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Project Title: Development of reference materials and their uses for evaluation of

laboratory performance on nutrition labeling evaluation and production
Investigator (%aﬁﬂ"?{fﬂ): Asst. Prof. Kunchit Judprasong
Institute of Nutrition, Mahidol University

E-mail Address: kunchit.jud@mahidol.ac.th

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(ﬁ’mé'n): Nutrition labelling / laboratory performance / mandatory nutrient /

Thai FDA regulation
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FINAL REPORT

Laboratory performance study 9:
analysis of mandatory nutrients and preparation of nutrition labelling

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 - No0.182/1998 and 305/2007. The international
standard, 1ISO 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 B4 and B,, 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 (lz-scorel < 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 B4 and B,. 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 B4, 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.

Corresponding authors:
Prapasri Puwastien, E-mail address: nuppw@mahidol.ac.th
Kunchit Judprasong, E-mail address: nukjp@mahidol.ac.th
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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. 2541": 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 1998-2003*
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 2000° and to 18 laboratories in 2003*.
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 2000° included evaluation
of laboratory performance on preparation of Nutrition Information on the package, based on
the Thai Notification No. 182, B.E. 2541": 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 Iipid5, saturated fat, cholesterol, dietary fibre,
sugars, Na, vitamin A, B;. B, and Ca®*. 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. 2550° - as simplified
format, was issued for five ready-to-eat food products. According to the questionnaire
survey in 2009’, 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 2010, 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
snhack, 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. 182" and No. 305° 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)°.

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)'. The remained samples are kept in a
freezer at -20° 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 B
(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 B4 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 B4 during 3, 6 and 12 months storage intervals at -20°C. 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 170432, 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)° 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)" which includes total
fat, saturated fatty acid, trans fat, protein, dietary fibre, sugars, sodium, vitamin B, vitamin
B., 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)° 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)' 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 test® 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, I1SO 13528' and % relative standard deviation
(%RSD;) plus professional judgment were applied. For target SD, the Horwitz’s equation
was used to estimate predicted relative standard deviation (pRSDg).

Criteria for indication of sample homogeneity

a. One-way ANOVA

—_—_—————e—ee— e e

where MSB = Mean square between
MSW = Mean square within

b. 1SO 13528

where Ss = Between-samples standard deviation
(due to sampling)
o = Target standard deviation
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c. % Relative standard deviation (%RSD)

r [
: %RSD = SD x 100/mean :

RSD/pRSDg =0.3-1.3 12

where: RSD, = Relative Standard Deviation, within- laboratory from analysis of a
nutrient by laboratory who check the sample homogeneity

pRSDg = Predicted Relative Standard Deviation-between laboratory
estimated from Horwitzs’ equation (pRSDg = 2'0-%'%9%)

RSD,/pRSDr = HORRAT"

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

The results of single analysis of vitamin By 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 13528"°, compared mean value of the analysed nutrient at each storage period to the
mean value at 0 day and 4) following ISO Guide 35", 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 13528"°

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 13528 and target standard deviation of Horwitz"

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 (%RSD;) obtained from the homogeneity study. Then the
HORRAT value (RSD//RSDg) is calculated and used to evaluate whether the RSD, 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 1ISO 13528 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 pRSDg = 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-scoreimin'’, based on the
median and Normalised Inter-Quartile Range (NIQR).

_ (x,; —median)

|
I z—score =
| within
| NIQR

where X, is the difference between the values of A and B from each laboratory /\/5;
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-scorepeween) @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,

: (x,, — median)
I A B —
| NIQR

where Xg is the sum of the reported values of A and B of a nutrient per 100 g, obtained

from each laboratory, divided by x/z; median is the median of the X values; NIQR:
Normalised Interquartile Range is (Quartile 3 - Quartile 1) of the xg values multiplied by
0.7413.

2) For the second approach, the mean of the submitted values were

evaluated against the assigned values obtained from 1SO 13528° as robust mean + robust
SD using the formula as follow.

(x — robust mean)

| Z— Scorebetween =
| robust SD

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
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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 B4 experienced in this study. Laboratory performance on these analyses were
evaluated based on the assigned robust mean of the reported values (from 1SO 13528'°)
and replaced the robust SD by the predicted SD calculated from Horwitz’s equation'®.

2.6.4.3 Interpretation of laboratory performance study

[T ]

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

(1]

| z-score | <2 | Satisfactory result a

“w” (within),

2 <| z-score | < 3 | Questionable result “b” (between)

Unsatisfactory result “‘ww” or “bb”

§ >
| z-score [ >3 (presented as extreme values)

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 (25-30°C) 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 B, -
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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 B4 (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
(=FMSB/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 13528'° 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 13528, 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 B4 (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 (RSD,) compared to the predicted RSD (pRSDg) (expected RSDgr 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 (RSD./pRSDg)" 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 RSD, obtained from homogeneity study must be taken into account in estimation
of its assigned value.
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3.3 Stability of vitamin B4 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 -20°C. 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 B, 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 B4 and moisture in INMU-17 are closed to zero, -0.0015 and 0.0041 respectively.
The intercept of the regression line for vitamin B4 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 B4 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 1SO 13528 approach for stability testing, the difference between the
mean levels of vitamin B; 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
equation'?). The target SD of the mean values at 0 day of vitamin B; (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 B4 and moisture in
INMU-17 after 3 months storage at -20°C 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 1ISO 13528 stability criteria but
later at 6 months the change returned to the acceptable level. This approach shows
sufficient stability of vitamin B4 and moisture in the INMU-17.

The 1ISO 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 approach' - slope/uncertainty of slope - was applied. The
ratio for vitamin B4 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 B4 and moisture during 6 months storage
compared to at 0 day.

Although the previous PT studies showed sufficient stability of moisture and vitamin B in
several matrices of test materials, kept under vacuum at -20°C 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 —20°C.

Table 3A. Stability of vitamin B4 in broad bean powder (INMU-17)

Vitamin B4 content (mg/100 g) during 6 months storage at —20°C
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 —20°C
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
Vitamin B1 (mg/100g) Moisture (g/100g)
0.265 3.30
0.260 - y=-0.0015x + 0.2388 3.20 | y =0.0041x +2.8121
0.255 - 438D 3.10 +2 SN
o204 i 300 4 — — — — — T _ | +28n
0.245 4 +1SD 290 + -4+ - KL -~ +1 SD
, | IR S—  —— I
o R e
0.230 | 2> 2604 = |
0.225 | 2.50 { asD
0.220 - 2.40 4
0.215 2.30
-1 0 1 2 3 4 5 6 7 -1 0 1 2 3 4 5 6 7
Storage time (mo.) Storage time (mo.)
(A) Vitamin By (B) Moisture

Figure 1. Pattern of changes of vitamin B4 (A) and moisture (B) in sub-samples of
INMU-17 test materials during 6 months storage at —20°C

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)°, 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)", the assigned values
include total fat, saturate fat, protein, dietary fibre, sugars, vitamin B4, 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 1ISO 13528 (2005)"°. 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 B,, 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 B, were estimated following ISO 13528'. Assigned value of dietary fibre was
estimated as robust mean + Horwitz predicted standard deviation (SDp)'?, 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

18

Unit per

Robust

Robust

Samples and measurands 100 g mean 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 3.06 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 B, mg 0.23 0.08 34.2*
Moisture g 3.38 0.38 11.4
Ash g 3.05 0.08 25

* 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 B4 in broad bean powder (INMU-17)

Unit per Robust Robust o
Sample and measurand 100 g mean sSD %RSD
Broad bean powder: INMU 17
Sugars, by HPLC method @ g 1.03 0.14 13.7
Vitamin B;® mg 0.22 0.04 18.4
, , 0.89
(b)
Dietary fibre g 10.58 (35Dp) 8.4

®) Estimated according to ISO 13528 as robust mean + robust SD

®) Estimated according to ISO 13528 as robust mean + 3SDp (Horwitz’s predicted SD)
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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. 182" and 305°. 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 B, and B, (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 1SO 13528";
few used the assigned values of robust mean and Horwitz’s predicted SD'. 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 studies®* ", 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-sCOrepetveen = 2.2 for between-laboratory performance) with high variation (z-
scoreyinin = 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
perforrr12ance on saturated fat determination markedly improved compared to the previous
studies®”.
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z-score Total fat in salted broad bean (BB)
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Figure 2A. z-scores of total fat in salted broad bean (BB)

z-score 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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z-score 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

25

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
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Protein

Protein content in dry broad bean is about 22 g/100 g'®. All 17 laboratories submitted the
protein data. The analytical methods used based on traditional Kjeldahl method with a
mixture of K,SO4 and CuSO, or K,SO, and Se, as catalysts (Appendix 2C). Types of
catalysts were previously found to have no significant effect on the reported protein
content.>* 1920 Based on the N-protein conversion factor proposed by Jones in 19417,
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-8" 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-scoresyinin, 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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z-zcore Protein in salted broad bean (BB)
3 i
2 U o o e e e m — — — — — — — — — — — — e
. |
0 :DEDDDDHH
8 10 16 3 9 7 4 11

Laboratory code number

Figure 4A. z-scores of crude protein in salted broad bean (BB)
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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

Final Report: PT-9

August 2010



Institute of Nutrition, Mahidol University, THAILAND — Laboratory Performance Study 9 30

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 (pRSDgR) was applied. The pRSDgr based on the robust mean of
10.04 g/100 g was 2.83. Since the RSD; derived from homogeneity of the INMU-17 was
7.15; thus the expanded criteria as 3 times of the pRSDg (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.

Final Report: PT-9 August 2010



31

Institute of Nutrition, Mahidol University, THAILAND — Laboratory Performance Study 9

£€'82
19°C
02’6
/@ 40 YOIN + UeIpsW uo psseq 9l
M 50°Z 62'8
10°0- vl'8
MM 65°9 80°}1
86°0- 95°9
100 SLL
98'} 259
¥0°0- 0L'6
8’| LZ0L
00'L- 1911
08'L- 96'Gl
010 v0°0l
Sy'L- 90'9
92'0 Sv'L
590 6LCl
0v'0- v0'L
SL'0- LL'6
opos uIyIM (z/a+e)
aouewoudd
(1)2109s-Z uesay

NO%
as
ues|y|

8L'ee T A T4 (%) AD 1snqoy
9z'0 00¢ 1§52 HO| pesijewsoN
Ge'0 0.2 8c'e (10-¢D) oI
120 200l GL0lL €0
v1°0- €e’L 1€ 1O
000 0298 0/8'8 uelpajy
9l 9l 9l s)nsaJ o ON
€50 16°L 99'8 Ll
000 v1'8 v1'8 9l
0L 88'6 8zZ'Zl Gl
GZ'0- €9 8¢9 vl
100 vl Gl el
810 81’9 98'9 4}
1070 0L'6 60'6 Ll
€€°0 €00l 050l oL
GZ0- g8 Ll AN 6
910 8Z'91 £9°GlL 8
€00 200l 90°01 9
1€°0 ze'9 08'G G
100 ov'L 052 14
110 .02l XA €
0L°0 bL 16'9 z
¥0°0- €L'6 80'6 b
M E-v) g v "ON
1a }nsay apoo qe

(91=N ‘€'92=A\0%) 6 001/6 9¢'Z + 26°8 = AS ISNQOJ + UEBW }SNQOI SE 8ZGE | OS| 0} Bulpiodoe pajewiiss anjea paubissy
(Bunes|y [ealuyda] | 4 810J3q - ejep 4o 38s isul) LL-NININI 4opmod uesq peouq ul aiqy Asejalq “1-6 @lqeL
6 PUNOY — AANLS FIONVINHOSYHId AHOLVHOaV]

August 2010

Final Report: PT-9



32

Institute of Nutrition, Mahidol University, THAILAND — Laboratory Performance Study 9

(91=N ‘'8 = A\O%) 6 001/6 G8'0 ¥ ¥0'0} = dQSE + UeSW JSNGoI UO paseq

(91=N"‘L2L =N\D%) B00L/B £2'L + ¥0°0) = QS ISNQOJ + UBBW }SNQOJ SE §ZGE| OSI 0} Bulpioooe pajewjse anjea paubisse uo paseq

“JOIN ¥ uelpaw uo peseq

€°01=A2% ‘8=N Uim (gs + ueaw) 6 00L/6 00°| + 8L°6= G0'6L | 2202 AD ishqoy
sanjeA _uwuamuom Uljim sauiojeloqge| woldj pajejndjed 6.°¢C YA N0 /71 €0'¢ HO| pasijewloN
‘ZL-NINNI Ul 4Q [e30) 10} BN|EA SNSUISUOD [eul zL'g 910 \Wwe | vle (Lo-€0) HoI
9Z'0L | 2991 | 299L | 299l | AD% (qe| usamiaq = q ‘Ge| UIYIM = M) ggel 600 09°0L | L9'LL €0
00 | 0LV | 0LV | 021 | as ¢ < | @100s-z | jnsai Aiojoeyspesun = ,qq, Jo MM, £v'8 100~ 0z8 | 188 1O
816 | €20L | €20L | €Z0L | uesi ¢ > | @100s-z | > Z ‘nsai s|qeuonsenb = ,q, 10 M, GS'LL 100 09€'6 | GEO'OL uelipajy
8 9l 9l 9l S}nsa. JO ON Z > | @109s-z | ynsas Aiojoeysnes = e, 9l oL oL 9l s}insal JO ON
8.6 | 8,6 | 8.6 | 8.6 e 0€°0- GL'0- 090 88l €8¢l €20 296 | 766 D/l
vig | v1'8 | vL'8 q XA 10°}- 100 900 LS L1 000 vL's | vL'8 9l
868 | 868 | 868 | 868 e vz L- 09°0- L€} = Ge'9 - = 86'8 o261
Gy | S¥'8 | S¥'8 | S¥'8 e 18°)- 68°0- Lo 1670 G6'LL Lo €8 | €58 o} 4!
8zl | 8¢zl | 8eCL q SLe zel v.L0- - 6.8 - - 8¢zl o€l
66'L | 66L | 6672 q Wwe- GlLoL- 100 810 0g Ll €00 6L | 108 o2l
0L'6 | OL6 | OL'6 | OL'6 e [ €50 Ge0 zLo- 98zl 100~ 0L'6 | 606 D1l
€LoL | €101 | €101 | €101 e 110 G0'0 9L'}- = 9L’ - = €Ll 201
Ov'LL | 9F'LL | 9FLL | OV'LL e 191 080 1670 = 0L'8 - = Ll 06
68'LL | 68°LL | 68°LL q -] ¥0'1 £8°0- = L' - = 68°LL 08
256 | 766 | 256 | 256 e 19°0- 62°0- 050 0L'L- ap'el 610 G96 | 8¢6 29
98°0L | 98°0L | 98°0L | 98°0L e 160 90 00'} 6.0 9¢'GlL 80°0- | 260L | 080L ok
0z8 | 0z8 | 0zZ8 q Le- v0'L- 100 o 65 L1 910 808 | 1£8 o
6Ll | ¥6LL | ¥6LL q XA 10°) z8°0- > v’ - = v6°LL o¢
LUVL | L0 | 221 qmm €02 160 ve'l GlLe- v9°91L 9¢'0- | 2021 | 1S'LL 0¢
GLEL | GL'EL | SLEL qq 99'¢ GLL 98'L 900 09'81L 100 | vLEL | 9LEL o1
© | @ | O IV (¢) uo paseq | usamjeg | usemjeg | (usamjed | uum | I)MAE+Y)| TMAEY)| g v "ON
:UO paseq SNSUasU09 IO} Ues|\ :O_Mw_n%_oo 9109S-Z 9109S-Z ()2109s-Z IS 1a jinsay apod qeT]

(91=N ‘68 = AD%) %D G8°0 + ¥0'0L = dAS¢E + uesw }snqol se ggGe | OS| 0} Buiploooe pajewnss anjeA paubissy

(Bunasyy |eo1Uy29a | 6-1d J9NE papiwgns Blep ‘s}nsal pajoaliod) ZL-NINNI Jepmod ueaq peouq ul aiqiy Aieyaiq "z-6 o|qel
6 PUNOY — AANLS FONVINHO4H3d AHOLVHO9V

August 2010

Final Report: PT-9



Institute of Nutrition, Mahidol University, THAILAND — Laboratory Performance Study 9 33

z;score Total dietary fibre in broad bean powder (INMU 17)

Laboratory code number

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

zzlscore Sugar in broad bean powder (INMU-17)
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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”)
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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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z-score Sodium in salted broad bean (BB)

Laboratory code number

Figure 7A. z-scores of sodium in salted broad bean (BB)

z-score Sodium in broad bean powder (INMU 17)
4 .
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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
database®®, 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-scoreyimin] = 2.7)
with %RPD = 4.3, 2.5 and 7.2%, respectively, whereas lab no. 17 reported extreme
difference values for A and B (jz-scoreyimin| = 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-scorepetween= -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-7*, 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)%.
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-scoreyinin= 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-
scoreyihin= 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 rounds* '°, the performance on iron
determination in this round is much improved.
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z-score Calcium in broad bean powder (INMU 17)

Laboratory code number

Figure 8. z-scores of calcium in broad bean powder (INMU-17)

z-score Iron in broad bean powder (INMU 17)
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Laboratory code number
Figure 9. Z-scores of iron in broad bean powder (INMU-17)
Vitamin B,

Information from USDA database®, vitamin B, 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 B,. 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 KiFe(CN)s 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
formation®*. 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 B4, 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 B4, 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 B; 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 participants®> . 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 B 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 13528'°, it was identified as laboratory with questionable
results.

