul
t 

D
i 

M
ea

n 
z-

sc
or

e(1
)

M
et

ho
d 

 
R

ef
er

en
ce

 

N
o.

A
B

(A
-B

)/
2

 
(A

+B
)/ 2

  
W

ith
in

Pe
rfo

rm
an

ce
co

de
us

ed
 

 
1 

0.
85

 
0.

94
 

-0
.0

6 
0.

90
 

-1
.3

5 
 

H
P

LC
-E

LS
D

 
In

 h
ou

se
 m

et
ho

d 
ba

se
d 

on
 A

O
A

C
 (2

00
6)

 9
82

.1
4 

2 
3.

00
 

3.
07

 
-0

.0
5 

3.
04

 
-1

.0
5 

 
La

ne
-E

yn
on

 
C

om
pe

nd
iu

m
 o

f M
et

ho
d 

fo
r F

oo
d 

A
na

ly
si

s 
(2

00
3 

3 
1.

20
 

1.
31

 
-0

.0
8 

1.
26

 
-1

.6
5 

 
H

P
LC

-R
I 

JA
O

A
C

 (1
99

2)
, V

ol
. 7

5,
 N

o3
 , 

p.
44

3 
– 

46
4 

4 
0.

70
 

0.
70

 
0.

00
 

0.
70

 
0.

00
 

 
H

P
LC

-R
I 

A
O

A
C

 (2
00

5)
 9

82
.1

4 

5 
3.

06
3.

26
-0

.1
4 

3.
16

 
-3

.0
0

w
w

 
La

ne
-E

yn
on

 
C

om
pe

nd
iu

m
 o

f m
et

ho
d 

fo
r f

oo
d 

an
al

ys
is

 (2
00

3)
,C

2,
p 

84
-8

6 

6 
1.

12
 

1.
10

 
0.

01
 

1.
11

 
0.

30
 

 
H

P
LC

-E
LS

D
 

A
O

A
C

 9
82

.1
4 

7 
6.

30
6.

29
0.

01
 

6.
30

 
0.

15
 

La
ne

-E
yn

on
-ti

tra
tio

n 

8 
1.

04
 

0.
96

 
0.

06
 

1.
00

 
1.

20
 

 
H

P
LC

-R
I 

JA
O

A
C

 (1
99

2)
, V

ol
. 7

5,
 N

o3
 , 

p.
44

3 
– 

46
4 

9 
3.

99
3.

34
0.

46
 

3.
67

 
9.

74
w

w
 

M
un

so
n-

W
al

ke
r G

ra
vi

m
et

ric
 

A
O

A
C

 9
25

.3
5(

B
)

10
 

3.
30

3.
10

0.
14

 
3.

20
 

3.
00

w
w

 
La

ne
-E

yn
on

-ti
tra

tio
n 

In
-h

ou
se

 m
et

ho
d 

ba
se

d 
on

 A
O

AC
 O

ffi
ci

al
 m

et
ho

d 
96

8.
28

 (2
00

7)

11
 

0.
72

 
0.

75
 

-0
.0

2 
0.

74
 

-0
.4

5 
 

H
P

LC
-R

I 
A

O
A

C
 (2

00
5)

 9
84

.1
2 

12
 

1.
61

 
1.

61
 

0.
00

 
1.

61
 

0.
00

 
 

H
P

LC
-R

I 
In

-h
ou

se
 m

et
ho

d 
TM

-C
H

-0
88

 b
as

ed
 o

n 
AO

AC
(2

00
5)

, 9
82

.1
4 

13
 

2.
55

2.
23

0.
23

 
2.

39
 

4.
80

w
w

 
La

ne
-E

yn
on

-ti
tra

tio
n 

A
O

A
C

(2
00

5)
 9

74
.0

6 

14
 

2.
75

 
2.

75
 

0.
00

 
2.

75
 

0.
00

 
 

M
un

so
n-

W
al

ke
r G

ra
vi

m
et

ric
 

A
O

A
C

 2
00

5,
 9

25
.3

5(
B

)

15
 

0.
96

 
1.

08
 

-0
.0

8 
1.

02
 

-1
.8

0 
 

H
P

LC
-R

I 
G

ui
de

lin
e 

fo
r A

m
in

ex
 8

7 
C

 

16
 

2.
78

 
2.

80
 

-0
.0

1 
2.

79
 

-0
.3

0 
 

La
ne

-E
yn

on
-g

ra
vi

m
et

ric
 

In
-h

ou
se

 m
et

ho
d 

ba
se

d 
on

 A
O

A
C

 (2
00

5)
.9

50
.5

0 

17
 

2.
90

 
2.

89
 

0.
01

 
2.

90
 

0.
15

 
 

La
ne

-E
yn

on
-g

ra
vi

m
et

ric
  

A
O

A
C

(2
00

5)
 9

06
.0

3 
92

5.
35

N
o 

of
 re

su
lts

 
17

 
17

 
17

 
17

 
 

M
ed

ia
n 

2.
55

0 
2.

23
0 

0.
00

 
M

ea
n:

 2
.2

7 
 "w

"  
= 

 q
ue

st
io

na
bl

e 
re

su
lt;

  2
 <

 | 
z-

sc
or

e 
| <

 3
  

Q
1 

1.
04

 
1.

08
 

-0
.0

5 
S

D
:  

  1
.4

6 
 "w

w
"  

= 
un

sa
tis

fa
ct

or
y 

re
su

lt;
 | 

z-
sc

or
e 

| >
 3

   
   

   
Q

3 
3.

00
 

3.
07

 
0.

01
 

%
C

V 
 6

4.
4 

 (w
 =

 w
ith

in
 la

b,
 b

 =
 b

et
w

ee
n 

la
b)

 
IQ

R
 (Q

3-
Q

1)
 

1.
96

 
1.

99
 

0.
06

 
N

o 
ev

al
ua

tio
n 

of
 p

er
fo

rm
an

ce
 o

n 
su

ga
rs

 a
na

ly
si

s 
du

e 
to

 h
ig

h 
va

ria
tio

n 
of

 s
ub

m
itt

ed
 re

su
lts

 
N

or
m

al
is

ed
 IQ

R
 

1.
45

 
1.

48
 

0.
05

 
 

R
ob

us
t C

V
 

56
.9

8 
66

.1
5 

  
  

 
(1

)  b
as

ed
 o

n 
m

ed
ia

n 
+ 

N
IQ

R
 o

f d
iff

er
en

ce
 (D

i) 
  

LA
B

O
R

A
TO

R
Y 

PE
R

FO
R

M
A

N
C

E 
ST

U
D

Y 
– 

R
ou

nd
 9

 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   

                Final Report: PT-9                                                                                       August  2010                      

                       Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9                   36                 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
 In

st
itu

te
 o

f N
ut

rit
io

n,
 M

ah
id

ol
 U

ni
ve

rs
ity

, T
H

A
IL

A
N

D
 –

 L
ab

or
at

or
y 

P
er

fo
rm

an
ce

 S
tu

dy
 9

 
   

   
  3

7 

Fi
na

l R
ep

or
t: 

P
T-

9 
 

   
   

A
ug

us
t 2

01
0 

 Ta
bl

e 
10

A
-2

.  
 S

ug
ar

s 
in

 s
al

te
d 

br
oa

d 
be

an
: B

B
(d

at
a 

se
t 1

 b
ef

or
e 

P
T-

9 
Te

ch
ni

ca
l M

ee
tin

g)
, u

se
d 

fo
r p

er
fo

rm
an

ce
 e

va
lu

at
io

n 
   

   
   

   
   

   
   

   
A

ss
ig

ne
d 

va
lu

e 
es

tim
at

ed
 a

cc
or

di
ng

 to
 IS

O
 1

35
28

 a
s 

ro
bu

st
 m

ea
n 

+  
ro

bu
st

 S
D

 =
 1

.0
3 

+ 
0.

14
 g

/1
00

 g
 (%

C
V

=1
3.

7,
 N

=1
9)

 

La
b 

co
de

 
R

es
ul

t 
D

i 
M

ea
n 

z-
sc

or
e 

z-
sc

or
e 

C
on

cl
us

io
n 

co
de

  
 

M
ea

n 
fo

r c
on

se
ns

us
 

N
o.

A
B

(A
-B

)/
2

 
(A

+B
)/2

 
W

ith
in

 
B

et
w

ee
n(1

)
ba

se
d 

on
 (2

) 
 

Al
l l

ab
 

ba
se

d 
on

 (2
) 

1 
(H

P
LC

) 
1.

13
 

1.
08

 
0.

04
 

1.
11

 
1.

12
 

0.
54

 
a 

 
1.

11
 

1.
11

 
2 

(L
an

e 
E

yn
on

) 
2.

23
2.

19
0.

03
 

2.
21

0.
90

 
8.

40
 

bb
 

 
2.

21
 

  
3 

(H
PL

C
) 

1.
15

 
1.

20
 

-0
.0

4 
1.

18
 

-1
.1

2 
1.

04
 

a 
 

1.
18

 
1.

18
 

4 
(H

PL
C

) 
0.

60
0.

60
0.

00
 

0.
60

0.
00

 
-3

.0
5 

bb
 

 
0.

60
 

  
5 

(L
an

e 
E

yn
on

) 
2.

42
2.

42
0.

00
 

2.
42

0.
00

 
9.

89
 

bb
 

 
2.

42
 

  
6 

(H
PL

C
) 

1.
01

 
1.

03
 

-0
.0

1 
1.

02
 

-0
.4

5 
-0

.0
6 

a 
 

1.
02

 
1.

02
 

7 
(L

an
e 

E
yn

on
) 

6.
24

6.
25

-0
.0

1 
6.

25
-0

.2
2 

37
.0

8 
bb

 
 

6.
25

 
  

8 
(H

PL
C

) 
0.

94
 

0.
92

 
0.

01
 

0.
93

 
0.

45
 

-0
.7

0 
a 

 
0.

93
 

0.
93

 
9 

(M
un

so
n-

W
al

ke
r) 

3.
18

3.
33

-0
.1

1 
3.

26
-3

.3
7

15
.8

3 
w

w
bb

 
 

3.
26

 
  

10
 (L

an
e 

E
yn

on
) 

2.
90

2.
80

0.
07

 
2.

85
2.

25
12

.9
5 

w
bb

 
 

2.
85

 
  

11
 (H

P
LC

) 
0.

67
0.

66
0.

01
 

0.
67

0.
22

 
-2

.5
9 

b 
 

0.
67

 
  

12
 (H

P
LC

) 
1.

48
1.

47
0.

01
 

1.
48

0.
22

 
3.

17
 

bb
 

 
1.

48
 

  
13

 (L
an

e 
E

yn
on

) 
2.

61
2.

41
0.

14
 

2.
51

4.
50

10
.5

3 
w

w
bb

 
 

2.
51

 
  

14
 (M

un
so

n-
W

al
ke

r) 
2.

31
2.

48
-0

.1
2 

2.
40

-3
.8

2
9.

71
 

w
w

bb
 

 
2.

40
 

  
15

 (H
P

LC
) 

0.
92

 
0.

93
 

-0
.0

1 
0.

93
 

-0
.2

2 
-0

.7
4 

a 
 

0.
93

 
0.

93
 

16
 (L

an
e 

E
yn

on
) 

2.
77

2.
71

0.
04

 
2.

74
1.

35
 

12
.1

6 
bb

 
 

2.
74

 
  

17
 (L

an
e 

E
yn

on
) 

2.
59

2.
68

-0
.0

6 
2.

64
-2

.0
2

11
.4

2 
w

bb
 

 
2.

64
 

  
N

o 
of

 re
su

lts
 

17
 

17
 

17
 

17
 

 "a
"  

= 
 s

at
is

fa
ct

or
y 

re
su

lt;
 | 

z-
sc

or
e 

| <
 2

  
N

o 
of

 re
su

lts
 

17
 

5 
 

M
ed

ia
n 

2.
23

0 
2.

19
0 

0.
00

 
M

ea
n:

 2
.0

7 
 "w

" o
r "

b"
  =

  q
ue

st
io

na
bl

e 
re

su
lt;

  2
 <

| z
-s

co
re

| <
 3

  
M

ea
n 

2.
07

 
1.

03
 

Q
1 

1.
01

 
1.

03
 

-0
.0

1 
S

D
: 1

.3
8 

 "w
w

" o
r "

bb
"  

= 
un

sa
tis

fa
ct

or
y 

re
su

lt;
 | 

z-
sc

or
e 

| >
 3

  
  

S
D

 
   

1.
38

 
0.

11
 

Q
3 

2.
61

 
2.

68
 

0.
03

 
%

 C
V:

 6
6.

9 
 (w

 =
 w

ith
in

 la
b,

 b
 =

 b
et

w
ee

n 
la

b)
 

%
C

V 
66

.8
6

10
.6

0
IQ

R
 (Q

3-
Q

1)
 

1.
60

 
1.

65
 

0.
04

 
 

Fi
na

l c
on

se
ns

us
 v

al
ue

 fo
r s

ug
ar

s 
in

 B
B

 
 

 

N
or

m
al

is
ed

 IQ
R

 
1.

19
 

1.
22

 
0.

03
 

 
 

 

R
ob

us
t C

V
 

53
.1

9 
55

.8
5 

  

ca
lc

ul
at

ed
 fr

om
 la

bo
ra

to
rie

s 
 w

ith
 a

cc
ep

te
d 

va
lu

es
=1

.0
3 

+ 
0.

11
 g

/1
00

 g
 (m

ea
n+

SD
), 

w
ith

 
N

=5
, %

C
V=

10
.6

 
 

 
 

(1
) ba

se
d 

on
 a

ss
ig

ne
d 

va
lu

e 
es

tim
at

ed
 a

cc
or

di
ng

 to
 IS

O
 1

35
28

LA
B

O
R

A
TO

R
Y 

PE
R

FO
R

M
A

N
C

E 
ST

U
D

Y 
– 

R
ou

nd
 9

 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   

                Final Report: PT-9                                                                                      August  2010                     

                       Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9                        37            

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
 In

st
itu

te
 o

f N
ut

rit
io

n,
 M

ah
id

ol
 U

ni
ve

rs
ity

, T
H

A
IL

A
N

D
 –

 L
ab

or
at

or
y 

P
er

fo
rm

an
ce

 S
tu

dy
 9

 
   

   
  3

8 

Fi
na

l R
ep

or
t: 

P
T-

9 
 

   
   

A
ug

us
t 2

01
0 

 Ta
bl

e 
10

B
-2

.
Su

ga
rs

in
 b

ro
ad

 b
ea

n 
po

w
de

r: 
 IN

M
U

-1
7 

(c
or

re
ct

ed
 d

at
a,

 s
ub

m
itt

ed
 a

fte
r P

T-
9 

Te
ch

ni
ca

l M
ee

tin
g)

 
   

   
   

   
   

   
   

  A
ss

ig
ne

d 
va

lu
e 

es
tim

at
ed

 a
cc

or
di

ng
 to

 IS
O

 1
35

28
 a

s 
ro

bu
st

 m
ea

n 
+  

ro
bu

st
 S

D
 =

 1
.0

3 
+ 

0.
14

 g
/1

00
 g

 (%
C

V
=1

3.
7,

 N
=1

9)
 

La
b 

co
de

 
R

es
ul

t 
D

i 
Si

 
z-

sc
or

e(1
)

z-
sc

or
e 

C
on

cl
us

io
n

co
de

 
M

ea
n 

fo
r c

on
se

ns
us

N
o.

A
B

(B
-A

)/
2

 
(A

+B
)/

2
 

W
ith

in
 

B
et

w
ee

n(1
)

B
et

w
ee

n(2
)

ba
se

d 
on

 (2
) 

 
 

Al
l 

ba
se

d 
on

 (1
) 

ba
se

d 
on

 (2
) 

1 
(H

PL
C

) 
0.

85
 

0.
94

 
0.

06
 

1.
27

 
1.

28
 

-0
.5

4 
-0

.9
5 

a 
 

 
0.

90
 

0.
90

 
0.

90
 

1 
C

 (H
PL

C
) 

1.
48

1.
51

0.
02

 
2.

11
 

0.
43

 
-0

.0
8 

3.
31

bb
 

 
1.

50
 

1.
50

 
  

2 
(L

an
e 

E
yn

on
) 

3.
00

3.
07

0.
05

 
4.

29
 

0.
99

 
1.

08
 

14
.2

6
bb

 
 

3.
04

 
3.

04
 

  
2 

C
-1

 (H
PL

C
) 

1.
03

 
1.

03
 

0.
00

 
1.

46
 

0.
00

 
-0

.4
3 

0.
01

 
a 

 
 

1.
03

 
1.

03
 

1.
03

 
2 

C
-2

 (p
re

ci
pi

ta
tio

n)
 

2.
59

2.
58

-0
.0

1 
3.

66
 

-0
.1

4 
0.

74
 

11
.0

6
bb

 
 

2.
59

 
2.

59
 

  
3 

(H
PL

C
) 

1.
20

 
1.

31
 

0.
08

 
1.

77
 

1.
56

 
-0

.2
6 

1.
61

 
a 

 
 

1.
26

 
1.

26
 

1.
26

 
3 

C
 (H

PL
C

) 
1.

09
 

- 
-0

.7
7 

0.
77

 
- 

-0
.8

0 
0.

43
 

a 
 

 
1.

09
 

1.
09

 
1.

09
 

4 
(H

PL
C

) 
0.

70
0.

70
0.

00
 

0.
99

 
0.

00
 

-0
.6

8 
-2

.3
4

b
 

 
0.

70
 

0.
70

 
  

4 
C

 (H
PL

C
) 

1.
05

 
1.

02
 

-0
.0

2 
1.

46
 

-0
.4

3 
-0

.4
3 

0.
04

 
a 

 
 

1.
04

 
1.

04
 

1.
04

 
5 

(L
an

e 
E

yn
on

) 
3.

06
3.

26
0.

14
 

4.
47

 
2.

84
1.

17
 

15
.1

5
w

bb
 

 
 

3.
16

 
3.

16
 

  
5C

 (L
an

e 
E

yn
on

) 
3.

01
3.

04
0.

02
 

4.
28

 
0.

43
 

1.
07

 
14

.1
9

bb
 

 
3.

03
 

3.
03

 
  

6 
(H

PL
C

) 
1.

12
 

1.
10

 
-0

.0
1 

1.
57

 
-0

.2
8 

-0
.3

7 
0.

58
 

a 
 

 
1.

11
 

1.
11

 
1.

11
 

6 
C

 (H
PL

C
) 

1.
04

 
1.

03
 

-0
.0

1 
1.

46
 

-0
.1

4 
-0

.4
3 

0.
04

 
a 

 
 

1.
04

 
1.

04
 

1.
04

 
7 

(L
an

e 
E

yn
on

) 
6.

30
6.

29
-0

.0
1 

8.
90

 
-0

.1
4 

3.
53

37
.4

4
bb

 
 

6.
30

 
  

  
8 

(H
PL

C
) 

1.
04

 
0.

96
 

-0
.0

6 
1.

41
 

-1
.1

4 
-0

.4
6 

-0
.2

1 
a 

 
 

1.
00

 
1.

00
 

1.
00

 
8 

C
 (H

PL
C

) 
0.

88
 

0.
88

 
0.

00
 

1.
24

 
0.

00
 

-0
.5

5 
-1

.0
6 

a 
 

 
0.

88
 

0.
88

 
0.

88
 

9 
(M

un
so

n-
W

al
ke

r) 
3.

99
3.

34
-0

.4
6 

5.
18

 
-9

.2
3

1.
55

 
18

.7
4

w
w

bb
 

 
 

3.
67

 
3.

67
 

  
9C

 (M
un

so
n-

W
al

ke
r)
 

4.
77

-
-3

.3
7 

3.
37

 
- 

0.
59

 
26

.6
0

bb
 

 
4.

77
 

4.
77

 
  

10
 (L

an
e 

E
yn

on
) 

3.
30

3.
10

-0
.1

4 
4.

53
 

-2
.8

4
1.

20
 

15
.4

3
w

bb
 

 
 

3.
20

 
3.

20
 

  
10

C
(L

an
e 

E
yn

on
) 

3.
21

-
-2

.2
7 

2.
27

 
- 

0.
00

 
15

.5
1

bb
 

 
3.

21
 

3.
21

 
  

11
 (H

P
LC

) 
0.

72
0.

75
0.

02
 

1.
04

 
0.

43
 

-0
.6

6 
-2

.0
9

b
 

 
0.

74
 

0.
74

 
  

11
 C

 (H
PL

C
) 

0.
94

 
1.

07
 

0.
09

 
1.

42
 

1.
85

 
-0

.4
5 

-0
.1

7 
a 

 
 

1.
01

 
1.

01
 

1.
01

 
12

 (H
P

LC
) 

1.
61

1.
61

0.
00

 
2.

28
 

0.
00

 
0.

00
 

4.
13

bb
 

 
1.

61
 

1.
61

 
  

(1
)  b

as
ed

 o
n 

m
ed

ia
n 

+ 
N

IQ
R

;  
 (2

) ba
se

d 
on

 a
ss

ig
ne

d 
va

lu
e 

es
tim

at
ed

 a
cc

or
di

ng
 to

 IS
O

 1
35

28

 Ta
bl

e 
9B

-2
  S

ug
ar

s
in

 b
ro

ad
 b

ea
n 

po
w

de
r: 

 IN
M

U
-1

7 
(c

or
re

ct
ed

 d
at

a,
  s

ub
m

itt
ed

 a
fte

r P
T9

 T
ec

hn
ic

al
 M

ee
tin

g)
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   

                Final Report: PT-9                                                                                          August  2010                   

                       Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9                   38          
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 

co
nt

in
ue

d 
�

 



   
   

   
   

   
 In

st
itu

te
 o

f N
ut

rit
io

n,
 M

ah
id

ol
 U

ni
ve

rs
ity

, T
H

A
IL

A
N

D
 –

 L
ab

or
at

or
y 

P
er

fo
rm

an
ce

 S
tu

dy
 9

 
   

   
  3

9 

Fi
na

l R
ep

or
t: 

P
T-

9 
 

   
   

A
ug

us
t 2

01
0 

 Ta
bl

e 
10

B
-2

.
C

on
tin

ue
d 

Su
ga

rs
in

 b
ro

ad
 b

ea
n 

po
w

de
r: 

 IN
M

U
-1

7
 

   
   

   
   

   
   

   
  A

ss
ig

ne
d 

va
lu

e 
es

tim
at

ed
 a

cc
or

di
ng

 to
 IS

O
 1

35
28

 a
s 

ro
bu

st
 m

ea
n 

+  
ro

bu
st

 S
D

 =
 1

.0
3 

+ 
0.

14
 g

/1
00

 g
 (%

C
V

=1
3.

7,
 N

=1
9)

  
   

   
   

   
   

   
  

La
b 

co
de

 
R

es
ul

t 
D

i 
Si

 
z-

sc
or

e(1
)

z-
sc

or
e 

C
on

cl
us

io
n 

co
de

 
 

M
ea

n 
fo

r c
on

se
ns

us

N
o.

A
B

(B
-A

)/
2

 
(A

+B
)/

2
 

W
ith

in
 

B
et

w
ee

n(1
)

B
et

w
ee

n(2
)

ba
se

d 
on

 (2
) 

 
 

Al
l 

ba
se

d 
on

 
(1

) 
ba

se
d 

on
 

(2
) 

13
 (L

an
e 

E
yn

on
) 

2.
55

2.
23

-0
.2

3 
3.

38
 

-4
.5

4
0.

59
 

9.
68

w
w

bb
 

 
 

2.
39

 
2.

39
 

  
13

 C
-1

 (H
P

LC
) 

1.
06

 
0.

93
 

-0
.0

9 
1.

41
 

-1
.8

5 
-0

.4
6 

-0
.2

4 
a 

 
 

1.
00

 
1.

00
 

1.
00

 
13

 C
-2

 (T
itr

at
io

n)
 

1.
93

2.
00

0.
05

 
2.

78
 

0.
99

 
0.

27
 

6.
65

bb
 

 
1.

97
 

1.
97

 
  

14
 (M

un
so

n-
W

al
ke

r) 
2.

75
2.

75
0.

00
 

3.
89

 
0.

00
 

0.
86

 
12

.2
4

bb
 

 
2.

75
 

2.
75

 
  

14
C

 (M
un

so
n-

W
al

ke
r) 

2.
75

2.
75

0.
00

 
3.

89
 

0.
00

 
0.

86
 

12
.2

4
bb

 
 

2.
75

 
2.

75
 

  
15

 (H
P

LC
) 

0.
96

 
1.

08
 

0.
08

 
1.

44
 

1.
70

 
-0

.4
4 

-0
.0

6 
a 

 
 

1.
02

 
1.

02
 

1.
02

 
15

C
 (H

P
LC

) 
1.

07
 

- 
-0

.7
6 

0.
76

 
- 

-0
.8

1 
0.

29
 

a
 

 
1.

07
 

1.
07

 
1.

07
 

16
 (L

an
e 

E
yn

on
) 

2.
78

2.
80

0.
01

 
3.

95
 

0.
28

 
0.

89
 

12
.5

2
bb

 
 

2.
79

 
2.

79
 

  
16

 C
-1

 (H
P

LC
) 

0.
71

0.
71

0.
00

 
1.

00
 

0.
00

 
-0

.6
7 

-2
.2

7
b

 
 

0.
71

 
0.

71
 

  

16
 C

-2
 (p

re
ci

pi
ta

tio
n)

 
2.

77
2.

82
0.

04
 

3.
95

 
0.

71
 

0.
90

 
12

.5
6

bb
 

 
2.

80
 

2.
80

 
  

17
 (L

an
e 

E
yn

on
) 

2.
90

2.
89

-0
.0

1 
4.

09
 

-0
.1

4 
0.

97
 

13
.2

7 
bb

 
 

 
2.

90
 

2.
90

 
 

17
C

 (L
an

e 
E

yn
on

) 
2.

97
3.

04
0.

05
 

4.
25

 
0.

99
 

1.
06

 
14

.0
5

bb
 

 
3.

01
 

3.
01

 
  

N
o 

of
 re

su
lts

 
35

 
31

 
35

 
35

 
 "a

"  
= 

 s
at

is
fa

ct
or

y 
re

su
lt;

 | 
z-

sc
or

e 
| <

 2
  

 
N

o 
of

 re
su

lts
 

35
 

34
 

13
 

M
ed

ia
n 

1.
61

0 
1.

61
0 

0.
00

 
2.

27
 

 "w
" o

r "
b"

  =
  q

ue
st

io
na

bl
e 

re
su

lt;
  2

 <
| z

-s
co

re
| <

 3
  

 
M

ea
n 

2.
08

 
1.

96
 

1.
03

 
Q

1 
1.

04
 

1.
03

 
-0

.0
4 

1.
42

 
 "w

w
" o

r "
bb

"  
= 

un
sa

tis
fa

ct
or

y 
re

su
lt;

 | 
z-

sc
or

e 
| >

 3
   

   
   

 
SD

 
1.

30
 

1.
09

 
0.

09
 

Q
3 

2.
94

 
2.

86
 

0.
03

 
3.

95
 

 (w
 =

 w
ith

in
 la

b,
 b

 =
 b

et
w

ee
n 

la
b)

 
 

%
C

V 
62

.3
0 

55
.5

1 
9.

10
IQ

R
 (Q

3-
Q

1)
 

1.
90

 
1.

83
 

0.
07

 
2.

53
 

Fi
na

l c
on

se
ns

us
 v

al
ue

 fo
r s

ug
ar

s 
in

 IN
M

U
-1

7 
 

 
 

 
N

or
m

al
is

ed
 IQ

R
 

1.
40

 
1.

36
 

0.
05

 
1.

88
 

ca
lc

ul
at

ed
 fr

om
 la

bo
ra

to
rie

s 
 w

ith
 a

cc
ep

te
d 

va
lu

es
 

 
 

 
R

ob
us

t C
V

 
87

.2
5 

84
.2

6 
  

  
=1

.0
3 

+ 
0.

09
 g

/1
00

 g
 (m

ea
n+

SD
), 

w
ith

 N
=1

3,
 %

C
V=

9.
1 

 
 

 
(1

)  b
as

ed
 o

n 
m

ed
ia

n 
+ 

N
IQ

R
;  

 (2
) ba

se
d 

on
 a

ss
ig

ne
d 

va
lu

e 
es

tim
at

ed
 a

cc
or

di
ng

 to
 IS

O
 1

35
28

                Final Report: PT-9                                                                                August  2010                           

                 Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9                      39                     

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 



                Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9         40 

Final Report: PT-9        August 2010 
 

Sugar in salted broad bean (BB)
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Laboratory code  number

z-score

Figure 6A.  z-scores of sugars in salted broad bean (BB) 

Figure 6B.  z-scores of sugars in broad bean powder(INMU-17), data from  
                                set 1 (before PT-9 meeting) and set 2 (after PT-9 meeting,  
                                lab number with “C”) 

HPLC method Other  methods 

HPLC method Other  methods 
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Sodium
 
Sodium in the salted broad bean test materials came from added salts during the process 
of cooking by frying.  In this study twelve packages of commercial salted broad bean were 
sent to each laboratory; the samples were prepared by each laboratory using various 
methods whereas a large amount, about 10 kg, of the same test material in one big 
package was prepared by the PT provider.  As expected, the broad bean powder (INMU-17) 
prepared by the PT provider has higher sodium content and higher degree of sample 
homogeneity than the samples prepared by each participants (BB), giving assigned values 
of 461.8 + 33.6 mg/100 g (with %RSD of 7.3) compared to 388.8 + 50.8 mg/100 g (with 
%RSD of 13), respectively (Table 4).        
 
Three different methods for sample preparation (wet digestion, dry ashing, microwave 
digestion) were applied and determine Na by three techniques, AAS (lab nos. 6, 8, 9, 10, 
11, 12, 14, 15, 16, 17), ICP-OES (lab nos. 1, 2, 3, 4, 5, 13) and by titration (lab no. 7) 
(Appendix 2F).  A summary of the results is shown in Table 11A and 11B and Figure 7A 
and 7B.   

For salted broad bean (BB) (Table 11A), 14 laboratories out of 17 (82%) showed 
satisfactory results (�z-score� <2) for both within- and between-laboratory z-scores 
(indicated as “a”).  Lab nos. 7 and 10 submitted high difference in duplicate values of A and 
B, compared to other laboratories; they were considered as questionable (2<�z-score�<3) 
for within-laboratory variation.  The relative percent differences (%RPD) compared to the 
reported mean values of A and B were 7.0% and 6.6%, respectively.   For between- 
laboratory z-score, lab no. 12 submitted extreme unsatisfactory result (z-score = 5.3).  
 
As shown in Table 11B, 14 out of 17 laboratories achieved satisfactory results (82%) for 
broad bean powder (INMU-17).  For within-laboratory variation, lab nos. 4 and 6 reported 
questionable results with the %RPD compared to the reported mean values were 3.6 and 
5.4%, respectively.  For between-laboratory variation, two laboratories (lab nos. 4 and 12) 
reported extreme unsatisfactory results (z-score=4.6 and 3.8 respectively).  
   
The informative graphical method from Youden plot (Figure 7C) showed lab nos. 4 and 12 
were subjected to bias – their points were given far out along the major axis of the ellipse, 
all for the high values.  This implies that both laboratories have systematic errors for 
sodium determination.     
 
The consensus values, as mean + SD, of sodium content in salted broad bean (BB) and 
broad bean powder (INMU-17) derived from good performance laboratories (for both 
within- and between- laboratory variation, indicated as “a”) are 386 + 44 mg/100g (N=14) 
and 452 + 29 mg/100g (N=14), with %CV=11.5 and 6.5, respectively (Table 18). 
 
In conclusion, since few laboratories with unsatisfactory performance were identified, the 
overall performance on sodium determination of this group of participants can be 
considered as satisfactory.  The consensus values obtained were with low percentage of 
coefficient variation in broad bean powder (INMU-17).  For salted broad bean (BB) which 
individual set of samples were prepared in individual laboratories, the %CV is much higher.   
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Sodium in salted broad bean (BB)
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Figure 7A.  z-scores of sodium in salted broad bean (BB) 
 
 

Sodium in broad bean powder (INMU 17)
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Figure 7B.  z-scores of sodium in broad bean powder (INMU-17) 
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Figure 7C.  Youden plot of z-scores (from Table 11A and 11B) of sodium determination  
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Calcium
 
Calcium was one of assigned nutrients to be analysed in INMU-17, not in BB test material.  
A summary of the results is shown in Table 12 and Figure 8.  Information from USDA 
database23, broad bean contains calcium at the level of 103 mg/100 g; much lower level 
was found in the salted broad bean test material used in this study. Sixteen out of 17 
laboratories submitted results on calcium. The estimated assigned values of the calcium, 
according to ISO 13528 as robust mean + robust SD was 39.3 + 4.9 mg/100g (%CV=12.6, 
N=16) (Table 4).  Ten laboratories showed satisfactory performance (62.5%) as indicated 
by within- and between-laboratory z-scores (indicated as “a”).   Several laboratories have 
problems on their precision.  As can be seen from the results of within-laboratory 
performance, lab nos. 12, 13, and 14 reported questionable results, (�z-scorewithin� = 2.7) 
with %RPD = 4.3, 2.5 and 7.2%, respectively, whereas lab no. 17 reported extreme 
difference values for A and B (�z-scorewithin� = 8.1) with high % RPD (19.2%), indicated 
unsatisfactory precision.  For between-laboratory variation, lab no. 12 reported extreme low 
levels of calcium which indicated as unsatisfactory results (z-scorebetween= -3.2); lab nos. 10 
and 15 submitted questionable highest results.  Lab nos. 10, 12 and 15 applied similar 
methods as others for analytical sample preparation and measurement (Appendix 2F), the 
low level of calcium in the salted broad bean could be responsible for the high variation of 
the submitted results.  Comparing to laboratory performance on calcium determination in 
PT-74, this PT round showed lower percentage of laboratories with good performance.  
Very much lower level of calcium in the salted broad bean (less than 40 mg per 100 g), 
compared to the high levels in milk powder and weaning food (550-700 mg/100 g), is likely 
to be the cause of the variation in calcium results found in this study. 
 
The consensus values, as mean + SD, of calcium in broad bean powder (INMU 17), 
derived from good performance laboratories (for both within- and between-laboratory 
variations, indicated as “a”), is 38.8 + 4.2 mg/100 g (N=10) with %CV=10.8 (Table 18).   
 
 
Iron
 
Iron was assigned to be analysed in broad bean powder (INMU-17).   Information from 
USDA database, broad bean contains considerable amount of iron (2-3 mg/100 g)23.   
Methods used for iron determination presented in Appendix 2G.  The summary of the 
submitted results and statistical evaluation is shown in Table 13 and Figure 9.   The 
assigned values of iron estimated from ISO 13528 as robust mean + robust SD was 
2.96+0.37 mg/100g (%CV = 12.7, N =16) (Table 4).  Thirteen out of 16 laboratories 
showed satisfactory performance (81.3%) as indicated by within- and between- laboratory 
z-scores (indicated as “a”).  Lab nos. 8 and 14 reported questionable results for within-
laboratory performance (z-scorewithin= 2.3) with %RPD = 6.2 and 7.2%, respectively.  Lab 
no. 6 reported unsatisfactory precision for duplicate results of A and B (absolute z-
scorewithin= 3.4) with 5.2% RPD.  For between-laboratory evaluation, all submitted values 
were accepted as satisfactory.    
 
The consensus values, as mean + SD, of iron in broad bean powder (INMU-17), derived 
from good performance laboratories (for both within- and between-laboratory variations, 
indicated as “a”), is 2.87 + 0.28 g/100 g (N=13) with %CV = 9.7 (Table 18). 
 
In conclusion, only one outlier and two questionable performance laboratories for within- 
and no outlier for between-laboratory variation were found in this PT round on iron 
determination.  The overall performance on iron determination can be considered as 
satisfactory.   Compared to the previous PT rounds4, 19, the performance on iron 
determination in this round is much improved.   
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Calcium in broad bean powder (INMU 17)
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Figure 8.  z-scores of calcium in broad bean powder (INMU-17) 
 
 
 

Iron in broad bean powder (INMU 17)
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Figure 9.  Z-scores of iron in broad bean powder (INMU-17) 

Vitamin B1

Information from USDA database23, vitamin B1 in raw broad bean mature seeds is 0.56 
mg/100g.  Loss of the vitamin is expected in the product that passes though heating 
process, e.g., salted broad bean – the test material in this study.  Participants were 
requested to analyse the vitamin in the test material (INMU-17) within two weeks of receipt.   
Fifteen out of 17 laboratories submitted results of vitamin B1.  Most laboratories (10 out of 
15) extracted the vitamin from the sample using diluted hydrochloric acid and heat, 
followed by enzyme hydrolysis to obtain free thiamin (Appendix 2H).  Lab no. 10 who 
reported the highest values of the vitamin used formic, heat and enzyme hydrolysis 
whereas lab no. 15 who was one of the two laboratories who reported the lowest level of 
vitamin B1 used perchloric acid; these acids are not commonly used for sample digestion 
in vitamin analysis.   Then different treatments on the vitamin extract were conducted by 
different laboratories.  For example, lab no. 9 purified the vitamin by passing through a 
cation exchange column prior to oxidise it to thiochrome, then its fluorescence was 
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measured by spectrofluorometer.  Other three laboratories (lab nos. 8, 13 and 16) 
measured the thiochrome by spectrofluorometer without purification step.  Most 
laboratories (lab nos. 2, 3, 4, 5, 11, 12, 17) applied pre-column oxidation (thiamin is 
oxidised by K3Fe(CN)6 in the presence of strong alkali to yield thiochrome which is 
extracted into isobutanol before  measuring the thiochrome by HPLC with fluorescent 
detector), only two laboratories (lab nos. 1 and 6) applied post-column oxidation.   For the 
pre-column derivatisation, the solution have to be injected immediately after thiochrome 
formation24.  Lab nos. 2, 4, 12, 17 who applied pre-column oxidation reported much lower 
levels of thiamin compared to the others.  Lab no. 10 measured the vitamin directly by LC-
MS and lab no. 15 who used perchloric acid for extraction of vitamin B1, also measured the 
vitamin directly using HPLC with UV detector which is not specific for the vitamin.   Wide 
variation of the submitted values of vitamin B1, from the minimum of 0.10 (lab nos. 4 and 
15) to the maximum of 0.56 mg/100 g (lab no. 10) was observed.  A summary of the results 
and preliminary evaluation which could not be accepted is presented in Table 14-1.  The 
PT provider proposed the analysis of vitamin B1 to be discussed at the PT-9 Technical 
Meeting.   Critical control points at each analytical step which could affect the final results 
were discussed.  It was found that only one laboratory (lab no. 6) has regularly checked the 
purity or the true concentration of the vitamin standard after preparation.   Method for 
checking the purity of the vitamin standard was provided to all participants25, 26.  Thus, the 
participants agreed to do some corrective action and repeat the analysis using a new set of 
INMU-17 as the test material.  
 

A summary of the new set of submitted data (except for lab nos. 9 and 12 who confirmed 
using their data in the first set) together with the statistical evaluation is presented in Table
14-2 and Figure 10.   It was noticed that lab no. 1 reported variable results of the highest 
values (0.41 and 0.37 mg/100g), lab no. 4, (similar level to lab no. 12) still reported low 
values of the vitamin and lab no.15 reported the lowest results in this set.  The data was re-
evaluated using the z-score based on the assigned values derived from the classical 
method as median + NIQR and the z-score based on robust mean + robust SD (0.22 + 
0.04 mg/100 g) of the new submitted according to ISO 13528.  Laboratories who measured 
the thiochrome by spectrofluorometer ((lab nos. 8C and 13C (used diluted acid only for 
vitamin extraction), 9, and 16C))  reported the vitamin B1 levels within the range of most of 
laboratories who extracted the vitamin by diluted acid + heat + enzyme hydrolysis and 
measured the thiochrome by HPLC with FLD detector.   Lab no. 1 was identified as 
extreme high values and lab nos. 4C and 12 as questionable results.  Lab no. 15C was 
identified as laboratory with extreme low values by classical robust z-score, however based 
on a lesser strict criteria of ISO 1352810, it was identified as laboratory with questionable 
results.    

The consensus value, as mean + SD, of vitamin B1 in the broad bean powder (INMU-17) 
derived from good performance laboratories (for both within- and between-laboratory 
variations, indicated as “a”) are 0.23 + 0.02 mg/100 g (N=11) with %CV = 8.6 (Table 18B).  
The value corresponds very well with that obtained from good performance laboratories 
evaluated based on the median + NIQR of the submitted values.       

Vitamin B2

Information from USDA database23, vitamin B2 content in raw, dry broad bean is 0.33 
mg/100 g. The vitamin is sensitive to light, it is stable during heating process through 
normal cooking if light is excluded25.  In the process of riboflavin determination, food 
sample is heated to 95-100oC or autoclaved at 121-123oC with 0.1 N HCl to precipitate 
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protein and to completely liberate the natural forms of the vitamin which combined with 
protein.  Determination of riboflavin by fluorometric method includes a specified step to 
remove the interfering fluorescent substances using potassium permanganate27.  
Appendix 2I presents various methods used for vitamin B2 analysis in this study.  Lab no. 
9 included the step to remove the interfering substance.  Apart from lab no. 9, lab nos. 8, 
13, and 16 who measured fluorescence of riboflavin by spectrofluorometry may include this 
step in their sample preparation but has not mentioned it in the questionnaire for method 
used.  They reported similar high range of the vitamin, 0.25-0.33 mg/100 g (Table 15A).  
Lab no. 15 who used HClO4 for sample preparation and protein precipitation and measured 
the vitamin by HPLC with UV detector also reported the values in this range (0.21 
mg/100g).  Others laboratories (except lab no. 5) prepared the samples for vitamin B2 
similar to that of vitamin B1 but not include oxidation step.  Those who measured the 
riboflavin by HPLC with fluorescence detector (lab nos. 1, to 6, 11, 12 and probably L-17) 
reported a wide range of vitamin B2, ranging from the minimum of 0.06 mg/100 g (lab nos. 
1 and 17) to the maximum of 0.22 mg/100 g (Lab No. 2).   Lab no. 10 who extracted the 
sample with formic acid, heat and enzyme hydrolysis and measured the vitamin 
(suspected) by LC-MS (no mention), reported low vitamin level (0.09 mg/100g).  At the PT-
9 Technical Meeting, it was found that only one laboratory (lab no. 6) has checked the true 
concentration of the vitamin standard after preparation. The participants (except lab no. 9 
who confirmed using the same results) agreed to re-analyse the vitamin in the new set of 
INMU-17.  
 
In the new data set, most laboratories submitted similar levels of vitamin B2 as in the first 
set, except lab nos. 10C (measured by LC-MS?) and 17C submitted much higher levels, 
0.25 and 0.23 mg/100g respectively (Table 15 B) which fell in the same range of values 
reported by laboratories who measured the vitamin by spectrofluorometry.   The new set of 
submitted results did not improve the degree of variation of the data.  It is likely that the 
difference in analytical methods used – spectrofluorometry vs. HPLC - is one of the main 
factors involving in the difference of the submitted data.  Nature of the test material – salted 
broad bean - , i.e., high in protein and fat and low in vitamin B2  could be other factors 
involving in the discrepancies of the results obtained from different laboratories.   
 
Due to limited information on methods of analysis and the high variation of the submitted 
data, the organiser decided not to evaluate the data on vitamin B2 in the salted broad bean 
test material submitted in this study.   Detailed information on the different methods of 
vitamin B2 analysis among different laboratories should be discussed before participating in 
the next PT study on vitamin B2 analysis. 
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Vitamin B1 in broad bean powder (INMU-17)

-4

-3

-2

-1

0

1

2

3

4

15C 4C 12 3C 5C 2C 9 17C 11C 13C 10C 8C 16C 6C 1C

Laboratory code  number

z-score

Figure 10.  z-scores of vitamin B1 in broad bean powder (INMU-17) 

�
�
LABORATORY PERFORMANCE STUDY – Round 9 
Table 15.  Vitamin B2  in broad bean powder: INMU-17  
 

A. Original results        B. Corrected results 

Lab code Result   Lab code Result  
No. A B  No. A B

1 0.06 0.06  1 C (HPLC-FLD) 0.07 0.07 
2 0.22 0.23  2 C (HPLC-FLD) 0.19 0.21 
3 0.07 0.07  3 C (HPLC-FLD) 0.07 0.07 
4 0.11 0.11  4 C (HPLC-FLD) 0.07 0.08 
5 0.13 0.14  5 C (HPLC-FLD) 0.16 0.16 
6 0.09 0.09  6 C (HPLC-FLD) 0.10 0.10 
8 0.29 0.30  8 C  (Spectrofluorometry) 0.30 0.28 
9 0.33 0.38  9 (Spectrofluorometry) 0.33 0.38 
10 0.09 0.09  10 C (LC-MS?) 0.25 0.25 
11 0.08 0.08  11 C (HPLC-FLD) 0.08 0.08 
12 0.07 0.07  12 C (HPLC-FLD) 0.09 0.09 
13 0.25 0.24  13 C (Spectrofluorometry) 0.24 0.26 
15 0.21 0.24  15 C (HPLC-UV) 0.21 0.22 
16 0.25 0.26  16 C (Spectrofluorometry) 0.25 0.26 
17 0.06 0.06  17 C (HPLC?) 0.23 0.23 

No of results 15 15  No of results 15 15 
Mean 0.15 0.16  Mean 0.18 0.18 
SD 0.09 0.10  SD 0.09 0.10 
Robust CV (%) 107.8 111.2  Robust CV (%) 62.4 60.0 
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Ash and Moisture 
 
Although ash and moisture are not mandatory nutrients for Nutrition Information on the 
label, they are used to calculate carbohydrate by difference.  Thus, all 17 laboratories 
analysed these components. 
 
Ash

Summary of results for ash in salted broad bean (BB) is shown in Table 16A and Figure
11A.  All laboratories used similar method for ash analysis as shown in Appendix 2J. Ten 
laboratory (58.8 %) out of 17 showed satisfactory results for both within- and between-
laboratory z-scores (indicated as “a”).   Three laboratories (lab nos. 10, 12 and 13) were 
identified as unsatisfactory precision (�z-score� >3). However, the relative percent difference 
(%RPD) from the reported mean values of A and B for lab nos. 10 and 12 was only 2.0 % 
but that of lab no. 13 was quite extreme, %RPD was about 12.   Lab nos. 5, 8 and 11 
reported questionable (2 < �z-score� < 3) results for within-laboratory variation and lab no. 
16 reported questionable for between-laboratory variation.   
 
As shown in Table 16B and Figure 11B, 14 out of 17 laboratories achieved satisfactory 
results (82.4 %) for ash determination in broad bean powder (INMU-17).  Only lab no. 13 
reported highest difference in A and B with 5 % RPD.  The results were considered as 
unsatisfactory for within-laboratory variation. Since the unsatisfactory results were 
submitted for both test materials, lab no. 13 has less precision when compared to the 
others.  For between-laboratory performance, lab no. 16 reported highest value and was 
identified as extreme high values (z-score = 3.2).  Lab no. 14 reported questionable results.   
 
From the Youden plot (Figure 11C), it shows that lab nos. 14 and 16 have systematic error 
in ash determination.   
 
As shown in Table 18, the consensus values, as mean + SD, of ash content in salted 
broad bean - BB and INMU-17 test materials, derived from good performance laboratories 
(for both within- and between-laboratory variations, indicated as “a”), are 2.89 + 0.10 g/100 
g (N=10) and 3.03 + 0.07 g/100 g (N=14), with %CV = 3.6 and 2.2, respectively. 
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Ash in salted broad bean (BB)
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Figure 11A.  z-scores of ash in salted broad bean (BB) 
 
 

Ash in broad bean powder (INMU 17)
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Figure 11B.  z-scores of ash in broad bean powder (INMU-17) 
 
 

Youden plot, ash content (g/100g)
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Figure 11C.  Youden plot of z-scores (from Table 16A and 16B) of ash determination  



                Institute of Nutrition, Mahidol University, THAILAND – Laboratory Performance Study 9         58 

Final Report: PT-9        August 2010 
 

Moisture 
 
Moisture was analysed in both samples, BB and INMU-17.  Most laboratories used 
standard AOAC methods; few (lab nos. 1, 5 and 10) used in-house methods based on the 
AOAC for moisture determination (Appendix 2K).  The methods included drying the 
samples in a hot-air oven at 100 + 3oC (lab nos. 1, 5, 6, 9, 13, 14, 17) for 3-5 h or until 
constant weight except Lab No. 5 applied for 16 h or at 125-135oC for 1 to 2 h (lab nos. 2, 
7, 11, 15) or drying the sample using vacuum oven at 95-100oC for 5 h (lab nos. 3, 4, 8, 10, 
12, 16).   Since all methods used are based on AOAC methods and no strict method for 
moisture determination was specified for nutrition labeling, we decided to evaluate the 
submitted results together.   The submitted results and evaluation for sample BB and 
INMU-17 were presented in Table 17A and 17B, respectively. The assigned values of 
moisture in the respective test materials, estimated from the results submitted by 
participants according to ISO 13528 as robust mean + robust SD, were 3.90 + 0.24 g/100g 
(%CV=6.2, N=17) and 3.38 + 0.38 g/100g (%CV=11.4, N=17).  Distribution of z-scores 
obtained was graphically presented in Figure 12A and 12B, respectively.   
 
For BB sample, no within-laboratory variation was found among participants.  Three out of 
17 laboratories (lab nos. 1, 6 and 7) were identified as questionable performance by z-
scorebetween, they analysed moisture at 100 + 3oC and 125-135oC hot-air oven.  Lab no. 
10 applied vacuum oven at 98oC, 5 h for drying, submitted extreme low-values for both test 
materials which was identified as systematic error by Youden’s plot (Figure 12C). For 
sample INMU-17, lab nos. 10 (vacuum oven at 98oC) and 13 (using hot-air oven at 103oC) 
showed unsatisfactory precision (�z-scorewithin� > 3), submitted extreme different values 
between A and B, with RPD of 8 and 18, respectively.   
 
The consensus values, as mean + SD, of moisture in salted broad bean - BB and INMU-17 
test materials, derived from good performance laboratories (76.5 and 82.4%, respectively) 
for both within- and between-laboratory variations, are 3.97 + 0.20 g/100g (N=13) with 
%CV=5.0 and  3.39 + 0.31 g/100g (N=14) with %CV=9.1, respectively (Table 18). 
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Moisture in salted broad bean (BB)
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Figure 12A.  z-scores of moisture in salted broad bean - BB 
 
 

Moisture in broad bean powder (INMU 17)
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Figure 12B.  z-scores of moisture in salted broad bean - INMU-17 
 
 

Youden plot, moisture content (g/100g)
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Figure 12C.  Youden plot of z-scores (from Table 17A and 17B) of moisture determination  
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Summary of laboratory performance on analytical of mandatory nutrients 

       A.  As z-scores obtained from salted broad bean - BB test materials 

Robust z-scores, indicator of laboratory analytical performance of participating 
laboratories on analyses of all mandatory nutrients  (according to the Thai Notification 
No. 305 (2007), using salted broad bean (BB) as test material are plotted as bar-
charts in Figure 13A.   Lab nos. 3 and 8 are among 17 laboratories who showed good 
performance (Iz-scorebetweenI <2) for analyses of all mandatory nutrients.  Three 
laboratories (lab nos. 1, 6, 11) showed questionable performance (2<Iz-scorebetweenI<3) 
on analysis of one nutrient - lab no. 1 and 6 on moisture analysis,  lab no. 11 on sugar 
analysis.  The bar chart shows analytical performance of two labs who submitted both 
questionable and unsatisfactory results:   lab no. 7 was identified as questionable 
performance on moisture and lab no. 16 on ash determination; lab no. 7 shows 
unsatisfactory on fat and both laboratories on sugar analysis.  Unsatisfactory 
analytical performance among this group of participants (lab nos. 2, 4, 5, 7, 9, 10, 12, 
13, 14, 16 and 17) is clearly demonstrated on sugar analysis by this bar chart.  Four 
laboratories (three (lab nos. 1, 6, 7) submitted questionable and one (lab no. 10) 
submitted unsatisfactory results) have problem on moisture analysis. 

 
B.   As z-scores obtained from broad bean powder – INMU17 test materials 
 
Using broad bean powder (INMU-17) as test material, laboratory performance on 
analysis (as z-scores) of all mandatory nutrients according to the Thai Notification 
No.182/1998 is shown in Figure 13B.  Although only 37 % of laboratories 
demonstrated good performance in sugar analysis, this presentation could not include 
performance on sugar determination because two methods of analysis were used by 
some laboratories.  Five out of 17 laboratories (lab nos. 5, 6, 9, 11 and 17) had good 
performance (Iz-scorebetweenI<2) for analyses of all mandatory nutrients. If z-scores of 
sugars in INMU-17 is included, only two of them (lab nos. 6 and 11) are considered as 
completely good performance.  Lab nos. 5, 9 and 17 determined sugars by other 
methods (Lane-Eynon or Munson-Walker gravimetric methods) not by HPLC method.  
Eleven laboratories (lab nos. 2, 3, 4, 7, 8, 10, 12, 13,14, 15, and 16) showed 
questionable performance (2<Iz-scorebetweenI<3) on some nutrient analysis - lab nos. 2, 
3, 4, 8, 12, 13 and 16 on dietary fibre analysis,  lab nos. 7 and 16 on total fat analysis, 
lab nos. 12, 13 and 15 on vitamin B1 analysis, lab nos. 10 and 15 on calcium analysis, 
lab no. 2 on saturated fat and lab no. 14 on ash analysis.  Unsatisfactory analytical 
performance (Iz-scorebetweenI > 3) on one nutrient (lab no. 3 on total fat; lab no. 4 on 
sodium, and lab no. 16 on ash) and on two nutrients (lab nos. 1 on dietary fibre and 
vitamin B1; lab no. 10 on moisture and vitamin B1; and lab no. 12 on sodium and 
calcium analysis was found.  
 
Since INMU-17 test material was prepared by the PT provider, variation due to sample 
homogeneity which could contribute to the variation of the submitted data from each 
participant is minimum, thus, the performance on this test material should indicate the 
real status of laboratory performance better than using BB test material.   
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3.6   Consensus values in salted broad bean (BB) and broad bean powder (INMU-17) 
After evaluation of analytical performance of participating laboratories, consensus values of 
all mandatory nutrients (except trans fat and vitamin B2) according to Thai Notification No. 
182 (1998) for broad bean powder (INMU-17) were developed from participating 
laboratories with good performance (with z-score values for both within- and between-
laboratory variations < 2, indicated as “a”.  The values as mean + SD are presented in 
Table 18.  The broad bean powder (INMU-17) with consensus values of nutrients becomes 
a reference material for future laboratory performance study or a quality control sample for 
internal quality control system and/or as a test material for method validation.     
 

For salted broad bean (BB) test material, the consensus values of mandatory nutrients, 
according to Thai Notification No. 305 (2007), which include total fat, protein, sugars, 
sodium, ash and moisture were developed by the same protocol as INMU-17.  The 
consensus values as mean + SD are provided as information only for participating 
laboratories.  This is because the BB test material was prepared at each individual 
laboratory without checking homogeneity and stability.    
 