The consensus value, as mean + SD, of vitamin B4 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 B,

Information from USDA database?®, vitamin B, 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 excluded®. In the process of riboflavin determination, food
sample is heated to 95-100°C or autoclaved at 121-123°C with 0.1 N HCI 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 permanganate?’.
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 HCIO, 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 B,
similar to that of vitamin B4 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 B,, 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 B, 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 B, 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 B, in the salted broad bean
test material submitted in this study. Detailed information on the different methods of
vitamin B, analysis among different laboratories should be discussed before participating in
the next PT study on vitamin B, analysis.
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Figure 10. z-scores of vitamin B in broad bean powder (INMU-17)

LABORATORY PERFORMANCE STUDY - Round 9
Table 15. Vitamin B, 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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Figure 11A. z-scores of ash in salted broad bean (BB)
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Figure 11C. Youden plot of z-scores (from Table 16A and 16B) of ash determination
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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 + 3°C (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 125-135°C for 1 to 2 h (lab nos. 2,
7, 11, 15) or drying the sample using vacuum oven at 95-100°C 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 + 3°C and 125-135°C hot-air oven. Lab no.
10 applied vacuum oven at 98°C, 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 98°C) and 13 (using hot-air oven at 103°C)
showed unsatisfactory precision (jz-scoreyimin] > 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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Figure 12B. z-scores of moisture in salted broad bean - INMU-17
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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-scorepeweenl <2) for analyses of all mandatory nutrients. Three
laboratories (lab nos. 1, 6, 11) showed questionable performance (2<lz-scorepstweenl <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
No0.182/1998 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 (lz-scorepemeenl<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-scorepetweenl<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 B¢ 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 (lIz-scorepemeenl = 3) Oon 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 B4; lab no. 10 on moisture and vitamin B4; 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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Figure 13A. Bar-chart of z-scores for proficiency testing round 9 (PT-9) in which 17 participants determined mandatory nutrients
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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 B;) 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

Unit Consensus values (Mean + SD)
Nutrients (per 100 g) Broad bean powder Salted broad bean (BB)
(INMU-17) For information only
Total Fat 27.94 + 0.65 27.44 + 0.90
9 N=14", %Cv@=2.3 N=14, %CV=3.3
12.01 +0.80 @)
Saturated Fat g N=12, %CV=6.7 NA
Trans fat g Not available due _to too low NA
concentration
. 22.60 + 0.30 22.32 +0.30
Protein (N x 6.25) g N=15, %CV =1.3 N=14, %CV =1.3
. . 9.78 + 1.00
Dietary Fibre g N=8, %CV=10.3 NA
Sugars 1.03 + 0.09 1.03 + 0.1
9 9 N=13, %CV=9.1 N=5, %CV=10.6
. . 0.23 +0.02
Vitamin B, mg N=11, %CV=8.6 NA
. . Not available
Vitamin B, mg due to high variation NA
Sodium m 452 + 29 386 + 44
9 N=14, %CV=6.5 N=14, %CV=11.5
. 39 + 4
Calcium mg N=10, %CV=10.8 NA
2.87 +0.28
Iron mg N=13, %CV=9.7 NA
Ash 3.03 +0.07 2.89+0.10
9 N=14, %CV=2.2 N=10, %CV=3.6
Moisture 3.39 + 0.31 3.97 +0.20
9 N=14, %CV=9.1 N=13, %CV=5.0

'N = Number of laboratories, identified as “satisfactory performance”
@ CcV = Coefficient Variation
® 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)° and that of the INMU-17 test material was used
for pre1paration of Nutrition Information according to the Thai Notification No. 182 B.E. 2541
(1996) .

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 2 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: 2 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 2 bag
(30 g) (which is not correct because the net weight of the product is 50 g, 2 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 Nutrition

number format® Detailed information of mistake/error

1,2, 3,10,

11, 13, 14, v

17

4,5,6,7, X - Included saturated fat, cholesterol and dietary fibre in the
8,9, 12, simplified format (lab no. 6)

15,16 - 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)

® 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

L::nfggf Serving size® | Evaluation® Serving(s) per bag Evaluation®
fﬁg: 12| 112 bag (25 g) N 2 N
13 1/2 bag (30 g) X About 2 X
8 1/3 cup (30 g) NA © About 2 NA ©
3,10 1 bag (50 g) X 1 X
Number of serving per X
container: about 2 (Lab 1)
1.5.7 309 % About 2 times (Lab 5), <
1.7 (Lab 7)
4,11, 15 50 g X 1 X

@ Net weight of a package of salted broad bean (BB) is 50 g
® Evaluated from the first set of submitted data (before correction)
© Not appropriate
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Figure 14.

Figure 15.
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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 Servi.ng size and/or Calculatiqn and
serving(s) per bag rounding
1 v X v
2 v v v
3 y X X
4 X X X
5 X X v
6 X v X
7 X X \l
8 X X N
9 X v v
10 V X X
11 V X y
12 X N N
13 v X X
14 J y J
15 X X X
16 X v X
17 v v v
e ; 10 :

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 B; and B,. 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 B, and B..

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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AERA
Abbreviation Definition
cVv 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 75" percentile)
RI Reflective index
RPD Relative percent difference
RDI Recommended diary intake
RSD Relative standard deviation
RSD, Relative standard deviation of repeatability
pRSD, Predicted relative standard deviation from reproducibility
PT Proficiency testing
Si The sum of the reported values of duplicate analysis
Se Between-samples standard deviation (due to sampling)
SD Standard deviation
SDp Horwitz predicted standard deviation
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ANFU YA

A5 %19

A nstlszidiumnuulslauniinaingiingzil tneRs Cochran's maximum 16

range test: moisture, protein, total fat and saturated fat

1B nstsziiuanuulslsouniinangiirszit 1eds Cochran's maximum 17

range test: dietary fibre, ash and vitamin B,

1C nstlszidumnnuulslamuniinaingiirszid tneds Cochran's maximum 18

range test: calcium, sodium and iron

2A nan1slsziiuanuluiiemeniuressiedne Tnaaisn one-way ANOVA 20

2B nan13lsziiuAnudluilamanfuaadsiaating Tmmaﬁmmmm‘gm ISO 21
13528

2C nn9lsviiuanuitudiameniuaassnasinalasld relative standard 23

deviation (RSD)

3A NANTIANEIANNAIFA893 A RNT 1 ludanting cracker powder ANKATH 25

eyl 1SO 13528

3B HANNIANHIAYINAIALLD9AINTY Tufaeti e cracker powder ANNAETTLY 27
11 180 13528
4A A" assigned values 18441981113519°] TUA8EN9 whole wheat cracker 28

LAY INMU-18 AILNI9AIN 1ISO 13528

4B A1 assigned values Wsraaiima leenung wian waganiiud 1 Tuseeing 29

whole wheat cracker az INMU-18

5A nanN13sziinAINg N0 TN ezl lusaasing whole wheat 31
cracker

5B nan1rlsziiuanndnnsn N estlasiulusiaetng cracker powder 32

6 nan13lsziiuANgnnnTn lunN e einga lasuausialusnating cracker 35
powder
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7 NaN13UsziiuANNaNNNT0 TN A s AN e Tt ansud lusinasing 37

cracker powder
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dl Yo b4 a e '
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cracker
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powder

13 nan13UsziiiAIINgNNT0 TN sfuan lusaaeing cracker powder 55

14 nan1slsziiiuAdnanunn lunnAeszianiud 1 st cracker 57
powder

15 pan1slsziiiuaannanunn lunnAeszianiud 2 lusaetng cracker 59
powder

16A LN aLlaziiuANaN s NN AT LA LE08 whole wheat 61
cracker

168 Lannalssiiiunnuansa AT EianTuluE 081 cracker 62

17A nan1slszivANatngnlun1anIziin lufaetne whole wheat 65
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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 1ISO 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.

KEY WORDS: Nutrition labelling / Laboratory performance /
Mandatory nutrient / Thai FDA Regulation
Corresponding authors:
Kunchit Judprasong, E-mail address: kunchit.jud@mahidol.ac.th
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WAZHATLAINZIANNAR8ENg  cracker powder (INMU-18) 1HamaNNaanningwInIsuLLBNAIN
sznndd atiufn 182 w.A. 2542 (1) Iag i ldRan17uazULN e NI UNABAZNTHAR

ndl 1 4 a oA ¥
[N mmgﬂ bLILIN LL&]@ZM@Q‘L]{]‘LI Finnglaag)

U

2.6 NSRIUIANITNARDL
danve usaziesljimnisdsenasiinendes uaznanisiinszilunuunesusiie tne
duilulnduuy (attached files) neBidansetingd (e-mail) T vunlidenandsaindunlizy

o 1 | A
pnagailungn 1.5 1nau

2.7 ngusziiuUNan19gnm (Statistical evaluation)
271 n9ANENAMNITIULITaLALINUIRIAI98NNARALl

dszidumnuiiluilaimaaivaassinetng INMU-18 Awsanlaaddn andayailsdann

N1394A9NZANTR1M3 2 d1lmeld “Cochran’s maximum range test” (4, 5) Tun1stlsziinAaa

]
=

wilsisuniinannsaagdeneluteanents  (within-sample  variation)  @aiflunssyidig
AINANNINTBIENNINTIATIZT UINERINEINITUINANGIAATBIANANNTIRAAINNNINEN
W UAUNATINUBIANNFANTINNA TasndnA1NleaInm1379 Cochran’s critical value (M4LHAN
daya 10 A7 Az 2 91 Cochran’s critical value A1 = 0.602) WAAIIENNINNITATIZIBRBE
o o = @ N A o o« A .
AuFunisAnEANTuHaAa U AN (good precision)

Wasannfaatinanagal  INMU-18  diiBunalasuaaudennnnn i luanunsmn
AIAAALANNAZIDEIATRIFatN At N UAZINTITaUIUNA 250 TuATaL TvanalinasamauLily

dgj a o o i b4 o :// dl oI/ v a d” a o o 1
Lu'mmmﬂwnmmmwim pativinauansausiulalunisinduadnutuieipaafiuuesniangng
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mmmﬂmwdﬁmmﬁmm (between sample variations) dqiﬁ°qm@ﬂmﬁum@mmqm@ﬁ
Aneilalae4ian19anis 3 98A8 1) one-way ANOVA 2) aRmn1maaauAnuluie
Lﬁmﬁuﬁizu@gﬁlu ISO 13528 (6) waz 3) Mn13Wa1suIaN % relative standard deviation
(%RSD,) danfunsldAnuazilszaunisal (professional judgment) ImeldiAn predicted
relative standard deviation (pRSDg) @1N Horwitz’s equation wuAn target SD Tneiinainig
fnsananuAnFusal

a. One-way ANOVA

Ime? MSB = Mean square between

MSW = Mean square within

b. Based on ISO 13528 (6)

e S = Between-samples standard deviation (due to sampling)

6 = Target standard deviation

c. Percentage of relative standard deviation (%RSD)

%RSD, = SD x 100/mean

Tnefinnusinistansy HORRAT (Horwitz's Ratio) ¢/1u199 0.3-1.3 (7, 8)
RSD, = Relative standard deviation fldannnsdiasiziansemsdwiunis
psaagaua oo
PRSD; = Predicted relative standard deviation ﬁﬁmqmiﬁmﬂ Horwitzs’ equation

1-0.5 logC

PRSD, =2
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2.7.2 ANSANHIANNAIAITDIIANNUL 1 LAZAMNNTULUAa8T INMU-18

13 HUANNNANFTIA9ANTRNMNT MIFaRENaNAZaL  INMU-18  aInuan1saAIIei
a a = d” o 1 91; Y aa aad
UL 1 uaTANTU Anfheeanngey 5 Tee] ar 1 41 tmennsldana 3 35Ae 1)
WhraumeunanlfannsAns lugaeaasinge fuA mean + 2D NlAannisAnsAnly
d” = o 730 | . dl v 9 dl
Wameaiu  2) lfA1 slope wazAn intercept 7NIAANNENNNTALATIVBILFNILENIRINNIT
1091987509 INaIRIIzIuLGTTN (trend analysis) Az 3) ldatifinimeasuanuiiuiie
weniunszyegflu 1ISO 13528 (6) AN saLANTIAAINNNITLATITIANT81MN3 T AL

o

1 ' A o a u‘d‘ 1% =2 dql = o
fmm\flua?zﬂmmmﬂ L‘Lr’;‘?;l‘]_lLV]EI‘LIﬂ‘].Iﬂ’]QLﬂ?’]ﬁﬁ%iﬂ@qﬂﬂ’]?ﬂﬂﬁ’]ﬂqqﬁL'ﬂuLu‘ﬂLG’W_I'Jﬂu 4%}

'
a v

dl
UNLTHAU

2.7.3 N19W1A1 assigned value
a. 26n17A74 1SO 13528 (6)
HINAN1IIATIZITeIANTa M9 Twaetmeasy AldNiandesd[iiFnag
N dNgELIUNIMAN assigned value fnNAaszylFlu 1SO 13528 (Algorithm A T Annex C)
BrANMTAMIAAAINANNEANATIAAINT U N9sTYNATENNRARIUIN  N199IENIw
mhefanain dudu unldlun1sniuuean assigned value AaNniunINTTEeeARAATIZ IR
annusiaziesdfjiinisanteslivun  uwdaldnszuaunimneatiannovualy Aigorithm A
v 4 ¥ o o . 4. I cd
naneduneun  dusazdunauinimivuaAIAuLlsluneenit  MnlA1aAIzEIuINvEe
£ dI 1 rdl [ = L2 dl [ 1 ¥ o %’ 1 dl nI/
tagmsaguaninuusineaniy azinszuaunisliAnyiudgelud  udindnsieliGes) aunseia
oy . R - y .
1#AN mean wazAN standard deviation 1/1mvmﬁ"aumnﬂ@ﬂuuﬂmu@ﬂmﬂj A1 mean LAY
standard deviation lan1muailiAn assigned robust mean + robust SD 41915UN19UszARUNA
a [y L4 a oA dl ¥ 1 1
nsAviresieslfimnisidnsoniasenissialy

b. 331176174 1SO 13528 (6) UAEUIAI target standard deviation a7n Horwitz (9)
Tunsaiinanisimanziaintiesdfjimnssine Hannuudstsunan Tnaanizly

Ao . = | o = v ada a1 o o §va
NINFRLNIARaLNANa ML NN L BN e VERLNNATIAEAAIZINAeAUN IR
a v = o 1 =y o o dll dsl = o dl =3 2 1
Aaanuulsdsuld viresmedraldeainluizesssanuduiiamaniu  (Teaziuldannan

. . . dl v =2 dljj al [ % v 1

184 relative standard deviation (%RSD,) AlgannsdAneaonuduiiamaniu 8161 HORRAT
(Auansldaindmsndouany RSD, Weuriu RSD,) agluaaq 0.3-1.3 axunnldislude a lunis

AMMUAAN assigned value 1 WAE1AT HORRAT 2898178197 ARAININNGN 1.3 azinen
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robust mean 7 HNIAINNITANUIUANN 1SO 13528 (6) NANIUUAAT target SD AINANNTUD

Horwitz

= -0.5 1o !
: Horwitzs Predicted Relative Standard Deviation #1782 pRSD, = 210okae |

{aeiAN C = fraction concentration AA4A13811199 1HAN robust mean A1 C 11
WA A0 MHaAAMNTURANYNAY 2 NSUFa 100 NFN A1 C axilAn = 2/100 = 0.02
Wufu

v e o e . Y .

agglafinnluunansiinisldan target Horwitz’s SD lagmsatiuenalsiimunas
~ 1 aaf = 1 a o @ a . =
WasannAtilanannnvizatiesiiulyd Mnldnsdsziliunaninuainnsn (laboratory evaluation) N
AuauiesduRntsnenaeiiniinllie A nwlslsunnn (ganAn RSD,) Adpasi

v ! v
NenIMUAAAAT target SD A9 WsaLNATINA WINTeNLIf RN SR wneiTaa R nRulY i

1 ¥
v =]

A1 RSD, fleagilunmuaipnuesdasnaaniuld alunstiiaasinisaenaf1mes target SD 1w
w2 vza 3 SD mnANwInzan taelila %Cv dvatludaanaeniuls welidesiinngld
dszaunisnlraspnuzddn doalunsfindula (professional judgment) ANa89 SD AlGaIn

= @ A A o oy o ' = v Xo o =
nsAneAnuiuiameiugeinundanlunsiansnluaisiidon  faetineueansanmi

winlsdnannisAnEASantnumn (PT-9) Aalaanung

2.7.4 msusziRuanusiansadasljinnislunsiinsziaisainns

a a 'S :j/ ¢=ll v 0% a oA 1 ¥
Uszifiunannainseiansamsianuai laintiesdfjimnssnge Taerldng
12 Nun194DR 2 35A dszilupnnuaunIanisdaeinie lureslimnng (within-laboratory
performance) WazlsziinAINAINIIANTTATITHIEINTeNLTRNNS  (between-laboratory

performance) Aasia biiAn
2.7.4.1 Within-laboratory performance

dsziluannuaunsanigluiesdjiRnislunnsiiassiansans - Iag
122 N UANNLANFAINTENINIANANTD U F AT AN FaNNN1I9msEifnating 2 989 AD AN A
a 6 o/ ] 1 a 6 o/ ] dl Yo 1
(ANNNTNATEHFRBENITRY A) WAZAN B (ANNNN9AATEHsasneTes B) @alfduainumay
v
vieaLiFnng WIUANIAYNNLANFNNR9E1 71U IIUAUAINAY (median) wazAN Normalised
Inter-Quartile Range (NIQR) 284A N wANANANAeslf)TRnsvianun Tnanisldata robust z-

score 10)

within (
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| |
: zZ= Scorewizhin = :
| NIQRdz |
Tnem x,, WupuuwAns19EnIneA1199N1931A912R LU 2 TesaedusaziealfjiFng [(A-B)//2 ]
median,, \luANa19e8d X, NlFanyniesfjiznis

1
Al

NIQR,, (Normalised Inter-quartile Range) = (A1 Quartile 3 — A7 Quartile 1) x 0.7413

2.7.4.2 Between-laboratory performance
UsziauA1g17a M3 lae 14 ARAENIATIZA IFRANNAaL1e 2 TRIUDILE

b

Al

between

v a ea = o v a oA dl dl 1 v Y aa
avieslJuRniaeuiuiestfiiRn saundantasnis deanisldatia robust z-score
NTNELANNIATIZH LA TaauAazanTa1nsiLAT assigned values lan1vuallude 2.7.3 ana
ANHANZEN

1) WMELANIATIEAIATUAY assigned value NHan median + NIQR 6

annnssialiliipa
~———~"TTTTTT T T
| (x,, —mediang;) |
| Z—8SCOre,  .con = |
| NIOR, |
o __ :
e x, dwAieasangerigase vnsaInnsiAsily 2 gesaesudaziiesdiFnig

[(A+B)/V2 ]
median,; {IWAINA1NTDY X, ﬁiﬁ@’mnﬂﬁmﬂﬁiﬁm@
NIQR, (Normalised Interquartile Range) = (A7t Quartile 3 — Al Quartile 1) x 0.7413
2) WauAAATzFlARL assigned value AlFannaduaan 1SO

13528 (6) ugiue4 robust mean + robust SD FagNNN9Fa AR

(x —robust mean) |
robust SD I

|
| _ —
| Z—8COrey,,con =
|

Tnem x \ureauaensinseily 2 sesreusaz el iianis [(A+B)/2]
robust mean Liluen assigned value AN I1ISO 13528

robust SD LTl1A1 assigned standard deviation AN ISO 13528

o

3) luuensalAndinseldanntiesdimniesne Havuwnns1eiusin

iulunisTinseifleanng uaydniud 1 289n19AnEATTIi N (PT-9) Hualiiesd[iiRnns
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1 a 2// 1 1 1 dl b 2% a oA dl + % 1
mumiﬂiuuumum LANUITIAT mean + SD ﬂ@ﬂ@ﬁ?@ﬂﬁﬁ?%iﬁ@ﬂﬂﬁ@dﬂguﬁlﬂﬂﬁ‘%iﬂt\l@@glu
ol o ~N L, Ay A A a . ol e Y o o
INOUNNERNTU (consensus value) HIWNNNINWNHNINARNAT %CV mumﬁmmmwmmuim ANIZY2)
=2 Yo . QII ¥ o ' !
aqlgAn assigned value Iugﬂmm robust mean NlFa1NNITANUITUAN 1SO 13528 (6) LBILLNUAN

299 robust SD FaemisldArnmnzanndnmaldAn predicted SD NIAMIUNIAIN RSD, 289

Horwitz’s equation (11) iialdlunstlsziinaauainisnaesiestfjiminis Asaunissialliihe

(x —robust mean)
predicted SD

2.7.4.3 mmﬂm@nf;s‘ﬁntf’mcrmzv’m’;mﬁmﬂﬁﬁﬁn’;i
AN289 absolute z-score NURENINVIAMNAL 2 UNILDIANNANNIE
et fimnslduanistsziiuduniinels dwuansdcadydnenl “a”  A12e9 absolute z-
‘ﬂl 1 2% 1 =3 a & dl 1 %3 v o 6 “« »
score MInNNN9n 2 usteand 3 vunatwanisneiiduiiingeds Lansdaadyanenl “w
A wFun1sissln within-laboratory  performance 938 “b” & wiLn1sUsziln between-
laboratory performance @184 absolute z-score ANINNTWTWINAL 3 UNEDINANITALATIEN

Tdiflunnala wazuansdnadyansol “ww” duiunnstlszifiv within-laboratory performance

138 “bb” 11FUN13Us2LAU between-laboratory performance faugndlimnnnasia il

Z-score n1susua (Interpretation) s1Ud (Code)
natuivinela
| z-score | < 2 “g”
Satisfactory result
naunLgade “w” (within),
2<|z-score | <3
Questionable result “b” (between)
naldiduniinela
“ww” (within),
| z-score | = 3 Unsatisfactory result

o “bb” (between)
(1{luA1 extreme values)

2.7.5 MSUAAIHATRINTUSTIAY
a [y ] a dl ] 4 a v Y Y a
HANNSIATITTTIedANTeMNTWAATHA  FauAardesl RN eanuNn ISR
PINTNNATDINITUTENUNNATF LIBY  z-score 19 within-  Uaz  between-laboratory
performance  UAYNIIATUIUAT consensus value TB4LAATATTRIMNIANNTHEILITRNI7IHY

v
NouTiN19UsTliuie within- Ua between-laboratory performance  wansag AN NTBILFRY
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419919119 LAZUFAaZARRtIINARALLANTY  WananiREuansnataIn1sdssiluiidung g
109UAATAN38MNIANe iedsznaumndnla  dwmduansesuneadia lAun  total fat,
protein, sodium, moisture LA ash NRN1336AZF RS 2 Faetnanaday (whole wheat cracker

= o/ o & a dldl 1 “ "
waz INMU-18) dnisudnsnaminuduiugresnanisdszidulugdnsnnaadn “Youden plots

A o Vv £ a e @ \ =
LW@VIWIMLMHLLMQIMN%@QW’I?QLﬁ?ﬁz‘VWlLﬂu systematic error #138 random error

2.8 msdssiiuanngsaialflianisiunisanvineainiatuins
a @ © ] & a oa v a
nstsziiiuanamnsnlunisdprinaaningunsrewiasieslimnis 1Hinisdsuiiiu
TuBesrasgiuuiaesnisugniaain  (format)  nisnIMuALAzNIsuARstayantlaiaeizlng
(serving size) ﬁﬁuquuuqau?ﬁiﬂﬂ[ﬁi@mﬂm:m?@g (serving per package) NNTANLI TN
! Aﬁl 1 a . . Y Aﬂl Vo ] o
ansamnssantiendelding (nutrient per serving) uasie¥euavaesiiununiaogliiusiediu
(%Thai RDI) saxtansilaae waznisuansnauuaain dunndeyasie dnudildgnsies uay

agunasinge Tumiang

3. Wan1sANE wazaniusiana (RESULTS AND DISCUSSION)

3.1 NSIASANARENYIAFAL
= v Noova = = o .
n1sAnEAIIlEAaeEN9 whole wheat cracker lunnsiinen 2 guuuy AegUuuLN&wine
pnviesnan daliusiaziiesdjiRins ewsensiede Ammzdansennns wazdaiiaain
Inmunnnsetnseiamuisenia aiufn 305 w.a. 2550 (2)  Adugtuiufassddndudisses
frat e liiduianeaiy ussquges A uaz B deliiesljuifinsiveninisiinsziasenng
WAZARNIAAN PIUINTULLLAN ANLTEAAY aTUR 182 W.A. 2542 (1)
nsdainaaninguInised menulseni A Hdanmualifecldfeteianunmie

Founuainusiazuaningiain 12 ussqineilulBunnmwindy wailudaunulunidnsef u

1
aal

N1sANENE NUdHTefRANg 15 WiaINTianNA 16 wie NNN9EEENAL1 whole wheat

cracker AN 12 gaspndanivun udlesl[iEnig 1 ude (ab no. 15) ldFaataies 10
a v a oA 1 Y o (% 1 1 o

9049 wardviesljiFnig 1 uis (lab no. 16) ldfaunupesdeteannusiazaes unsaniulug

Tun) wasanniunausadnglFiddunewinldiuldazidan Wasain whole wheat cracker &

Tsrnaslasiugainliseudunzunsadeulald  aenglafinuiiviesdfjiminag 1 uvs (lab no. 6)

a

AINTNHA 16 UK ATNNFBUIUATUNITEY UNEAT 10 (2 HaRMAT) A ntuiestfjiFng

! 1 ° o 1 dl % 1 a o % U . . .
LRATLLN mm@mwumimmmﬁ‘fﬂummuzmm iafulann aluminum foil bags, zip-locked
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plastic bag, 19ANAIAAN YT BaALqNNALY wdaiulingumgiites (25-30°C) vizalugifiu

3

virald ludasududainasaniaiasisiisa il

[ = o '

A15UFa8ENg cracker powder (INMU-18) %I«,ﬂuﬁq@?hqﬁé Atusaesnelflwie
P lesannetneiifiiinndauge (Uszunns 25 nfusia 100 nFu) MsweEnsaetg
é’fml,ﬂ?'?'mﬂummﬁngq (Robot Coupe® food processor) 0 Wifaagnelansnizinizsailuiau
lsianansnseusiunzuNsmLTiFaIAe 250 lumsen (025 aawns) 1§ fednsiiacld
A1HN1TNNINTTANEINNTNTZANAAURFAIDES (particle size distribution) B1ARNARBAIINLTIW

d” = o 1 9.14‘ a v Y !
Lu@meﬂwﬂmma?mma?mmm\ﬂm sﬁ\‘i‘ﬂﬂﬁLL’&ﬂﬁLL@Zﬂﬂﬂ?qﬂNZﬂuW’Jﬂ‘ﬂmﬂiﬂ

3.2 nmsnagauANNLtlulalAe uaRIAa819 cracker powder (INMU-18)

3.2.1 nn9sziiuennnnlsdsuaasansannsnislusaasinameniu (within-sample
variation) Tngldai@ “Cochran’s maximum range test” (4, 5) wdndualy M990 1A Da 1C
WLFNNNA178MNIHAIENAIUTDIANFIGATBIA NG NTTAAINNIYNEY (maximum range) 1ie
WNELALNAZINIBIANFANTANNA (sum of the ranges) Haand1A1 Cochran’s critical values #1

. 4 o C e -~ 4 Y
STAUANNTENY 95% LangINsaeneiAne lii ANl sUs91a8981 7019 I NAG R LTIUNA

o , = o A A o R A gao = o Vo o = @ X

nmelusetangaiy  vzeantuuilapaniinisdnazisetdniunisAneandiiuie
= o A dl - a o dl a a ]
WeniulANReN (good precision) Tun133uA1z Anuulsdsuiiiaannses el ling
A~ o N o 9 o a @ A o o o | =
wralinatasunnuaz ladAysenanisdszifivanuduilamanfuaesfiaedmadaudiay
pdluludunausald

3.2.2 nsszifiupnnaduiiemeniuessietanadas (sample homogeneity, between-
sample variation)

189a1NFratine whole wheat cracker Hiffunauladureudnegs (szanos 28
n§N/100 nFN) i lenndaniswransnasnelEdwiiemandu  warlianisnseusaatineiun
9 1 1 dlil =l v [ 3 %'/ % 1 ‘dl ] =
WAINIUAZLNNTAUNFRINTAIIAGALANNATRLAL  AiuNTUARIatNaR llaziBeANINNE

a 1 j = o o 1 Y o 1 a dgjo/ o db dl 2
aaflnasanmduilananiuaessiaatnels fretrsaiaidndudaunuaesuneuaasnwyla
iald  AndadeeuiRnagsine  Asazdestszaudymnlunisssonuasinssisesttaguiu

=)

NNEARALABN  whole wheat cracker ilwnetnmeaay  lunisusmiduacinanungm
% a oA ZJ/ d” a 1 o
vealiRnsTuafell  n1sdsziduaa A LIl muLeeanI81MN9ITNING 10 TeNURNFANY
v < =4 q o o sena an | aa = -
FaaeanagauianNn inanansAnnitluiiameaiy 199an1eania 3 38 Han1samztikaznig

Uszifiuuanslimgnen 2A fe 2
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1) dsmiRuanuduilameniuaesdiaetelnuaia  one-way ANOVA  Wuan
moisture, protein, total fat, ash IaZ vitamin B, A1 F-values (between-sample variance/within-
sample variance — MSB/MSW) wiaeindnen critical F-value w@ng31siasinenagdaulaanuiluile

v
WERUAINTLA17819TIUANT @9 saturated fat, dietary fibre, calcium, sodium Wag iron AN F-
values H1NNLN AN critical F-value AILAASILANEIAN 2A LangIFnasineana ldiudlanannu
?z}/ di/ dl ¥ o o Y aa 4‘ =3 v o dl 1
Mllanaiiiasunandaaninaesnisldain one-way ANOVA daiiulfaingasnisaiuaniiunaingn
MSB/MSW tiwnnen MSW HANtiaendn MSB N (WaA9NERLAs el ANmesan) A1 F-value

ISP 1

NauansldANgIuaTNINNGT critical F-value \@ne  AIuNglEans one-way ANOVA a1ala
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2) ﬂi:l,ﬁuﬂmmﬂwﬁ@Lﬁmﬁummﬁq@mqimﬂ%ﬁ@aﬁmmmmgm ISO 13528 (6)
wazld target standard deviation @10 Horwitz’'s equation WLI1AN between-samples standard
deviation (Ss) mmmimmiﬁﬁﬂmmﬂmﬁm'ﬂmrmd’] 0.3 Wine4 target standard deviation
#ndu protein, vitamin B, Way iron (19197 2B) TumneilEuansnantU s S Uil target
standard deviation A1NMsALATIEAENTANIAENAUIaINsANEY PT-0 ilet] 2553 Taed salted

broad bean \{lusatianngay %‘qLﬂumumuﬁmmﬁmﬁﬁhﬁu@;qLﬁﬁuﬁu HANNTLISLIRUNLIINE AN
between-samples standard deviation (Ss) 2assaad9daulnnTAtiaendt 0.3 Winaag target
standard deviation aintiu total fat, calcium waz sodium (A9197 2B) Tnaagianananalédn an
panatlsediulae 1 4ianneada Atvuely 1SO 13528 uandliifiudn  rednaflaanuduile
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3) Ussiupnuiwiledeniuassetnadaeanisd relative standard deviation
(RSD) %uﬂuﬁ%m?ﬁimgqmﬂ R1&4e funnsdssiusnanuuletlouaesusazansanung 7
LﬁmmﬂmﬁLmﬂxﬂuﬁmﬂﬁﬁﬁmﬂﬁmﬁu (RSD,) \WaufiuA1 Horwitz’s  predicted RSD
(PRSDy) %'qLﬂumﬂizmmm@mmLLﬂiﬂmmwdwﬁmﬂ@ﬁﬁm@ AINANTI9A 2C WLNANTB
RSD, @gﬂiluﬁfaqé’mﬁi 1.0% vslasudu B 5.7% 189p918Tu Seriudndudireudnen uaz
saniulaTneviall endu RSD, vasuAaanfidangendn (9.2%) wsitdesndn 10% Sufurnd
iUl Tnevn & viunniAsed minerals uay vitamins  WiaRansaunAn  HORRATS
(RSD/pRSD,) (7) ma‘mma‘lﬁﬂuﬁwumﬁm@gslw,ﬂmeﬁﬁﬂ@ﬁuiﬁ (0.3-1.3) N UANTY
(HORRAT = 1.57, AlssauiinasiinannisiisesnadanduAiann 1.8 nfusa 100
59) uazlea1vng (1.60) £9UN137A1 HORRATS a43mnfiud 1 uazllsiiu fAtesndn 0.3 v
HasnannanuuLlslnuresniensiansemaman e Nt e u s PRSD, AN

i

inarinsdssilutiannnsnagllédn cracker powder (INMU-18) fimansiluiiiaimeniuiieana
o o F Y~ o 1 v a oA % =K Y Ay ] o 1 [~] dg/
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a % dsj 1 [~ dl al 1 .
WeaiuresAnNTw warlaevns  edrglaimudednnsdssanuAn assigned value 289
o %4 1 ng = v a A = s
41787917 sttt unislssiivanuainisodesl fuRnisunistnenz
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A15799N 2C N9ilsviiuauitudiainaiuuassiaasinalasld relative standard deviation (RSD)

Standard Relative standard | Target RSD HORRAT Acceptable

Parameters Mean deviation deviation from Horwitz value HORRAT(a)
(SD) (RSD or %CV) RSDp (b) | RSD/RSDP" (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/1009) 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 B, (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 4.6 112 Passed
Iron (mg/100g) 1.21 0.04 3.4 1.0 0.31 Passed

@ 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)

® Horwitz's predicted value

3.3 NISVAFALAMNAIALRIIAMAUL 1 UWazANNTULWAIRENT cracker powder
3.3.1 2maudl 1

NALTURUANNAFNIRRANRUT 1 (Faunugnsannisnaanasaladng) lusaasing

=3 b%

nAaaLl cracker powder (INMU-18) Mfiulugeagiitaunasfussqsasyuugoynnimduling

a

wiudegungi 20°C ludae 3 war 6 ihen uandatlugdy 1 uazensien 3A Teeldatia 3

1%

stuuuldnafstipe
1) WUINRTZEZIAT 3 1RRLANIRANRLT 1 (0.068+0.004 RaansuFa 100 N5W, CV

6.6%) flaaglugae e mean+2SD (5UN 1) vevAEuEUAEANNsANEIANLT BRI

u

(0.071+0.002 Raaniusa 100 NN, CV 3.1%) ManeNszezioan 6 WauAanad (0.052+0.004

o ]

HaAn3usia 100 N§H, CV 8.6%) atfluszAuaanuanda9184 mean+3SD

Final <ep . 1: PT-10 May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 24

Vitamin B, (mg/100g)
0.085

0.080 -
0.075 -
0.070 -
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0.050 - Y 6 mo. = -0.0032x + 0.0732
0.045

+3 SD
+2 SD

Mean
-2SDh

-3SD

Yi3mo = -0.0010x + 0.0710

-1 0 1 2 3 4 5 6 7

Storage time (mo.)