Table 18.    Consensus values of nutrients in salted broad bean (BB) and broad bean 

powder (INMU-17), obtained from good performance laboratories in PT-9 

Consensus values (Mean + SD) 
Nutrients Unit 

(per 100 g) Broad bean powder  
(INMU-17) 

Salted broad bean (BB) 
For information only 

Total Fat g 27.94 + 0.65 
N=14(1),  %CV(2)=2.3 

27.44 + 0.90 
N=14,  %CV=3.3 

Saturated Fat g 12.01 + 0.80 
N=12, %CV=6.7 NA(3) 

Trans fat g Not available due to too low 
concentration NA 

Protein  (N x 6.25) g 22.60 + 0.30 
N=15,  %CV =1.3 

22.32 + 0.30 
N=14,  %CV =1.3 

Dietary Fibre g 9.78 + 1.00 
N=8, %CV=10.3 NA 

Sugars g 1.03 + 0.09  
N=13, %CV=9.1 

1.03 + 0.11  
N=5, %CV=10.6 

Vitamin B1 mg 0.23 + 0.02  
N=11, %CV=8.6 NA 

Vitamin B2 mg Not available 
due to high variation NA

Sodium mg 452 + 29  
N=14, %CV=6.5 

386 + 44  
N=14, %CV=11.5 

Calcium mg 39 + 4  
N=10, %CV=10.8 NA 

Iron mg 2.87 + 0.28  
N=13, %CV=9.7 NA 

Ash g 3.03 + 0.07  
N=14, %CV=2.2 

2.89 + 0.10  
N=10, %CV=3.6 

Moisture g 3.39 + 0.31  
N=14, %CV=9.1 

3.97 + 0.20  
N=13, %CV=5.0 

(1) N   =  Number of laboratories, identified as “satisfactory performance” 
(2) CV =  Coefficient Variation 
(3) NA =  Not analysed 
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3.7  Evaluation of laboratory performance on preparation of Nutrition Information 

Participating laboratories were assigned to prepare Nutrition Information from analytical 
data of nutrients derived from two test materials of salted broad bean (BB and INMU-17).  
The data of BB test material was used to prepare Nutrition Information according to the 
Thai Notification No. 305 B.E. 2550 (2007)6 and that of the INMU-17 test material was used 
for preparation of Nutrition Information according to the Thai Notification No. 182 B.E. 2541 
(1996)1.     
 

To investigate the current performance of the participating laboratories, the Nutrition 
Information of the short and the full formats submitted by participants as such were 
evaluated in terms of format, serving size and serving per package, calculation on nutrients 
per serving and % Thai RDI, rounding number, and declaration of nutrition information.  
However, to take immediate action in improving the performance, the PT provider 
responded promptly to those who had made some mistakes.  Comments and suggestion 
were sent by e-mails to each participant and they were allowed to submit new documents 
until the labels were completely correct.  A summary of performance is presented in Table 
19 to 21. 
 
Seventeen laboratories submitted the assigned nutrition labels to the PT provider. The 
detailed performance on each parameter is as follows 
 
3.7.1  Nutrition labeling format:  As shown in Table 19, 8 out of 17 laboratories prepared 
correct format.  The  detailed incorrect format submitted by the other 9 laboratories were: 
lab no. 6 included saturated fatty acid, cholesterol and dietary fibre in the simplified format; 
lab no. 7 used Nutrition Facts instead Nutrition Information in the full format; lab no. 4 used 
dash line for the whole frame and no lines to separate each section of information; some 
laboratories did not follow the regulation for the thickness of the horizontal lines which 
separate each section of information (lab nos. 8, 9, 12, 15, 16), and some used the 
characters to declare nutrients without bold or bold at the wrong characters (lab nos. 5, 9). 
 
3.7.2  Serving size and serving(s) per package: The net weight of each test material is 
50 g and according to the Thai Notification No. 182, a reference amount customarily 
consumed for a snack is 30 g.  Thus the most appropriate serving size for the product 
should be ½ bag (25 g) and the servings per bag should be 2.  Seven out of 17 laboratories 
(41%) prepared correct serving size and serving(s) per bag (serving size: ½ bag (25 g), 
servings per bag: 2) (Table 20).  The descriptions of the incorrect information submitted by 
other 10 laboratories were, for example, some laboratories strictly indicated the serving size 
to be equal to the given reference amount (30 g) guided in the Thai Notification or used the 
whole package (50 g) as requested or suggested by a customer; some did not present the 
household unit and its weight in the brackets, but presented only the weight (30 or 50 g).  
The mistake of the presented serving size would carry on to the mistake on indication of 
serving(s) per bag.  For example, when the estimated serving size was declared as ½ bag 
(30 g) (which is not correct because the net weight of the product is 50 g, ½ bag should be 
25 g) resulted in “serving per bag: about 2” or declared as 1/3 cup (30 g) resulted in 
“serving per bag: about 2” or declared as serving size: 50 g resulted in “serving per bag: 1.  
These declarations are not appropriate or not correct (Table 20). 
 
3.7.3  Calculation:  The performance on calculation which includes amount of nutrients per 
serving, % Thai RDI, and application of rounding number, it was found that 9 out of 17 
laboratories (53%) performed them correctly (Table 21A and 21B).  Lab no. 3 made a 
mistake on rounding the amount of saturated fatty acid and lab no.6 on the amount of 
protein per serving.    Lab no. 10 calculated %Thai RDI of protein which should not be done 
unless the laboratory has information on protein quality and has corrected the amount of 
protein according to its quality.  Lab no. 4 calculated sugars per serving as percent Thai 
RDI which is not required in the regulation due to no Thai RDI (as weight amount per day) 
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available for sugars.  However, both laboratories did not declare the information on their 
nutrition labelling.  For total energy, 15 out of 17 laboratories (88%) calculated total energy 
per serving from the amount per 100 g; 2 laboratories (lab nos. 6 and 14) calculated from 
the amounts of fat, protein and carbohydrate per serving before rounding.  The obtained 
data (after rounding) may not agree completely well with the data calculated from the 
amounts of fat, protein and carbohydrate per serving which are rounded and declared on 
the labels (as performed in three laboratories - lab nos. 4, 13 and 16).  Although the above 
ways of calculation are allowed but it should be rechecked with the data calculated from the 
amounts of the responding nutrients declared per serving which are seen and could be 
recalculated by the consumers.   Lab no. 15 made a mistake on both labels for BB and 
INMU-17, using energy data per 100 g to declare energy per serving.  Examples of 
simplified and full format of nutrition labelling with declared Nutrition Information of salt 
broad bean are shown in Figures 14 and 15.          

Table 19.  Evaluation of performance on declaration of nutrition format for salted 
                  broad bean, BB and INMU-17, based on Thai Notification No 305 and 182 
                

Lab code 
number 

Nutrition 
format(a) Detailed information of mistake/error 

1, 2, 3, 10, 
11, 13, 14, 
17 

� 
 

4, 5, 6, 7, 
8, 9, 12, 
15, 16 

X - Included saturated fat, cholesterol and dietary fibre in the  
  simplified format (lab no. 6)     
- Used Nutrition Fact instead the full format (lab no. 7) 
- Used dash line for frame and no lines to separate each 

section of information (lab no. 4), and the horizontal lines 
inside the frame did not follow the regulation (lab no.  8, 9, 
12, 15, 16),   

- Characters not bold or bold at the wrong ones (lab no.  5, 9) 
(a) Evaluated from the first set of submitted data (before correction) 

Table 20.  Evaluation of performance on declaration of serving size and serving(s) per 
package for salted broad bean - (BB) based on Thai Notification No. 305 and 
for INMU-17 based on Thai Notification No. 182 

 

Lab code 
number Serving size(a) Evaluation(b) Serving(s) per bag Evaluation(b) 

2, 6, 9, 12, 
14, 16, 17 1/2 bag (25 g) � 2 � 

13 1/2 bag (30 g) X About 2 X 
8 1/3 cup (30 g) NA (c) About 2 NA (c) 
3, 10 1 bag (50 g) X 1 X 

Number of serving per 
container: about 2 (Lab 1) X 

1, 5, 7 30 g X 
About 2 times (Lab 5),  

1.7 (Lab 7) 
X 

4, 11, 15 50 g X 1 X 
(a) Net weight of a package of salted broad bean (BB) is 50 g 
(b) Evaluated from the first set of submitted data (before correction) 
(c) Not appropriate 
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           Figure 14.  Simplified format on nutrition labelling of salted broad bean (BB) 

Figure 15. Full format on nutrition labelling of broad bean powder (INMU-17) 
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Summary:  laboratory performance on preparation of nutrition labelling
 

A summary of laboratory performance on preparation of nutrition label is shown in Table 
22.  Three laboratories (lab nos. 2, 14, 17) out of 17 laboratories (18%) are identified as 
good performance on preparation of nutrition labelling; they submitted correct information 
for all evaluated parameters.  Lab nos. 11 and 12 completed the label with only one 
mistake on serving size and/or serving per bag and on format, respectively.  Lab nos. 4 
and 15 were identified as unsatisfactory performance, having some mistakes in all 
parameters.  Format and serving size and/or serving per bag are two common errors 
experienced in this group of laboratories.  For immediate action to improve the 
performance, laboratories that had made some mistakes were requested by the organiser 
to correct the submitted information.  Finally, all of them were able to perform correct 
nutrition labelling.    

 
 
Table 22. Summary of laboratory performance on preparation of nutrition labelling
 

Parameters for evaluation 
Lab code number Format Serving size and/or 

serving(s) per bag 
Calculation and 

rounding 

1 � X � 

2 � � � 

3 � X X 

4 X X X 

5 X X � 

6 X � X 

7 X X � 

8 X X � 

9 X � � 

10 � X X 

11 � X � 

12 X � � 

13 � X X 

14 � � � 

15 X X X 

16 X � X 

17 � � � 
Sum of laboratories 
for each error (X) 9 10 7 

 

Note:  All evaluation was performed based on the first set of submitted data (before correction) 
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4.  CONCLUSION AND RECOMMENDATION FROM LABORATORY PERFORMANCE  
     ROUND-9 (PT-9) 
 
a.  PT-9 is the fourth PT rounds with the objective to evaluate the performance of 
laboratories on analysis of mandatory nutrients for nutrition labeling and the second PT 
rounds which included the performance on preparation of the nutrition information on the 
label.   In addition, this PT round included the study on the mandatory nutrients which 
specified in two Thai Notifications (Nos. 182 and 305) for Nutrition labeling.  Thus, the study 
is quite complicated, tedious, and time consuming.  
 
b.  The selected salted broad bean test materials are good representative of commercial 
snacks for real practices.  They contain high levels of protein and fat which could make 
problems on sample preparation and some nutrient analyses.  Participants could have real 
experience and share them to other laboratories during PT-9 Technical Meeting.   
 
c.   For food samples similar to the salted broad bean, attention must be paid to the step of 
sample preparation since its homogeneity could affect some analysis.  Appropriate 
amounts of sample should be concerned for each nutrient analysis, i.e., the minimum 
sample used for each analysis should not be less than one gram.   
 
d.  Several laboratories have problems on moisture determination, the AOAC method for 
moisture analysis in legumes and seeds should be followed carefully.   
 
e. Analytical performance of laboratories on some mandatory nutrients which were 
identified as problematic nutrients in previous studies are very much improved in this PT 
round.  They are analyses of fat, saturated fat, sodium, calcium and iron.  However, other 
four problematic mandatory nutrients on analyses are still existed; they are dietary fibre, 
sugars, vitamin B1 and B2.  Corrective actions and technical communication and 
collaboration among laboratories are required before further participating in the next 
proficiency testing.  Regular participating in the PT programme which includes these 
nutrients analyses could indicate the improvement of the performance.   
 
f.   For analysis of sugars, although LANE–EYNON and Munsen-Walker methods are the 
AOAC standard methods, they may not be appropriate for some food matrices, i.e., legume, 
nuts, seeds, tubers which contain oligosaccharides.  Method with better selectivity is 
recommended, i.e., HPLC, GC.   
 
g.  Working on food sample with high fat and protein, similar to the salted broad bean,  
removing of these components should facilitate and improve the analytical quality of sugars, 
dietary fibre and probably  vitamin B1 and B2. 
 
h.  For trans-fat, although it has not yet been one of the mandatory nutrients in Thai 
Notification for nutrition labeling , more attention should be given on the analysis and it 
should be included in future PT study with appropriate test material. 
 
i. The broad bean powder (INMU-17) with consensus values of nutrients derived from this 
PT-9 becomes a reference material which can be used for corrective action, checking 
laboratory performance, used as a reference for development of assigned values in an in-
house quality control sample, and/or as a test material for method validation.   
 
j.  For preparation of nutrition labeling, it would be a disappointing if a laboratory has a good 
performance on analysis of mandatory nutrients but not being able to perform the correct 
nutrition labeling.  Thus, an extensive training in the preparation of nutrition labeling should 
be attended, especially for the new staff.    
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Appendix 1. Names and address of participants in PT- 9 (continued) 
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Abbreviation Definition 
  

CV Coefficient of Variance 
Di The difference between the values of duplicate analysis 
ELSD Evaporative light scattering detector 
GC Gas chromatography 
HPLC High performance liquid chromatography 
HORRATs Horwitz ratio 
INMU-18 Institute of Nutrition, Mahidol University; test material no. 18,  

cracker powder  

LC-MSD Liquid chromatography/ mass spectrometry detector 
MSB Mean square between 
MSW Mean square within 
NIQR Normalised Inter-Quartile Range 
Q1 First quartile (25th percentile) 
Q3 Third quartile (75th percentile) 
RI Reflective index 
RPD Relative percent difference 
RDI Recommended diary intake 
RSD Relative standard deviation 
RSDr Relative standard deviation of repeatability 
pRSDR Predicted relative standard deviation from reproducibility 
PT Proficiency testing 
Si The sum of the reported values of duplicate analysis 
SS Between-samples standard deviation (due to sampling) 
SD Standard deviation 
SDp Horwitz predicted standard deviation 
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ABSTRACT 
 

Regular consumption of healthy fresh and processed foods could prevent consumers from 

non-communicable diseases.  Reliable nutrient composition data on a food label is important 

information to assist the consumers in making the right choice for healthy processed foods.  

Previous studies on nutrition labelling indicated considerable problems of non-complied 

information based on the Thai Food and Drug Administration (Thai FDA) regulations.  The 

main issue involving the unreliable nutrient information could be the laboratories who take 

responsibility for developing the nutrient composition data.  This study aimed to investigate 

the performance of laboratories on analysis of mandatory nutrients, and the preparation of 

nutrition labelling.  For laboratory performance, whole wheat cracker and cracker powder 

were used as test materials.  Participating laboratories were requested to analyse mandatory 

nutrients for nutrition labelling and to use the obtained data to prepare ready-to-use nutrition 

information based on the Thai FDA regulations.  Laboratory analytical performance was 

statistically evaluated using z-score (following ISO 13528).  For whole wheat cracker, good 

laboratory performance (�z-score� < 2) was found satisfactory performance on analyses of 

total fat, protein, sodium, moisture, and ash.  Whereas, cracker powder was found on the 

analyses of those nutrients as well as the analyses of saturated fat, dietary fibre, calcium, and 

iron.  Unsatisfactory performance was found on analyses of vitamin B1 and B2, trans-fat, and 

sugars.  For the preparation of nutrition information, the common non-complying 

performance, based on the Thai FDA regulation, included declaration of nutrition format, 

uncorrected calculation, and declared information on nutrient per serving and percent Thai 

RDI.  The findings strongly support a requirement of a training programme for responsible 

laboratories, to improve the quality and reliability of the nutrition information on food labels. 
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                        Mandatory nutrient / Thai FDA Regulation 
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'���"% �����{�>/F����}���������W����
�W��)��K�W
��������� 12 Q
������W� 6 Q
�����"�� A 

)�� 6 Q
�����"�� B �������	�+��(����$� ���)��������#;�#�����

#������#{'!
 �!;
���
�W�� 
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(whole wheat cracker) ����#;��������
�W�� )���"�����
�W�� )�F����������W
�
(!;

��#������W�	"F���

"F
�*G$���$����#;
�F��W���'������W��� ���K*�&�#�%�W
K*  
��#�����
�W��
�W�
�#�������{�"�� 25 ��� 

���
�W�� whole wheat cracker �#{ 	�F
*�����
�W�����
�	����*��
�$�'��������+	�����$
'���"%

���
�"��)��*��
�$���������������������������W
 ���*��������������������� �����#; 

305 (2) 

 2.1.2  ���
�W���#;�����	�+������	"�W 

           ���
�W���#{>/F���K�F
*��>/F
��#�����
�W��	"F
*��
�!{

�#����� )�������	�Q
�
�/�$
�#��

^
��% ���	�F�!;
���
�W�����
��W� cracker powder (INMU-18) ��{��#{
(!;
����*q����
��
�!;
������

���
��#�����
�W���#;
���W������
�)�W��"F
�*G$���$��� 	�F
*�����
�W�����
����"������*��
�$�

����$
'���"%
#��/*)��"�};�Q};�K�W������
��#�����
�W�� >/F���
*��>/F
��#�����
�W�����������
�W��

��{�"�� 10 �$�����������
�*q��	"F��

#���F��
'�!;
�*q��
�"��'���)���/� (Robot Coupe®, 

Germany)  
�!;
�������
�W���#{�#*�$���K�����/� ���	"FK�W�����+�W
����
�W���#;��)�F�>W����)���

�����#;�F
����K�F (sieve mesh "���
�� 60 "�!
���� 250 K�'�
�) �}����������������
�W�����

����W
�>W�� sieve mesh No. 8, 10 )�� 16 (���� 2.36, 2.0 )�� 1.0 �$��$
��� ���������) Q};����	"F

���
�W���#�����#;��;��
��
(
��'�� ���
�W���#;>W�������)���W
�)�F������>��	"F
�F����
#�'��{� 

���	�F�$�# quartering technique �����	�+��(����$� 4 +�� *\�	"F��$� ������
�W��)�W��+���������	�

Q
�
�/�$
�#��^
��%Q
���*����� 50 ���� �$������#;�#�����

#������#{'!
 �!;
���
�W��'!
 cracker 

powder (INMU-18) ����#;��������
�W�� )���"�����
�W��  ��������W����
�W��
(!;
�}�&�'���
*��
�!{



�#����� ������ 10 Q
� ���
�W�����"����W�	"F)�W��"F
�*G$���$�����{�)�W�

�
*�� 2 ���'!
��� A 

���"���������>�
*��'W� A )����� B ���"���������>�
*��'W� B  ���
�W���#;
"�!
������W�	"F

"F
�*G$���$���
�Y�K�F	��/F)�W)�Y� -20oC 
(!;
	�F	�����}�&�'���'�����
����
�"��  ���
�W���#;
"�!



�!;
������}�&�
��	�F
*�����
�W��
�"������C���W
K* (reference material)  ���
�W�� INMU-18 

�#{	�F
*�����
�W�����
�	����*��
�$�'��������+����$
'���"%���
�"�� )��*��
�$����������

������������)��
�Y� ���*��������������������������#; 182 (1) 

 

2.2 �����
��������5
�
67���,'���
 (homogeneity study) ���
��������
����'&��

��
�� (cracker powder, INMU-18) 


�!;
�������
�W�����
� INMU 18 
��#�����>/F����'����� �}��F
����������
�'���
*��
�!{



�#������
����
�W�������������W����
�W�����
� cracker powder (INMU-18) 
�W��K�W
�����
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������ 10 Q
� ������
�W�� ��� A 5 Q
�)�������� B 5 Q
� �$
'���"%���
�"���#;
*�����)���
�)�W

�����W����
�"��K�F)�W  

� �$
'���"%�*��#� 
+F� )��'����!{� 
(!;

*�����)���
����
�"��"���   

� �$
'���"%K���� )�����K����
$;���� 
(!;

*�����)���
����
�"���#;'���W���
*��*q�"�   

� �$
'���"%	�
�"�� 
�!;
����
*�����
�"���#;�#*q�"��������}�&��#;>W����  

� �$
'���"%�Q
�#�� )��)'�
Q#��
(!;

*�����)���
�)�W����*�$������  

� �$
'���"%
"�Y� 
(!;

*�����)���
�)�W����*�$����F
�  

� �$
'���"%�$���$��# 1 
(!;

*�����)���
��$���$� )��
*������#;K�W'����   

	�����$
'���"%���
�"��)�W����$� 	"F��;����
�W�����)�W��Q
� )��K�W
����� ���
�W���� 2 Q{�� 

���
�$�����$
'���"%���
�W���#;��;�K�F)�F�
�W��K�W
����� ����$
'���"%	����
�#�����"�!
	�����
����

�$
'���"%
�#����� ���>/F�$
'���"%�#;���
�/W
*��*����� 	�F�$�# ���
'�# �����)���F
� )��
'�!;
��!
	����


�#����� >�����$
'���"%�#;K�F��{�"�����K**��
�$�>�����+$�$���K�W�#������'W�"�};�'W�	��#;)���W�� 

(outlier) 

�������W� 
   

2.3 �����
��������������
������� (stability study) �
����'&����
�� (cracker 

powder, INMU-18) 

 
�!;
�����$���$��# 1 
*���$���$��#;�����	��{�� �������K�F�W��
�!;
���>�����'����F
�"�!




�Q$
�� >/F����}�
�!
��$���$��#{
*�����
�"���#;	�F
*�����)���
�����}�&�'���'�����
����
�"��

	����
�W�����
� �����W����
�W�����
� cracker powder (INMU-18) 
�W��K�W
����������� 5 

Q
� (���Q
� A ������ 2-3 Q
� ���Q
� B ������ 2-3 Q
�) 	�)�W���W��
����
�����}�&� ������

�$
'���"%�$���$��# 1 ����$
'���"% 1 Q{�� 	�)�W��Q
� �W
����
�Y����
�W�� (0 
�!
�) )��"������
�Y�

���
�W��K�F�#;�W
�)�W)�Y� -20oC 
*��
��� 3, 6 )�� 12 
�!
�  �
������{�	�)�W���W��
���K�F������

�$
'���"%'����!{�
(!;
�����
������;�Q}��#;
��
�$��}{�)���$�����/)����F��
����
*�#;��)*��

'����!{��
����
�W�����
� 
 

2.4  ��������	
����
��������������	���	��� (Laboratory performance study) 

 ���*��
�$�'��������+�
�"F
�*G$���$������"�������$
'���"%���
�"�����'���#;)���	�

��������������{�K�F���
�$�����������C������ ISO/IEC 17043 (3)  

 2.4.1  ������	���	����,<�����&��"������ 

  �W
����
�$��'����� >/F���K�F�������
�+��"F
�*G$���$����#;�#����$
'���"%)��������

������������ "F
�*G$���$��������W��K�F
'�
�F��W������}�&� PT-9 �W
�"�F��#{)�F� K�F�������!����
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���"F
�*G$���$���	����
�F��W������}�&�	�'��{��#{ (PT-10) ������ 16 )"W���� 17 )"W� 
�W�
�#�����

����}�&�	� PT-9 ����#"F
�*G$���$����#;���K�W�����+�$
'���"%���
�"�����'��K�F��{�"�� ����!;
 )��

�#;
�/W�
�"F
�*G$���$����#;
�F��W���'����� PT-10 )���
�/W	�#��=
���,< 1      

 2.4.2  ���
&�����'&��������
�� 

  �W����
�W�� 2 �/*)���#;
��#��	��F
 2.1.1 )�� 2.1.2 	"F���"F
�*G$���$����#;
�F��W��

�'������W��� ���K*�&�#�% (�F
���{�

�����W��� K�F)�W ���
�����'��� 1 
�!;
���{��
����

*G$���$������"���"F
�*G$���$��� Q};�K�F�����"������
�)�W��"F
�*G$���$����F��  ���"������
��

���'��� 2 
�!;
�)��^
�%�������>�����$
'���"%)�����)���������������  )�� ���
��

���'��� 3 
�!;
��$�#����$
'���"%�#;	�F	�)�W��"F
�*G$���$��� K�F����������W�)��	"F�
��������


$
�Y'��
�$'�% (e-mail) 
(!;
*̀
�������>$�(���������+W���
��F
�/� 

 2.4.3  �������
�
��������,<�����	������� 

  1) ���
�W�� whole wheat cracker ���"��	"F"F
�*G$���$����#;
�F��W���'������$
'���"%

���
�"�����'�����"������������������������*����������#; 305 (.�. 2550 (2) Q};�*���
��F��

K������{�"�� �*��#� �{����� �Q
�#�� 
+F� )��'����!{�  ���	"F�������$
'���"%)�W�����
�"�� 2 Q{�� 

)��������'W���{��
�	�)��^
�%�������>� (���
�����'��� 2) Q};�K�F�#�������"�W�� )��

���������$��K�F	"F)�F�  ���"�������$
'���"%K����K�F)�����	"F�#����W
��������
�W���F����� (acid 

digestion) �W
���������F�������������K���� 

  2)  ���
�W�� cracker powder (INMU-18) ���"��	"F"F
�*G$���$����#;
�F��W���'�����

�$
'���"%���
�"�����'�����"������������������������*�����< �����#; 182 (.�. 2542 (1) Q};�

*���
��F��K������{�"�� ���K����
$;���� ���K������$�����Q% �*��#� 	�
�"�� �{����� �Q
�#�� 

�$���$��# 1 �$���$��# 2  )'�
Q#�� 
"�Y� 
+F� )��'����!{�  ����}�&�'��{��#{K�W�������$
'���"%

�'
��
�
�
� )���$���$�

 (
�!;
�������
�W�����
�K�W�#�W��*���
��
�
�"���#;���������% �}�

K�W�#���
�"����{� 2 ��$��#{) ������"��	"F�������$
'���"%���
�"���W��� 	����
�W�����
�Q
� A 

)��	"F������
*��'W��$
'���"%�
����
�W�� A )��	����
�W�����
�Q
� B     )��������
*��'W�

�$
'���"%�
����
�W�� B  ��>�	�)��^
�%�������>� (���
�����'��� 2) Q};�K�F�#�������"�W�� 

)�����������$��K�F	"F)�F�  ���"�������$
'���"%K����>/F���K�F)�����	"F�#����W
��������
�W���F��

��� (acid digestion) �W
���������F�������������K���� )�����"�������$
'���"%	�
�"����{� >/F���

)�����	"F����������K���� (de-fat) 

�������
�W���W
��������$
'���"% 
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 2.4.4  �	+,�	������� 

  >/F����
	"F"F
�*G$���$����#;
�F��W���'�����	�F�$�#���
��#�����
�W�� )���$�#�$
'���"%�#;	�F
�/W


*��*����� (routine methods) ����
	"F)�W��"F
�*G$���$���	"F�����

#���$�#����$
'���"%�W��� ���

�W
 )��	"F�F
�/����'��'��'����(�#;�#���)�FK� 
($;�
�$� ����F
�/��#;
'�	"FK�F	����
�����'��� 

3 �
�����}�&�'��{��#;>W���� (PT-9)  �F
�/�
"�W��#{	�F*���
�	����"�
"��>� 
�$���>����*��
�$�

'��������+	�����$
'���"%���
�"���
�"F
�*G$���$����W
K*  
 

2.5  ���������!���"#$
���� 

 "�������#;"F
�*G$���$����������$
'���"%���
�"���W��� 
��Y�)�F� >/F����
	"F)�W��

"F
�*G$���$������>�����$
'���"%�#;K�FK*������������������  ���"���>��$
'���"%������
�W�� 

whole wheat cracker 	"F������������������
�W���W
���*�����< �����#; 305 (.�. 2550 (2)  

)��>��$
'���"%������
�W�� cracker powder (INMU-18) 	"F������������������)��
�Y����

*�����< �����#; 182 (.�. 2542 (1) ���	"F	�F�$�#���)��)��^
�%����������>�)�����)���

��������/*)���#;)�W��"F
�*G$���$���	�F
�/W 
 

2.6  ���
&�=������
�� 

 >/F����
	"F)�W��"F
�*G$���$����W�

�����#;
�#;���F
� )��>�����$
'���"%	�)��^
�%��W��� ���

�W�
*��K^�%)�� (attached files) ���
$
�Y'��
�$'�% (e-mail)  ������"��	"F�W�>�"����������#;K�F���

���
�W��
*��
��� 1.5 
�!
�   
 

2.7  ��������	
=����
�	�	 (Statistical evaluation) 

 2.7.1  ���03�4�������5
�
67���,'���
�������'&����
�� 

  *��
�$�'���
*��
�!{

�#������
����
�W�� INMU-18 �#;
��#�����>/F��� ����F
�/��#;K�F���

����$
'���"%���
�"�� 2 Q{�����	�F “Cochran’s maximum range test” (4, 5) 	����*��
�$�'���

)*�*����#;
�$�������
�W�����	�Q
�
�#����� (within-sample variation) Q};�
*�����*��
�$�

'��������+�
�>/F�#;�������$
'���"% "��
�����W����"�W��'W��/�����
�'����W���#;
�$����������Q{��


�#�����>�����
�'����W����{�"�� �F
���W�'W��#;K�F�������� Cochran’s critical value (
�W�
�!;
�#

�F
�/� 10 ���� �� 2 Q{�� Cochran’s critical value �#'W� = 0.602)  )����W�>/F�#;�������$
'���"%���
�W��

���"�������}�&�'���
*��
�!{

�#������#'���
�#;�� (good precision) 

 
�!;
�������
�W�����
� INMU-18 �#{�#*�$���K����'W
��F��������	"FK�W�����+

�����
�'�����

#���
����
�W�����>W����)����W
����� 250 K�'�
� Q};�
���#>��W
'���
*��


�!{

�#������
����
�W��K�F �����{�
(!;
)���'�����;�	�	��������$�'���
*��
�!{

�#������
����
�W��
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���
���"�W��Q
��#;����� (between sample variations) �}�K�F������*��
�$�>����
�"���#;

�$
'���"%K�F���	�F�$�#����+$�$ 3 �$�#'!
 1) one-way ANOVA 2) 	�F�+$�$������
�'���
*��
�!{



�#������#;����
�/W	� ISO 13528 (6) )�� 3) 	�F���($�������� % relative standard deviation 

(%RSDr) �W��������	�F'����/F)��*��������% (professional judgment) ���	�F'W� predicted 

relative standard deviation (pRSDR) ��� Horwitz’s equation 
*��'W� target SD ����#
��B%���

($������������������#{ 

a. One-way ANOVA 
 

One-Way ANOVA: 'W� F value (MSB/MSW) �F
� < critical F-value 
        

  ����#;  MSB  =  Mean square between 

                        MSW =  Mean square within  

 

b. Based on ISO 13528 (6)   
 

   ISO 13528:  
 

     ����#;  SS = Between-samples standard deviation (due to sampling) 

                     = Target standard deviation 

 

c. Percentage of relative standard deviation (%RSD) 
 

      %RSDr   =  SD x 100/mean 
 

                                HORRAT (7)  = RSDr/pRSDR   
 

     ����#;
��B%����
���� HORRAT (Horwitz’s Ratio) 
�/W	��W�� 0.3-1.3 (7, 8) 

  RSDr   = Relative standard deviation �#;K�F�������$
'���"%���
�"�����"������

�����
�'���
*��
�!{

�#�����  

pRSDR = Predicted relative standard deviation �#;'�����K�F��� Horwitzs’ equation               

pRSDR  = 21-0.5 logC 
 

 

 

 

 

 

�̂3.0�ss

�̂
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 2.7.2  ���03�4��������������	���	
�, 1 �������$67
�
����'&�� INMU-18 

*��
�$�'���'�����
����
�"��	����
�W�����
� INMU-18 ���>�����$
'���"%

�$���$��# 1 )��'����!{� ������
�W�����
� 5 Q
�� �� 1 Q{�� ������	�F�+$�$ 3 �$�#'!
 1) 


*�#��
�#��>��#;K�F�������}�&�	��W��
����W��� ���'W� mean + 2SD �#;K�F�������}�&�'���
*��


�!{

�#�����  2) 	�F'W� slope )��'W� intercept �#;K�F��������
�F�����
�*�$������
�"���#;

�W��
����W��� 
(!;
�$
'���"%"�)����F� (trend analysis)  )�� 3) 	�F�+$�$������
�'���
*��
�!{



�#������#;����
�/W	� ISO 13528 (6) �F�����
�#��'W��#;K�F�������$
'���"%���
�"��	��W��
����#;
�Y�

���
�W��	�����
����W��� 
*�#��
�#�����'W��$
'���"%�#;K�F�������}�&�'���
*��
�!{

�#����� � 

����#;
�$;��F�  
 

2.7.3  ������&� assigned value    

       a.  �������	�
 ISO 13528 (6) 

���>�����$
'���"%�
����
�"���W��� 	����
�W�����
� �#;K�F�����"F
�*G$���$��� 

��
�F����������"�'W� assigned value ����$�#�#;����K�F	� ISO 13528 (Algorithm A 	� Annex C) 


�$;�������K�W���'W��#;
�$����'���>$�(����W��� 
�W� ����������$���#;>$����)"�W� ���������

"�W��>$�(��� 
*���F� ��	�F	�������"��'W� assigned value �����{�������
�#��'W��#;�$
'���"%K�F

���)�W��"F
�*G$���$�������F
�K*"���� )�F�	�F�������������+$�$�#;���"��	� Algorithm A 

"�����{��
� Q};�)�W����{��
��#������"��'W�'���)*�*����#;�
���� "���#'W��$
'���"%�#;���"�!


�F
�Q};�
�/W�
�
��B%�#;�
���� ���#���������	"F'W��#;*���*���	"�W  )�F����Q{���W
K*
�!;
�� �������;�

K�F'W� mean )��'W� standard deviation �#;'��#;"�!
�#���
*�#;��)*���F
����� 'W� mean )�� 

standard deviation �#;K�F���"��
*��'W� assigned  robust mean + robust SD ���"������*��
�$�>�

����$
'���"%�
�"F
�*G$���$����#;
�F��W���'������W
K*   

                b. �������	�
 ISO 13528 (6) ��
����� target standard deviation ��� Horwitz (9)    

 	����#�#;>�����$
'���"%���"F
�*G$���$����W��� �#'���)*�*������ ���
�(��	�

���#�#;���
�W�����
��#���
�"�����
�W��	�*�$����F
� "�!
���'��{��$�#�$
'���"%�#;�W��������	"F
�$� 


�$�'���)*�*���K�F "�!
���
�W���#�F
������	�
�!;
��
�'���
*��
�!{

�#�����  (Q};���
"Y�K�F���'W�

�
� relative standard deviation (%RSDr) �#;K�F�������}�&�'���
*��
�!{

�#����� +F�'W� HORRAT 

('�����K�F���
�����W���
� RSDr 
�#����� RSDR) 
�/W	��W�� 0.3-1.3 �����+	�F�$�#	��F
 a 	����

���"��'W� assigned value K�F )�W+F�'W� HORRAT �
����
�"��	��#'W������W� 1.3 �����'W�  
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robust mean �#;K�F��������'�������� ISO 13528 (6) �����"��'W� target SD ���������
� 

Horwitz     
 

Horwitzs Predicted Relative Standard Deviation "�!
 pRSDR = 21-0.5 logC 
 

����#;'W� C = fraction concentration �
����
�"���#;K�F��� robust mean 'W� C ��{�


*��'W��#;K�W�#"�W�� 
�W�
�!;
'W�'����!{��#'W�
�W���� 2 �����W
 100 ���� 'W� C ���#'W� = 2/100 = 0.02 


*���F� 

  
�W��K��Y���	�������#���	�F'W� target Horwitz’s SD ��������{�
��K�W
"�����


�!;
����'W��#{
�����"�!
�F
�
�$�K* ���	"F���*��
�$�>�'��������+ (laboratory evaluation) �#

������"F
�*G$���$����#;>W��
��B%���
�$�K*��{�� �#;�#'���)*�*������ (�/���'W� RSDR) �}�'���#

������"����'W�  target SD �� "�!
���'��{��#������"F
�*G$���$����#;>W��
��B%�F
����
�$�K* ��{�� 

�#;'W� RSDR ���
�/W	�
��B%�;���
��W���#;�
����K�F Q};�	����#�#{'���#�������'W��
� target SD 
�W�


*�� 2 "�!
 3 SD ���'���
"����� ���	"F�#'W� %CV ���
�/W	��W���#;�
����K�F ��{��#{�F
��#���	�F

*��������%�
�'��>/F��� �W��	��������$�	� (professional judgment)  'W��
� SD �#;K�F���

����}�&�'���
*��
�!{

�#������F
�������W��	����($�����	�'��{��#{�F�� ���
�W���
����
�"���#;


"Y�K�F����������}�&�'��{��#;>W���� (PT-9) '!
	�
�"��  

 

2.7.4  ��������	
����
�����������	���	����
����	�������
������� 

*��
�$�>�����$
'���"%���
�"����{�"���#;K�F���"F
�*G$���$����W��� ���	�F���

*��
�$�����+$�$ 2 �$�#'!
 *��
�$�'��������+����$
'���"%���	�"F
�*G$���$��� (within-laboratory 

performance) )��*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-laboratory 

performance) ����W
K*�#{'!
 

          2.7.4.1  Within-laboratory performance  

   *��
�$�'��������+���	�"F
�*G$���$���	�����$
'���"%���
�"��  ���

*��
�$�'���)���W����"�W��'W����
�"��)�W����$��#;K�F�������$
'���"%���
�W�� 2 Q
� '!
 'W� A 

(�������$
'���"%���
�W��Q
� A) )��'W� B (�������$
'���"%���
�W��Q
� B) Q};�K�F������)�W��

"F
�*G$���$��� 
�#��'W�'���)���W���
����
�"����{����'W����� (median) )��'W� Normalised 

Inter-Quartile Range (NIQR) �
�'���)���W�����"F
�*G$���$�����{�"�� ������	�F�+$�$ robust z-

scorewithin (10) 
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����#; xdi 
*��'���)���W����"�W��'W��
�����$
'���"%	� 2 Q
��
�)�W��"F
�*G$���$��� [(A-B)/ 2 ]  

         mediandi  
*��'W������
� xdi  �#;K�F������"F
�*G$���$��� 

         NIQRdi (Normalised Inter-quartile Range) = ('W��#; Quartile 3 – 'W��#; Quartile 1) x 0.7413 
 

               2.7.4.2  Between-laboratory�performance 
  *��
�$�'W����
�"�����	�F'W�
��#;��#;�$
'���"%K�F������
�W�� 2 Q
��
�)�W

��"F
�*G$���$���
�#�����"F
�*G$���$���
!;��#;�W���'����� �F�����	�F�+$�$ robust z-scorebetween �F��

���
�#��'W��#;�$
'���"%K�F�
�)�W�����
�"�����'W� assigned values �#;K�F���"��K�F	��F
 2.7.3 ���

'���
"�����  

1) 
�#��'W��$
'���"%K�F���'W� assigned value �#;K�F��� median + NIQR ���

������W
K*�!{'!
 

 

 
 

����#; xsi 
*��'W�>�����
�'W����
�"���������$
'���"%	� 2 Q
��
�)�W��"F
�*G$���$��� 

[(A+B)/ 2 ]  

             mediansi 
*��'W������
� xsi �#;K�F������"F
�*G$���$��� 

            NIQRsi (Normalised Interquartile Range) = ('W��#; Quartile 3 – 'W��#; Quartile 1) x 0.7413 

2) 
�#��'W��$
'���"%K�F��� assigned value �#;K�F������'�������� ISO 

13528 (6) 	��/*�
� robust mean + robust SD  ���������W
K*�!{'!
 
 

 

 
 

����#; x 
*��'W�
��#;��
�����$
'���"%	� 2 Q
��
�)�W��"F
�*G$���$��� [(A+B)/2]  

         robust mean 
*��'W� assigned value ��� ISO 13528   

         robust SD 
*��'W� assigned standard deviation ��� ISO 13528  

3) 	�������#'W��#;�$
'���"%K�F���"F
�*G$���$����W��� �#'���)���W�������� 


�W�	�����$
'���"%	�
�"�� )���$���$��# 1 �
�����}�&�'��{��#;>W���� (PT-9) �#>�	"F"F
�*G$���$���

di

didi
within NIQR

medianxscorez )( �
��

SDrobust
meanrobustx

scorez between

)( �
��

si

sisi
between NIQR

medianxscorez )( �
��
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>W�����*��
�$���{�"�� )�W(��W�'W� mean + SD �
����
�"���#;K�F���"F
�*G$���$����#;	"F>�
�/W	�


��B%�#;�
���� (consensus value) �#�W���#;��F�����'!
�#'W� %CV 
�$���W�
��B%�#;�
����K�F �����{�

�}�	�F'W� assigned value 	��/*�
� robust mean �#;K�F������'�������� ISO 13528 (6) )�W)��'W�

�
� robust SD �F�����	�F'W��#;
"�������W�'!
	�F'W� predicted SD �#;'���������� RSDR �
� 

Horwitz’s equation (11) 
(!;
	�F	����*��
�$�'��������+�
�"F
�*G$���$��� ���������W
K*�#{'!
 

 

 
 
        2.7.4.3 �������������������
��
������������	���� 

'W��
� absolute z-score �#;�F
���W�"�!

�W���� 2 "���+}�'��������+

"F
�*G$���$���K�F>����*��
�$�
*���#;�W�(
	� Q};�)����F��������&�% “a”   'W��
� absolute z-

score �#;�����W� 2 )�W�F
���W� 3 "���+}�>�����$
'���"%
*���#;�W������ )����F��������&�% “w” 

���"������*��
�$� within-laboratory performance "�!
 “b” ���"������*��
�$� between-

laboratory performance  'W��
� absolute z-score �#;�����W�"�!

�W���� 3 "���+}�>�����$
'���"%

K�W
*���#;�W�(
	� )��)����F��������&�% “ww” ���"������*��
�$� within-laboratory performance 

"�!
 “bb” ���"������*��
�$� between-laboratory performance  ���)���	�������W
K*�#{ 
 

Z-score ������=� (Interpretation) ���
 (Code) 

| z-score | � 2 
>�
*���#;�W�(
	�  

Satisfactory result 
“a” 

2 � | z-score | � 3 
>�
*���#;�W������ 

Questionable result 

“w” (within), 

“b” (between) 

| z-score | � 3 

>�K�W
*���#;�W�(
	� 

Unsatisfactory result 

(
*��'W� extreme values) 

“ww” (within), 

“bb” (between) 

 

2.7.5  ����
��=������������	
  

>�����$
'���"%�
����
�"��)�W����$� Q};�)�W��"F
�*G$���$�����������	"F>/F��� 

�����{�>��
����*��
�$�����+$�$	��/*�
� z-score ��{� within- )�� between-laboratory 

performance  )�����'�����'W� consensus value �
�)�W�����
�"�����"F
�*G$���$����#;>W��


��B%���*��
�$���{� within- )�� between-laboratory performance  )���
�/W	�������
�)�W��

SDpredicted
meanrobustx

scorez between

)( �
��
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���
�"�� )��)�W�����
�W�����
�)�����   �
������{����)���>��
����*��
�$�
*�����^)�W�

�
�)�W�����
�"���W��� 
(!;
*���
�'���
�F�	�  ���"������
�"�������$� K�F)�W  total fat, 

protein, sodium, moisture )�� ash �#;�#����$
'���"%	���{� 2 ���
�W�����
� (whole wheat cracker 

)�� INMU-18) �#���)���>�'������(���%�
�>����*��
�$�	��/*���^�#;�!;
�W� “Youden plots” 


(!;
���	"F
"Y�)����F��
�����$
'���"%�#;
*�� systematic error "�!
 random error 

 

2.8  ��������	
����
�����������	���	����
���������!���"#$
����  

���*��
�$�'��������+	�����������������������
�)�W��"F
�*G$���$��� K�F�#���*��
�$�

	�
�!;
��
��/*)���
����)������� (format) ������"��)�����)����F
�/�"�};�"�W����$��'  

(serving size) ������"�W����$��'�W
���������� (serving per package) ���'�����*�$���

���
�"���W
"�};�"�W����$��' (nutrient per serving) )���W
�F
����
�*�$����#;'��K�F����W
���  

(%Thai RDI) ���+}����*q�
�� )�����)���>�������  ����}��F
�/��W��� �#;(��W�K�W+/��F
� )��

���*>��W��� 	������   
 

 

3.  =����03�4� ����#	���'=� (RESULTS AND DISCUSSION) 
 

3.1  ������,'�����'&����
��  

����}�&�'��{��#{	�F���
�W�� whole wheat cracker 	�����}�&� 2 �/*)�� '!
�/*)���#;���"�W��

����F
����� �W�	"F)�W��"F
�*G$���$��� 
(!;

��#�����
�W�� �$
'���"%���
�"�� )������������

��������
�W���W
���*�����< �����#; 305 (.�. 2550 (2)  �W���/*)���#;�
�>/F���
*��>/F
��#��

���
�W��	"F
*��
�!{

�#����� �����
*��Q
� A )�� B  �W�	"F"F
�*G$���$���
(!;
�������$
'���"%���
�"�� 

)�������������������)��
�Y� ���*�����< �����#; 182 (.�. 2542 (1)  

����������������������
�K�����*�����< �#�F
���"��	"F�F
�	�F���
�W����{�"��"�!


���)�����)�W��>�$����B%��� 12 ��������B%	�*�$����#;
�W���� 
(!;

*�����)��	�����$
'���"% 	�

����}�&��#{ (��W��#"F
�*G$���$��� 15 )"W������{�"�� 16 )"W� �#;�#���
��#�����
�W�� whole wheat 

cracker ��� 12 Q
�����F
���"�� )�W�#"F
�*G$���$��� 1 )"W� (lab no. 15) �#;	�F���
�W��
(#�� 10 

Q
� )���#"F
�*G$���$��� 1 )"W� (lab no. 16) 	�F���)���
����
�W�����)�W��Q
� ��������	�+��

	"�W "��������{�>�����
�W��	"F
�F�����W
����K**q��	"F��

#�� 
�!;
���� whole wheat cracker �#

*�$���K�����/����	"F�W
�>W����)����W
�K�WK�F  
�W��K��Y����#"F
�*G$���$��� 1 )"W� (lab no. 6) 

�����{�"�� 16 )"W� �#;������W
�>W����)����W
�  "���
�� 10 (2 �$��$
���) �����{�"F
�*G$���$���

)�W��)"W� ������
�W���#;��K�F�������	�������W��� ��$����K�F)�W aluminum foil bags, zip-locked 
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plastic bag, ���(����$� "�!
 ���)�F����
��#�� )�F�
�Y�K�F�#;
��"�/�$"F
� (25-30oC) "�!
	��/F
�Y� 

"�!
	�W	��W
�)�W)�Y�
(!;
�
����$
'���"%�W
K*  

���"������
�W�� cracker powder (INMU-18) Q};�
*�����
�W���#;>/F���
��#�����
�W��	"F
*��
�!{



�#����� 
�!;
�������
�W���#;�#*�$���K�����/� (*����� 25 �����W
 100 ����) ���
��#�����
�W�� 

�F��
'�!;
�*q��'���
�Y��/� (Robot Coupe® food processor) ���	"F���
�W���#���&��
������
*���F
� 

K�W�����+�W
�>W����)�������#;�F
����'!
 250 K�'�
� (0.25 �$��$
���) K�F ���
�W���#{�}�K�W

�����+�������}�&��������������
����
�W�� (particle size distribution)  
���#>��W
'���
*��


�!{

�#������
����
�"�����
�W��K�F Q};���)���)��
�$*���>�	�"���F
�W
K* 
 

3.2  �����
��������5
�
67���,'���
�������'&�� cracker powder (INMU-18)  

3.2.1 ���*��
�$�'���)*�*����
����
�"�����	����
�W��
�#����� (within-sample 

variation) ���	�F�+$�$ “Cochran’s maximum range test” (4, 5)  )���>�	� ������,< 1A +}� 1C  

(��W�������
�"���#'W�����W���
�'W��/�����
�'����W���#;
�$����������Q{�� (maximum range) 
�!;



�#�����>�����
�'����W����{�"�� (sum of the ranges) �F
���W�'W� Cochran’s critical values �#;

�����'���
�!;
��;� 95% )����W����
�W���#;�}�&�K�W�#'���)*�*����
����
�"���#;���
���{�"��

���	����
�W��
�#����� "�!

#����"�};�'!
>/F�#;�������$
'���"%���
�W�����"�������}�&�'���
*��
�!{



�#������#'���
�#;�� (good precision) 	�����$
'���"%  '���)*�*����#;
�$��������$
'���"%K�W�#>�

"�!
�#>��F
����)��K�W�#������'���W
>����*��
�$�'���
*��
�!{

�#������
����
�W�����
�Q};���

���
�$�	���{��
��W
K* 

3.2.2 ���*��
�$�'���
*��
�!{

�#������
����
�W�����
� (sample homogeneity, between-

sample variation)  

 
�!;
�������
�W�� whole wheat cracker �#*�$���K����'W
��F���/� (*����� 28 

����/100 ����) ���	"F����W
���
��#�����
�W��	"F
*��
�!{

�#����� )��K�W�����+�W
����
�W���#;��

)�F�>W����)����W
��#;�F
���������
�'�����

#��K�F �����{���������
�W���#;K�W��

#�����(
 


���#>��W
'���
*��
�!{

�#������
����
�W��K�F ���
�W����$��#{���
*�����)���
������
'#{���#;(�K�F

��;�K* '���W�"F
�*G$���$����W��� '����F
�*����*q�"�	����
��#��)���$
'���"%���
�W��
�W���� 

���>/F����}�
�!
� whole wheat cracker 
*�����
�W�����
�  	����*��
�$�'��������+

"F
�*G$���$���	�'��{��#{  ���*��
�$�'���'���)*�*����
����
�"����"�W�� 10 Q
��
����)��

���
�W�����
���{�"�� 
(!;
)���'���
*��
�!{

�#����� 	�F�$�#����+$�$ 3 �$�# >�����$
'���"%)�����

*��
�$�)���	�������,< 2A +}� 2C    
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 3) *��
�$�'���
*��
�!{

�#������
����
�W���F�����	�F relative standard deviation 

(RSD) Q};�
*���$�#����#;K�W��W���� 
�F�	�K�F�W�� 
*�����*��
�$�'W�'���)*�*����
�)�W�����
�"�� �#;


�$��������$
'���"%	�"F
�*G$���$���
�#����� (RSDr) 
�#�����'W� Horwitz’s  predicted RSD 

(pRSDR) Q};�
*��'W�*��������'���)*�*�����"�W��"F
�*G$���$��� ���������,< 2C (��W�'W��
� 

RSDr 
�/W	��W����{�)�W 1.0% �
�K����
$;���� +}� 5.7% �
�'����!{� Q};�����W�
*��'W��#;'W
��F���;�� )��

�
����K�F�����;�K* ��
�F� RSDr �
�)'�
Q#���#;�#'W��/���W� (9.2%) )�W�F
���W� 10% Q};�
*��'W��#;

�
����K�F�����;�K*���"�������$
'���"% minerals )�� vitamins  
�!;
($�����'W� HORRATs 

(RSDr/pRSDR) (7) ���
�"��
�!
���{�"���#'W�
�/W	�
��B%�#;�
����K�F (0.3-1.3) ��
�F�'����!{� 

(HORRAT = 1.57, '���)*�*����#{�W���
�$��������#;���
�W���#'����!{��;����� 1.8 �����W
 100 

����) )��	�
�"�� (1.60) �W������#;'W� HORRATs �
��$���$��# 1 )���*��#� �#'W��F
���W� 0.3 ��{�


�!;
������'���)*�*����
�����$
'���"%���
�"��
"�W��#{�#�F
����
�!;

�#�����'W� pRSDR ���


��B%���*��
�$��#{�����+���*K�F�W� cracker powder (INMU-18) �#'���
*��
�!{

�#�����
(#��(


���"���	�F
*�����
�W�����
�'��������+"F
�*G$���$���K�F  +}�)�F�W��#�F
�������
�'W�'���
*��
�!{



�#������
�'����!{� )��	�
�"��  
�W��K��Y���
�!;
�#���*�����'W� assigned value �
�

���
�"�� )��������
�W���#{K*	�F	����*��
�$�'��������+"F
�*G$���$���	�����$
'���"%

���
�"���W��� ���
�(��'����!{� )��	�
�"��  ���F
����'W� RSDr �#;K�F������*��
�$�'���
*��


�!{

�#��������W��($������F�� 
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������,< 2C ���*��
�$�'���
*��
�!{

�#������
����
�W�����	�F relative standard deviation (RSD) 
 

Standard Relative standard Target RSD HORRAT Acceptable 

deviation deviation  from Horwitz value HORRAT
(a)

(SD) (RSD or %CV) RSDp (b) RSD/RSDp
(a) (0.3-1.3)

Moisture (g/100g) 1.80 0.10 5.7 3.7 1.57 Not passed

Protein (g/100g) 8.39 0.04 0.4 2.9 0.15 Passed

Total fat (g/100g) 28.09 0.35 1.3 2.4 0.52 Passed

Sat fat (g/100g) 19.54 0.19 1.0 2.6 0.39 Passed

Dietary fibre (g/100g) 3.30 0.18 5.3 3.3 1.60 Not passed

Ash (g/100g) 1.49 0.02 1.7 3.8 0.44 Passed

Vitamin B1 (mg/100g) 0.07 0.003 4.1 16.9 0.24 Passed

Calcium (mg/100g) 15.74 1.44 9.2 7.5 1.23 Passed

Sodium (mg/100g) 397.71 20.47 5.1 4.6 1.12 Passed

Iron (mg/100g) 1.21 0.04 3.4 11.0 0.31 Passed

Parameters Mean

 
(a) http://www.aoac.org/dietsupp6/Dietary-Supplement-web-site/HORRAT_SLV.pdf; Definitions and calculations of HORRAT 

values from intralaboratory data. 

 - For interlaboratory studies:  Acceptable HORRAT (R) < 1 (lower limit = 0.5, upper limit = 2.0)   

 - For intralaboratory studies:  acceptable HORRAT (r) 0.3-1.3 (one half of lower limit to two thirds of the upper limit) 
(b) Horwitz’s predicted value 

 

3.3  �����
���������������	���	
�, 1 �������$67
�
����'&�� cracker powder  

3.3.1 �	���	
�, 1 

>�*��
�$�'���'�����
��$���$��# 1 (���)�����
�"���#;�������K�F�W��) 	����
�W��

���
� cracker powder (INMU-18) �#;
�Y�	�+��
�/�$
�#��^
��%������F��������������
�Y�K�F�#;�/F

)�W)�Y�
��"�/�$ -20oC 	��W�� 3 )�� 6 
�!
� )���
�/W	��G��,< 1 )��������,< 3A ���	�F�+$�$ 3 

�/*)��K�F>�����#{'!
  

1)  (��W��#;����
��� 3 
�!
�'W��
��$���$��# 1 (0.068+0.004 �$��$�����W
 100 ����, CV 

6.6%) ���
�/W	��W���
� mean+2SD (�G��,< 1) �
�'W�
�$;��F��#;K�F�������}�&�'���
*��
�!{

�#����� 

(0.071+0.002 �$��$�����W
 100 ����, CV 3.1%) 	�����#;����
��� 6 
�!
�'W����� (0.052+0.004 

�$��$�����W
 100 ����, CV 8.6%) 
�/W	������

��
��W���
� mean+3SD  
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������

y 6 mo. = -0.0032x + 0.0732
0.045

0.050

0.055

0.060

0.065

0.070

0.075

0.080

0.085

-1 0 1 2 3 4 5 6 7

Storage time (mo.) 