519 1 wansAnEANAIAILeRnEul 1 Tudaeting cracker powder

ugaan91iU 3 WAL 6 LAY

2) WaldAn slope uay intercept angaNNTdURsNlFANgUN 1 WeTAsnzviun

wdlida (trend analysis) WUINNTZEZAINIAL 3 AAUAITEY slope HANAARITIBENAN

o

(slope= -0.001) WAZAN intercept LBNANNIINFAALNL Y NAN 0.071 HaanFuse 100 niu Tl

WANFAN9AINAALHAINNNTANEY homogeneity (0.071+0.002 Raansusa 100 N5y, CV 3.1%) 7

STEIANNITAL 6 AAUANLDY slope NANAAAILTTNINL 3 WiINT89TEaTNITALTN 3 1D LA

o

AN intercept TB9ANNNINAALNY Y UA1 0.073 Nadniuma 100 NFN TUANFAAINANRAAAUD 1

PRIV = . = w
#lFa1nn1sAnE homogeneity Laniiasl

Y aa

3) Waldatfanuiluiamaaiunszyeslu 1SO 13528 (6) TnannsmauAlfan

a o o ' a 1 ] o Ay v = fg-‘l/ = o o Qll
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target SD (0.30 = 0.004) w@AIINENLNUT ARARNAND 1 SallANNALFa WANTIIaINIAL 6

1AaY ANANLANENN ([x,-y| = 0.019) HAMINNYN target SD uansddmaAull 1 Annsanasating

o o

AdadnAty edslsimuaAiaeamiud 1 TumedrwmageuifiiBunfdesnin (0.071 Jaansu

o
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AN9199 3A  HANNIANEIANAIAITNRRANT 1 Tusiveting cracker powder ANxAENz Y

1SO 13528
. Alean  AMANANG Target . a7l
S NG R 030 ————
(mg/100g)  ([xy))  SD (%) eyl <030
A lAaNNNIANE
s 0.071 - 0.012 - -
AATuULLBLIALATU (y)
UAUALN -20°C 3 1Aaw (x,)  0.068 0.003 0.012  0.004 Pass
WAAUALN -20°C 6 1A (x,) 0.052 0.019 0.012  0.004  Not pass

*Horwitz's predicted SD
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(gU% 2) Twanizszazingn 6 1NOWANIBIAINTY (2.08+0.10 NFusa 100 NFN, CV 5.0%)

Auag lusrAinendaenes mean+3SD
2) Mrnaesannisdunseilfainildaingli 2 uamnen slope wazAn intercept
| & - ! A a oa X g . Ao
WUINILEZRAINNIAL 3 1AaUAT slope ANTURANANT WL 0.088 wavA intercept 7isin
WU Y A1 1.80 TeldumnsneanneA1aes moisture NlAAINNTANET homogeneity (1.80+0.10
nSNFe 100 NFN)  WANTZELAINIAL 6 AAUANTEY slope HANANTLTIY 0.058 wWaTARALAL Y
A1 moisture 1.84 nFNFa 100 NFNTILANFINAINAT moisture N IFANNTANET homogeneity
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A9199 3B HANNIANHIANNAIAIT8IANTY Tudaeting cracker powder ANAsNszlu 1SO

13528
e Aleds  ANANNANG Target SDg* ) agu*

FLHLNAMANT ) 03¢ -
(9/11009)  (|x-y|) (o) x-y| <03 0

AN lHANNNN9ANI

o X o4 L 1.80 - 0.066 - -
AHLTIWHBRLATY (= y)
3 1nau (=x,) 2.06 0.263 0.066 0.020 Not pass
6 LAaU (=x,) 2.08 0.277 0.066 0.020 Not pass

*Horwitz’s predicted SD

** @A NLANFANNIZAINANNIAIN T LS A UA R IFANNNNsAN AN iaLA N HasndviFawinduAn
repeatability limit A8 2.8xSr (repeatability SD a1nn13n13AnE AN HaRe iU = 2.8 x 0.1 = 0.28 N

e 100 N5N) YuAaFu1aANTunasuLl aglidasnnn Dadnaensuls

3.4 N1911A assigned values URIRITRINNG LUAIDENINARDL

o

HAnAvua e iRz inaRniul whole wheat cracker MiTeNFnaENdL@

wazuanstoyagnsemesinee] mNdssniAnsenae afun 305 w.A. 2552 gafluaain

°

4

Ingunisuuueie (2) dayauazaisasffesuandfiil Ranawy lafuwiome Tanamaeses
@3 Tlshu vmna wazlmdmen  duiusiecing cracker powder (INMU-18) i3imnzsfuas

WAPNRANNLLULAN WAZAAN12a1NINTUINITANNLTZNNANTENTIY R1TURA 182 W.A. 2541 (1) @4

I
a o

goulivdoya wawu waAswanlady laduieee nenladugndn Tawawesea  (ludlu
o . X = ¥ a = | o , A a A A a a = ~ o
faasinetl) TdsAu luauns dimna Amlue (N ludqesned) Aa18ud 1 3mAud 2 @auan
Tusiasinedl Aeliilsziiin) waaan waziuan IneNFesinaNAde LRaaIRadd AT S iANNNT L
Y v = o v | . ~ ~ a
wazidndog AR uilufieslinisvunAn  assigned value Mwnnzasn el lunnsdszidn
£4 a oA o a dl Yo .
pNaNsdeslfjiAnstaasiiunisenn 1ISO 13528 (2005) (6) ivalwléiAn assigned
values TaWaAILTIUAN robust mean (x*) WAY robust standard deviation (S*) AauaAd11iA1I5IN
4A A uFugnsensuetiialiun Himna leenuns wan wazdntud 1 A1 assigned value
9/@91/ 1 di a I's 1 dyd 1 % %
itldmanzan  lesanuadAziaesansaunsmaniiinisulslsuaeuinege  foavnua
v

sinee MW lGAY %RSD ge Tlamnsnensuld ensetnadunisimaziitinng vesdfimnag

AnsldREnnsAvannuanay HPLC, titration, spectrophotometer (ufu  fanagsziluan

a
v

assigned values Mlnalduadinsnzviaintiesdimnsnldas HPLC Wil Tneinun i
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assigned value 18911818 JuA8ENS whole wheat cracker Waz whole wheat cracker powder
(INMU 18) il1An robust mean+3 Wineas Horwitz predicted standard deviation (3 SDp) (7)
feasuneldluiade 2.7.3 b doumdn uazinndiud 1 146N robust mean+SDp  Ednltlaziin
1 a a = di o/ 1 dl yala a dil o ol 1 173 a

A2aRARLD 2 Wesanmaeg1en MRAmRutlusziuninnn Tdmanzanlunislddszlinnig
AAzAmRND 2 AN assigned value 1894178197 UaNRLa g1 a5 4B Tain 1l 1d

nstsuiiiuANannsnresiesliRng Tnalden z-score sl

A19197 4A AN assigned values 184419811196119°) 1UA22EN9 whole wheat cracker Uas

INMU-18 aNiun19a1: 1SO 13528

o nqeisia | Robust mean | Robust SD
RMIRENY LATANTRINNT 5 %RSD
100 N3y (x*) (S7)
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 52
Moisture o] 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 55
Calcium mg 18.8 1.7 9.2
Iron mg 1.22 0.24 20.0*
Vitamin B, mg 0.07 0.02 32.7*
Vitamin B, mg 0.024 0.017 70.6"
Moisture g 2.32 0.35 14.9
Ash g 1.60 0.06 3.8

*%RSD gainll ldinnldlunsszifinaanuainnsoviesdjimnis
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AN9197 4B A1 assigned values Tusaasinma leanvng wan wazimlul 1 lusaeng

whole wheat cracker Laz INMU-18

ﬁ']@ﬁh\‘i LASRANTRNNNT Mli’m[i‘ﬂ Robust Robust SD %RSD
100 NN mean (x*) (S*)
Whole wheat cracker
Sugars® g 1.36 (3OS1D6p) 115
Cracker powder: INMU 18
Dietary fibre® g 3.22 0.32 10.1
Sugars® g 1.28 0.15 11.6
Iron® mg 1.22 0.13 11.0
Vitamin B, mg 0.066 0.011 17.0

@ @190 robust mean AN 1SO 13528 me‘lugﬂmm robust mean + 3SDp (Horwitz’s predicted SD)
® G190 robust mean AN 1SO 13528 LL@@ﬂugﬂ“ﬂ‘ﬂ\‘l robust mean + SDp
N amzAnfldainnisiinszifiag HPLC ATwatd robust mean A ISO 13528 uanslugilues robust

mean + SDp

3.5 msdsziiuanngnsanalflianns
3.5.1 lasiuviavinm (Total Fat)

=2 o

walinsainladusanainsatatwanysnl fanasuuztihlininisdeasaansanau

a

v v o o o dl 4 a oA Y 1a wa o ¥
mmnmmﬂmm@mwiwu Gﬁmﬂumﬂgummﬂmﬂgummm paland luang1suuLNg

WUNELRY  4A HANTTUIsNUAINAINTANNIAATIE U EdeTeaL]iiRN  (between-
laboratory performance) gadlusiuianalugfating whole wheat cracker LAz cracker powder
(INMU-18) a1n 16 viesdf)imnns LanslumNs197 5A LAz 5B LL@ZLmeLﬂuﬂ?’]WLLVNSL‘LLE‘]J‘I?; 2A
war 2B mwandy  WBanndlasuassis 2 Aaaeineeglutag 26-29 niuse 100 NN aniu
vesUuEnuNneay 15 1'7;mmﬁum'ﬂmﬁwﬁﬁndwﬁmﬂﬁﬁ"ﬁmiﬁluj e 2 hetmadey
(between-laboratory  z-scores = -7 4 -10) uansinnanimageylsiuiiianela
(unsatisfactory result) aanng NLLL Youden plot  (6) gi.l‘??'i 2C Udidnfludefinnatauuy
systematic errors ﬁ\iﬁuﬁmﬂﬁﬁﬁmﬁqmﬁummma wazuflateunnsaslaadau wenanid

Han1saAei lesulusaedne INMU-18 wudndiesdjinisvanaian 2 waz 7 dAdunsies

#4948 (z-score = 2.18 WAz -2.33 ANNAAL)

between
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A miunistszilinannainnsanisdiaszinng luesdiiRnas (within-laboratory
Taiilu
o A 1 o o 1

RuauSUAANA NN -5.13 LAY -4.09 ANNAIAL TILNTINAIAINNANNIAINITNITININNGN

o 1

evaluation) 229528819 INMU-18 wudviestjiRnsvanaia 7 uaz 17 $p1 z-score

within

1 v

viesljiFAn1san wanantuesliAn1sunieias 6 dA1 z-score

= 252 andludniiges
qade  aeelsfinuAn repeatability limit (R) geqtiunnslasiulushetanag 1.62 (2.8xS, = 2.8
X 0.58) fraviuAn Az Bunadlasuisinseilgluiaedng A uaz B A0 0.59, 0.47 uax
0.29 nFusla 100 N3N AndeUPURANNIEAT 7, 17 waz 6 AINAIFL HATHRaNdIAY
repeatability limit A UM AN AL AN DL

Tnuagen consensus value teslasfufilfannuaiinazaesfienlfifiniaifl good
performance (within- and between-laboratory z-score < 2) Tusqaging whole wheat cracker
was cracker powder (INMU-18) LLzﬁmﬂugﬂﬂlm mean + SD Aa 27.68 + 0.81 g/100 g (N=15)
WAy 28.32 + 0.58 g/100 g (N=11), a5l %0V = 2.9 UAT 2.1 ANAIEL (AN519%1 18) anulnny
ﬁ@qﬂﬁﬁﬁm@ﬁLiﬁéquiﬂmmﬂum%\iﬁﬁmmmmammmﬁLmﬁzﬂmﬁuﬁ@uiwﬁ ang
Usuiiuilufisaniu (satisfactory results) wazA1ANLL5UI% (%CV) 284 consensus value 3

AR
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zztscore Total fat in whole wheat cracker

1,
117 4 16 11 2

15 HMBEQT 10 12 9
14
2 4 —m—— e — -
3 4
-4 4

Laboratory code number

gﬂﬁ 2A z-scores U84 MsuRannmluFaaging whole wheat cracker

z-score Total fat in cracker powder (INMU-18)

Laboratory code number

gﬂ‘ﬁ 2B z-scores 184 lsuianun luFasing cracker powder (INMU-18)

Youden plot, Total fat content (g/100g)

32.0 T
31.5 +
31.0 +
30.5 +
30.0 +
29.5 +
29.0 +
28.5 +
28.0 +
27.5 +
27.0 +
26.5 +
26.0 +
25.5 +
25.0 +
245 +
24.0 +
23.5 +
23.0 +
22,5 +
22.0 +
21.5 +
21.0 + °
20.5 +
20.0 + + + + + + + + + + + + + + + + + + + + + + + i

20.0 20.5 21.0 21.5 22.0 225 23.0 235 240 245 250 255 26.0 26,5 27.0 27.5 28.0 285 29.0 29.5 30.0 30.5 31.0 315 320

Whole wheat cracker

15

Cracker powder (INMU-18)

] v 1
31U% 2C Youden plot BIN1TAT A MTUAIMNA (AINA1397 5A LAz 5B)
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3.5.2 nemluiuduea (Saturated Fat)
nanTsUsziiuANa el fiRnsreensaluiuansalusecing cracker powder

(INMU-18) a1uau 15 a1n 16 WeadfjiiRnns (anduiesdifinismwaneias 7) wans e

o

6 uwazuansiflunaunislugdn 3 BunnnsalasiuandaniwuetTudog 14-22 nfusie 100 niw

vesdiRntsunnaay 15 waz 16 aeuAIRINdviesdjiFEn1san (13.5-15.6 niusia 100

n3u) Tatnilszilunamaanislgdan assigned value A1N median + NIQR WazAa1n robust mean

+ robust SD Adwanildan 1SO 13528 wudia 2 SeelfiRnslésumstissdiu outiiers

d

(z-score -3.04 Az -4.30 AMNAAL) °ﬁx‘1']ﬁﬂ’]ﬁ"3Lﬂ?ﬂ”ﬁﬂﬂﬂ%ﬂ@@ﬁﬂ@ﬂﬁghﬁﬂ’]ﬂ‘ﬂﬂ’]’mﬂm

between

1 = o

lastuniaunsteadensaudaituneaiuan 12 fesfjiFns udamnfaans saponification

IWaE methylation neunImIzinae luATe gas chromatography (L@ﬂﬂﬁiLLuuﬁﬁﬂLLuuﬁﬁﬂ
4B)  AaruAniulddniy 2 desdfiEniemeunaldiduniimela avsiinismanmn uila

L%

daunndasninau FesfiRnisunname 9, 13 uaz 14 138n19aiALLL cold extraction UaY

|
=

AAMLEeATee GC Tuilidanuusth i dRavie (17) Feuanisnsvinudnnaslasiausa
asfl,miq\iLﬁmﬁuﬁmﬂﬁﬁﬁmiﬁuj (18-22 n5usia 100 N5w) Fata Tl Tunadufiiinela
dounsdsziiunananainsaneluiesl)imnag  (within-laboratory  evaluation) — Wu4n

v a oA = £ % = dl [~ dl ] o
ﬁ’ﬂﬂﬂ{]ﬂ[ﬂﬂ’]ﬁ‘ﬁﬂ’]ﬂl@‘ﬂ 8 INeNUaaAEaNIeuKaLlunvnasde (z-score,,, . =-2.03)

within ™~
Tngagien consensus value 199n9nladuaNsaN IAANNATIATIZHTR R TRNTNE

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

powder (INMU-18) uamslugiluas mean + SD A 20.13 + 1.13 (N=12), I9H %CV = 5.6
(115199 18) daulugytiesdimnisnidndanlasinisluaisiiiinnuainnsnueinisimaziings
e 2 e s A o w A , I
laugusareud1ed Tananisssifuiluiaensu (satisfactory results) WaZNNITWALITUNS

Weun13ANHIAeUUTNgG (13, 15, 16, 18).
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zascore Saturated fat in cracker powder (INMU-18)

=DDDDDHH

0 T =
16 15 1 9 13 6 12 8 2 4 17 1" 10 14
-1 1

4

Laboratory code number

517 3 z-scores 10999 luBNF luF8ENe cracker powder (INMU-18)

3.5.3 nsalusiuTdans1ud (trans fatty acid)
nangdnFaNNslsziiunn g yaaInisaAzinga ldusiansud wanaaglu
al ada} ] £% a oA F% 1 v dl al
A19199 7 uazdanusasvesdf)ianisldagdesluanssuuumeavanaia 4B Liesannuai
ANLsUuEn  Bunge lsTuniansudle  INMU-18  SAndawsngadnluls  (non-
detectable) Tia 0.32 nFusia 100 N¥N (%CV = 98.2) Auaninsnszanssdzesdayalugin 4
UBNANNUUHBUINIAIUINNAN assigned value (ANF197 4A) AN 1SO 13528 WLFNANAINN

uistlsufigennn  (%Cv = 955) dqlimunzanlunisinunliiellsziduacnaunsnues

v
o o o K o

Ve iRng Augdnaslidssifiunninaunsatiesdjimnas ineuwsiuansdoyaiingi

0.40

0.35 -~

0.30 -~

|
|
025 4 !
|
|

020 -4 -

Assigned value

0.15 +

I B e B e e

Trans-fat content (g/100 g)

|

l
010 -~

|

|

|

005 f |1l o

|
|
0.00 - i
|
|

o
N
o
o
3
©

| | |

| | |

| | |

| | |

| | |

| | |

L ! L
005 o0—1t——2—3 42 5 6 7 8 9 10 1T 12
Laboratory code number

519 4 nsnszaneFinaeenIaluiuaiinns udlusiaeting cracker powder (INMU-18)
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A9197 7 wanslsziumnuanunanunisinazvinea lasusiansudlusaating cracker
powder (INMU-18) A1 Assigned value (robust mean + robust SD) = 0.16 + 0.15 g/100 g
(%CV =955, 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 > No statistic evaluation
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 j
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

3.5.4 1158y (Protein)

nanTsUsziiuaNa el fiRn1seslUsAulusaetne whole wheat cracker

4

waz cracker powder (INMU-18) a1n 16 ¥iaadlfjiisnns Lamslum9197 8A war 8B LAZUAAS
Wunsuwialugiil 5A uaz 58 Audsv ArvaslilsfiufiseanuanBuann 7.59 niusie 100
N3N (el uiRnisvanaiae 12) 04 8.84 n¥usa 100 N5u (WesdJiAnnsunneias 11) wanis
UszldUANNAINIIINNIATILYTENINRILIRNS  (between-laboratory  performance)

WudIl 2 an 16 HesfjiiFnng (esUfjiRnisnaneat 11 uaz 12) Nsddnaliiflunuinela

(|z-score| >3) lwiis 2 Faetmagey  TeaesfuRnisuaneas 11 e uldsiungands

v !
vesfjiAnsau Mivlusned1e whole wheat cracker uay INMU-18  Gawiuldainen

o

z-score PRAWINAL 8.47 uay 428 mNaAL  lwansiiviesdfiRnsvanea 12

between
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= dl ° Y a oA dl dl (=3 ¥ 1 dld 1 1o
@ﬁﬂmuiﬂ?mu‘wmm’mmﬂgummmuj mmuimmnm Z-score NUANNINL -12.71 LAY -

between

6.27 mnady  ynviesdiAnsldisdimenzvinidunnsguiineaiiy (Kieldahl method) wsidl

o Y

nsldansdeliisen (catalyst) Nrineriuting Tnaansnldliun K,S0, and CuSO, or K,SO, uaz

Se (LANAITHLULNMLUNILAY 4C)  ANNIFANEINEUNT e analTiuLa9 017 1 a1 9194

1
a o

Ufisenfisineiy Tilnaiininistinssillsauldanunnsneii (12-15, 19, 20)  Asiu
vesdfuRnieunnaay 11 waz 12 awivlddndunismesunants@dndu outliers @903