+3 SD
+2 SD

Mean

-2 SD

-3 SD

Vitamin B1 (mg/100g)

y 3 mo. = -0.0010x + 0.0710

 
        �G��,< 1  >�����}�&�'���'�����
��$���$��# 1 	����
�W�� cracker powder  

	��W�����
�Y� 3 )�� 6 
�!
� 

 

2) 
�!;
	�F'W� slope )�� intercept �
������
�F�����#;K�F����G��,< 1 
(!;
�$
'���"%"�

)����F� (trend analysis) (��W��#;����
������
�Y� 3 
�!
�'W��
� slope �#'W������F
���� 

(slope= -0.001) )��'W� intercept �
�������#;���)�� Y �#'W� 0.071 �$��$�����W
 100 ���� Q};�K�W

)���W�����'W��#;K�F�������}�&� homogeneity (0.071+0.002 �$��$�����W
 100 ����, CV 3.1%)  �#;

����
������
�Y� 6 
�!
�'W��
� slope �#'W�����*����� 3 
�W��
��������
�Y��W�� 3 
�!
�  )�W

'W� intercept �
�������#;���)�� Y �#'W� 0.073 �$��$�����W
 100 ���� Q};�)���W�����'W��$���$��# 1 

�#;K�F�������}�&� homogeneity 
�Y��F
�   

3) 
�!;
	�F�+$�$'���
*��
�!{

�#������#;����
�/W	� ISO 13528 (6) ������
�#��'W��#;K�F���

����$
'���"%���
�W���#;
�Y�	��W��
����W��� ���'W��#;K�F�������}�&�'���
*��
�!{

�#����� � ����#;


�$;��F� (������,< 3A) (��W��#;����
������
�Y� 3 
�!
�'W�'���)���W����"�W��'W��#;�$
'���"%K�F���

'W��#;K�F�������}�&�'���
*��
�!{

�#����� (�x1-y� = 0.003) �#'W��F
���W� 0.3 
�W��
� Horwitz’s 

target SD (0.3
	

�  = 0.004) )����W�>W��
��B% '!
�$���$��# 1 ����#'���'���� )�W�#;�W��
������
�Y� 6 


�!
� 'W�'���)���W�� (�x2-y� = 0.019) �#'W������W� target SD )����W��$���$��# 1 �#�������
�W��

�#������'�� 
�W��K��Y���'W��
��$���$��# 1 	����
�W�����
��#{�#*�$����#;�F
���� (0.071 �$��$����

�W
 100 ����)  	����)���������������'$�
*�� 0.02 �$��$�����W
"�};�"�W����$��' [1 Q
� (30 

����)] "�!
 < 2% �
� Thai RDI  ����#;���
�"���#*�$����F
����
�W��#{ ���	"F
�$�'���)*�*���

�
�'W��#;K�F�������$
'���"%  �����{�
*��K*K�F�#;���
*�#;��)*���
�������$���$��#;(���"�W�����
�Y�

���
�W�� 
��
�$����'���)*�*����������$
'���"%	�)�W���W��
����#;�}�&� "���F
�����}�&�

'���'����
(!;
��'���)*�*����
�����$
'���"% '��
�!
�	�F�$�#�#;
�#���W� isochronus method '!
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�!;
+}�����
����#;�F
�����}�&� �Y������
�W��

�����/F)�W)�Y��#; -20oC K*
�Y�K�F�#;�/F)�W)�Y� -40oC +}� -

80oC 
�!;
�${��������
������
�Y��}����

����$
'���"%	����
�#����� Q};�����'���)*�*���������

�$
'���"%K�F )�W�$�#�#{�#�F
�������#;�F
��
	"F������}�&��W
� �}������K*�$
'���"%���
�"��K�F 
 

������,< 3A  >�����}�&�'���'�����
��$���$��# 1 	����
�W�� cracker powder ����$�#�#;����	� 

ISO 13528 
 

�W��
��� 
'W�
��#;� 

(mg/100g) 

'W�'����W�� 

(�x-y�) 
Target 

SDR* (
	

� ) 
0.3 

	

�  
���* 

�x-y� < 0.3 
	

�  

'W��#;K�F�������}�&� 

   '���
*��
�!{

�#����� ( y) 
0.071 - 0.012 - - 

"���
�Y��#; -20oC 3 
�!
� ( x1) 0.068 0.003 0.012 0.004 Pass 

"���
�Y��#; -20oC 6 
�!
� (x2) 0.052 0.019 0.012 0.004 Not pass 

*Horwitz’s predicted SD 

 

3.3.2 ����$67
  

    >����*��
�$�'���'�����
�'����!{�	����
�W�����
� cracker powder 	��W�� 3 

)�� 6 
�!
� )���
�/W	��G��,< 2  )��������,< 3B ���*��
�$�'���'�����F���+$�$ 3 )��
�W�
�#�����

�$���$��# 1 '!
  

1) 
*�#��
�#��>��#;K�F�������$
'���"%'����!{�	��W��
����W��� 
*�#��
�#�����'W��#;K�F

�������}�&�'���
*��
�!{

�#����� (1.80+0.10 �����W
 100 ����, CV 5.7%) (��W��#;����
��� 3 


�!
�'W��
�'����!{� (2.06+0.07 �����W
 100 ����, CV 3.6%) ���
�/W	��W���
� mean+2SD +}� 3SD 

(�G��,< 2) 	�����#;����
��� 6 
�!
�'W��
�'����!{� (2.08+0.10 �����W
 100 ����, CV 5.0%) 
($;�

�}{�
�/W	�������
��W���
� mean+3SD  

2) 	�F'W��
������
�F�����#;K�F����#;K�F����G��,< 2 ��"�'W� slope )��'W� intercept 

(��W��#;����
������
�Y� 3 
�!
�'W� slope '����!{��#'W�
($;��}{�
*�� 0.088 )��'W� intercept �#;���

)�� Y �#'W� 1.80 Q};�K�W)���W�����'W��
� moisture �#;K�F�������}�&� homogeneity (1.80+0.10 

�����W
 100 ����)   )�W�#;����
������
�Y� 6 
�!
�'W��
� slope �#'W�
($;��}{�
*�� 0.058 )�����)�� Y 

�#;'W� moisture 1.84 �����W
 100 ����Q};�)���W�����'W� moisture �#;K�F�������}�&� homogeneity 


�Y��F
�    
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  3) 	�F�+$�$'���
*��
�!{

�#������#;����
�/W	� ISO 13528 (6) �F�����
�#��'W��#;K�F������

�$
'���"%���
�W���#;
�Y�	��W��
����W��� 
*�#��
�#�����'W��#;K�F�������}�&�'���
*��
�!{

�#����� � 

����#;
�$;��F�  (��W��#;����
������
�Y� 3 )�� 6 
�!
�'W�'���)���W����"�W��'W��#;�$
'���"%K�F���'W��#;

K�F�������}�&�'���
*��
�!{

�#����� (�x-y� = 0.263 )�� 0.277 ���������) )�F�W�'W� moisture �#;


($;��}{���K�W��� )�W
�!;

�#�����
��B%'!
 0.3 
�W��
� Horwitz’s target SD (0.3
	

�  = 0.02) (��W�

�����W�
��B%
�W����� ��;�'!
'����!{��W����#���
*�#;��)*����{�)�W
�!
��#; 3 
�!;
($�����'W��
�

*�$���'����!{��#;
*�#;��)*��K*
�!;

�Y����
�W��
*��
��� 6 
�!
�*�$���'����!{��#;
($;��}{���{�"��

�F
������� 1.80 
*�� 2.08 
($;��}{�
(#�� 0.277 �����W
 100 ���� +!
�W��
����K�F 
(����F
���W�"�!



�W����'W� repeatability limit '!
 2.8xSr (repeatability SD ��������� homogeneity testing = 2.8 x 

0.1 = 0.28 �����W
 100 ����)     
�W��K��Y������
�W���#;�}�&�������F�������/�����	�+�� 

laminated aluminum foil )��������
�W���#;������}�&�)������W�	"F"F
�*G$���$���
�/W	����(�#;

	��F
'#��������&�����
�W���#;
��#��	��
�)�� (intact)   
�!;
��������}�&�'��{��#{"F
�*G$���$���

�W��� K�F���
�$�����$
'���"%
��Y��${����	�����
��� 1.5 
�!
� �����{����
*�#;��)*���
�'����!{��#;


�$��}{� �}�K�W�W����W�>�������W
���*��
�$�>�'��������+�
�"F
�*G$���$���  
�W��K��Y���

���
�W�����
��#{�#K�����/� �}�K�W�#���
�Y����
�W��K�F	�F*������%	����(�O��'����(����$
'���"%


�W���#;
'�*G$���$	� PT �#;>W����  

���          

y 6 mo. = 0.0580x + 1.8447

1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5

-1 0 1 2 3 4 5 6 7
Storage time (mo.) 

+3 SD
+2 SD

Mean

-2 SD
-3 SD

Moisture (g/100g) y 3 mo. = 0.0878x + 1.8000

�G��,< 2  >�����}�&�'���'�����
�'����!{� 	����
�W�� cracker powder 

          	��W�����
�Y� 3 )�� 6 
�!
� 
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������,< 3B  >�����}�&�'���'�����
�'����!{� 	����
�W�� cracker powder ����$�#�#;����	�  ISO 

13528 
 

����
����#;�}�&� 
'W�
��#;� 

(g/100g) 

'W�'����W�� 

(�x-y�) 
Target SDR* 

(
	

� ) 
0.3 

	

�  
���*** 

�x-y� < 0.3 
	

�  

'W��#;K�F�������}�&� 

   '���
*��
�!{

�#����� (= y) 
1.80 - 0.066 - - 

3 
�!
� (= x1) 2.06 0.263 0.066 0.020 Not pass 

6 
�!
� (= x2) 2.08 0.277 0.066 0.020 Not pass 

*Horwitz’s predicted SD 

** 'W�'���)���W����"�W��'W��#;�$
'���"%K�F���'W��#;K�F�������}�&�'���
*��
�!{

�#����� �F
���W�"�!

�W����'W� 

repeatability limit '!
 2.8xSr (repeatability SD ����������}�&�'���
*��
�!{

�#����� = 2.8 x 0.1 = 0.28 ����

�W
 100 ����) ��;�'!
*�$���'����!{��#;
*�#;��)*��K*�F
���� +!
�W��
����K�F      

 

3.4  ������&� assigned values ���
��������
����'&����
��   

 >/F������"��	"F"F
�*G$���$����$
'���"%>�$����B% whole wheat cracker �#;
��#�����
�W��

�

)��)����F
�/����
�"���W��� ���*������������< �����#; 305 (.�. 2552 Q};�
*������

��������)���W
 (2) �F
�/�)�����
�"���#;�F
�)�������#{ '!
(������ K������{�"�� �'
��
�
�
� 

(+F��#) �*��#� �{����� )���Q
�#��  ���"������
�W�� cracker powder (INMU-18) 	"F�$
'���"%)��

)�������)��
�Y� )�����������������������*������������< �����#; 182 (.�. 2541 (1) Q};�

���+}��F
�/� (������ (���������K���� K������{�"�� ���K����
$;���� �'
��
�
�
� (K�W�#	�

���
�W���#{)  �*��#� 	�
�"�� �{����� �$���$�

 (K�W�#	����
�W���#{) �$���$��# 1 �$���$��# 2 (�#�;�����

	����
�W���#{ �}�K�W*��
�$�) )'�
Q#�� )��
"�Y� ����#;���
�W�����
���{��
��F
��$
'���"%'����!{� 

)��
+F��F��  �}����
*���F
��#���"�'W� assigned value �#;
"����� 
(!;
	�F	����*��
�$�

'��������+"F
�*G$���$���������
�$������� ISO 13528 (2005) (6) 
(!;
	"FK�F'W� assigned 

values Q};�)���
*��'W�  robust mean (x*) )�� robust standard deviation (S*) ���)���	�������,< 

4A  ���"������
�"�������$�K�F)�W �{����� 	�
�"�� 
"�Y� )���$���$��# 1 'W� assigned value �#;

K�F�#{K�W
"����� 
�!;
����>��$
'���"%�
����
�"��
"�W��#{�#���)*�*���'W
��F���/� �F��
"��>�

�W��� ���	"FK�F'W� %RSD �/� K�W�����+�
����K�F �����
�W��
�W�����$
'���"%�{����� "F
�*G$���$���

�#���	�F�$�#����#;"���"���
�W� HPLC, titration, spectrophotometer 
*���F�  >/F����}�*��
�$�'W� 

assigned values 	"�W���	�F>��$
'���"%���"F
�*G$���$����#;	�F�$�# HPLC 
�W���{� ������"��	"F 
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assigned value �
��{����� 	����
�W�� whole wheat cracker )�� whole wheat cracker powder 

(INMU 18) 
*��'W� robust mean+3 
�W��
� Horwitz predicted standard deviation (3 SDp) (7) 

Q};�
�$���K�F	�"���F
 2.7.3 b  �W��
"�Y� )���$���$��# 1  	�F'W� robust mean+SDp  >/F���K�W*��
�$�

'W��
��$���$��# 2 
�!;
�������
�W���#;	�F�#�$���$��#{	�������;�����  K�W
"�����	����	�F*��
�$����

�$
'���"%�$���$��# 2   'W� assigned value �
����
�"��
"�W��#{)���K�F	�������,< 4B Q};����K*	�F	�

���*��
�$�'��������+�
�"F
�*G$���$��� ���	�F'W� z-score  �W
K* 

 

������,< 4A  'W� assigned values �
����
�"���W��� 	����
�W�� whole wheat cracker )�� 

INMU-18  ���
�$������� ISO 13528  
 

���
�W�� )�����
�"�� 
"�W���W
 

100 ���� 

Robust mean 

(x*) 

Robust SD 

(S*) 
%RSD 

Whole wheat cracker     
   Fat g 27.59 0.92 3.3 
   Protein (N x 6.25) g 8.37 0.06 0.7 
   Sugars g 1.36 0.68 50.3* 

   Sodium mg 483 25 5.2 
   Moisture g 3.41 0.38 11.0 
   Ash g 1.64 0.07 4.3 
Cracker powder: INMU 18     
   Fat g 28.25 0.76 2.7 
   Saturated Fat g 19.91 1.42 7.1 
   Protein (N x 6.25) g 8.31 0.10 1.1 
   Dietary fibre g 3.22 0.43 13.5 
   Sugars g 1.28 0.61 47.5* 

   Sodium mg 480 27 5.5 
   Calcium mg 18.8 1.7 9.2 
   Iron mg 1.22 0.24 20.0* 

   Vitamin B1 mg 0.07 0.02 32.7* 

   Vitamin B2 mg 0.024 0.017 70.6* 

   Moisture g 2.32 0.35 14.9 
   Ash g 1.60 0.06 3.8 

*%RSD �/�
�$�K*  K�W�����	�F	����*��
�$�'��������+"F
�*G$���$���  
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������,< 4B   'W� assigned values 	"�W�
��{����� 	�
�"�� 
"�Y� )���$���$��# 1 	����
�W�� 

whole wheat cracker )�� INMU-18  
 

Whole wheat cracker 

   Sugars(a) g 1.36 0.16 
(3 SDp) 11.5 

   Dietary fibre(a) g 3.22 0.32 10.1 

   Sugars(a) g 1.28 0.15 11.6 

   Iron(b)  mg 1.22 0.13 11.0 

   Vitamin B1
(c) mg 0.066 0.011 17.0 

(a) '����� robust mean ��� ISO 13528 )���	��/*�
� robust mean + 3SDp (Horwitz’s predicted SD) 
(b) '����� robust mean ��� ISO 13528 )���	��/*�
� robust mean + SDp  
(c) 	�F
�(��'W��#;K�F�������$
'���"%�F�� HPLC '����� robust mean ��� ISO 13528 )���	��/*�
� robust 

mean + SDp 

 

3.5  ��������	
����
�����������	���	���   

3.5.1  ��
�������
� (Total Fat) 


(!;
	"F�������K����

�������
�W��
�W�����/��% >/F����}�)�����	"F�������W
��F������W
�

��������F�������������K����  Q};����"F
�*G$���$���K�F*G$���$��� ���)���	����
���
����'

���'��� 4A  >����*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-

laboratory performance) �
�K������{�"��	����
�W�� whole wheat cracker )�� cracker powder 

(INMU-18) ��� 16 "F
�*G$���$��� )���	�������,< 5A ��� 5B )��)���
*�����^)�W�	��G��,< 2A 

��� 2B ���������   *�$���K�����
���{� 2 ���
�W��
�/W	��W�� 26-29 �����W
 100 ����   ��
�F�

"F
�*G$���$���"���
�� 15 �#;������'W�K�����;����W�"F
�*G$���$���
!;�� ��{� 2 ���
�W�����
� 

(between-laboratory z-scores = -7 +}� -10)  )����W�>�������
�K�W
*���#;�W�(
	� 

(unsatisfactory result) ������^)�� Youden plot  (6) �G��,< 2C �W��#{�W�
*���F
>$�(���)�� 

systematic errors �����{�"F
�*G$���$����}�'���#�"���
"�� )��)�FK��F
��(�W
�����W��  �
�����#{

>�����$
'���"%K����	����
�W�� INMU-18 (��W�"F
�*G$���$���"���
�� 2 )�� 7 �#'W�
*���#;�F
�

����� (z-scorebetween = 2.18 )�� -2.33 ���������) 

���
�W�� )�����
�"�� 
"�W���W
 

100 ���� 

Robust 

mean (x*) 

Robust SD 

(S*) 
%RSD 

Cracker powder: INMU 18  
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���"������*��
�$�'��������+����$
'���"%���	�"F
�*G$���$��� (within-laboratory 

evaluation) �
����
�W�� INMU-18 (��W�"F
�*G$���$���"���
�� 7 )�� 17 �#'W� z-scorewithin K�W
*��

�#;�
����'!
�#'W�
�W���� -5.13 )�� -4.09 ��������� Q};��W��#{�W�'W�'����W���
�������Q{�������W�

"F
�*G$���$���
!;� �
������{�"F
�*G$���$���"���
�� 6 �#'W� z-scorewithin = -2.52 ���
*��'W��#;�F
�

�����   
�W��K��Y���'W� repeatability limit (R) �
�*�$���K����	����
�W���#{'!
 1.62 (2.8xSR = 2.8 

x 0.58) �����{�'W�'����W����"�W��*�$���K�����#;�$
'���"%K�F	����
�W�� A )�� B '!
 0.59, 0.47 )�� 

0.29 �����W
 100 ���� ���"F
�*G$���$���"���
�� 7, 17 )��  6 ��������� �#'W��F
���W�'W� 

repeatability limit Q};�)����W�'W�'����W���#{��������+�
����K�F     

������*'W� consensus value �
�K�����#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# good 

performance (within- and between-laboratory z-score < 2)  	����
�W�� whole wheat cracker 

)�� cracker powder (INMU-18) )���	��/*�
� mean + SD '!
 27.68 + 0.81 g/100 g (N=15) 

)�� 28.32 + 0.58 g/100 g (N=11), Q};��# %CV = 2.9 )�� 2.1 ��������� (������,< 18)  �W��	"�W

"F
�*G$���$����#;
�F��W���'�����	�'��{��#{�#'��������+�
�����$
'���"%K����'W
��F���# K�F>����

*��
�$�
*���#;�
���� (satisfactory results) )��'W�'���)*�*��� (%CV) �
� consensus  value �#

'W��;�� 
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Total fat in whole wheat cracker
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Total fat in cracker powder (INMU-18)
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3.5.2  �����
�����
��� (Saturated Fat)  

>����*��
�$�'��������+"F
�*G$���$����
����K����
$;����	����
�W�� cracker powder 

(INMU-18) ������ 15 ��� 16 "F
�*G$���$��� (��
�F�"F
�*G$���$���"���
�� 7) )���	�������,< 

6 )��)���
*�����^)�W�	��G��,< 3 *�$������K����
$;�����#;(�
�/W	��W�� 14-22 �����W
 100 ����  

"F
�*G$���$���"���
�� 15 )�� 16 ������'W��;����W�"F
�*G$���$���
!;� (13.5-15.6 �����W
 100 

����) Q};�+F�*��
�$�>��F�����	�F'W�  assigned value ��� median + NIQR )����� robust mean 

+ robust SD �#;'�����K�F��� ISO 13528  (��W���{� 2 "F
�*G$���$���K�F�������W��#{�W�
*�� outliers 

(z-scorebetween = -3.04 )�� -4.30 ���������) Q};��$�#����$
'���"%�
���{��
�"F
�*G$���$���	�F�������

K�����#;>W������W
��F�����)�F�
�W�
�#�����
#� 12 "F
�*G$���$��� )�F�����F����� saponification 

)�� methylation �W
��#;�$
'���"%�F��	�
'�!;
� gas chromatography (���
���
����'�
����' 

4B)  �����{��}����K�F�W���{� 2 "F
�*G$���$���������>�K�W
*���#;�W�(
	� '���#���"���
"�� )�FK�

�F
��(�W
��#;�$��}{� "F
�*G$���$���"���
��  9, 13 )�� 14 	�F�$�#�������)��  cold extraction )��

�$
'���"%�F��
'�!;
� GC Q};�
*���$�#�#;)�����	"F	�F�$�#"�};� (17) Q};�>�����$
'���"%(��W����K����
$;����


�/W	��W��
�#�����"F
�*G$���$���
!;�� (18-22 �����W
 100 ����) Q};��W��#{K�F�W�
*��>�
*���#;�W�(
	�   

�W�����*��
�$�>�'��������+���	�"F
�*G$���$��� (within-laboratory evaluation) (��W�

"F
�*G$���$���"���
�� 8 
(#��"F
�
�#���#;������>�
*���#;�W������ (z-scorewithin=-2.03)   

������*'W� consensus value �
����K����
$;�����#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# 

good performance ( within- and between-laboratory z-score < 2)  	����
�W�� cracker 

powder (INMU-18) )���	��/*�
� mean + SD '!
 20.13 + 1.13 (N=12), Q};��# %CV = 5.6 

(������,< 18)  �W��	"�W"F
�*G$���$����#;
�F��W���'�����	�'��{��#{�#'��������+�
�����$
'���"%���

K����
$;����'W
��F���# K�F>����*��
�$�
*���#;�
���� (satisfactory results) )���#���(�O���}{�
�!;



�#������}�&��W
�"�F��#{ (13, 15, 16, 18).   
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Saturated fat in cracker powder (INMU-18)

-4

-3

-2

-1

0

1

2

3

4

16 15 1 9 3 13 6 12 8 2 4 17 11 10 14

Laboratory code  number

z-score

 
�G��,< 3  z-scores �
����K����
$;����	����
�W�� cracker powder (INMU-18) 

 

 

3.5.3  �����
������������ (trans fatty acid) 

 >����
�F��W�����*��
�$�'����������
�����$
'���"%���K������$�����Q% )���
�/W	�

������,< 7 )���$�#�#;)�W��"F
�*G$���$���	�F���*
�/W	����
���
����'���'��� 4B 
�!;
����>��#

'���)*�*������ *�$������K������$�����Q%	� INMU-18 �#'W���{�)�W�������K�WK�F (non-

detectable) +}� 0.32 �����W
 100 ���� (%CV = 98.2) ���)����������������
��F
�/�	��G��,< 4  

�
������{�
�!;
�����'�����"�'W� assigned value (������,< 4A) ��� ISO 13528 (��W�'W�'���

)*�*����Y�/���� (%CV = 95.5) Q};�K�W
"�����	���������	�F
(!;
*��
�$�'��������+�
�

"F
�*G$���$��� �����{�>/F����}�K�W*��
�$�'��������+"F
�*G$���$��� 
(#��)�W)����F
�/�
�W���{� 
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����K������$�����Q%	����
�W�� cracker powder (INMU-18) 
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������,< 7  >����*��
�$�'��������+	�����$
'���"%���K������$�����Q%	����
�W�� cracker 
powder (INMU-18)  'W� Assigned value (robust mean + robust SD) = 0.16 + 0.15 g/100 g 
(%CV = 95.5, N = 12) 
 
 

Lab code            Result
No. A B

1 0.2 0.18

2 0.21 0.21

3 0.27 0.26

4 0.32 0.29

6 0.00 0.00

7  -  -

8  -  -

9 0.00 0.00

10

11 0.28 0.28

12 0.29 0.24

13 0.28 0.28

14  -  -

15 0.01 0.01

16 0.05 0.05

17 0.00 0.00

No of results 12 12

Median 0.21 0.20

Q1 0.01 0.01

Q3 0.28 0.27

IQR (Q3-Q1) 0.27 0.26

Normalised IQR 0.20 0.19

Robust CV 98.54 97.89

No statistic evaluation

 
 
3.5.4  �
���� (Protein)  

>����*��
�$�'��������+"F
�*G$���$����
��*��#�	����
�W�� whole wheat cracker 

)�� cracker powder (INMU-18) ��� 16 "F
�*G$���$��� )���	�������,< 8A ��� 8B )��)���


*�����^)�W�	��G��,< 5A ��� 5B ���������  'W��
��*��#��#;�������#'W�
�$;���� 7.59 �����W
 100 

���� ("F
�*G$���$���"���
�� 12) +}� 8.84 �����W
 100 ���� ("F
�*G$���$���"���
�� 11)  >����

*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-laboratory performance) 

(��W��# 2 ��� 16 "F
�*G$���$��� ("F
�*G$���$���"���
�� 11 )�� 12) �#;�W��#{�W�>�K�W
*���#;�W�(
	� 

(�z-score� >3) 	���{� 2 ���
�W�����
�  ���"F
�*G$���$���"���
�� 11 �������*��#��#;�/���W�

"F
�*G$���$���
!;�� ��{�	����
�W�� whole wheat cracker )�� INMU-18  Q};�
"Y�K�F���'W�                 

z-scorebetween �#;�#'W�
�W���� 8.47 )�� 4.28  ���������   	�����#;"F
�*G$���$���"���
�� 12 
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�������*��#��#;�;����W�"F
�*G$���$���
!;�� Q};�
"Y�K�F���'W� z-scorebetween �#;�#'W�
�W���� -12.71 )�� -

6.27 ���������   ���"F
�*G$���$���	�F�$�#�$
'���"%�#;
*������C���#;
�#����� (Kjeldahl method) )�W�#

���	�F���
�W�*G$�$�$�� (catalyst) �#;�W������F�� �������#;	�FK�F)�W K2SO4 and CuSO4 or K2SO4 )�� 

Se (���
���
����'���'��� 4C)  �������}�&��#;>W����K�F)���	"F
"Y�)�F��W����	�F���
�W�

*G$�$�$���#;�W����� K�W�#>��#;���	"F����$
'���"%�*��#�K�F'W��#;)���W����� (12-15, 19, 20)  �����{�

"F
�*G$���$���"���
�� 11 )�� 12 �}����K�F�W�
*�����������>��#;�W��#{�W�
*�� outliers �
����

�$
'���"%�*��#�  �
������{���������+
"Y����K�F������^ Youden plot (6) �#;)���'�����(���%�
�

����$
'���"%�*��#���{��
����
�W�����
� 	��G��,< 5C ����#;"F
�*G$���$�����{��
�
�/W�
����#�#;�����

'���
�!;
��;� 95% �}����K�F�W���{�"F
�*G$���$���"���
�� 11 )�� 12 )����W��# systematic error 	�

����$
'���"%�*��#�  
�!;
'���}��F
���"���
� ISO 17025 )�F� (21) ��{��
�"F
�*G$���$����}�'��"�

��
"���#;���	"F>�����$
'���"%�*��#�)���W�����"F
�*G$���$���
!;� 

 "F
�*G$���$���"���
�� 1 ������>��#;�W��#{�W�>�K�W
*���#;�W�(
	� (z-scorebetween = - 3.59) 

�
����*��
�$�>���"�W��"F
�*G$���$���	����
�W�� whole wheat cracker  	�����#;���
�W�� 

INMU-18 
�/W	�
��B%�#;>�
*���W�(
	�  Q};��W��#{K�F�W�����$
'���"%�*��#��
�"F
�*G$���$����#{
�$� 

random error �
������{�	����
�W�� INMU-18 "F
�*G$���$����#{�#���������>��#;
�$�'���)���W��

��"�W��'W�������Q{�� ���	"F>�*��
�$�'��������+����$
'���"%���	�"F
�*G$���$��� (within-

laboratory evaluation)  �#;�W��#{�W�K�F���>�
*���#;�W������ (z-scorewihtin = - 2.48)   ���"���>����

*��
�$�>���"�W��"F
�*G$���$����
����
�W�� whole wheat cracker (��W�"F
�*G$���$���"���
�� 

3, 9 )�� 15 ������
*���#;�W������ (questionable result) ����#'W� z-scorebetween = -2.34, 2.31 )�� 

-2.79 ���������  )�W	����
�W�� INMU-18 ��{� 3 "F
�*G$���$���K�F���>����*��
�$�
*���#;�W�(
	� 

)����W����
��#�����
�W���#;)���W������
�)�W��"F
�*G$���$���
���#�W���#;���	"F
�$�'���)���W��

	�>��
����*��
�$�'��������+"F
�*G$���$��� 

������*'W� consensus value �
��*��#��#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# good 

performance (within- and between-laboratory z-score < 2)  	����
�W�� whole wheat cracker 

)�� cracker powder (INMU-18) )���	��/*�
� mean + SD '!
 8.38 + 0.03 g/100 g (N = 9) 

)�� 8.32 + 0.09 g/100 g (N = 13) Q};��# %CV = 0.3 )�� 1.1 ��������� (������,< 18)   �W��	"�W

"F
�*G$���$����#;
�F��W���'������#'��������+�
�����$
'���"%�*��#�K�F�# K�F>����*��
�$�
*���#;

�
���� (satisfactory results)  
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Protein in whole wheat cracker
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Protein in cracker powder (INMU-18)
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3.5.5  ������� (Dietary fibre)  
>����*��
�$�'��������+"F
�*G$���$����
�	�
�"��	����
�W�� cracker powder (INMU-

18) ������ 14 ��� 16 "F
�*G$���$��� )���	�������,< 9 )��)���
*�����^)�W�	��G��,< 6  ���

"F
�*G$���$���	�F�$�#�������K���� (defat) ����#;>/F���)�����K�F�W
�����$
'���"%	�
�"�� ���)���	�

���
���
����'���'��� 2D �#"F
�*G$���$��� 2 )"W� ("F
�*G$���$���"���
�� 7 )�� 12) ������

����K����)���{����� 	�����#;"F
�*G$���$���"���
�� 13 �����������{�� K���� )���{�����  >����

�$
'���"%(��W�	�
�"���#'����W��
(#��
�Y��F
� ����#'W���{�)�W 2.38 �����W
 100 ���� ("F
�*G$���$���

"���
�� 1) +}� 3.82 �����W
 100 ���� ("F
�*G$���$���"���
�� 16)  >�*��
�$�'��������+���

�$
'���"%���	�"F
�*G$���$��� (within-laboratory performance) (��W��# 1 "F
�*G$���$��� 

("F
�*G$���$���"���
�� 1) �#;������'W�K�W
*���#;�W�(
	� (z-scorewithin = 13.21)  "F
�*G$���$���

"���
�� 7 ������>�
*���#;�F
������ (z-scorewithin = 2.02)   


�!;
����'W� assigned value �
�	�
�"���#;'�������� ISO 13528 (��W��#'���)*�*���

'W
��F���/� (3.22 + 0.43 g/100g, %CV = 13.5) ���	"F>�����$
'���"%	�
�"���
����"F
�*G$���$���

>W��
��B%����
���� (z-score<2) )�W"��'�����'W� consensus value ����$�#�#{(��W�����#'W�'���

)*�*����/� (%CV=12.2)  �����{�>/F����}�($�����
�!
�	�F robust mean �#;'�������� ISO 13528 

)��	�F 3 
�W��
�'W� standard deviation �#;*�����'W�K�F��� Horwitz predicted SD (3.22 + 0.32 

�����W
 100 ����, %CV=10.1) >����*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� 

(between-laboratory performance) �F���$�#�#{(��W��#
(#��"F
�*G$���$���"���
�� 12 �#;������'W�	�


�"��
*���#;�W������ (z-scorebetween = -2.06)  ���	"FK�F'W�'���)*�*������� (%CV=10.4) Q};�)���

+}�(�O������
�'��������+"F
�*G$���$���
�!;

*�#��
�#���������}�&��#;>W���� (16) 

������*'W� consensus value �
�	�
�"���#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# good 

performance (within- and between-laboratory z-score < 2)  	����
�W�� cracker powder 

(INMU-18) )���	��/*�
� mean + SD '!
 3.33 + 0.35 g/100 g (N = 11) Q};��# %CV = 10.4 

(������,< 18)    
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Dietary fibre in cracker powder (INMU-18)
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3.5.6  ������� (Sugars)  

 >����
�F��W�����*��
�$�'����������
�����$
'���"%�{�����)���
�/W	�������,< 10 )��

�$�#�#;)�W��"F
�*G$���$���	�F���*
�/W	����
���
����'���'��� 4E  
�!;
����>�����$
'���"%�#

'���)*�*������  *�$����{�����	� whole wheat cracker )�� INMU-18 �#'W�
�/W	��W�� 0.69-

2.25 �����W
 100 ���� (%CV=42.3) )�� 0.66-2.70 �����W
 100 ���� (%CV=44.5) ���������  ���

)���������������	��G��,<  7  )��
�!;
�����'�����"�'W� assigned value (������,< 4A) ����$�# 

ISO 13528 (��W�'W�'���)*�*����Y�/���� (%CV=50.3% �
����
�W�� whole wheat cracker 

)�� 47.5% �
����
�W�� INMU-18) Q};�K�W
"�����	���������	�F
(!;
*��
�$�'��������+�
�

"F
�*G$���$���  �
������{�*�$����{�����	�"�};�"�W����$��' (serving size = 30 g) (1) (��W��#

*�$���
(#��
�Y��F
� (*����� 0.4 �W
 30 ����) 
�!;
�����'$��W
*�$����#;)�����	"F��$��'�W
��� 

(recommenced diary intake, Thai RDI) (��W�������'W�
*���/��%  �����{�>/F����}�K�W*��
�$�

'��������+�
�)�W��"F
�*G$���$��� 
(#��)�W)����F
�/�
�W���{� 
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������,<  10  �{�����	����
�W�� whole wheat cracker )�� cracker powder (INMU-18) �#;K�F������

"F
�*G$���$����W��� 
 

Lab code No. 

Result (g/100 g) 

Whole wheat cracker Cracker powder (INMU-18) 

A B Mean A B Mean 

1 1.15 1.14 1.15 1.13 1.10 1.12 

2 1.92 1.91 1.92 1.65 1.61 1.63 

3 0.92 0.94 0.93 0.90 0.83 0.87 

4 0.87 0.87 0.87 0.87 0.84 0.86 

6 1.22 1.23 1.23 1.16 1.20 1.18 

7 1.84 1.80 1.82 1.84 1.79 1.82 

8 0.70 0.69 0.70 0.66 0.69 0.68 

9 2.55 2.53 2.54 2.70 2.66 2.68 

11 1.18 1.13 1.16 1.14 1.03 1.09 

12 0.81 0.80 0.81 0.85 0.84 0.85 

13 1.36 1.37 1.37 1.09 1.06 1.08 

14 1.83 1.94 1.89 1.92 1.94 1.93 

15 0.75 0.75 0.75 0.78 0.76 0.77 

16 2.03 2.21 2.12 2.25 2.25 2.25 

17 2.25 2.25 2.25 1.91 1.93 1.92 

Mean   1.43   1.38 

SD   0.61   0.61 

%CV   42.3   44.5 
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Assigned value

�G��,< 7  �������������
��{������
�)�W��"F
�*G$���$���

3.5.7  ��!���
 (Sodium)  

>����*��
�$�'��������+"F
�*G$���$����
��Q
�#��	����
�W�� whole wheat cracker 

)�� cracker powder (INMU-18) ��� 16 "F
�*G$���$��� )���	�������,< 11A ��� 11B )��

)���
*�����^)�W�	��G��,< 8A ��� 8B ���������  *�$����Q
�#��	� whole wheat cracker 
�/W

	��W�� 410 �$��$�����W
 100 ���� ("F
�*G$���$���"���
�� 6) +}� 520 �$��$�����W
 100 ���� 

("F
�*G$���$���"���
�� 14)  	�����#;���
�W�� cracker powder (INMU-18) 
�/W	��W�� 429 

�$��$�����W
 100 ���� ("F
�*G$���$���"���
�� 6) +}� 529 �$��$�����W
 100 ���� ("F
�*G$���$���

"���
�� 9)  "F
�*G$���$����#;
�F��W���'������#���	�F 3 �$�#�#;	�F	����
��#�����
�W��	"F
�/W	��/*

���������W
�����������'!
	�F wet digestion "�!
 dry ashing "�!
 microwave digestion 

(���
���
����'���'��� 4F) 

 >�*��
�$�'��������+����$
'���"%���	�"F
�*G$���$��� (within-laboratory 

performance) (��W����
�W�� whole wheat cracker �# 3 "F
�*G$���$��� ("���
�� 10, 11 )�� 14) 

������'W��#;�W��#{�W�>�
*���#;�W������ (z-scorewithin = 2.68, -2.57 )�� 2.24 ���������) ���"���

���
�W�� INMU-18 "F
�*G$���$���"���
�� 3 ������
*���#;�W������ (z-scorewithin = 2.64) )���# 5 

"F
�*G$���$��� ("���
�� 4, 8, 9, 13 )�� 14) �#;������'W��#;�W��#{�W�>�K�W
*���#;(
	� (z-scorewithin = 

-6.51, -6.03, -8.44, 4.57 )�� 4.57 ���������) 
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>����*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-laboratory 

performance) (��W����
�W�� whole wheat cracker �# 2 "F
�*G$���$��� ("���
�� 4 )�� 6) 

������'W��#;�W��#{�W�>�
*���#;�W������ (z-scorebetween = -2.08 )�� -2.73 ���������) ���"������
�W�� 

INMU-18 (��W����"F
�*G$���$��� ������>�
*���#;�W�(
	�  
�W��K��Y����F
�/��#;)���	� Youden 

plot (6) �G��,< 8C )���	"F
"Y��W�>�����$
'���"%�Q
�#���
�"F
�*G$���$���"���
�� 9 
�/W�
����#�#;

'���
�!;
��;� 95% )����W��W���
�$� systematic error 	�����$
'���"%�Q
�#�� �
������{�>����

�$
'���"%�#;K�F(��W��/���W�"F
�*G$���$���
!;�� �����{�"F
�*G$���$���'��"����)�FK��#;
"������W
K* 

������*'W� consensus value �
��Q
�#���#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# good 

performance (within- and between-laboratory z-score < 2)  	����
�W�� whole wheat cracker 

)�� cracker powder (INMU-18) )���	��/*�
� mean + SD '!
 485.3 + 19.6 �$��$����/100 ���� 

(N=11) )�� 474.5 + 24.5 �$��$����/100 ���� (N=11) Q};��# %CV = 4.0 )�� 5.2 ��������� (�����

�,< 18)    
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Sodium in whole wheat cracker
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Sodium in cracker powder (INMU-18)
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3.5.8  "#�!���
 (Calcium) 

>����*��
�$�'��������+"F
�*G$���$����
�)'�
Q#��	����
�W�� cracker powder 

(INMU-18) ������ 15 ��� 16 "F
�*G$���$��� )���	�������,< 12 )��)���
*�����^)�W�	��G�

�,< 9  *�$���)'�
Q#��	� cracker powder (INMU-18) 
�/W	��W���#;��F�����'!
 7 �$��$�����W
 100 

���� ("F
�*G$���$���"���
�� 4) +}� 53 �$��$�����W
 100 ���� ("F
�*G$���$���"���
�� 17)  �����+

)�W�>�����$
'���"%

�K�F
*�� 3 ���W�'!
 7-14 �$��$�����W
 100 ���� (2 "F
�*G$���$���) 16-20 

�$��$�����W
 100 ���� (11 "F
�*G$���$���) )�� 45-53 �$��$�����W
 100 ���� (2 "F
�*G$���$���)  

"F
�*G$���$����#;
�F��W���'������#���	�F 3 �$�#�#;	�F	����
��#�����
�W��	"F
�/W	��/*���������W
����

�������'!
	�F wet digestion "�!
 dry ashing "�!
 microwave digestion (���
���
����'

���'��� 4F) 

 >�*��
�$�'��������+����$
'���"%���	�"F
�*G$���$��� (within-laboratory 

performance) (��W����"F
�*G$���$���>W��
��B%����
���� (z-scorewithin < 2)  �W��>����*��
�$�

'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-laboratory performance) (��W��# 3 

"F
�*G$���$��� ("���
�� 4, 15 )�� 17) ������'W��#;�W��#{�W�>�K�W
*���#;�W�(
	� (�z-score� � 3)  

���"F
�*G$���$���"���
�� 4 ������'W�)'�
Q#���;����� (z-scorebetween = -6.53) 	�����#;

"F
�*G$���$���"���
�� 15 )�� 17 ������'W�)'�
Q#���/���� (z-scorebetween = 15.67 )�� 19.27, 

���������)  Q};�"F
�*G$���$���"���
�� 4 )�� 17 	�F�$�# dry ashing 	����
��#�����
�W��	"F
*��

�������� �W��"F
�*G$���$���"���
�� 15 	�F�$�# wet digestion 
"�!
�"F
�*G$���$���
!;�� �����{�

�$�#���
��#�����
�W��	"F
*���������� K�W�W�
*��*q����	�������	"F
�$�'���)���W���
�>����

�$
'���"%  "F
�*G$���$���"���
�� 9 ������'W��;�� Q};��W��#{�W�>�
*���#;�W������ (z-scorebetween =        

-2.77)  �����{�>�����$
'���"%)'�
Q#���
���{� 3 "F
�*G$���$��� ("���
�� 4, 15 )�� 17) �}����K�F�W�


*��'W��#;)���W��������W� (outlier)  

������*'W� consensus value �
�)'�
Q#���#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# good 

performance (within- and between-laboratory z-score < 2)  	����
�W�� cracker powder 

(INMU-18) )���	��/*�
� mean + SD '!
 18.7 + 1.2 �$��$����/100 ���� (N = 11) Q};��# %CV = 

6.2 (������,< 18)    
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�
Calcium in cracker powder (INMU-18)

-4

-3

-2

-1

0

1

2

3

4

4 9 11 2 3 14 1 12 13 16 8 6 10 15 17

Laboratory code  number

z-score

 
 

�G��,< 9  z-scores �
�)'�
Q#��	����
�W�� cracker powder (INMU-18) 

 

 

3.5.9   !��$� (Iron) 

>����*��
�$�'��������+"F
�*G$���$����
�
"�Y�	����
�W�� cracker powder (INMU-

18) ������ 16 "F
�*G$���$��� )���	�������,< 13 )��)���
*�����^)�W�	��G��,< 10  *�$���


"�Y�	� cracker powder (INMU-18) 
�/W	��W�� 0.74 �$��$�����W
 100 ���� ("F
�*G$���$���"���
�� 

9) +}� 2.27 �$��$�����W
 100 ���� ("F
�*G$���$���"���
�� 14)  'W�
��#;��#;K�F���)�W��"F
�*G$���$���

(��W��#'���)*�*����/� (%CV = 26.7) )�����(��/�
�!;
�����'�����'W� assigned value ��� 

ISO 13528 (6) (%CV = 20.0)  �����{�>/F����}�($�����	�F'W� assigned value 	��/*�
� robust mean 

+ SDp (1.22 + 0.13 �$��$�����W
 100 ����, %CV =11.0) 	����*��
�$�'��������+

"F
�*G$���$���  Q};�'W� assigned value �#{�#'���
"����������W�'W�
�$� 
�!;
����'W� %CV 
�/W	�

������#;�
����K�F 

>����*��
�$�����$
'���"%���	�"F
�*G$���$��� (within-laboratory performance) (��W��#


(#��"F
�*G$���$���"���
�� 12 
�W���{��#;������>�
*���#;�W������ (z-scorewithin = -2.22)   �W��>�

���*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-laboratory performance) 

(��W��# 2 "F
�*G$���$��� ("F
�*G$���$���"���
�� 9 )�� 14) �#;�W��#{�W�>�K�W
*���#;�W�(
	� 

(unsatisfactory results, �z-score� � 3) "F
�*G$���$���"���
�� 9 ������'W��;�� (z-scorebetween = -

3.51) 	�����#;"F
�*G$���$���"���
�� 14 ������'W��/� (z-scorebetween = 7.68)  Q};���{��
�

"F
�*G$���$����Y	�F�$�#���
��#�����
�W��	"F
�/W	��/*����������������� dry ashing �W
����

�������
�W�
�#�����"F
�*G$���$���
!;� (���
���
����'���'��� 4G) 
�W��K��Y�����{��
�
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"F
�*G$���$���+/��W��#{�W�
*�� outlier 
�!;

*�#��
�#�����"F
�*G$���$���
!;�  )���#
#� 2 "F
�*G$���$��� 

("F
�*G$���$���"���
�� 4 )�� 8) �#;�W��#{�W�>�
*���W������ (z-scorebetween = 2.31 )�� -2.06 

���������)  

�

Iron in cracker powder (INMU-18)
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9 8 2 3 11 12 13 16 6 17 7 10 1 15 4 14

Laboratory code  number

z-score

 
 

�G��,< 10  z-scores �
�
"�Y�	����
�W�� cracker powder (INMU-18) 

 

������*'W� consensus value �
�
"�Y��#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# good 

performance ( within- and between-laboratory z-score < 2)  	����
�W�� cracker powder 

(INMU-18) )���	��/*�
� mean + SD '!
 1.22 + 0.16 �$��$����/100 ���� (N = 11) Q};��# %CV = 

12.9 (������,< 18)    
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3.5.10  ����
��%� 1 (Vitamin B1, thiamin)  

 >����*��
�$�'����������
�����$
'���"%�$���$��# 1 )���	�������,< 14 )��)���
*��

���^)�W�	��G��,< 11  )���$�#�#;)�W��"F
�*G$���$���	�F���*
�/W	����
���
��
����'���'��� 

4H  �$���$��# 1 	����
�W�� cracker powder (INMU-18) �#'W� 0.04-0.19 �$��$�����W
 100 ���� 

(%CV=52.2) 
�!;
�����'�����"�'W� assigned value ��� ISO 13528 (������,< 4A) (��W�'W�

'���)*�*����Y�/���� (0.066 + 0.022 �$��$�����W
 100 ����, %CV=32.7) Q};�
�!;
�����*��
�$�

'��������+	�����$
'���"%�$���$��# 1 (��W�"F
�*G$���$����W��	"�W>W��
��B%���*��
�$� ��
�F�

"F
�*G$���$���"���
�� 1 )�W'W� consensus value �#;K�F (0.058 + 0.013 �$��$�����W
 100 ����) ���

���*��
�$��F���$�#�#{(��W�����#'W�'���)*�*����/� (%CV=22.8)  �����{�>/F����}�($�����
�!
�	�F 

robust mean �#;'�������� ISO 13528 )��	�F'W� standard deviation �#;*�����'W�K�F��� Horwitz 

predicted SD (0.066 + 0.011 �����W
 100 ����, %CV=17.0) >����*��
�$�'��������+���

�$
'���"%��"�W��"F
�*G$���$��� (between-laboratory performance) �F���$�#�#{(��W�"F
�*G$���$���

"���
�� 1 ������'W��W��#{�W�>�K�W
*���#;�W�(
	� (z-score= 11.10) )���# 5 "F
�*G$���$��� 

("���
�� 4, 10, 11, 13 )�� 15C) �#;������'W�
*���W��#{�W�
*���#;�W������ (-z-score = -2.30, -2.30, 

2.61, 2.61, )�� -2.30 ���������) 
�!;
�����"�'W� consensus value (��W��#'W�'���)*�*���

���� (%CV=11.6, N=8) 
�/W	�
��B%�#;�
����K�F 
�W��K��Y���*�$����$���$��# 1 	����
�W���#{+!


�W��#'W��;�� 
�!;
'$�
*���W
"�};�"�W����$��' (serving size = 30 g) (1) �$���$��# 1 ������W��#
(#��


�Y��F
� (*����� 0.02 �W
 30 ����) )��
�!;
�����'$��W
*�$����#;)�����	"F��$��'�W
��� 

(recommence diary intake, Thai RDI) (��W�������'W�
*���/��%  �����{�>/F����}�+!
K�F�W����*��
�$�

����$
'���"%�$���$��# 1 �#{
*�����*��
�$�����$
'���"%�#;
�/W	��W���;��� �
�����$
'���"% Q};�	��F
'#��

���'W� limit of quantitation (LOQ) �
�����$
'���"%	����"F
�*G$���$���  

 ���"���*��
�$�'��������+����$
'���"%���	�"F
�*G$���$��� (z-scorewithin) K�W�����+���

���*��
�$�K�F 
�!;
����'W�'���)���W����"�W������$
'���"% A )�� B �#'W��;����� "F
�*G$���$���

�W��	"�WK�W�#'���)���W����� (12 ��� 14 "F
�*G$���$���) �#
(#�� 2 "F
�*G$���$��� ("���
�� 11 

)�� 13) �#;������'W�)���W�����
�Y��F
� 
(#�� 0.01 �$��$�����W
 100 ���� ���	"F'W��
� median )�� 

normalized IQR �#;	�F	����*��
�$��#'W�
�W���� 0 
�W��K��Y���"��($������#;>�����$
'���"%)�F� 

����W�>/F�$
'���"%�$���$��# 1 �
�)�W��"F
�*G$���$����#'���)�W� (precision) 	�����$
'���"%�# 

������*'W� consensus value �
��$���$��# 1 �#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# 

good performance ( within- and between-laboratory z-score < 2)  	����
�W�� cracker 

powder (INMU-18) )���	��/*�
� mean + SD '!
 0.07 + 0.01 �$��$����/100 ���� (N = 8) Q};��# 

%CV = 11.6 (������,< 18)    



In
st

it
ut

e 
of

 N
ut

ri
ti

on
, M

ah
id

ol
 U

ni
ve

rs
it

y 
– 

La
bo

ra
to

ry
 P

er
fo

rm
an

ce
 S

tu
dy

 1
0 

   
   

   
   

   

Fi
na

l R
ep

or
t:

 P
T-

10
 

 
   

   
 

M
ay

  2
01

2 

57
 

 ��
��

��
,< 1

4 
 >

��
��

*�
�


�$�
'�

��
��

��
�+

	�
��

��
$
'

��
�"

%�$�
��

$��
# 1

 	�
���


�
W��

 c
ra

ck
er

 p
ow

de
r (

IN
M

U
-1

8)
 

   
   

  '
W� 

As
si

gn
ed

 v
al

ue
 (r

ob
us

t m
ea

n 
+ 

ro
bu

st
 S

D
) =

 0
.0

7 
+ 

0.
02

 �
$��

$��
��/

10
0 

��
�� 

(%
C

V 
= 

32
.7

, N
 =

 1
4)

 

'W�
 N

ew
 a

ss
ig

ne
d 

va
lu

e 
(ro

bu
st

 m
ea

n 
+ 

SD
p)

 =
 0

.0
7 

+ 
0.

01
 �

$��
$��

��/
10

0 
��

�� 
(%

C
V 

= 
17

.0
, N

 =
 1

4)
 

            (1
) b

as
ed

 o
n 

m
ed

ia
n+

N
IQ

R;
  (

2)
 b

as
ed

 o
n 

as
si

gn
ed

 v
al

ue
 e

st
im

at
ed

 a
cc

or
di

ng
 to

 IS
O

 1
35

28
;  

(3
) b

as
ed

 o
n 

ro
bu

st
 m

ea
n+

SD
p 

(0
.0

7+
0.

01
 m

g/
10

0g
, %

C
V=

17
) 

* -
 n

ot
 e

va
lu

at
e 

du
e 

to
 th

e 
di

ffe
re

nt
 b

et
w

ee
n 

th
e 

du
pl

ic
at

e 
in

 e
ac

h 
la

bo
ra

to
ry

 is
 c

lo
se

 to
 z

er
o,

 th
us

 th
e 

m
ed

ia
n 

an
d 

no
rm

al
is

ed
 IQ

R 
ar

e 
ze

ro
. 

Institute of Nutrition, Mahidol University – Laboratory Performance Study 10                      57 

Final Report: PT-10           May  2012 

�

�

La
b 

co
de

   
   

   
 R

es
ul

t
D

i
Si

z-
sc

or
e(1

)
z-

sc
or

e(2
)

z-
sc

or
e(3

)
C

on
cl

us
io

n 
co

de
M

ea
n

M
ea

n
M

ea
n

N
o.

A
B

W
ith

in
B

et
w

ee
n(1

)
B

et
w

ee
n

B
et

w
ee

n
ba

se
d 

on
 (3

)
(a

+b
/2

)
de

le
te

 o
ut

lie
r (1

, 2
)

de
le

te
 o

ut
lie

r 
(3

)

1
0.

19
0.

19
0.

00
0.

27
 -*

10
.0

2
5.

77
11

.1
0

bb
0.

19
2

0.
07

0.
07

0.
00

0.
10

 -
0.

77
0.

20
0.

38
a

0.
07

0.
07

0.
07

3
0.

06
0.

06
0.

00
0.

08
 -

0.
00

-0
.2

7
-0

.5
1

a
0.

06
0.

06
0.

06
4

0.
04

0.
04

0.
00

0.
06

 -
-1

.5
4

-1
.2

0
-2

.3
0

b
0.

04
0.

04
6

0.
06

0.
06

0.
00

0.
08

 -
0.

00
-0

.2
7

-0
.5

1
a

0.
06

0.
06

0.
06

8
0.

06
0.

06
0.

00
0.

08
 -

0.
00

-0
.2

7
-0

.5
1

a
0.

06
0.

06
0.

06
9

0.
07

0.
07

0.
00

0.
10

 -
0.

77
0.

20
0.

38
a

0.
07

0.
07

0.
07

10
0.

04
0.

04
0.

00
0.

06
 -

-1
.5

4
-1

.2
0

-2
.3

0
b

0.
04

0.
04

11
0.

09
0.

10
-0

.0
07

0.
13

 -
2.

70
1.

36
2.

61
b

0.
10

12
0.

06
0.

06
0.

00
0.

08
 -

0.
00

-0
.2

7
-0

.5
1

a
0.

06
0.

06
0.

06
13

0.
09

0.
10

-0
.0

07
0.

13
 -

2.
70

1.
36

2.
61

b
0.

10
15

C
0.

04
0.

04
0.

00
0.

06
 -

-1
.5

4
-1

.2
0

-2
.3

0
b

0.
04

0.
04

16
0.

06
0.

06
0.

00
0.

08
 -

0.
00

-0
.2

7
-0

.5
1

a
0.

06
0.

06
0.

06
17

0.
08

0.
08

0.
00

0.
11

 -
1.

54
0.

66
1.

27
a

0.
08

0.
08

0.
08

N
o 

of
 re

su
lts

14
14

14
14

 "a
"  

= 
 a

cc
ep

te
d 

va
lu

e;
 | 

z-
sc

or
e 

| <
 2

 
N

o 
of

 re
su

lts
14

11
8

M
ed

ia
n

0.
06

0
0.