AAmzdllsiu weananniiudaanunsaiudaliainnan Youden plot (6) NuamaAudunusaa

g 1

nsnaeiidsfuisasssaedemegey lugdn 5C Tnanvestlrifiniisassaguanidansziu

v
o Y

AYNERIU 95% Aedn MidnTisasd RN suNnaEae 11 uaz 12 wanednl systematic error T
nsaRedidsin  WeAtedeiivunges 1ISO 17025 uda (21) Tvaestiesdimn1sasnasm

dl o v a = 1 2% a oA dl
an mmmﬂwmmmmezﬂﬂ?muLLmn m\imnumﬂgumma@u
1 [ ]

vesdiRntaunaa 1 meaunaniadua liiduniinela (z-score, ., = - 3.59)

o

109n9LlsziiuNaszndNesLiRnslusaed1e whole wheat cracker  luanuzfisaeting

INMU-18  ag/lunasinnaifuinela  galsdlddinismasildsivaesiesdjimnistiinie
random error WanaNtWlWAI2ENe INMU-18 tieeljiAn1siiin1sseunaiiinAauwAnsing

gAY i liadszilivadnansanisdiaszinie luiesdiRing  (within-

1
a

laboratory evaluation) AUNTINlasuNATILALNGR Y (z-score, . = - 2.48)  dwmiunans

wihtin

UszifiunasendnaviestjiAn191e46aae1e whole wheat cracker wudestfimnisunneial

3, 9 uaz 15 ;enuiluiiuna9de (questionable result) InaiAN z-score =234, 2.31 Uay

between
279 mwddn uslusnesing INMU-18 7 3 Feslfanslfsunanislssfiudufivimela
uaRsiNaRLat s RuAnFneTuesusaz TN senadldauiivinlHiRnAaLAnsng
Turareanislszidupnuaunsnvieslfjimng

Tnaguen consensus value tasldsiufildanuaiinsinasiesfiansfid good

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

was cracker powder (INMU-18) LmeﬂugﬂﬂJm mean + SD Aa 8.38 + 0.03 g/100 g (N = 9)

=<

WAy 8.32 + 0.09 g/100 g (N = 13) &93l %CV = 0.3 Uay 1.1 ANAIFU (A15197 18) aquluny
WesfiRntsndndanlasansiacnatnsnaesnisinmeiidaauldn  Idnanisdesiiiudum

81AN5U (satisfactory results)
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z-score Protein in whole wheat cracker
4

0 el 57w
12 1 15 3 7 14 17 6 10 2 8 16 4 9 11

234
-4 4 _
Laboratory code number
5191 5A z-scores 84lsmnluF9E19 whole wheat cracker
Z-score Protein in cracker powder (INMU-18)
3 -
2 A e e e e e e e e e e e e e e e e e e e e e — — — — — — — -

N =:::DDDDH

0 oy
11215\2‘72141734106 16 9 11
24 4=+« -« -« -« —« Y —— — — — -
-3 1

-4 1

Laboratory code number

gﬂﬁ 5B z-scores U04lilsmulusiaasing cracker powder (INMU-18)

o0 Youden plot, crude protein content (g/100g)
0T [

85

Whole wheat cracker

8.0 +

75 + t {
75 8.0 8.5 9.0

Cracker powder (INMU-18)

51l#1 5C Youden plot 284n1331ANEAILIAU (NP7 8A UAT 8B)
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3.5.5 la@1u19 (Dietary fibre)

HanslsziinaNannsavieslfiinisvesleatnslusiveting cracker powder (INMU-
18) §7191 14 410 16 FealfriAnns  uansluanered 9 uazuanuflunsiiclugild 6 un
Vel uRnsldagnisedn i (defat) mm‘ﬁ's}’”mLLuxﬁﬂfgiﬁ@umaﬁLm’]w"lﬂmma‘ HIbARG b
LNRISUULNEwNNELAT 2D Heetlrifinag 2 uis (estJuRn1svnnenas 7 uaz 12) vianis
¥nlaTuuaziinnna Tummzﬁﬁmﬂﬁﬁﬁmwmmm 13 sinmsdonin s uaziima wams
Fipszinudnleanatiaunaieasniias TnaflAndaus 2.38 nfusia 100 nfu (WesdiiRnis
“UNELAT 1) D9 3.82 NFNFE 100 NN (Wear RN 1svunaay 16) NaLszilinAINaInnIanig
Amrzinieluieatjiins  (withinlaboratory  performance) WUl 1 tiesdfjiFEnas

(Fesfifnnsunnawe 1) Asresualiiduiinela (z-score,,, = 13.21) wesfjiFnis

within

PUNELAT 7 28 UNALT U Faadede (z-score =2.02)

within

\a9anne assigned value 2841881915 NATUIUANN 1SO 13528 WUdNHAMNKL 991
ARUENNE (3.22 + 0.43 g/100g, %CV = 13.5) M liinan1sainszilaaimisresniieslimnis
ENUNEUTTNN38ANFU (z-score<?) WANNNATUITLAT consensus value ANNFBRNLINEINANAINN

KX a

wilstlsaugs (%CV=12.2) ﬁqﬁuéﬁmqwma?m%ﬁ@ﬂﬁ robust mean AAMMAIANN 1SO 13528
1a2ld 3 Wina3An standard deviation tlszanauAnldann Horwitz predicted SD (3.22 + 0.32
ndufe 100 niN, %CV=10.1) wan1sdssiluAauaInnIanisdiassisendeieqlfimnng
(between-laboratory performance) éifm%‘%ﬁwurjwﬁLﬁmﬁ’mﬂﬁﬁﬁmmmmm 12 Rsrenuenle

M9l uNLNg9de (z-score = -2.06) MW laAIANLUILUARAT (%CV=10.4) TauaA

between

=2 % v a oA Lﬂl = [ =8 Adl 1
ﬂ\‘lWﬁNH’]ﬂ’ﬁ“ﬂ'ﬂﬂﬂ’)’?ﬁJ@’]ﬂJ’]?ﬂM@ﬂﬂ{]UﬁmW?LN@LIG‘EIULVIEIUﬂUﬂq?ﬁﬂH’WIN’]uNW (16)

=

Tnaiagilen consensus value 289lg@1msnlFanuadinsziaeiesfjimnisii good
performance (within- and between-laboratory z-score < 2) lusineeing  cracker powder
(INMU-18) uanslugiaes mean + SD A8 3.33 + 0.35 g/100 g (N = 11) T4l %CV = 10.4

(m'a"mﬁ 18)
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Laboratory code number

gﬂﬁ 6 z-scores U9 LA UA28ENY cracker powder (INMU-18)

3.5.6 {1614 (Sugars)
HANI9INFINNNTLITIHUAYINT 1Y IR9N1TTLATI LYt A ALA AL lWANSIeN 10 uAY
add‘ 1 ¥ a ea 1% 1 v dll a e
Tanusasesl)imnsldaglegluanasuuumeavanaas 4E  11e39a1NNaNITIAT N
AMulslaaunnn  1Suasinenaly whole wheat cracker waz INMU-18 Henagiludas 0.69-
2.25 NFNEA 100 NN (%CV=42.3) Laz 0.66-2.70 NFusa 100 N3N (%CV=44.5) AMNAAL A3
wapInNINszAnafalugln 7 ualietiNIANUINAN assigned value (NG99 4A) ANNAT
ISO 13528 WuIIAIAIINULITLIUAGININ (%CV=50.3% 289F38¢9 whole wheat cracker
WAT 47.5% 289Fmeene INMU-18) ddlsimunzanlunissinsunldiwesssiiunonnainnsnaed
b4 a oA zl/ % dl 1 a . . oA
‘M@qﬂgummaﬁ UBNANUULTNURIANA MU TN LT NA (serving size = 30 g) (1) WU
Bunauieadnties (Useunns 0.4 sia 30 nN) HetuAafeFuuALLsn B lnAsesY

o

(recommenced diary intake, Thai RDI) wudngenuaniugued — dAeiuddnasldlszidiv

a

v
AYNANNNINTBIUAAE TR TRNNS iNewsuansdayaLinTi
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A9197 10 ﬂﬁqmaﬁluﬁfmﬂ"m whole wheat cracker Wag cracker powder (INMU-18) ﬁirﬁﬁ?m’m
VNI b RNy
Result (g/100 g)
Lab code No. 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 2.21 212 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 42.3 445
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3.0 : T
25 3 3 .

20 f-

1.5

|
|
|
|
|
. ‘ ‘ Assigned value
|
|

10 +----—-—-—-—————- Fm e — = e — — e m b m b m ——— = — = — IR

Sugar content (g/100 g)

0.0

o 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

* Whole wheat cracker

Laboratory code number ®= Cracker powder

51 7 nsnszanginrenimazesisaziesd]ifinis

3.5.7 TdA= (Sodium)

Han1sUsTiiuAYINANNInesL AN sresTnRenlusaete whole wheat cracker
waz cracker powder (INMU-18) a1n 16 viaelf)iimnns wamslumanei 11A waz 11B A
uanaflunsuialugllfl 8A uaz 8B MmNy EunnulmAenlu whole wheat cracker o]
lutae 410 Aadnduse 100 niu (FesdfiAnisvnneia 6) 24 520 HAANTNFe 100 N5

o

vesUfuEnINNeLaY 14) Tuanugifianting cracker powder (INMU-18) agludag 429

—~

o

HadnFusia 100 N3N (WeslriRnisunieiae 6) D 529 Hadniuse 100 niw (Fesdumnis
wnnaae 9)  WesdfuRnisiidndanlasanislinsld 3 AEnldlunawsensiaesnglioslug
asazangneun1Ingadaneld wet digestion YR dry ashing W38 microwave digestion

(LANFEITUUUNILUNILLAY 4F)

HAUsZINUANAINNIINTTAA YN TR RS (within-laboratory
performance) Wu3N#a@8iNe whole wheat cracker { 3 VeaUAFENNT (Munea 10, 11 uaz 14)

218N UANN LT INEALTIUAUN AR (z-score, . = 2.68, -2.57 WAY 2.24 MINANAL) A1

within

Aaaging INMU-18 ﬁmﬂﬁﬁﬁmwmmm 3 euiluNuna9de (z-score, . = 2.64) Wavd 5

within
a

Vel uRAnNg (Maneiae 4, 8, 9, 13 uaz 14) NsaeuAnLadHa liiluinela (z-score,,,, =

within

-6.51, -6.03, -8.44, 4.57 WaT 4.57 AMNAAL)
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AN IZNUAINAINTANNIAATIE Y E NI TRaL RN S (between-laboratory

v

performance) WU31FR88Ne whole wheat cracker { 2 veed)imnng (MNnele 4 uaz 6)

1
oA

21eMNBANALNT I AU g9 (z-score = -2.08 WA -2.73 MNANAL) ANUTLAIDLN

between

INMU-18 wudnnifestifinag srasunadluniinela  adslsfiniudeyaiiuansli Youden

plot (6) 5% 8C uansliiindinanisimzilanenaasiaslJiRntsmnnaEay 9 aguanadei

u
1 v

ANNITR 95% WAANINUAZIiA systematic error TUN1IIAINTHIILARIN WBNANTUNANT

a a‘d‘ v 1 1 ¢4 a e/ dl o ?:/ v 4 a oA dl 1
'JLﬂﬁ"]‘éﬁﬁ%iﬁWU‘J’]@\?ﬂQ’]ﬂ@ﬂﬂ{]‘Uﬁ]ﬂ’]ﬁ“ﬂu“‘] muuu@\‘iﬂgummim?mmqLLf’ﬂwmmz@umaiﬂ

Tneiagilen consensus value vaslmianiildainustinmeesfesfiinsfiil good
performance (within- and between-laboratory z-score < 2) lusinaging whole wheat cracker
waz cracker powder (INMU-18) u@nqlugilang mean + SD Aa 485.3 + 19.6 HaANFN/100 N3
(N=11) WAy 474.5 + 24.5 Jaan5su/100 NN (N=11) a5l %CV = 4.0 uaL 5.2 ANA"AL (A1919

7 18)
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Z-score Sodium in whole wheat cracker

234

-4

Laboratory code number
5191 8A z-scores 1a4laLAnN DS whole wheat cracker

z-score Sodium in cracker powder (INMU-18)

4

3 -

2 A e e e e e e e e e e e e e e e e e e e e e e — — — — — -

Laboratory code number

gﬂ 71 8B z-scores waalmAeNlusaasiNg cracker powder (INMU-18)

Youden plot, sodium content (g/100g)
600.0 +

550.0 +
500.0 +

450.0 +

Whole wheat cracker

400.0 +

350.0 t t t t i
350.0 400.0 450.0 500.0 550.0 600.0

Cracker powder (INMU-18)

517 8C Youden plot 189N"53AT LRI AEN (ANNAN919R T1A way 11B)
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3.5.8 uAALTLN (Calcium)

HaNTUsTiiuAYINA NI TRN s resuAaenlusineEne  cracker  powder
(INMU-18) 2114914 15 a0 16 Hiesifjiifns Lamnslumanen 12 waziansiunsuvialug
7 9 1EunuuAaidenlu cracker powder (INMU-18) @glflwﬁqqﬁﬂ%qmﬂﬁﬂ 7 daaniusa 100
N3N (FeedJuFEnnsunneias 4) 24 53 AaanFusa 100 Ny (Wear RN 1sumnea 17) @asnsn
winanisinszieentiiily 3 nqume 7-14 Ha@niusie 100 N3N (2 Wesdfjiimnng) 16-20

Haaniusia 100 niu (11 WesUfuRnng) uay 45-53 Nadniuse 100 N3N (2 WesdiAn9)

Y

D a = = Y aaa ~ o DI |
vesdfiRnisdndanlasenisinisld 3 3Nl lunsszansaetses luglansazaraneunns

NNELA 4F)

HAUszIRUANNAINNIINNTAIA YN TRl RS (within-laboratory

< 2) AUNANTUTLLHY

within —

performance) WudyNeslf) AN sHWNMeiNNTEaNTL (z-score

ANINAINITONTIATIZIEUINejiiANNg (between-laboratory performance) WudMH 3

1 v 1
Weel[juiRnng (uunaae 4, 15 waz 17) senuAtadualiiuiiinela (|z-score| > 3)

Tneviaediimnisvsneas 4 SVENBATBARLTINAININ  (z-SCore 6.53) luand

between

v

esduRnsunnela 15 uay 17 PIERUANLAATINGININ (z-sCcore = 15.67 WAy 19.27,

between

o

FANATAY)  BeresUfiRnsuanea 4 uay 17 1998 dry ashing lunswisensnagngliiy
a19azany dunestfjiAn1msneas 15 1495 wet digestion wHeueslriRn1sdus Astiu

ada a o 1 VG| [ | o o v a ]
Asnnawrausaat g lniiuaisazans VLNLL’]Lﬂuﬁ@@ﬂiuﬂ’]ﬁ“ﬂ”ﬂﬁm@ﬂfJ’]NLLﬁ]ﬂlﬂ’]\‘i‘ﬂﬂ\‘iN@ﬂ’]?

1 1 v 1
Azt FeedfriRnsunneias 9 aeuAa Teleadinaduninasde (z-score =

between

v
o o a e

-2.77) AIUNANTTIAIERRARTENTEYY 3 Faed[iRNNg (MuneiaT 4, 15 uaz 17) Aednléidn

1
=

HuAwansanngu (outlier)

Tngaguen consensus value TasuAaLTENy fanKadAsziresiasfiRn1shi good

performance (within- and between-laboratory z-score < 2) lupinaeine  cracker powder

'
=

(INMU-18) uandlugilaas mean + SD A 18.7 + 1.2 HaANFN/100 N3 (N = 11) T9H %CV =

6.2 (mmﬁ 18)
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z-score Calcium in cracker powder (INMU-18)

Laboratory code number

g‘ﬂﬁ 9 z-scores UakAALTEINlWFRLN cracker powder (INMU-18)

3.5.9 sUAN (Iron)

HANTTLsTIRUA NANN T iRN 15180 mAn lufIeENa cracker powder (INMU-

18) A1u9u 16 MievtjiAn1e  uamadlumisnan 13 uazuanufunsmuvialugdn 10 Usunw

wianlu cracker powder (INMU-18) ag/lut949 0.74 Ha@niusie 100 ni (Vesdimnnsvaneia

a

9) v 2.27 {aAnFwrie 100 N3N (FevtfAn1suuneat 14) Anadafldanudazieslimng

WUIHAMNULTUPIUGY (%CV = 26.7) uazfInugalernNIAIUINAT assigned value INH

v
o o Y

ISO 13528 (6) (%CV = 20.0) maULE

a

o KR a Yo .
Amasiiansain e assigned value Tugdaes robust mean

+ SDp (1.22 + 0.13 #{@aandusa 100 N3N, %CV =11.0) Tun19sziiumduanungm

A IS 1

a = ' . a’lj 1A A ' '
@Qﬂ{]ﬂﬁlﬂ’]ﬁ‘ d3AN assigned value UNANMNUNIZANNINNINAAN LUAIRINAT %CV 'ﬂ%lu

A

il

Sov

o

[ v
svsNeansU s

1A

HaNTTUsTiuNNsAATvinTe lurieslimnns (within-laboratory performance) WU414

et fiRnsunneae 12 windunaesunaduiiiade (z-score,,,, = 2.22)  duna

within

N3LUsTLAUANNAINIIINTTIAIEYTENINHRILLRNS  (between-laboratory performance)

wudid 2 Weslfuiinne (esdfiFnisunneaa 9 uar 14) AsEdmaliiiuiuinela

(unsatisfactory results, [z-score| 2 3) WeaUFURNIUNNELAY 9 $18UATRN (z-score

between —

3.51) ‘me:ﬁﬁmﬂﬁﬁﬁmmmﬂm 14 $1897UAGY (z-score = 7.68) T99g0d

between

%

veefiimniefildaaniswzassnetnglieglugtaisazaieainnisin - dry  ashing  feunis

mqm“mLﬁuLﬁmﬁuﬁmﬂﬁﬁﬁmiﬁu LANAITHUBUNLUNIEAY  4G)  atnelanpNiadag
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&

a oa 1 d’l 1 | . dl = o Y a oa dl A L% a oa
u@ﬂﬁgummigﬂummﬂu outlier LﬁJ‘ﬂLﬂ?HULVIHDﬂUVﬂQﬂ{]U@ﬂW?'ﬂu wazNan 2 Vﬂﬁﬂ{]‘]_lmﬂ”l?