06
0

0.
00

0.
08

 "w
" o

r "
b"

  =
  q

ue
st

io
na

bl
e;

  2
 <

 | 
z-

sc
or

e 
| <

 3
 

M
ea

n
0.

07
0.

06
0.

07
Q

1
0.

06
0.

06
0.

00
0.

08
 "w

w
" o

r "
bb

"  
= 

 o
ut

lie
rs

; |
 z

-s
co

re
 | 

> 
3 

   
   

 
S

D
0.

04
0.

01
0.

01
Q

3
0.

08
0.

08
0.

00
0.

11
  (

w
 =

 w
ith

in
 la

b,
 b

 =
 b

et
w

ee
n 

la
b)

%
C

V
52

.2
22

.8
3

11
.6

3
IQ

R
 (Q

3-
Q

1)
0.

02
0.

02
0.

00
0.

02
Fi

na
l c

on
se

ns
us

 v
al

ue
 fo

r v
ita

m
in

 B
1 i

n 
IN

M
U

-1
8

N
or

m
al

is
ed

 IQ
R

0.
01

0.
01

0.
00

0.
02

ca
lc

ul
at

ed
 fr

om
 la

bo
ra

to
rie

s 
 w

ith
 a

cc
ep

te
d 

va
lu

es
R

ob
us

t C
V

21
.6

21
.6

= 
0.

07
 +

 0
.0

1 
m

g/
10

0g
 (m

ea
n+

SD
), 

w
ith

 N
 =

 8
, %

C
V 

= 
11

.6

2
/)

(
B

A
�

2
/)

(
B

A
�



Institute of Nutrition, Mahidol University – Laboratory Performance Study 10                

Final Report: PT-10         May  2012 

58 

�

Vitamin B1 in cracker powder (INMU-18)

-4

-3

-2

-1

0

1

2

3

4

4 10 15C 3 6 8 12 16 2 9 17 11 13 1

Laboratory code  number

z-score

 

�G��,< 11  z-scores �
��$���$��# 1 	����
�W�� cracker powder (INMU-18)

3.5.11  ����
��%� 2 (Vitamin B2, ribiflavin)  

 >����
�F��W�����*��
�$�'����������
�����$
'���"%�$���$��# 2 )���
�/W	�������,< 15 

)���$�#�#;)�W��"F
�*G$���$���	�F���*
�/W	����
���
��
����'���'��� 4I 
�!;
����>��#'���

)*�*���������)���	��G��,<  11  �$���$��# 2 	����
�W�� cracker powder (INMU-18) �#'W� 0.00-

0.07 �$��$�����W
 100 ���� (%CV=75.1) 
�!;
�����'�����"�'W� assigned value ��� ISO 13528 

(������,< 4A) (��W�'W�'���)*�*����Y�/���� (0.024 + 0.017 �$��$�����W
 100 ����, %CV=70.6) 

Q};�K�W
"�����	���������	�F
(!;
*��
�$�'��������+�
�"F
�*G$���$���  �
������{�*�$���

�$���$��# 2 	�"�};�"�W����$��' (serving size = 30 g) (1) �#
(#��
�Y��F
� (*����� 0.01 �W
 30 

����) 
�!;
�����'$��W
*�$����#;)�����	"F��$��'�W
��� (Thai RDI) (��W�������'W�
*���/��%  �����{�>/F

����}�K�W*��
�$�'��������+"F
�*G$���$��� 
(#��)�W)����F
�/�
�W���{� 
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������,< 15  >����*��
�$�'��������+	�����$
'���"%�$���$��# 2 	����
�W�� cracker powder 
(INMU-18) 

Lab code             Result
No. A B

1 0.01 0.01

2 0.02 0.02

3 0.01 0.01

4 0.06 0.06

6 0.04 0.03

8 0.05 0.05

9 0.07 0.07

10 0.01 0.01

11 0.02 0.02

12 0.02 0.02

13 0.00 0.00

15C 0.02 0.02

16 0.04 0.04

17 0.02 0.02

No of results 14 14

Median 0.020 0.020

Q1 0.01 0.01

Q3 0.04 0.04

IQR (Q3-Q1) 0.03 0.03

Normalised IQR 0.02 0.02

Robust CV 101.93 92.66

No statistic evaluation
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3.5.12  #��
�&�� (Moisture) 

>����*��
�$�'��������+"F
�*G$���$����
�'����!{�	����
�W�� whole wheat cracker 

)�� cracker powder (INMU-18) ��� 16 "F
�*G$���$��� )���	�������,< 16A ��� 16B )��

)���
*�����^)�W�	��G��,< 13A ��� 13B ��������� �$�#�$
'���"%�
�)�W��"F
�*G$���$���)���
�/W

	����
���
����'���'��� 2J �W��	"�W	�F���
��#;
�/W	��W��
��"�/�$ 95–135oC �F�� hot air 

oven "�!
 vacuum oven   ���"������
�W�� whole wheat cracker �#'W��
�'����!{���{�)�W 2.63 ����

�W
 100 ���� ("F
�*G$���$���"���
�� 6) +}� 4.05 �����W
 100 ���� ("F
�*G$���$���"���
�� 13) >�

���*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-laboratory performance) 

(��W��#
(#��"F
�*G$���$���
�#�� ("���
�� 6) �#;������>�
*���#;�W������ (z-scorebetween= -2.02)  

�W��>�*��
�$�'��������+����$
'���"%���	�"F
�*G$���$��� (��W��# 2 "F
�*G$���$��� 

("F
�*G$���$���"���
�� 1 )�� 16) �#;������'W��W��#{�W�>�K�W
*���#;�W�(
	� (z-scorewithin= 3.37 and 

-4.72 ���������)   

���"������
�W�� cracker powder (INMU-18) �#'W��
�'����!{���{�)�W 1.82 �����W
 100 ���� 

("F
�*G$���$���"���
�� 3 )�� 10) +}� 2.75 �����W
 100 ���� ("F
�*G$���$���"���
�� 9) Q};��#'W�

�;����W����
�W�� whole wheat cracker 
�Y��F
� ��{��#{
��
�!;
���������
��#�����
�W���
� INMU-

18 ���
�$����	������)���F
��#;�#���'��'��
��"�/�$)��'����!{����(���% )�F������	�Q
��F��

������������  >�*��
�$�'��������+����$
'���"%���	�"F
�*G$���$��� (within-laboratory 

performance) (��W��#
(#��"F
�*G$���$���"���
�� 7 ������'W��W��#{�W�>�K�W
*���#;�W�(
	� (z-

scorewithin= 3.31)   �W��>����*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-

laboratory performance)(��W��W��	"�W�
�"F
�*G$���$���������>�
*���#;�W�(
	� (�z-

scorebetween� < 2) ��
�F�"F
�*G$���$���"���
�� 10 �#;>�
*���#;�W������ (z-scorebetween= -2.02) >�

�$
'���"%'����!{��;����W����W�
�Y��F
�   

 ���^ Youden plot (6) �#;)���'������(���%�
�����$
'���"%'����!{���{��
����
�W��

���
� )���	��G��,< 13C (��W����"F
�*G$���$���
�/W���	����#�#;�����'���
�!;
��;� 95% 
*���#;�W�

���
���W�"F
�*G$���$���"���
�� 7 
�/W��$
��
�F��
��
����# 
���#)����F�	����
�$� random 

error K�F )�W+!
K�F�W����K�W�#*q�"�
�$��}{�   �����{�����$
'���"%'����!{��
�"F
�*G$���$����W��	"�W+!


�W�
*���#;�W�(
	� 

������*'W� consensus value �
�'����!{��#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# good 

performance (within- and between-laboratory z-score < 2)  	����
�W�� whole wheat cracker 

)�� cracker powder (INMU-18) )���	��/*�
� mean + SD '!
 3.44 + 0.38 (N = 13) )�� 2.33 

+ 0.30 (N = 14) ����/100 ���� ��������� Q};��# %CV = 10.9 )�� 13.0 ��������� (������,< 18)    
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Moisture in whole wheat cracker
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Moisture in cracker powder (INMU-18)
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Youden plot, moisture content (g/100g)
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3.5.13  !'�� (Ash) 

>����*��
�$�'��������+"F
�*G$���$����
�
+F�	����
�W�� whole wheat cracker )�� 

cracker powder (INMU-18) ��� 16 "F
�*G$���$��� )���	�������,< 17A ��� 17B )��

)���
*�����^)�W�	��G��,< 14A ��� 14B ��������� �$�#�$
'���"%�
�)�W��"F
�*G$���$���)���
�/W

	����
���
����'���'��� 2K  

���"������
�W�� whole wheat cracker �#'W��
�
+F���{�)�W 1.02 �����W
 100 ���� 

("F
�*G$���$���"���
�� 15) +}� 1.76 �����W
 100 ���� ("F
�*G$���$���"���
�� 17)  >�*��
�$�

'��������+����$
'���"%���	�"F
�*G$���$���(��W�"F
�*G$���$���"���
�� 1 ������>�K�W
*���#;

�W�(
	� (z-scorewithin= 4.05) )��"F
�*G$���$���"���
�� 8 �#;�W��#{�W�>�
*���#;�F
������ (z-

scorewithin= -2.02)  �W��>����*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-

laboratory performance)(��W�"F
�*G$���$���"���
�� 15 �#;������>�K�W
*���#;�W�(
	� (z-

scorebetween= -8.83)  )��"F
�*G$���$���"���
�� 1 )�� 6 �#;������>�
*���#;�F
������ (z-

scorebetween= -2.08 )�� -2.01 ���������)   

���"������
�W�� cracker powder (INMU-18) �#'W��
�
+F���{�)�W 0.92 �����W
 100 ���� 

("F
�*G$���$���"���
�� 15) +}� 1.72 �����W
 100 ���� ("F
�*G$���$���"���
�� 17)  >�*��
�$�

'��������+����$
'���"%���	�"F
�*G$���$��� (within-laboratory performance) (��W��#

"F
�*G$���$���"���
�� 12 ������'W��W��#{�W�>�K�W
*���#;�W�(
	� (z-scorewithin= 3.00)  )��

"F
�*G$���$���"���
�� 13 ������'W��W��#{�W�>�
*���#;�F
������ (z-scorewithin= 2.40)  �W��>����

*��
�$�'��������+����$
'���"%��"�W��"F
�*G$���$��� (between-laboratory performance) 

(��W�"F
�*G$���$���"���
�� 6 )�� 15 ������>��#;�W��#{�W�K�W
*���#;�W�(
	� (z-scorebetween= -4.39 

)�� -11.20 ���������)   

 ���^ Youden plot (6) �#;)���'������(���%�
�����$
'���"%
+F���{��
����
�W�����
� 

)���	��G��,< 14C (��W�"F
�*G$���$���"���
�� 6 )�� 15 
�/W�
����#�#;�����'���
�!;
��;� 95% 

�F��QF���W�� Q};�)���+}����
�$� systematic error �}{�	�����$
'���"%
+F�	��F���#;>�����$
'���"%�;��

��W�"F
�*G$���$���
!;�  �W��"F
�*G$���$���"���
�� 1 (�
�/W�
����#�#;�����'���
�!;
��;� 95% 

�F��QF���� Q};�)���+}����
�$� random error  �}{�	�����$
'���"%
+F�
�W���� �����{�"F
�*G$���$���'��

"����)�FK��#;
"������W
K* 

������*'W� consensus value �
�
+F��#;K�F���>��$
'���"%�
�"F
�*G$���$����#;�# good 

performance (within- and between-laboratory z-score < 2)  	����
�W�� whole wheat cracker 

)�� cracker powder (INMU-18) )���	��/*�
� mean + SD '!
 1.66 + 0.05 (N = 12) )�� 1.62 

+ 0.06 (N = 12) ����/100 ���� ��������� Q};��# %CV = 3.0 )�� 3.7 ��������� (������,< 18)   
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Ash in whole wheat cracker
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3.5.14  *�+
-����
�/!
��#��
*�
��'����
;�%������ 

 A) ������� z-scores !��	���"��� whole wheat cracker 
          ���*��
�$�'��������+"F
�*G$���$����
����
�"�����'�� 
(!;
����������

�����������*�����������������#; 305 (2550) �F�����	�F whole wheat cracker 
*�����
�W��

���
� 	�F
��B% robust z-scores 	����*��
�$� )���>����
*�����^)�W�	��G��,< 15 Q};�(��W��# 8 

"F
�*G$���$��� ("���
�� 2, 7, 8, 10, 13, 14, 16 )�� 17) �#;>W��
��B%���*��
�$� (Iz-scorebetweenI 

<2) 	�������
�"�����'�� (K���� �*��#� �Q
�#�� '����!{� )��
+F� ��
�F��{����� �#;K�WK�F������

*��
�$�)  �# 3 "F
�*G$���$��� ("���
�� 3, 4 )�� 9) �#;�# 1 ���
�"���#;>�
�/W	��W���#;����� (2<Iz-

scorebetweenI<3) K�F)�W���
�"���#;�F
�������
�"F
�*G$���$���"���
�� 3 )�� 9 '!
�*��#�  )��

�
�"F
�*G$���$���"���
�� 4 '!
�Q
�#��  (��W��# 2 "F
�*G$���$��� ("���
�� 1 )�� 15) �#;�#��{�>�

)��K�W
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*���#;�F
������ "F
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�$�)��
*��

�#;�F
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 B) ������� z-scores !��	���"��� cracker powder (INMU-18) 
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3.5.15 Consensus values �
����'&�� whole wheat cracker ��� cracker powder (INMU-18) 
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������,< 18   'W� consensus values �
����
�"���W��� 	����
�W��   whole wheat cracker )�� 

cracker powder (INMU-18) �#;K�F�����"F
�*G$���$����#;>W��
��B%���*��
�$�  

���
�"�� 
"�W�� 

(�W
 100 ����) 

Consensus values (Mean + SD) 

Cracker powder  
(INMU-18) 

Whole wheat cracker 
(for information only) 

Total Fat g 28.32 + 0.58 
N=11,  %CV=2.1  

27.68 + 0.81 
N=15(1),  %CV(2)=2.9 

Saturated Fat g 20.13 + 1.13 
N=12, %CV=5.6 

NA(3) 

Trans fat g Not available due to      too low concentration NA 

Protein  (N x 6.25) g 8.32 + 0.09 
N=13,  %CV =1.1 

8.38 + 0.03 
N=9,  %CV =0.3 

Dietary Fibre g 3.33 + 0.35 
N=11, %CV=10.4 NA 

Sugars g Not available due to      too low concentration� Not available due to      too low concentration�

Sodium mg 474.5 + 24.5  
N=10, %CV=5.2 

485.3 + 19.6  
N=11, %CV=4.0 

Calcium mg 18.7 + 1.2  
N=11, %CV=6.2 NA 

Iron mg 1.22 + 0.16  
N=11, %CV=12.9 NA 

Vitamin B1 mg 0.07 + 0.01 
N=8, %CV=11.6 NA 

Vitamin B2 mg Not available due to      too low concentration� NA 

Moisture g 2.33 + 0.30  
N=14, %CV=13.0 

3.44 + 0.38  
N=13, %CV=10.9 

Ash g 1.62 + 0.06  
N=12, %CV=3.7 

1.66 + 0.05  
N=12, %CV=3.0 

(1) N   =  Number of laboratories, identified as “satisfactory performance”   
(2) CV =  Coefficient Variation  (3) NA =  Not analysed 
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3.6 ��������	
����
������
���������!���"#$
���� 
 

 ���*��
�$�'��������+	���������������������� 	"F
*��K*���*����������������

�#; 305 (2550) �F�����	�F���
�W�� whole wheat cracker 
*�����
�W�����
�  )��*������������

�����#; 182 (2542) �F�����	�F���
�W�� cracker powder (INMU-18) 
*�����
�W�����
� 
�!;
���

�$
'���"%���
�"��	����
�W�����
�
��Y�)�F� "F
�*G$���$��������>�����$
'���"%�#;K�F��������

������������ Q};�>/F����$��������
�'���������K�F������*��
�$�'���������	����������

������������	�"���F
�W��� �W
K*�#{'!
 �/*)������ ������"��"�};�"�W����$��' ������"��

������"�W����$��'�W
���������� ���'�����)�����)���'��'W�������������W
"�};�"�W��

��$��' "F
�*G$���$�����{� 16 "F
�*G$���$���K�F����������������������#;>/F���K�F���"��K�F ���>�

���*��
�$�'���������)���	�������,< 19 �#�����

#������W
K*�#{ 

 

3.6.1 �G����!���"#$
���� 

 (��W��#
(#�� 6 "F
�*G$���$������ 16 "F
�*G$���$���
�W���{� ("F
�*G$���$���"���
�� 3, 6, 

10, 11, 13 )�� 14) �#;�����+�������/*)����������������{�)��
�Y� )��)���W
K�F+/��F
����

�F
���"���
�*���������������������  ����W���#;"F
�*G$���$����������/*)���#;K�W
*��K*���

�F
���"���
�*�������{�K�F)�W �����
�
�F���
�)��
�F�'�;��W���W��� ���	���
��F
�/� Q};�����

�
�
�F���
��F
�"����W�
�F�'�;� "F
�*G$���$����#;������K�W
*��K*����F
���"���
�*�����< K�F)�W

"F
�*G$���$���"���
�� 4, 8 (
�(��)��
�Y�), 9, 12 )�� 16  ����#;"F
�*G$���$���"���
�� 15 

������
�F�'�;�"����W�
�F���
� )��"F
�*G$���$���"���
�� 16 ������
�F�'�;�K�W'������F
���"��

�
�*�����< ��;�'!
K�W�#
�F�'�;���"�W���F
����
�*�$����#;)������W
����
��$���$�)��
��!
)�W ���

�F
)��������
�"���#;'��K�F������"���>/F�#;�F
����(������ 2,000 �$��)'�
�#;�W
��� 

 ����'���"���
����
��&�(��W� 2 "F
�*G$���$���  ����������'���"���
����
��&�K�W


*��K*����F
���"���
�*�����< ��{� 2 �/*)��K�F)�W"���F
 “(��������{�"��” ("F
�*G$���$���

"���
�� 2 )�� 9) )��"���F
 “'��'W�������������W
"�};�"�W����$��'” ("F
�*G$���$���"���
�� 

9) 

�������)���W
�#"F
�*G$���$���"���
�� 1 ����������'���"���
����
��&��
�"���F
 

“�F
����
�*�$����#;)������W
���” K�W
*��K*����F
���"���
�*�����< )��"F
�*G$���$���
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"���
�� 7 ����������'���"���
����
��&��
�"���F
 “(��������{�"�� K������{�"�� 

'��%��K�
�����{�"�� )�� �Q
�#��” K�W
*��K*����F
���"���
�*�����< 

 ���"�������)��
�Y��#"F
�*G$���$���"���
�� 1 ����������'���"���
����
��&��
�

"���F
 “"�};�"�W����$��'” K�W
*��K*����F
���"���
�*�����< 	�����#;"F
�*G$���$���"���
�� 

17 �������������
��&��
�"���F
 “(��������{�"��” K�W
*��K*����F
���"���
�*�����< 

 

3.6.2 �������
��
3<��
&�'��	"#� ������
�
�
&�'��	"#��&�#�$
�����^ 

 ���
�W���#;	�F	�����}�&�	�'��{��#{ >/F������"��	"F���
�W�� whole wheat cracker �����	�Q
�

����
�Y� Q
��� 30 ���� )�F��������	���W
������� 6 Q
� �#*�$�������$ 180 ���� (��W�

"F
�*G$���$�����{� 16 "F
�*G$���$��� �����+���"��"�};�"�W����$��')��������"�W����$��'�W


����������K�F
�W��+/��F
� 
*��K*����F
���"���
�*�����< ��;�'!
 "�};�"�W����$��': 1 Q
� (30 

����) )��������"�W����$��'�W
��W
�: 6 

 

3.6.3 ������
�_�������
���^_�&����"#$
�����&��
3<��
&�'��	"#� 

         1) *�����
��7�������*�����
���`���
 

     ���'�����(��������{�"��)��(���������K���� �#;���������"F
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���'�����

�
*�� 3 )��'!
 1) '�����������
�#��������$K�����'%���(��������{�"��)��

(���������K�����#;K�F�W
 100 ���� ("F
�*G$���$���"���
�� 1, 2, 3 (
�(��)���W
), 4, 7, 8, 9, 10, 

12, 13, 14, 15, 16 )�� 17 (
�(��)��
�Y�)) 2) '�����������'�����*�$���K������{�"�� 

�*��#� )��'��%��K�
�����{�"���#;K�F�W
����*q�
�� '/���� factor �
����
�"�������W���W
 1 ���� 

(9, 4 )�� 4 �$��)'�
�#; ���������) ("F
�*G$���$���"���
�� 11)  )�� 3) '�����������'�����

*�$���K������{�"�� �*��#� )��'��%��K�
�����{�"���#;*q�
��)�F� '/���� factor �
����
�"��

�����W���W
 1 ���� (9, 4 )�� 4 �$��)'�
�#; ���������) ("F
�*G$���$���"���
�� 3 (
�(��)��
�Y�), 

6 )�� 17 (
�(��)���W
))  Q};��$�#�#; 3 
*���$�#�#;)�����	"F*G$���$ 
�!;
����*�$����
�K������{�"�� 

�*��#� )��'��%��K�
�����{�"���#{
*��'W��#;	�F)��������� Q};�>/F��$��'�����+�����
��F
�/��F��

���'������F�����
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2) 
��������&��
3<��
&�'��	"#� 

      "F
�*G$���$��������� 13 ��� 16 "F
�*G$���$��������+'�����)��)���*�$���

���
�"���W
"�};�"�W����$��'K�F
�W��+/��F
�����F
���"���
�*�����������������������{� 2 

���� �W���#;'�����)��)���K�W+/��F
�K�F)�W ���)���*�$���K���������% ("F
�*G$���$���"���
�� 

14) ��;�'!
K�WK�F�$
'���"%)�W)����!;
������ Q};�+F��F
����)����!;
������ �F
�)���'W�
*�� 0 ���

)���*�$����'
��
�
�
� ("F
�*G$���$���"���
�� 8 )�� 10) �F
�)���'W�
*�� 0 )���#���)���

*�$����Q
�#�� (160 mg) K�W������'W��#;+/��F
��#;K�F������'�����)��*q�
�� (150 mg; 

"F
�*G$���$���"���
�� 14) 

 

3) ���'�������	��_�,<�
�
���&���
 

     (��W��# 11 "F
�*G$���$��������{�"�� 16 "F
�*G$���$��� �#;�����+'�����)��)����F
�

���
�*�$����#;)������W
���K�F+/��F
�����F
���"���
�*�����������������������{� 2 ���� 

"F
�*G$���$����#;�#���'�����)��)���K�W+/��F
�K�F)�W "F
�*G$���$���"���
�� 10 �#���'�����)��

)���*�$����
��*��#��������������� "F
�*G$���$���"���
�� 8 )�� 10 K�W)���*�$���

�$���$� 

 Q};��F
�)���'W�
*�� 0 �������������� �# 4 "F
�*G$���$��� (8, 9, 10 )�� 16) �#;�#���

*q�
��K�W+/��F
�����F
���"���
�*�����< K�F)�W �$���$��# 1 ("F
�*G$���$���"���
�� 9, 10 )�� 

16) �$���$��# 2 ("F
�*G$���$���"���
�� 9 )��10) )'�
Q#�� ("F
�*G$���$���"���
�� 9 )��10) 

)��
"�Y� ("F
�*G$���$���"���
�� 8) 	�����#;"F
�*G$���$���"���
�� 14 )���*�$����Q
�#�� 

)'�
Q#�� )��
"�Y�K�W������'W��#;+/��F
��#;K�F������'����� )��*q�
�����"F
�*G$���$���

� 

 ���
�W���
����)�����������������{�)���W
)��)��
�Y��
����
�W�� whole wheat 

cracker )�� cracker powder ���	��G�#�*�,< 17 ��� 18 ��������� 
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        �G��,< 17  ������������)��
�Y� �
����
�W�� cracker powder 

 

 

                                                                                       

"�};�"�W����$��' :  1 Q
� (30 ����)  

������"�W����$��'�W
��W
� : 6    
�̂_�&����"#$
�����&��
3<��
&�'��	"#�                                  
*�����
��7���� 160 �$��)'�
�# ((���������K����  70 �$��)'�
�#)     
 �F
����
�*�$����#;)������W
���*  
`���
��7����      8 �.                   12  % 

     K����
$;����     6 �.                   30  % 
�������	
	����
	�� 0 �.   

"���
������    0 ��. 0  % 
"���,
       3 �.     
����"�`j������7����    18 �.   6 % 

   	�
�"��   �F
���W� 1 �.   2 % 
   �{�����  0 �.     
"q��,'� 130 ��.   5 % 

�F
����
�*�$����#;)������W
���*          

�	���	
��    0 %         �	���	
�, 1    0 % 
�	���	
�, 2   0 %         ����q,'� 0 %          
���z� 2 %            
* �F
����
�*�$������
�"���#;)�����	"F��$��'�W
������"���'�K��
��� 

��{�)�W 6 *��}{�K* (Thai RDI)   ���'$����'����F
����(�����������  
2,000 �$��)'�
�#                        

 '����F
����(�������
�)�W����''�)���W����� >/F�#;�F
����(�����������
2,000 �$��)'�
�#  '��K�F������
�"���W�������#{ 

K������{�"��             �F
���W�   65 �.        
K����
$;����  �F
���W�     20       �.                      

�'
��
�
�
�                �F
���W�   300  ��.     
'��%��K�
�����{�"��           300 �.                      

	�
�"��              25 �.                      
�Q
�#��   �F
���W�   2,400       ��.                    

(������ (�$��)'�
�#) �W
���� : K���� = 9 ; �*��#� = 4 ; '��%��K�
��� = 4    

����G�"#$
����   �����G�"#$
����   �
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����    

                                                   
"�};�"�W����$��' :  1 Q
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������"�W����$��'�W
��W
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�̂_�&����"#$
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3<��
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*�����
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�#                         

 �F
����
�*�$����#;)������W
���*  

`���
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"���,
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"q��,'� 125 ��.   5 % 

* �F
����
�*�$������
�"���#;)�����	"F��$��'�W
������"���'�K��
��� 
��{�)�W 6 *��}{�K* (Thai RDI)   ���'$����'����F
����(�����������  
2,000 �$��)'�
�#                        

����G�"#$
����   �
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�&��
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01 X� � �


02 X � � 

03 � � � 

04 X � � 

06 � � � 

07 X � X 

08 X � X 

09 X � X 

10 � � X 

11 � � � 

12 X � � 

13 � � � 

14 � � X  

15 X � � 

16 X � � 

17 X � � 

����������G����� 

(%) 
38 100 69 
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�W���#;
"�!
	�������
��#�� 
�Y�K�F	��/F
�Y�  

5.  ���������
�"���#;���"��	"F�$
'���"%	�)�W�����
�W��)������������F
�/���������)���	�������,< 

1  ����#�����

#��
($;�
�$�����#{  

����'&�� Whole wheat cracker "������
��#�����
�W��)�F� 	"F�������$
'���"%���
�"��

)�W����$�)��������>�����$
'���"%
*�� 2 'W�'!
 A )�� B ��	� ���
�����'��� 2 Q};�K�F����

"�W��)�����������$��K�F	"F)�F� �����{����'W�
��#;��
����
�"��)�W�����������������G�

"#$
�������'&� ���*���������������������!����,< 305/2550 

  ����'&�� Cracker powder (INMU-18) 	"F�������$
'���"%���
�"��	�)�W��Q
�Q};��# 

label �
� No. sample + A )�� No. sample + B )��������>�����$
'���"%)�W��'W���	� ���
��

���'��� 2 Q};�K�F����"�W��)�����������$��K�F	"F)�F� �����{����'W�
��#;��
����
�"��)�W�������

������!���"#$
���������z� ���*���������������������!����,< 182/2541 

6.   �$�#�$
'���"%���
�"�� 	"F"F
�*G$���$���	�F�$�#�$
'���"%���
�"���#;�W��	�F
*��*����� )���*��

�����
��$�#�$
'���"%
�W���W
	� ���
�����'��� 3 �#;
*���F
�/��#;K�F����'����� PT-9 �����


($;�
�$������

#���$�#�$
'���"%�#;
���#���
*�#;��)*�� 	"F���/��% 
(!;
�W��	"F>/F��������+
�$���

��
"�� "���#>��$
'���"%�#;K�W������ 

"���
"�� 1) 
�!;
���� PT �#;>W����(��W��#*q�"�	�����$
'���"%K���� �}�)�����	"F�#����W
����
�W���F��

��� (acid digestion) �W
������F������������� (solvent extraction)  

     2)  ���
�W�����
� �F
��#��� defat sample �W
�����$
'���"% dietary fibre 

7. ���"���W�>�����$
'���"% (���
�����'��� 2) ���	����
��'���#; 30 *}0�	��'
 2553 ���"��� 

���
�����'��� 3 ������W�����
�Y��#;��� 
�!;
�����
�)�FK�
�#���F
�)�F� ����W�
*�� attached file 

���#; '���$� ���*����'% E-mail address: nukjp@mahidol.ac.th  
(!;
��K�F������*��
�$��W
K* 

8.  Lab code number �
��W������
�/W	���"���*�"�F� code number �#{��*\�
*��'������ 
(!;
	"F

��;�	��W�>�����$
'���"%�
��W����K�W+/����K*
*\�
>����K�WK�F���
����� )���*������ Lab code 

number �#{	�����$��W
 )��������>���
����
�F��W���'�����  

    ���'���^: 
�!;
�����'����� PT-10 
*���'������W

�!;
���� PT-9 ����#���+�*����'%)���$�#���


�W�
�#����� �}��
	�F Lab code number 
�$��#;	�F	��'����� PT-9 
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"�����������	

��
#�*������	���	����	�������
������� (PT-10)   Lab code no. 
 

 

���~�����
��=� (RESULT FORM)  
 

����'&�������: Whole wheat cracker (���"��	"F 1 ��W
������ 6 Q
� �{��"�������$ = 180 ����) 

��'����,'��������'&��:  

*�$�������$:    180 ���� 

         "�};�"�W����$��':………………..         

 ������"�W����$��'�W
…....  : ………………. 

 

=��������
�����������
�_�*6<�����������G�"#$
������������0!����,< 305 (2550) 
 

���
�"�� 

���
�"���W
 100 ���� 

(���$�� 2 ���)"�W�) 

*�$������
�"��

�W
"�};�"�W����$��'  

% *�$����#;)�����

�W
��� 

A B 
��#;� 
�W
�*q�


�� 

'W��#;

)�����

���� 

�W
�*q�


�� 

'W��#;

)�����

���� 

(��������{�"�� (�$��)'�
�#;) (1)        

K������{�"�� (����)        

�*��#� (N x 6.25) (����)        

'��%��K�
�����{�"�� (����)        

�{����� (����)        

�Q
�#�� (�$��$����) (1)        

'����!{�  (����)        


+F� (����)        
(1) K�W�F
��#���$�� 

 

  


(!;
'��������	����*�����>� �*���W��F
�/�����$
'���"% ������
*�� Microsoft Word / Excel )���W�
*�� 

attached file ����������+������������ �"��$�������"$�� ����W����#; '���$� ���*����'% E-mail address: 

nukjp@mahidol.ac.th ���	� ��
�������,< 30 *}0�	��'
 2553 

      

���
���
����'��� 2-1 (PT-10)  
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       ����G�"#$
�������'&���������0!����,< 305 (*.0. 2550) 

 

�*��������������������)���W
����#;"�W������
��W��	"F��$���)�W�/�'F� 
 

����'&������� Whole wheat cracker (*�$�������$ 180 ����) 
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(!;
'��������	����*�����>� �*���W��F
�/�����$
'���"% ������
*�� Microsoft Word / Excel )���W�
*�� attached file  

����������+������������ �"��$�������"$�� ����W����#; '���$� ���*����'% E-mail address: nukjp@mahidol.ac.th ���	� 

��
�������,< 30 *}0�	��'
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"�����������	

��
#�*������	���	����	�������
������� (PT-10)       Lab code no. 
 

���~�����
��=� (RESULT FORM) 
  

����'&������� Cracker powder (INMU-18) (���"��	"F 1 ��W
������ 6 Q
� �{��"�������$ = 180 ����) 

��'����,'��������'&��:  

*�$�������$:    180 ���� 

         "�};�"�W����$��': ……………. …….       

 ������"�W����$��'�W
…...  : ………………    
 

=�����	����������������
�_�*6<�����������G�"#$
������������0!����,< 182 (2541) 
 

���
�"�� 

���
�"���W
 100 ���� 

(���$�� 2 ���)"�W�) 

*�$������
�"���W


"�};�"�W����$��' 

% *�$����#;)������W


��� 

A B 
��#;� 
�W
�*q�


�� 

'W��#;)���

������ 

�W
�*q�


�� 

'W��#;)���

������ 

(��������{�"�� (�$��)'�
�#;)(1)         

(���������K���� (�$��)'�
�#;) (1)        

K������{�"�� (����)        

���K����
$;���� (����)        

���K���������% (����)        

�'
��
�
�
� (�$��$����) (1, 2)        

�*��#� (N x 6.25) (����)        

'��%��K�
�����{�"�� (����)        

	�
�"�� (����)        

�{����� (����)        

�Q
�#�� (�$��$����) (1)        

�$���$�

 (K��'�����) (1, 2)        

�$���$��# 1 (�$��$����)        

�$���$��# 2 (�$��$����)         

)'�
Q#�� (�$��$����) (1)        


"�Y� (�$��$����)        

'����!{�  (����)        


+F� (����)        
(1) K�W�F
��#���$��     (2) K�W�$
'���"%
�!;
�������
�W�����
�
*��(!�    

���
���
����'��� 2-2 (PT-10) 
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Laboratory-performance study: Round 9-1 (2010)

Objective:
To evaluate laboratory  performance on
1.  preparation of nutrition information 
2.  analysis of mandatory nutrients for NL   

Salted board bean
250 packages, 50 g

17 lab

Sample preparation

Analysis of mandatory nutrients

Nutrition Information (NI)

Preparation of NI Analysis of mandatory nutrients

Broad bean powder 
INMU-17 (A,B) 50 g

17 Lab

2 packages (A&B) test materials

Check 
homogeneity

Study design of PT-9 (1)

Statistical analysis

2

Results

3

Good performance lab * Unsatisfied performance lab

RMs with consensus values 
of mandatory nutrients 

* Corrective action, repeat PT, consultation, training

Technical Meeting

1 4

(Notification No.305)
Analysis of mandatory nutrients

(Notification No.182)

2

Performance evaluation
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`�&�G�����  �

�G����� �

���'���̂�G����!���

"#$
����

"���
"��: >���� report ����)���W
����)�FK�

����G�"#$
����:

�
3<��
&�'��	"#�������
�
�
&�'��	"#��&�q�� 

* ���
�
�
&�'��	"#��&�

#�$
����� ̂ �

1�����_ 21/3 �� (30 ����) �

1

1�����_ 21/2 q�� (30 ����) �

3�����_ 2, �����_ 2 ���7�, 1.730 ����  �

3150 ����  �

211 q�� (50 ����)    �

7 (41%)21/2 q�� (25 ����) �

���
�
 Lab (17)���
�
�
&�'��	"#��&�q��*�
3<��
&�'��	"#�

���'���:̂ =���� report !�������&�
������`�



������$̂� PT-9 Technical Meeting (��
��
��� �,< 29 �,
��� *.0. 2553)

����G�"#$
����:

������
�_�������
����	��_*�����
���
��������&�

�
3<��
&�'��	"#�������'�������	��_�,<�
�
���&���
 

���'���:̂ =���� report !�������&�
������`�

*�'&��6�����
����	��_*�����
��7�����&��
3<��
&�'��	"#�����������,<�
������������

15 (88%)15�G��������  �

Sat fat

2 

Sat fat (5.5�5 

�����5
 6)

Protein

=	�  �
1 
������� (������=	�)

1 
������� (���
�_=	�)

2���
�_
7��������"���,
 

��&`�&`���
���
!���

5����G�*�����
`�&
���������
*

���
�
 Lab 

(17)

���'�������	��_�,<�
�
���&�

��


���
�
 Lab 

(17)

�&��
3<��
&�'��	"#�

Thai Notification No. 305 (2007) 
Salted broad bean: Nutrients per serving: ½ bag (25 g)

Lab           

Nutrient

3
120

Total 
energy

Na

<1<10<1<100<1<1020<100<10Sugars

11101211101111111111101111111111CHO

7Protein

Total 
fat

Note: Lab No.5 and 7: nutrient per serving calculated by PTP

Data corrected by PTP
Minimum value
Maximum value

C = correction

= unsatisfied results

Thai Notification 305 (2007) 
Salted broad bean: % Thai RDI

Lab   

Nutrients

43444744434446444Na

43443444443444444CHO

11119111111111111111211111191111Total 
fat

Minimum value
Maximum value

= unsatisfied results

Thai Notification 182 (1998) 
Broad bean powder: Nutrients per serving

Trans fat

Na

Lab 

Nutrients

Sugars

Dietary Fibre

CHO

Prot.

Sat fat

Total fat

E form fat

Total energy

Data corrected by PTP Minimum value Maximum value
= unsatisfied results

Thai Notification 182 (1998) 
Broad bean powder: % Thai RDI

54555655554556455Na

2420-6241044-440/
�2

424Vit. B1

042-400064-02�2040Vit. B2

00�20000�200-00�2000Ca

4446644646-646446Fe

Lab 

Nutrients

88128888121216-12881288Dietary 

fibre

43444444443444444CHO

181513151515151515--151515131815Sat fat

111111111111111111111111111191111Total fat
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Outline

- Homogeneity testing (broad bean powder):

- Stability testing (broad bean powder) 

- Within sample variation

- Between samples variation

- Evaluation of analytical performance: analysis of 
mandatory nutrients for nutrition labeling

- Sample preparation: �	�*	$$� �^%*� 

���$	� 

3

Sample preparation:

• by PTP - INMU 
• by participants 

Laboratory performance on analysis of 
mandatory nutrients for NL   

4

12 packages

Random sampling

50 g

1.  Commercial package 2.  Candidate RM

Broad bean powder

10 kg

INMU-17

27

Preparation of test samples

Salted broad bean

Prepared by each lab
50 g, each

5

Grinding Mixing by manual

Homogeneity testing
2 sub-packages (A&B)

(participating laboratories)

Labeling

Random  sampling

Candidate RM: homogeneity

10 Kg

Preparation of test samples by INMU

Store at -20 0C
Sub-samples (50 g, each) 
in aluminum foil bags, 
packing under vacuum

Stability testing

6

Preparation of test samples
by participating laboratories

Grinding

Mixing

Labeling

Packing

by manual
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�
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�
 Lab (17)

12 �̂�  � 10

11 �̂� 4

10 �̂� 3

Sieve, mesh No. 10 (2.00 mm) 1

Preparation of test samples
by participating laboratories

8

Outline

- Homogeneity testing (broad bean powder):

- Stability testing (broad bean powder) 

- Within sample variation

- Between samples variation

-Evaluation of analytical performance:  analysis of 
mandatory nutrients for nutrition labeling

- Sample preparation: �	�*	$$� �^%*� 

���$	� 

9

Homogeneity and stability testing 

Broad bean powder - INMU-17
packed under vacuum in aluminum foil bags, 50 g each. 

Salted broad bean

1. Testing for homogeneity: moisture, total N, total fat, 
dietary fibre, Na and vitamin B1

Re-analyse in 5 randomly selected samples at specified 
storage period

If the obtained values are in the range of mean + 2SD 
derived from the homogeneity study or at 0 day storage;
moisture and vitamin B1 in the samples is stable

2.   Checking for stability of nutrients:
moisture and vitamin B1 at 0-24 month

Duplicate analysis of 10 random test materials on the same
day, using the same conditions, by the same analyst.

Grinding

10

Statistical analysis: sample homogeneity

“Samples are sufficient homogeneous” = the differences between
test items will not affect the between laboratory results.

MSB: Mean square between,  MSW: Mean square within, Ss : Between-samples standard 
deviation, : Target standard deviation, RSDp: Target relative standard deviation

1.  Within sample variation: Cochran’ s maximum range test

2.  Between samples variation: based on  

2.1  ISO guide 35 (2006): One-Way ANOVA

F calculation (MSB/MSB) < Critical F-vale 

2.2  ISO 13528 (2010):  �̂3.0�ss

2.3  %CV
RSD/RSDp, HORRAT ratio = 0.3-1.3

	

�

11

(a)Critical value for Cochran's maximum range test for 10 sets of data, number of results per set (n) =2 
Ref:  ISO 5725-1981:  Precision of test methods – Determination of repeatability and reproducibility by          

interlaboratory tests   

1. Within sample variation 

No.
A B range2 (R) R/R-total

1 22.48 22.68 0.040 0.03

2 22.44 22.42 0.000 0.00

3 22.57 22.76 0.036 0.02

4 22.54 22.65 0.012 0.01

5 22.85 22.74 0.012 0.01

6 22.85 22.11 0.548 0.35

7 22.80 22.68 0.014 0.01

8 22.83 22.61 0.048 0.03

9 22.80 21.97 0.689 0.44

10 23.01 22.59 0.176 0.11
R Total 1.576

N 10

Cochran critical value(a) 0.602
at 95% confidence level pass

Total protein (g/100 g)  Cochran's  maximum 
range test

R/R-total < Cochran 
critical value

= pass 

Analysts who performed the 
testing has good precision   

variation due to analyst will 
not affect between test items 

results

12

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.4052 9 0.0450 0.5712 0.7936 3.0204

Within Groups 0.7882 10 0.0788

Total 1.1934 19

2.  Between samples variation: homogeneity testing 
2.1  One way ANOVA approach:

Protein (g/100g) in broad bean powder

Using Excel: Data analysis

No.

A B

1 22.48 22.68

2 22.44 22.42

3 22.57 22.76

4 22.54 22.65

5 22.85 22.74

6 22.85 22.11

7 22.80 22.68

8 22.83 22.61

9 22.80 21.97

10 23.01 22.59

Mean 22.72 22.52

Result

F-value (MSB/MSW) < F critical
=  pass

Sample is homogeneous

Mean =  22.62  g/100g

SD     =    0.25  g/100g

%CV   =    1.11   g/100g
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2.2  ISO 13528 approach

�̂3.0�ss
Criteria:

Target SDp,
SD from Horwitz
= 0.3 x 0.556
= 0.170

0.13 < 0.17
= pass

Sample is 
homogeneous

Sample number Test portion Test portion Sample mean   Between-test-portion range

t (g) 1 (g) 2 x t,. w t wt
2

1 22.48 22.68 22.58 0.200 0.040

2 22.44 22.42 22.43 0.020 0.000

3 22.57 22.76 22.67 0.190 0.036

4 22.54 22.65 22.60 0.110 0.012

5 22.85 22.74 22.80 0.110 0.012

6 22.85 22.11 22.48 0.740 0.548

7 22.80 22.68 22.74 0.120 0.014

8 22.83 22.61 22.72 0.220 0.048

9 22.80 21.97 22.39 0.830 0.689

10 23.01 22.59 22.80 0.420 0.176

1.576�� 2
tw

g  = number of analysis in each sample
n0 = number of sample

General average 22.62

Standard deviation of sample averages (s 0.15

Relative standard deviation (RSD), %CV 0.66

Within-samples standard deviation (sw) 0.281

Between-samples standard deviation (ss) 0.130

MSE
g
w

s t
w �� �

2

2

� �
0

22 2/
n
MSEMSBsss wxs

�
���

14

2.3 %CV: HORRAT ratio approach

(a) http://www.aoac.org/dietsupp6/Dietary-Supplement-web-site/HORRAT_SLV.pdf;  Definitions and calculations of 
HORRAT values from intralaboratory data

For interlaboratory studies:  Acceptable HORRAT (R) < 1 (lower limit = 0.5, upper limit = 2.0)

For intralaboratory studies:  acceptable HORRAT (r) 0.3-1.3 (one half of lower limit to two thirds of the upper limit)

Parameter Mean Standard

Relative standard 

deviation 

Target RSD from 

Horwitz HORRAT Acceptable HORRAT
(a)

deviation (SD) (RSD or %CV) RSDp RSD/RSDp
(a)

(0.3-1.3)

Moisture (g/100g) 2.79 0.08 3.0 3.4 0.88 Pass

Protein (g/100g) 22.62 0.15 0.7 2.5 0.27 Pass

Total fat (g/100g) 27.82 0.73 2.6 2.4 1.08 Pass

Dietary fibre (g/100g) 12.72 0.93 7.3 2.7 2.68 Not pass

Ash (g/100g) 3.02 0.05 1.8 3.4 0.53 Pass

Sodium (mg/100g) 460 14 3.1 4.5 0.69 Pass

Vitamin B1 (mg/100g) 0.24 0.01 2.7 14.0 0.19 Pass

15

y = -0.00014x + 0.58015

0.50

0.52

0.54

0.56

0.58

0.60

0.62

0.64

-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Time (month)

V
ita

m
in

 B
1 

(m
g/

10
0g

)

2SD

1SD

Mean

 -1SD

 -2SD

Stability testing: vitamin B1
Results from PT-8: vitamin B1 in Rice-1

• Slope (x coefficient) is expected to be zero……… vitamin B1 in the RMs is stable   

• Trend analysis: as slope/u(slope) =0.1 which is < tcri (2.085, p=0.05), 

= no statistically significant change of vitamin B1 in the RMs during the 12 mo.

Ref:  ISO Guide 35 (2006) 16

Evaluation of analytical performance on
mandatory nutrients for nutrition labeling

• Assigned value: based on ISO 13528   

• Performance evaluation: robust z-score   

• Consensus value: obtained from good performance 

17

*Assigned values of test materials:  obtained from participants

• Robust mean + robust SD, estimated according to ISO 13528

• If variation of data is too high (indicated by %RSD): 
Robust mean*+ target SD (SDp, Horwitz’s predicted SD)

*estimated based on ISO 13528

Assigned value of nutrients in PT-9

18

Protein in salted broad bean: calculation of robust average and standard deviation (ISO 13528)

Iteration 0 xi-x* 1 (xi-x*)2 2 (xi-x*)2 3 (xi-x*)2 4 (xi-x*)2 5 (xi-x*)2

� = 1.5 s* --- 0.51 0.49 0.49 0.49 0.49
x* - � --- 21.87 21.80 21.80 21.80 21.80
x* + � --- 22.89 22.77 22.77 22.77 22.77

5 21.49 0.90 21.87 0.17 21.87 0.17 21.87 0.17 21.87 0.17 21.87 0.17
15 21.67 0.71 21.87 0.17 21.87 0.17 21.87 0.17 21.87 0.17 21.87 0.17
17 21.78 0.61 21.87 0.17 21.87 0.17 21.87 0.17 21.87 0.17 21.87 0.17
2 21.89 0.49 21.89 0.16 21.89 0.16 21.89 0.16 21.89 0.16 21.89 0.16
1 22.08 0.30 22.08 0.04 22.08 0.04 22.08 0.04 22.08 0.04 22.08 0.04

13 22.15 0.23 22.15 0.02 22.15 0.02 22.15 0.02 22.15 0.02 22.15 0.02
14 22.15 0.23 22.15 0.02 22.15 0.02 22.15 0.02 22.15 0.02 22.15 0.02
12 22.36 0.02 22.36 0.01 22.36 0.01 22.36 0.01 22.36 0.01 22.36 0.01
6 22.38 0.00 22.38 0.01 22.38 0.01 22.38 0.01 22.38 0.01 22.38 0.01
8 22.42 0.04 22.42 0.02 22.42 0.02 22.42 0.02 22.42 0.02 22.42 0.02

10 22.43 0.05 22.43 0.02 22.43 0.02 22.43 0.02 22.43 0.02 22.43 0.02
16 22.43 0.05 22.43 0.02 22.43 0.02 22.43 0.02 22.43 0.02 22.43 0.02
3 22.48 0.10 22.48 0.04 22.48 0.04 22.48 0.04 22.48 0.04 22.48 0.04
9 22.49 0.11 22.49 0.04 22.49 0.04 22.49 0.04 22.49 0.04 22.49 0.04
7 22.60 0.22 22.60 0.10 22.60 0.10 22.60 0.10 22.60 0.10 22.60 0.10
4 22.65 0.27 22.65 0.14 22.65 0.14 22.65 0.14 22.65 0.14 22.65 0.14

11 22.69 0.31 22.69 0.16 22.69 0.16 22.69 0.16 22.69 0.16 22.69 0.16
Average 22.241 22.281 1.301 22.281 1.301 22.281 1.301 22.281 1.301 22.281 1.301

SD 0.356 0.285 0.081 0.285 0.081 0.285 0.081 0.285 0.081 0.285 0.081
New x* 22.380 0.230 22.281 0.285 22.281 0.285 22.281 0.285 22.281 0.285 22.281 0.285
New s* 0.341 0.323 0.323 0.323 0.323 0.323

N 17
Original %RSD 1.6 Robust Mean & SD

Consensus assigned value of protein in salted broad bean  = 22.28 + 0.28 (robust mean and SD) g/100 g
Final %RSD 1.3

Standard uncertainty ux of the assigned value = 1.25 x s* / sqrt(p) = 0.098 (95% CI) g/100g

Expanded uncertainty (U) = 0.196 g/100g

Consensus assigned value of protein in salted broad bean = 22.28 + 0.20 (robust mean and U) g/100 g

Example: estimate assigned values of nutrient 
according to ISO 13528
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* Too high %RSD, robust mean + target SD (e.g., Horwitz’s predicted SD) was used.

Summary of assigned values of nutrient contents in BB and 
INMU-17 estimated according to ISO 13528

Nutrient Unit of expression Robust mean Robust SD Expanded %CV
per 100 g uncertainty 

Moisture in BB g 3.90 0.21 0.15 5.5
Moisture in INMU-17 g 3.38 0.34 0.23 10.0
Total fat in BB g 27.57 0.93 0.64 3.4
Total fat in INMU-17 g 27.94 0.68 0.46 2.4
Sat. fat in INMU-17 g 12.15 0.87 0.64 7.3
Trans fat in INMU-17 g  -  -  -  -
Protein in BB g 22.28 0.29 0.20 1.3
Protein in INMU-17 g 22.62 0.29 0.20 1.3
DF in INMU-17 g 8.97 2.08 1.47 23.2*
Total sugar in BB g 1.91 0.97 0.66 50.6*
Total sugar in INMU-17 g 2.13 1.14 0.78 53.3*
Sodium in BB mg 389 45 31 11.5
Sodium in INMU-17 mg 462 30 20 6.4
Vitamin B1 in INMU-17 mg 0.23 0.07 0.05 30.2*
Vitamin B2 in INMU-17 mg 0.24 0.08 0.05 31.4*
Calcium in INMU-17 mg 39.27 4.35 3.09 11.1
Iron in INMU-17 mg 2.96 0.33 0.23 11.2
Ash in BB g 2.92 0.12 0.08 4.1
Ash in INMU-17 g 3.05 0.07 0.05 2.2

20

Robust z-scorewithin = x - median(diff)
NIQR(diff)

1. Within laboratory variation (see example in Excel)

[z] < 2 Satisfactory result (“a”)
2 < [z] < 3 Questionable result (“w”)

[z] > 3 Unsatisfactory result (“ww”)

Interpretation

w: within laboratory z-score

x      = the difference between the value of A and B from each laboratory/SQRT 2

Median = the median of difference between the value of A and B obtained from  

participating laboratories 

NIQR   = Normalised Inter-quartile Range = (Quartile 3-Quartile 1) x 0.7413

Performance Evaluation: robust z-score

21

Robust z-scorebetween =    xi-X*  
S*

2. Between laboratory variation

where   xi =  average value of reported data from participant

Robust mean (X*) =  consensus value of the nutrient per 100 g 

according to ISO13528

Robust SD (S*) =   standard deviation of the robust mean value or

target SD (SDp, Horwitz’s predicted SD)

[z] < 2 Satisfactory result (“a”)
2 < [z] < 3 Questionable result (“b”)

[z] > 3 Unsatisfactory result (“bb”)

Interpretation

b: between laboratory z-score

see example in Excel 22

Summary of laboratory performance on nutrient analysis– results from 
PT 9-1 (2010) compared to PT-3* (1999), PT-7* (2003) and PT-8* (2005) 

PT-3:  weaning food (rice+soybean) (1998-99),    
PT-7:  milk powder, 2003,                  
PT-8:  rice powder, 2005 

PT-3 PT-7 PT-8 PT-9 PT-3 PT-7 PT-8 PT-9 PT-3 PT-7 PT-8 PT-9 PT-3 PT-7 PT-8 PT-9
Moisture 39 55 107 17 59 82 87 82 3 7 4 6 38 11 9 12
Protein 33 55 100 17 52 67 82 88 6 7 3 0 42 26 15 12
Lipid 48 57 - 17 33 58 - 76 12 10 - 12 55 32  - 12
Sat. Fat 11  - 15 45  - 73 0  - 20 55  - 7
Sugars 11 36 - 17 27 40 - ?? 36 17 - ?? 37 43  - ??
Dietary fibre 8 34 59 16 38 50 40 ?? 25 6 7 ?? 37 44 53 ??
Ash 40 57 94 17 68 70 70 29 12 5 4 18 20 25 26 53
Calcium 23 28  - 16 30 54  - 63 13 7  - 31 56 39  - 6
Sodium 20 23  - 16 35 61  - 71 6 23  - 18 59 16  - 12
Iron �45 50� �96 16 65 64 62 81 6 16 12 3 29 20 26 13
Zinc �- �- 77�  - �- �- 66  - - - 10  - �- �- �-  -
Vitamin B1 �- 18� 17� 15 �- 56 59 ?? - 11 12 ?? ??
Vitamin B2 6 19 �- 15 67 74 �- ?? 17 5 �- ?? 17 21 �- ??

Nutrient No. of results 
Satisfactory (%) 
 [z-score] < 2

Questionable (%) 
2 < [z-score] < 3

Questionable (%) 
2 < [z-score] < 3

*laboratories in ASEAN and other regions

23

Consensus values of components in broad bean powder 
obtained from good performance laboratories in PT-9

Nutrients Unit
Per 100 g � INMU-17

27.82 + 0.50
N=13, %CV=1.8
12.23 + 0.61

N=10, %CV=5.0
Protein 22.60 + 0.31

(N x 6.25) N=14, %CV=1.4
461 + 21

N=12, %CV=4.5
39 + 4

N=10, %CV=10.8
2.87 + 0.28

N=13, %CV=9.7
0.24 + 0.02

N=8, %CV=10.5
3.39 + 0.31

N=14, %CV=9.1
2.98 + 0.04

N=15, %CV=1.2

Moisture

Ash

Vitamin B1 mg

g

g

g

Mean + SD

mgCalcium

Sodium mg

Saturated Fat

Fat

g

g

Iron mg

Problematic to be discussed: Total Dietary Fibre, 
Total Sugar, 
Vitamin B1 and B2 24

Future activities

1. Corrective action:  DF and sugars analyses
Samples:       defatted broad bean powder

RM from BRI, Australia
Results submitted:  23 April 2010 ?

2. PT-9 round 2:  June 2010?
Samples:  
- Whole wheat cracker (WWC) 12 packages (small)
- Cracker powder (INMU-18)

24
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