2
=

(Wesdfimnisvaname 4 waz 8) Nuvdduafluwiasde (z-score = 2.31 WAz -2.06

between

ANNANAL)

z-score Iron in cracker powder INMU-18)

Laboratory code number

gﬂﬁ 10 z-scores 1ANWAN LAL8ENY cracker powder (INMU-18)

Tnaagildn consensus value 2eamANTIlAANNATIATITTLEIREILITREN1IMN  good
performance ( within- and between-laboratory z-score < 2) lusineeing  cracker powder
4~

(INMU-18) uanslugiaes mean + SD Ain 1.22 + 0.16 HaANFN/100 N3N (N = 11) T9H %CV =

12.9 (mi'mﬁ 18)
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3.5.10 amdwil 1 (Vitamin B,, thiamin)

Han1sUszifivAudn i yaasnisn e Aud 1 uanclumaeh 14 uazuanadu

nolurislugdn 11 wasisnudaziesjimnisldages luanansuuuuuuvenineiaa

ISP a o ]

4H A Rud 1 Tsaetna cracker powder (INMU-18) {f1 0.04-0.19 Haanfusia 100 N3
(%CV=52.2) HatNNIATUIUNNAT assigned value AN 1SO 13528 (AN5197 4A) WA
AU TaUAgININ (0.066 + 0.022 FaANFNED 100 N3N, %CV=32.7) Tuilatinunilszidu

= a a

ANHANNNID TUN9AATEYRRNALD 1 wudviesd RN sdaulun)inuinasinsUssiiiu anidu

a a o

WesdjiRnnsunaLan 1 usAn consensus value 714 (0.058 + 0.013 HaANFNsa 100 NFM) AN

v
KX a

nstlszidumedsunudndelAinauulstsugs (%Cv=22.8)  Auiugdnasiarsuniaanld
robust mean NANUILANN 1SO 13528 waxldAn standard deviation NiszunAnléan Horwitz
predicted SD (0.066 + 0.011 nfusia 100 NFU, %CV=17.0) NANTTLILAUAIMNAINITONT
a 'S 1 % a oA v Qd-lgj 1 v a oa
QLﬂ?WZM?:MQ’]Wmﬂ{]Uﬁlm? (between-laboratory performance) mmﬁuwmmmﬂgummi
1 1 d’ll [~ dl 1 al v a oA
wnneae 1 renuAttsadna iidunimaela (z-score= 11.10) uazil 5 vieslfiiEnis
(MNELAT 4, 10, 11, 13 waz 15C) Nenuailusdisuningeds (-z-score = -2.30, -2.30,
261, 2.61, AT -2.30 ANNATAL) LHAUNNIMIAT consensus value WUINRAIANNLITIT91
anas (%CV=11.6, N=8) ag/luinasinaaniuls adwlsfianiBuinteiul 1 Tudaetineiine
oA o dl a 3| ] dl 1 a . . a a o A A
THANAT aAATIUsaNIaMNg LT INA (serving size = 30 g) (1) WHUL 1 AZUUINNLNEN
WWntas  (Usznnd 0.02 fa 30 nSN)  wazileunniAaselFuiuusin L nAsedw

(recommence diary intake, Thai RDI) wugnsenuaAiluagus seiuganasnaladinislsyidiv

' ]
o

a = a = d’/ [~ a a e’dl 1 1 a o XK v
N19IUATIEUIRTNUL 1 mﬂum@ﬂ%mummLmﬂmmgiumqmj 1AINN9UATIEN T INALAEIN

LA limit of quantitation (LOQ) 284NN3ALATNEW LML TRNS

) ld@un99n

within

dmiusuiiuaanainnsanisiinszvinieluiesdfianng (z-score

a k% dl 1 1 1 a s a ol % a ;A
17Usviuld HadaINANANNBANANNIEIGN9N1IIAINTH A waT B JANANNAN Weslfimnng
Aol ldiAauuansnaii (12 an 14 Headjiimnag) Hies 2 Feed[iiEnig (iuneae 11
WAT 13) NIEUALANFNSAWANTRE Wie 0.01 Raaninse 100 nfN inlsiAN1a9 median waz

. t:; a a 1 [ 1 [3 a tﬂl a c v
normalized 1QR N lun13UsziRuiAwinAy 0 28elsfnuuINRANTUNEANTIAIITITLAD
o 1A o a ] 2 a oa = 1 o a el
HuEAALianRul 1 veeusaziesd)iRin1siaanuau (precision) TWN1931AILIR

Tnaagildn consensus value 2093aniul 1 NlFanuadnszinesieslfimnans
good performance ( within- and between-laboratory z-score < 2) Tusnang cracker
powder (INMU-18) uanslugiuas mean + SD Aa 0.07 + 0.01 HAANFN/100 N3N (N = 8) T9d

%CV = 11.6 (AN97199 18)
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z-:core Vitamin B, in cracker powder (INMU-18) -
3 -
2] e e e e e e e e e e e e e e — — — - 4+ =
1 4
0

—
4 10| [15C |—3_| L6_| L8_| L12‘| LT6‘| 2 9 17 1" 13 1

Laboratory code number

gﬂﬁ 11 z-scores 2893aAUL 1 lufaneina cracker powder (INMU-18)

3.5.11 aenduil 2 (Vitamin B,, ribiflavin)

nan1adndannslsniiuANE I LeINTIRIEIRNRNT 2 wansetluangien 15
axa g 2 am Y | LY = =
wazdanusazieslimnsldasles luanasuuuiuumananeaia 41 HesRInNatANy

LLﬂiﬂmumn&T\‘leﬂugﬂﬁ 11 AmAud 2 Tusaeting cracker powder (INMU-18) H@1 0.00-

% '

0.07 Raaniusa 100 NFU (%CV=75.1) WaNINIATUIUNIAT assigned value AN ISO 13528

a o

(M97197 4A) WUd1AIAINLL 39U geNN (0.024 + 0.017 Ha@anse 100 N3N, %CV=70.6)

dI 1 o b dl a 0% a e/ ?/
671\‘]13~I winnzanlunnsinunld L‘W@‘]J?SLNuﬂfJ’]N@’]N’]ﬁ‘ﬂm‘ﬂQV‘ﬂQﬂ{]U ANIT uanaINUULTN

Annfud 2 lunilandaaysina (serving size = 30 g) (1) Hiaadndes (Uszunns 0.01 fa 30

v
o

n3u) WathunAsseBuunuugTin lisnesiady (Thai RDI) wudisenuandugue feiig

o K 1 a 4 a oA = ] ¥ ' 2’/
’°Qﬂ'ﬂ\‘i‘lﬂ\lﬂ?ZL?JHWJ’]NZQ’]N’]?ﬂW@\ﬂJQ‘LI[ﬂﬂ’]? bNENLLALLA AN AR ALNIUU
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AN919% 15 1an19UsviRuANa 1NN lun133mnziamnAnd 2 Tusiaesing 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
S 0.07 0.07 > No statistic evaluation
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
008 T | | T T
7 N S S N O A
> o o 1 1 o o
S i e RO o S o R
T e
5 ooad o] I L o I . L
e | L
':::3“ 003 1 o o | | L | :Assigned value
fod e b e e
Z o0t e e . L
T
0016 4 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Laboratory code number

a o a iy a = ] £% a oa
g‘ﬂ‘VI 12 NITNILANELURAIUBANNITUIATIEUIATNUL 2 ‘ll‘ﬂ\‘lLLﬁ]@gﬂ‘ﬂ\‘]ﬂg‘Llﬁlﬂ’]ﬁ‘
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3.5.12 ﬂ’n:ﬁyu (Moisture)

w@mﬁﬂimﬁummmmmﬁmﬂﬁﬁﬁmﬂmmm%ﬂuﬁqmjw whole wheat cracker
uay cracker powder (INMU-18) 410 16 #eqdfiffinns usadlumiansd 16A uaz 16B uaz
uanaflunsuialugilfl 13A uae 13B Audfu AaaenviesusaiestlfiRn susnang]
lwanasuuuinavanaas 2J dalunfldniseufiedludasgomnll 95-135°C #agr hot air
oven via vacuum oven  dwiLsaaging whole wheat cracker fiAnT89AITURIUS 2.63 N3N
fia 100 Niu (Mesdfimnsvsneiat 6) 24 4.05 n5usia 100 N5 (WeaUJuRn svsneas 13) Ka
N13UsZNUANNANNNTONITIATILITTNINRILIRNT  (between-laboratory performance)

wudiesieslJuRnisnes (iuneae 6) Neenunauningsde (z-score, .= 2.02)

between

dounadszifiupnnamisonsiinssinaluiesdjiminne . wudl 2 desdfiiEnag

(WesdimAnisusnaias 1 uaz 16) NrenuaAtisdinualdiflunimela (z-score,,,= 3.37 and

within
-4.72 AMNAAL)

A1uFusiaaging cracker powder (INMU-18) HANUB9AMNTUAILG 1.82 NFusa 100 nFu

o

(WesdJriRnisuniea 3 uaz 10) D4 2.75 niusta 100 N3N (FeelriRnisunneas 9) Teilen

o

1 v ¥ !
F1N3168eiNe whole wheat cracker Laniiagl ﬁ\?‘ﬁ‘ﬂ’]@Lﬁ‘ﬂ\?ﬂ’?@’]ﬂﬂ’]ﬂﬁﬁ?ﬁmﬁ’]’ﬂﬁi’]ﬂ‘ﬂ’ﬂ\i INMU-

[ o -8

18 AdiuNgluan1IzuARaNNAN1IAILANGUNYRIATAINTUANANE  udaussqlutessnn

FLULQEYYUINIA  HALsTiiuA NaINIsanI1saAsnzine luieslfjiiRnas  (within-laboratory

¥ 1
g

A A Y a oA 1 1 1 a
performance) W‘]_I"J’]NLWEI\?M@\TIJ{]Uﬁ]ﬂ’]ﬁ‘ﬁﬂ’]ﬂl@‘ﬂ 7 immummmwﬂmLﬂuwmm% (z-

score, = 3.31)  duNan1sUziinAINaINNIINNITATITTsTndeeUURNNS (between-
1 ! 1 0% a oA A:ll 1

laboratory performance)wudndqulnejaeaiasdiRnismeunatiuntinegla (|-

SCOre, o] < 2) BNFUTHRILATRENIUNENAY 10 Inarfluiingsde (z-score,,,...= -2.02) KA

v ]
AAEiANTUAINdINgUIANTRY

nsN Youden plot (6) NMAANANNANNUTIBINITAATIZTANNTURIARIAIDENS

1
= [

nageu uandlugdyn 13C wudmniesdfimnisegnialuadiissAunnnidasy 95% luii
dunadniesdfiimnisunneas 7 egidnnidureuednss anaduuilinluniafia  random
v 1y v o = a d? o 3'/ a I's d” £% a oA 1 1
error 1§ wsinelddndeliiilyguifinau  Awiunisdwazianuauesiesljuifinisdaulunne
Aflunvinala
Tnaiagien consensus value 289ANTUNIAANHATIATIEIRITRNLTANNSNH good
performance (within- and between-laboratory z-score < 2) lupinegine whole wheat cracker

WAz cracker powder (INMU-18) LLmﬂugﬂmm mean + SD A8 3.44 + 0.38 (N =13) uaz 2.33

+0.30 (N = 14) n§u/100 n¥u AINAIGL 395 %CV = 10.9 uaz 13.0 ANNAIAL (19197 18)
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Laboratory code number

517 13A z-scores 1a3ANTU A9 whole wheat cracker

z-score Moisture in cracker powder (INMU-18)

Laboratory code number

gﬂﬁ 13B z-scores 184ANTLIUF88Ng cracker powder (INMU-18)

Youden plot, moisture content (g/100g)
45

4.0 +
3.5

3.0 1

Whole wheat cracker

25+

t t t t t {
1.0 1.5 2.0 25 3.0 3.5 4.0

Cracker powder (INMU-18)

51l# 13C Youden plot 184N1531APIEWANINTU (ANENTNT 15A UAT 15B)
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3.5.13 181 (Ash)

HANTTLsTiiuA NaNn TRl iRN 15189 lusReEne whole wheat cracker WAy
cracker powder (INMU-18) a1n 16 viaeif)iimnns LAAS IR 17A waz 17B uay
wanaunanuislugl® 14A uaz 14B mna AL Fedsnzvaesudaziesdimnisuanset)

lulanansuuLNaRNIaLaY 2K

o

AUFUAI8ENe whole wheat cracker NANT84ENAIWA 1.02 nSusa 100 N5
(Wead RN svunea 15) 24 1.76 n5usa 100 N5y (WearJuRnsvuneiay 17) wadlsvidiu

ANAINNIAINTIRIIEIN g lukesfiRn ewud el fuRntsmsnaa 1 sreeuna e

¥
1

ymala  (z-score 4.05) uazdestfriAnisunnaae 8 NuIdnadlundeady (-

within ™

o

score, ;= 2.02) #IUNANTLILNUANAINITANITATITH Iz NIRRT (between-

within
1

laboratory  performance)wudnesdjifniaunnaay 15 Aaeunalifumimela (-

score -8.83) uwaztelfimnsvunieae 1 uar 6 Nseunadluisesady (-

between

score = -2.08 WAz -2.01 ANNAAL)

between™

o =

&4115UFneeing cracker powder (INMU-18) NANT89G1AILA 0.92 niusa 100 n3u
(WeatuRnsvmnaa 15) 24 1.72 n5usia 100 N5y (WeatJuRnisvaneiay 17) wadlsviiiu

ANHANNNIONNTAATILIINTE lurieaimnng  (within-laboratory  performance) WUqNH

¥
]

vesdfiRnsunnaay 12 saeuAtadna iduiiinela  (z-score 3.00) WAy

within ™~
v 1

WesUiRn svmneay 13 218NN UANLNTI N AT UN Faaede (z-score . = 2.40) AIUNANIT

within ™~

UsziHUANNAINIIINITIATILITENINRILIRNS  (between-laboratory  performance)

wudest iR muNneiat 6 waz 15 Meunailaad iduninela (z-score,,,, .= -4.39

between

WA -11.20 AMHANFL)

v
'

ns1 Youden plot (6) NugAIANNANAUTIRINNTAATIZFENTadesaat e adaL
wanalugdin 14C wudnsetJiRniamaneas 6 uaz 15 aguantsanszAuANTedis 95%
v ¥ 1 d‘ =K a . dp a c v ¥ dl a o‘ol
ANUTNEAI TIUAAIDNNI9LTA systematic error TUTUNTTATITIN TUATUARANTTATIZIRA

o

ndesjifnisdu  deudesdiFnieunnaay 1 wueguentENszALAINITeN 95%
v £ 4‘ =< a 49{ a c v 1 [ [ 3 ?:/ 4 a oA
ALY FIuAA9DaNI9AA random error AWluNNFAATITTITWAY AsiuieeliiRnisaas
PN NN sansie ld

Tneiagldn  consensus value wauinfildanuadiAszvesiesliiRn1shi  good
performance (within- and between-laboratory z-score < 2) lusinaging whole wheat cracker
WAz cracker powder (INMU-18) LmeﬂugﬂﬂJ'ﬂ\‘i mean + SD A8 1.66 + 0.05 (N=12) uaz 1.62
+0.06 (N = 12) nFN/100 N3N ANAAL T9H %CV = 3.0 Ay 3.7 AMNAIAU (AN9199 18)
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z-:core Ash in whole wheat cracker
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D e m—— — — — — — — — — — — — — — — — — — — — —— — — =

23 4
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Laboratory code number
a v o '
5U% 14A z-scores 129" lUFIREN whole wheat cracker

z-score Ash in cracker powder (INMU-18)
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3 i

2 A o e e e e e e e e e e e e e e e e e S . S S S e e —— — -

Laboratory code number

gﬂ‘ﬁ 14B z-scores 284481 LUAR88N9 cracker powder (INMU-18)

Youden plot, ash content (g/100g)
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1.1 +

0.9 1 1 1 1 1 1 1 H 1 1
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Cracker powder (INMU-18)

gﬂﬁ 14C Youden plot 289N159LATIZHLEN (ANNAN919A 16A LAz 16B)
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A) @31/27n z-scores 18451988 whole wheat cracker
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naaay 1inouat robust z-scores Tunstlsziiiu uansnasaniflunsnuvislugln 15 danudni 8

WesliRnNe (Muneat 2, 7, 8, 10, 13, 14, 16 Uaz 17) N UsTN3Ussiiu (Iz-score |

between

<2) Tuynansanmnsiiedu (lasdu Tdseiu Tmman Ans@w wavdn snduiiana Alalavionag
dszilin) H 3 WealJiRnns (Maneiat 3, 4 uay 9) NN 1 arsemnsnuaey udaady (2<iz-

score 1<3) lAunansevnsisiesasdevesiestjimn1avuneas 3 uaz 9 mellsiu uax

| ¥
& aAal o

4 a oA A a oA a oA
m@ﬂﬁ@ﬂﬂgﬂmﬂqiﬁﬂqﬂm%f4ﬂﬂ%m@ﬂw WIHWNiZMQQﬂQUMﬂW?(MNWHMﬂ‘1u@$15)WNWQN@

between

wuylsifluninela wasnalluisiesasds Fesdjifnsunieas 1 TlsAuldiunalddumii
wola Tuansednliiunalunsiesasde  doudesduinieunnaay 15 laduldiunaludun
inela e llauldsunadunsiesasds  waznwudidl 2 delifine (unaae 11 uay

12)  AldFunan1sdssiinresnismaillsfvuusldiiduninela  wanandugaiulaan

e

v 1
asljiAnnsuangLat 6 1 3 a19e1wns (Then Anaw uwazkdn) NlAFunanisssiuuuini

g o
NEBIAIAEL

B) dg1/a1n z-scores 89A38EN cracker powder (INMU-18)
N3UszliUANNANNNITRIL AN 189aN 90 N T TNAL \eadmIaaINn

TnTunnsANNLsEnNANTENgeaiun 182 (2542) saennsld cracker powder (INMU-18) ilu

1
=]

etinaaey 1Nt robust z-scores Tunnsdsziiin uananasandunawurialugiy 16 @

a

WU 3 VeNLAFENNT (MHneae 1, 3 waz 13) Anviauna 16 esUfuEnisnuiunast

nsuseiiin (Iz-score,,,...| <2) Tunnansamnstiedy (lasiu naaladudusn Tuseiu laanwns

between
AN WARLEEN AN ANTYL wazidn andunsaladundanaud 1ena 3anRud 1 uway
Aeand 2 Aladlininisdssiding 8 3 Feejifinng nneaa 2, 7 uaz 8) TN 1 a19eunsiing

ag/lutoenasdy (2<iz-score,,,.../<3) Wunarsersisesaduaasiasifnismnaia 2

between
waz 7 Aalaiu uazaesielimniaunaiay 8 Aewan wudid 3 vesliRnig (Muneae 4,
9 uar 12) PRmanuUliiuiiinela uwasnaduidesasds  FesdfuRnnavnaey 4
a Yar [ ~1 dl 1 dl [~3 Yar dl b4 o/ v a oA
wraien biuna liiduniinela luansnmanlifunadunsesasde desdfimnsunieias 9
v [ % = [~3 Yar [ ~1 dl 1 dl = Yar [~ dl v o/
A NAIUMNNeea 4 Aawanbesuna liiduitinela Turnsiveadenlssunaluisessede

dowesdjifinnsunnaae 12 wudrlusiuldfunaldidundmela luaneilaemsléiuna

Final Report: PT-10 May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 69
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M19799 18 A1 consensus values 1848138111969 TUAI8ENS whole wheat cracker kA

cracker powder (INMU-18) il#snanniestljrifinisinnunasinnsssiii

N=12, %CV=3.7

IO Consensus values (Mean + SD)
A192%9
9 100 N5 Cracker powder Whole wheat cracker
(n2 n3x) (INMU-18) (for information only)
Total Fat g 28.32 + 0.58 27.68 + 0.81
N=11, %CV=2.1 N=15", %CV?=2.9
+
Saturated Fat g 2013 £1.13 NA®
N=12, %CV=5.6
Trans fat g Not available due to NA
too low concentration
Protein (N x 6.25) g 8.32 +£0.09 8.38 + 0.03
N=13, %CV =1.1 N=9, %CV =0.3
Dietary Fibre g 3.33+0.35 NA
N=11, %CV=10.4
Sugars g Not available due to Not available due to
too low concentration too low concentration
Sodium mg 4745+ 245 485.3 +19.6
N=10, %CV=5.2 N=11, %CV=4.0
Calcium mg 18.7+1.2 NA
N=11, %CV=6.2
Iron mg _1.22i0.16 NA
N=11, %CV=12.9
Vitamin B, mg 0.07 £ 0.01 NA
N=8, %CV=11.6
: ; Not available due to
Vitamin B, mg too low concentration NA
Moisture g 2.33+0.30 3.44 +0.38
N=14, %CV=13.0 N=13, %CV=10.9
Ash g 1.62 + 0.06 1.66 + 0.05

N=12, %CV=3.0

N = Number of laboratories, identified as “satisfactory performance”

@ ¢V = Coefficient Variation

“'NA = Not analysed
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TayalATUINIg

WiaaeLslne ;1 999 (30 N5H)

AUUNUILLEINARANEDY : 6

AuAMslnTuINsRanilamiaenizlng

WAIURINNA 160 Alauaass (Wdauanlasi 70 Alaunasi)
¥peazaa9lT kU Aa T

lasiunanum 8 . 12 %
lasfuasa 6 0. 30 %
nealusiuniiansud 0 n.
lAagAasaa 0  Hn. 0 %
Tugmu 3 n.
amstulamsanaunm 18 n. 6 %
loauns  desndn1 . 2 %
DR 0 0.
ICLEY 130 un. 5 %

% = o 1 o
7REAZAAILTNIUN LU U AR

ARINULD 0 % ARNW 1 0 %
ApNW 2 0 % WARALTEIN 0 %
VAAN 2 %

* Speiazaailiunmianse et wuzth lfuslneasadud miuaulneang
Faus 6 Tyl (Thai RDI)  TmgAnannAanNaaIn 1snasnuiuas
2,000 AlauAaes

ANHABINITNANIULDIUAAZY ARALANFNATIL éﬁﬁﬂqnﬂiwﬁqmuiu@:
2,000 Alauaaed AaslEUansaIssnaT il

Tasfuianan Haendn 65
o Haendn 20 n.
lAlagLInaIea aendn 300 N
sl lansavianan 300
leanung 25 .
TR Haanan 2,400 an.

WAL (Alaumaes) sandy : lusdu =9 : Wsiu = 4 : p5lulawmem = 4

51N 17 aa1nlnmuinisuuLdin 19/ cracker powder

Final Report: PT-10 May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 77

TaYALATUINTG

WiaeElnA ;1 989 (30 NSH)

ANUIUMUNLLEINARANARY : 6

AMAINNINTUINITARUTINULELETNA
WAIUNIUNA 160 Nlaunaes

Y 3 . . .
FagazaaeUININLULEN AR

lusuniuum 8 n 12 %
Tushu 3 .

o &

amstulamsananum 18 n. 6 %
DRI 0 n.
Tdhes 125 wn. 5 %

¥ = o 2 a A o

* Fpanzaesiiunnansasfuuztin lfulnasesud miuaulneang
slaus 6 Tauly (Thai RDI)  Tnsi@nannANfadnIsnasnuiuay
2,000 Nlaupass

51 18 aaninTunsuuLee 199578879 whole wheat cracker

Final Report: PT-10 May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 78

a a ° v a ua o o
M15719N 19 @ﬁq‘ﬂN@ﬂ'T?ﬂ?gLNUﬂrJ’]NT']H']EUT@\‘]V@\T]JQUmﬂ’]ﬁ‘iuﬂ’]?@ﬁmqﬂ@qﬂtﬂﬂuqﬂq?

U, uilaniaauslng was/ | NISAIUIN UWAZ/MIANS
FanlfiiAms guuuaan 158 AUIUNYLE meqn{ﬁhmﬂnmmms
UslnARaNTUELTSq panilaniiausing

01 X v v

02 X v v

03 v 4 v

04 X v v

06 v v v

07 X v X

08 X 4 X

09 X 4 X

10 v v X

11 v v v

12 X v v

13 v 4 v

14 v v X

15 X v v

16 X v v

17 X v v
N19AAYINGNADY 38 100 69

(%)

Final Report: PT-10 May 2012




Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 79

3.6.4 agUuanisisziiuanutugaasiaslJisnslunisaavitaainlaguinis

v
o

1 v v
wesdiRnisnaimnsndsiiaaninauinisligniesisuunteuasuuuifininedy 4
t a o Y v a o o =
VeediRng (25%) 1Aun Hesdfiimnisvnieias 3, 6, 11 uaz 13 Awuandlunisran 20 Tas
a 4 o o :j/ o o dl 1 a
Anufesar 38 veenisdmvingLuuuaaininmuinisviavan  Tunisdprianikmisaidinauay
AuIUaLFINARBNTUELIIY UATIREAT 69 TUNIIATUIULAZLAAIAMAINININTLINIT6E

d’ 1 a ¥ 1 4 a v o al
niuauslng Iﬂﬁl‘ﬂ‘ﬂﬁﬂiﬂﬂsﬁu”lﬂ’]?ﬂﬂﬁLLI?]@EZ‘VI@Q‘]J{J‘LIIﬂﬂ’]?ﬂ\?LL@@ﬂiuﬁni’NVI 21

aeislafimuriestifinisaasddanianssumaasumnudiugresieljirnislu
n1sdpsinaa ninauInig wazyransnieluiesdfimnisanslasuniseusuuazniunisdnsin

aanlnauinisaNderiinuareslszniAnssnIweaIsTgIetgselias el

Final Report: PT-10 May 2012



80

Institute of Nutrition, Mahidol University - Laboratory Performance Study 10

Bul|jage| uonINU Uo palejosp pue paeinoled (q) ‘Bulege| UonINU Uo PaJe|dap Jou Ing palende) (e)

9 orl > 9 8l € ¢l 8 09l Ll
9 oSl L > 9 Ll € cl 8 09l 9l
9 oSl 0 YA 0¢ 14 6 9 oSl Gl
9 0G1L L > 9 8l € cl 8 091 vl
9 oSl 0 9 8l 14 cl 8 0S5l el
9 oSl 0 9 8l 14 cl 8 09l cl
9 ol 0 9 Ll € 14 6 09l Ll
9 oSl 0 9 8l J1aY 1BUL % 9) € cl 8 09l oL
9 oSt > 9 8l € cl 8 09l 6
9 oSt 0 9 8l € cl 8 09l 8
9 gel | > 9 8l La¥ eyl % 9) € 4 8 091 .
g Gel 0 9 8l € cl 8 09l 9
g ocl 0 9 Ll € cl 8 09l 14
9 0G1 0 9 8l 14 cl 8 0gL €
9 orl > 9 Ll € 14 6 09l 14
9 oSt 0 9 8l 14 cl 8 09l L
1Y 1eyl% | Buinies lad | Buinieslad | |QY 1BULY% | Buiaies Jad Buinies Jad |ay 1’Y1% Buinies lad | Buinies Jod "ON

(12oM) opo9

(Bw) eN (6) stebng () sousiagip A OHO (6) uieroid (6) 1e4 ABioug qe

hrc_m\_u,m_.mv@\_m,n@_@j PELERMTMTIELULMEUIULBEIITMYEN Khrcgﬁﬁc.w@ﬁ@m@ 0C wbLELY

May 2012

Final Report: PT-10



81

Institute of Nutrition, Mahidol University - Laboratory Performance Study 10

(anjeA 1081109 S| sisayjualed ul) anjeA 1081100ul patejdsd () ‘Buljjage| uonInu Uo palejdsp pue payenoje) (q) ‘Jlequnu Bulpunol 108.100u| (B) ‘Buinles Jad sI Sd

X

K(leX
ley]
4 > <> C¢> - 9 0s1 - 1% 3 9 8l - 0€ 9 ¢l 8 08 091 0l
%9) €
c> z> ¢> > 0 yA 091 > - - 9 8l € 0 0 14 ] 14" 6 08 091 6
] 0 0 0 - 9 (0145 0 - - 9 8l € - - 0€ 9 142 6 08 091 8
4 9 Ggel > € > 9 8l 4 0 0 cl 8 0L (0°] A
4 0 0 0 0 S ocl 0 4 L > 9 8l € 0 0 0€ 9 cl 8 0L 091 9
14 0 0 0 0 S ol 0 € L > 9 8l c 0 0 0€ 9 14’ 6 08 091 14
4 0 0 0 0 9 oGl 0 ¥ | 9 8l c 0 0 0€ 9 Zl 8 0/ 051 €
¢ > 0 0 0 0 9 014% 0 1% > 9 A% 4 0 0 0€ 9 142 6 08 091 4
4 0 0 1% 0 9 014% 0 1% L > 9 8l 4 0 0 0€ 9 ¢l 8 08 091 3
% % % % % % £Sd xSd % xSd % +Sd xSd % xSd % «Sd % xSd +Sd +Sd
ON
[E0M
°q ‘g v Bw 6 6 aoUBJaYIP 6 Bw |0 6 |20y 8p0o
18} Wodj
84 BD  UA WA WA eN sjebng 4a (el A OHO uelold  Jelsejoyy  1ed les ABieug Qe
ABleug

hrcgm_ﬁv@mﬁwgﬁj PEERWINITIELULTEU UL BBAITMYEH Khrcrﬁﬁﬁw@wﬂ@m@ LC WBLELY

May 2012

PT-10

Final Report



82

Institute of Nutrition, Mahidol University - Laboratory Performance Study 10

(enjeA 1091109 s sisayiualed ul) anjeA 108.1100ul palejoa (o) ‘Buljjage| uonuinu Uo palejosp pue paeinoje) (4) “aquinu Buipunol 198.4100u] (B) ‘Buines Jed I Sd

09L L 9  ovL > 9 8l € zl 8 091 Ll 9 oL 1> 9 8l € zZL 8 091 Ll
091 9l 9 05t L > 9 Ll € cl 8 091 9l 9 0S1 L > 9 Ll € cl 8 091 9l
0§l Gl 9 oSl 0 / 0c 4 6 9 0§t Gl 9 0§l 0 A 0¢ 4 6 9 0S5} Gl
091 7l 9 05t L > 9 8l € cl 8 091 14" 9 051 L > 9 8l € cl 8 091 vl
4 0 0 4 0 9 0G1 0 14 | 9 8l 4 0 0 0€ 9 vl 6 08 091 el
Z 0 0 0 0 9 061 0 € | > 9 8l 4 0 0 (0% 9 vl 6 08 091 cl
4 0 0 ¢ > 0 9 orl 0 1% | 9 8l € 0 0 0€ 9 vl 6 08 0Ll Ll
% % % % % % +Sd xSd % xSd % +Sd xSd % xSd % «Sd % xSd +Sd +Sd
ON
€0
°q ‘g v Bw 6 aoualayIp 6 Bw |0 |20y 2p0o
18} WoJj
4  BD  IA WA WA eN siebng 4@ [eloL AQOHD  ulejold  JeiseloyDd  Jeq jes ABiouz  gen
ABloug

28

(819) ELULTITMINEUABINPBRNEIMINELULABUTULYBHITNOYTILELULIBUTBREE L2 UWMLELY

01 APN4S 20UDWU0JUag AU04DIOGDT - ALISU2AIUN [OPIYDW ‘UOLLIIENN 4O 24N414SUT

May 2012

Final Report: PT-10



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 83

4. \AaN®1519D9

1. Notification of the Ministry of Public Health (NO. 182) B.E. 2541 (1998) Re: Nutrition
Lebelling, 1998.

2. Notification of Ministry of Public Health (No. 305) B.E. 2550 (2007) Re. Lebeling of some
kinds of ready-to-eat foods, 2007.

3. ISO/IEC 17043. Conformity assessment-General requirements for proficiency testing.
Geneva, Switzerland, 2010.

4. 1SO 5725. Precision of test methods — Determination of repeatability and reproducibility
by interlaboratory tests, 1981.

5. 1SO 5725-2. Accuracy (trueness and precision) of measurement methods and results
Part 2: Basic method for the determination of repeatability and reproducibility of a
standard measurement method: International Oraganization for Standardization, Geneva,
Switzerland, 1994.

6. SO 13528: 2005(E). Statiscal methods for use in proficiency testing by interlaboratory
comparisons. Geneva, Switzerland, 2005.

7. Horwitz W., Albert R. The Horwitz Ratio (HorRat): A Useful Index of Method Performance
with Respect to Precision. Journal of AOAC International. 2006;89(4):1095-109.

8. http://www.aoac.org/dietsupp6/Dietary-Supplement-web-site/HORRAT_SLV.pdf.

Definitions and calculations of HORRAT values from intralaboratory data. Available from:

http://www.aoac.org/dietsupp6/Dietary-Supplement-web-site/HORRAT SLV.pdf.

9. Horwitz W, Albert R, Deutsch M J. Precision parameters of methods of analysis required
for nutrition labelling. Part Il. Macro elements. Journal of AOAC International. 1992:227—
39.

10. National Association of testing Authorities (NATA). New statistics for NATA’s proficiency
testing programmes. Australia, 1996.

11. ISO Guide 43-1. Proficiency testing by inter-laboratory comparisons - Part 1:
Development and operation of proficiency testing schemes, 1997.

12. Puwastien P., Sungpuag P., Judprasong K. Proficiency testing Ill; External Analytical
Quality Control Programme (1998) for Nutrition Labelling. Nakorn Pathom: Institute of

Nutrition, Mahidol University, 1998 September.

Final Report: PT-10 May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 84

13. Puwastien P., Raroengwichit M. Summary Report: Laboratory performance study V.
Nakhon Pathom: Institute of Nutrition, Mahidol University, 2000 November 1999 -
February.

14. Puwastien P., Pinprapai N., Judprasong K. Laboratory performance study V: Main
nutrients analysis. Nakhon Prathom: Institute of Nutrition, Mahidol University, 2001
October.

15. Puwastien P., Pinprapai N., Judprasong K., Sungpuag P. FINAL REPORT Laboratory
Performance study 7: analysis of mandatory nutrients for nutrition labelling. Nakhon
Pathom: Institute of Nutrition, Mahidol University, 2003 October.

16. Judprasong K, Puwastien P, Boonpor J, Pinprapai N. Laboratory performance study 9:
Analysis of mandatory nutrients and preparation of nutrition labelling. Nakhon Pathom:
Institute of Nutrition, Mahidol University2010 August.

17. Horwitz W. Official Methods of Analysis of AOAC INTERNATIONAL. 18 ed. Maryland:
AOAC INTERNATIONAL, 2006.

18. Puwastien P., Sungpuag P., Judprasong K. Laboratory performance study lll, External
Analytical Quality Control Programme (1998) for Nutrition Labelling. Nakhon Pathom:
Institute of Nutrition, Mahidol Universiry, 1999 September.

19. Puwastien P., Judprasong K., Pinprapai N. Development of rice reference material and
its use for evaluation of analytical performance of food analysis laboratories. Journal of
Food Composition and Analysis. 2009; 22: 453-62.

20. Torelm I. Interlaboratory Variance in Analysis of Major Nutrients in Foods. Journal of Food
Composition and Analysis. 1994; 7(1-2): 2-22.

21. ISO/IEC 17025. General requirements for the competence of testing and calibration

laboratories. Geneva, Switzerland,2005.

Final Report: PT-10 May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 85

al dl dl 1 4 a oA dl ¥
NIAKRUINN 1. T18TD LL@SVI@%%I@QM@\‘]‘]JQ‘UG]?W’]?‘VILﬂq?QNIﬂNﬂ”I? PT-10

Contact person / Address Tel. No. E-mail address
Hunen aglame 0-2968-7619 nuntaya.c@anamai.mail.go.th,
nalNTUINIg NINAUNNY s_Jutharat@hotmail.com
NIENIWAIFITUGY ANLARAIATITY BILND
18 AIIAUUNLT 11000
Anngad aneodanen 02-951-0000 | niphaporn.l@dmsc.mail.go.th
AinAnsnINuATANNLARALBNYNS ext 98332
NINANLVANGRTNITUNTET DUURANUUN
AUNBADI AIUTAUUNLF 11000
11987 1oy 0-2201-7203 | bangorn@dss.go.th
IATNNIINENANGRTTUNN
NINANENANARFLENNT DUUNIZINT 6
IRTITNG NN 10400
WaAgss dediiian 02-800-2380 pongtorn.sun@mahidol.ac.th
anulnguINIg NranenaaNiing Ext. 317
25/25 DUUNNTNUNA 4 ATLAAIAIEN
BUNANNTNUNA S9NIAUATLTH 73170
SR WUNN 02-940-5993 | thanida@centrallabthai.com
13t WesdfiiAnasnans (Uszinalneg)andn | ext.210
ANUINTINN 50 DUUNUATETU LUNAIAEID
\UAARANT NN 10900
1329 WAIN13NAa 0-2886-8088 preeyaporn@nfi.or.th
an11uanuI3 2008 TREATANTUNT 36 ext. 5100
DUUBTUBNTUNT RRTatari
LALINIWARA NN 10700
ﬂﬂalquw?; 40P 0-3485-7710- | punyarit@centrallabthai.com

q

U7t viesdimnisnans Wszwnalne)
AR AIUNAYNIAIAT 23/13 UW 9
AualaAnan anatiles Samdnaynsanas

74000

15

Final Report: PT-10

May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 86

al dl dl 1 4 a oA dl ¥ ]
NIAKRUINN 1. T18TD LL@%VI@%%I@\?M@\‘]‘]JQ‘LIGNW?VILﬂq?QQJIﬂNﬂ’]ﬁ? PT-10 (59)

Contact person / Address Tel. No. E-mail address
iwlsndmd anungy 0-2942-8629- | ifrpri@ku.ac.th
AugTNIsTiuAININEINNT 35 ext.821

ADNTUALAILAZW LN AR 9 819N 3
NANEATAART G0l 1043 Unel.
WNEATANVERNT

LANHATANART ’Qlﬁﬁvﬂﬁ‘ NN 10903

Fa79a8 WIHNTINGF 0-2323-1672- | vilaval@tistr.or.th,
1198 1Ra1/5n (mineral) 80 tickung@yahoo.com,
AUMARALLAZNIATINEN AD11TUARY parameeg@listr.or.th (mineral)

AnenAansuazimnalulativiglszmalne

a

UANEAAIMNTINLNNGY TRE 1 AUUGINI

AUNBNDI AUTAARNILIINT 10280

AN deio 0-2715-8700 Thanita.Saipin@alsglobal.com,
NATlel §muQ@QﬁQﬂﬁ Tasanee.Ratanakulwad@alsg!
ALS Laboratory Group (Thailand) Co., Ltd obal.com

615 8IANTARARTIE NUUITNATUIS

WANTIUNIN LALNNNZT NN 10240

ﬂqutﬁm walerla (4a790U Vl@ﬁlﬁﬂll) 02-315-4171- poonnisa@thaiagri.com,
1399 ne ans Nad 4138 (HVNT14) 76 Ext 113 s_thongnium@hotmail.com
155/1 ¥a#l 1 DU 1

ANNBLINAIEI AnNTRayNIUIIN7 10540

MI990U 27IULATTY 02-286-4120 | pattarawan@omicnet.com
131 FumpsaduAliunsia anin Ext.111
12-14 1f11aNA Bae 3 DULLEUAINIA

LT RIUUT LIAYIUUII NZINNY 10120

Final Report: PT-10 May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 87

al dl dl 1 4 a oA dl ¥ ]
NIAKRUINN 1. T18TD LL@SVI@%ﬂ@QM@\‘]ﬂQU[ﬂﬂ’]?‘WLﬂq?QQJIﬂNﬂ’]? PT-10 (59)

Contact person / Address

Tel. No.

E-mail address

a fnsiloyyna

lszana wiae19 (Minerals)

151 weunlafimea a1uesnesd wefa
MR 611/277-279 HRUTATUNT LU
DUWATEYNET HINUWTAG LIALNADLIAN
NN 10120

02-689-8164-5

alslab@samarts.com

Epﬁ qm%rﬂi::ﬂmmﬁ 02-7196-488- yuwadeer@chemlab.com.my
U3 nnusy weflad (Uszmalne) A | 92

282 81A"91l 3 TaEAUINY 4 DULNIZINUT 9

W229U9NET 1ANEU91 NTAIY 10310

q39ind AW leng (Fuseanuau) 02-294-7485- | surathin.chula-o-

Aasned nuaaysad (lvideya) 86 larn@sgs.com,

WAl Toynyruunds

esljiRnsLsEm wadies (Usuinalne)
Afim 41/23 sn@ﬂauummmﬁ' 3(59) nUU
WILIIT 3 UUTAILUTT LUAENULN9N
NPUNNT 10120

02-683-0541-9

siriruk.kamonwiboon@sgs.co
m,
narate.panyanontachai@sgs.

com

4n10R 3anend
n9ng ena

a o v o=l & dl dl & O [ 3
UTEN EENNBAF LBLTLWALBIINETE AP
256/1 4a8dUNLNFMNALNG DULSTANNLEN

WANAUNTLNHN L‘ﬂ[}’]@ﬁl'ﬁ/ﬂ? NN 10900

0-2939-1131-3

supawadee@seallab.co.th,

korakot@seallab.co.th

algn Aufatinla
UsEnAudUN RN suaLdden1enisunnduay
WNHATWALTE ANAH (AMARC)

361, 361,361/1-2 a1ANF17 TRE 122

(Wein 25) LIATINBINAIE NTUNNT 10310

02-934-2381-3
pia 312

palm_ns@hotmail.com

Final Report: PT-10

May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 88

lNgIsuRLuRNIELa 1 (PT-10)

TasenastlsvifiuannunmiiesdjiEnnsdinseianseuns (PT-10)

. o v Y Y 1

LLu':‘VI'N‘IJﬁ‘LI mmmugwﬁequimams (Instructions to participants)

TasanistszidiuaniunindiesdJirnisinsziansenns (PT-10) Hmgiszasd Ao ezl

ANUNINNITTATIEUATRIMTTNALIUATNIATIN19AININTUINIT ANNLTZNIANTTNIWNATITUGT
o o o d oy . e A 9

a1iuN 305/2550 waratiui 182/2541 inaliiiluldnndngiszassuaziinmnugnsiesandnis

va o A

a - A = oA a
QLﬂ?qgﬁﬁJqﬂW@‘ﬂ "N?.l@ﬂqu?QNN’ﬂiuﬂq?ﬂgumﬂ\‘]u

1. AReNINAdaL (Test materials) ﬁmﬂﬁﬁﬁmmﬁimLLm%%’ﬁ*uﬁq@ﬂw 2 1p An

1) f78E19 Whole wheat cracker a14a1 12 f9etine] az 30 N3N Lﬁ'@ﬁ%ﬁummﬂ%mw‘m
NN9AAINZHANIRIMNTLTIAL LL@zﬁqmﬁiﬁmﬁ“@ﬁqLﬂu%ga‘lﬂmmmmmmnmuﬂ?zmﬂm‘xmqq
a181904q 21U7 3052550 Tlsapaaazidanly mrs1af 1.

2) A819 Cracker powder (INMU-18) a114914 2 Fin@eing (A ae B) fiaatneaztseunns 50
nu iledesziansenstisiuuaztinad lfundnindudeyalnrunsuuaanaudseng

NIENINATNGY ATUT 182/2541 Tsmpsiaazidanluy A15199 1.

o %

RS9 1. FBENNIMNINAARL ANFDIUNITNALNFANTIATITazNsaaIndayalnTuINIg

AAREN9RIUNTNARAL A9 N ARILATIZH nsanNTayalaguInig
1. Whole wheat cracker | g 4fjp A lasfurionan, Tisii, AlsEnARLLR 305/2550
g, MREN, 1B, ALY MUUALA 1 NABIUST] 6
189 UNMENgNE = 180
N5y
2. Cracker powder 13 79l Ao lasuiane, neelasiy LsEnnARLTLR 18212541

(INMU- 18)

o

tal o a o ¥ 1

s, nenlasduatiansud, Tsdiu, o | A vusld 1 naaduseq 6

ANN2, UANA, TTRLN, LARLTEI, A9 UINUNENE = 180

AN, AARUD 1, INRud 2, 18N, nasy
A

ANTYL (lfadiazvilnaginesaa

a a = )
ARH1Le g Tl i )

=

WHNME): NeANTeNL RN sewinuEGinsziansenuns i lipsudou s limesiuay
Uszidiuinnvinlg

Final Report: PT-10 May 2012



Institute of Nutrition, Mahidol University - Laboratory Performance Study 10 89

. Nedesneeng: deiudunii 18 manAN 2553 HeallfiRnsanslaFusinesnqldinudun 22
dl Vo o 1 %4 v % % o 1 o 6
ARIAN 2553 e lAFusnateudarelinsmasaupingnsiesaesinatneuazussaiusiaznsen

WafuFufaating AaUNAUNIT AFTTA QALseasA E-mail address: nukjp@mahidol.ac.th

1
=

. walsiilulmsdeninuaaeinisdnni PT au ISO/IEC DIS 17043 aaliynuaeanuaniiunig

NNdusRUAWASINaE9aUAIATIzIAia3A [uRtaiUset el nANvinuldFuaIngnAn
. Fivatne INMU-18 wnitlagedudn Tussasetinsmivasluaanqninaan wiulilugifiu
Ao 2N | o | o o a
. 91an1sansamsin Uit uusazsetnauazn1sdan dayalnauinisuansluansian
1 lnalnnaaziaaiaRNAal
faag1e Whole wheat cracker yasannissasfaagnalan 1iinn1sinmesidansenyig
weazaiauAzIEUANIIILATITTTY 2 Avka A uaz B adlu tandnsusnean 2 agldszy
wiauazauoumaiian131iudy AINUULNANRALIBIANTBIMNTUA AT AN 1T RYA
Tnguinisuuga ANLITNIANIENINANIIUgIRLUN 305/2550
Aaaene Cracker powder (INMU-18) l#funnnsiiasnziansatvnslulsasieatan
label 284 No. sample + A Laz No. sample + B LAZT8UHANNTAATEiuAazAadll Landng
d} b2 1 o a 04 b :J/ o 1 dl 1 o
nanaa 2 G9ldszymiasiazaruaunaionldliude antiuinAeare9a1981MN I aTAINN
ARRAINTNTUINMTULLLAN ANUSZNANSZNIANETUgIRTUN 182/2541
AFawmziansennns WiieslJuRntsldasanesiansanmshvinuldifulsyan uazlisn
aca '8 1 1 dl [ 9 dl 2
pINadaLRIAIzatietie Ty lanasuaneaa 3 Mifludeyanldainiansinig PT-9 ngon
QI a a aca rdl = dl L4 L dll 1 Y Yo a
WNFNIazIRAI DA IsNanaNn s At uulas Thanysnd iiedos ligdnainsnasune
= a rdl 1 o
AR WNHNAILATZYN lameerivg
dl dl 1 o a o =K o v ] o ] v
W 1) Wasann PT Adnunanuafilymlunimmaziladu asuusinlianiseeasaesinadae
N9/ (acid digestion) NAUANARIYAINIAZANE (Solvent extraction)

2) Faetnanmgel faaiinis defat sample AaUN133LATIZH dietary fibre

C AMUARINANIIIATZA (tand1suNiga 2) Anelududannsil 30 waAAnNW 2553 AU

\ v @ o y ~ o Y L .
ANAITUNIELRU 3 ﬂﬁ;m’]@\?ﬂ@ULﬁ")Vl@ﬁ LN@MTQ@@@ULLmTL?ﬂU?@HLL@Q Iﬂﬂ@\uﬂu attached file

N1 A99TR AAL9TAIA E-mail address: nukjp@mahidol.ac.th Waazlinianisdeziiusiell

Lab code number 2@svinuszya uanvnialzuin code number dazlaflupaugy el
fuiladnanstinsziewinuadldgnindawelee 8 uewnn uasllsnszy Lab code
number HlunsRnsie wazenuanaaansdnsiaznig

NNELVB): fasantasanns PT-10 flulassnissiaiiasann PT-o lneRinguszasduazianis
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LANAITLUUUNELRT 2-1 (PT-10)

Tassmsdsziiugaarunwiasdfifnisiiasizignsarms (PT-10) Lab code no.

wUUNBSNUARINA (RESULT FORM)

A2E19B1MS: Whole wheat cracker (Muunli 1 na8qLI93q 6 999 UuiNgns = 180 n3¥)

S1EASLREAUDIAIDEG:

unnugnd: 180 nF
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Tassmsdsziiugarumwiasliifn1sasizidnsainws (PT-10) Lab code no.

L
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M28E1981119 Whole wheat cracker (“LFE?J’]EU.@V]% 180 N5H)
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UNIVERSITY

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

|  Study design of PT-9 (1) | @ iy
Salted board bean ®
Check Broad bean powder
250 packages, 50 g homogeneity INMU-17 (AB) 50 g @

1 (12 packages each)
17 lab 2 packages (A&B) test materials]

@ sample p*‘epar‘aﬁon 17 I{ab

Analysis of mandatory nutrients — Results «— Analysis of mandatory nutrients
(Notification No.305) | (Notification No.182)

12 13
Nutrition Information (NI) Statistical analysis

Performance evaluation |

@ Preparaﬁlon of NI ® Analysis of mandatory nutrients
]
J 4
Good performance lab ~ «———  * ynsatisfied performance lab

Technical Meeting
RMs with consensus values

of mandatory nutrients
* Corrective action, repeat PT, consultation, training

MAHIDOL
UNIVERSITY

aounmwaNnNt gy lunmsdnitayalaguinis

(Nutrition Information)

- glununsudansRaINtAgUINIg
- NaMU2ELElnALAEIIUIUNUIE LT INARDTRY

« NMFANUINLAZNTUARILIT NN UINASULAZEITEIUNSAA

uilanuaguslnauazfasazaasdsunaunuuzinnady
+ ggUnasaNIWTINTBITRYALURNINTATUINAG

MAHIDOL
y :
dayalntuinis: UNTERIDY
Eﬂ LLUuﬂqiLLﬂﬂ\i'ﬂaqﬂIﬂﬁuqﬂ'\i
stlunvaain {1U2u Lab ML
Tngums (7)
gnias © 15
lignias @ 2 ® atiuta auisznia 305 & sat

fat, cholesterol ua fibre luaain

® artfuthin muilsena 182 14
Nutrition Fact

WA HARN report afukInriaunaule

¥
dayalnauinis:

MAHIDOL
UNIVERSITY

wilangustnAauazauIunUlsLsInARadag

niteniaaudlneg Fruruniieuslnasadas* 372U Lab (17)
1/2 14 (25 n§u) © 2 7 (41%)
1 983 (50 nin) @ 1 2
50 nsu ® 1 3
305 ® dszanm 2, Uszanm 2 ass, 1.7 3
1/2 a4 (30 ndw) @ sz 2 1
1/3 am (30 n5n) ® dszanns 2 1
* fruuniaausinasa 1
mauzussy @

MNN2LME: NN report atLusniaunsuila
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dayalnguInIg:
@ UNIVE TY

NMFANUINLAZNITUAASLIE NN UNATULAZ AT 6D
wilamiazustnauazsasaraaslfanaiuuziinadu

sanilomianizlna 419U Lab fasazvanfanaiiuusiea | S1udu Lab
a7) u a7)
g © 15 15 (88%)
fin ® 2
1 &15emns (Unain) Satfat (55—5 1—» Sat fat
Al 6)
1 #1979 (AUIUiA) Protein
Auaniimanaslisiiu 2
walilaugnsuuaan
dayandsnulisanasasiu 5

WNNELME: HAAN report AtiLusNiauMsunlY
*afhAuasadaulTnanasunainaasantamieustaaiusseinanvaailaay

MAHIDOL
UNIVERSITY

Thai Notification No. 305 (2007)
Salted broad bean: Nutrients per serving: % bag (25 g)

o ~T1c[ 2 [ac[ac[sc[6 [7c[ec] o [10]11[12]13]14[15C] 16 [ 17
e | © c cc | cc c cc

Total | 130 | 130 | 13/ | 130 | 130 | 130 | 140 | 130 | 130 | 130 | 130 | 130 | 130 [ 130 | 120 | 130 [ 130
energy 120

Total 7 7 6 7 7 7
fat

Poen | 6 [ 5 6 |6|(6) 6|6 |6|6|6|6|6|7|6[5]86]5

CHO 144 |11 |11 {11 |11 |11] 10 |11 (11 [ 11|11 |11 [10[11] 12 | 10 |11

Sugars | @ <1 | O | O |<1|[0| 2 [0 [<1|<1|0]|O0|<1|{<1|O0]|<1]|<1

Na 100 | 105 | 85 | 120 | 95 | 105| 85 | 80 | 90 | 100 | 95 105 95 | 95 | 80 | 105

Note: Lab No.5 and 7: nutrient per serving calculated by PTP
0 Data corrected by PTP
O Minimum value
O Maximum value

C = correction

O = unsatisfied results

o MAHIDOL
UNIVERSITY

Thai Notification 305 (2007)
Salted broad bean: % Thai RDI

Lab 112 |3 |4 (5|67 |8|9(1(|11(12|13|14| 15|16 |17

111 )11 [ 11

Nutrients

Total (11|11 9 |11 |11
fat

CHO | 4|4 4|44 4|3 |4|4|4]|4

1"

4

Na 7
44464443444\?/44434

O = unsatisfied results

O Minimum value
O Maximum value

MAHIDOL

Thai Notification 182 (1998) 0 UNIVERSITY
Broad bean powder: Nutrients per serving

Lab ic[2|ac|[ac|sc|[6]7cec] o [10]11]12]13]14[1sc] 16 [ 17
c c cc | cc c cc
utrients

Total enorgy | 130 | 130 | 130/ | 130 | 130 | 130 | 130 | 130 | 130 | 130 | 130 | 130 | 130 | 130 | 130 | 120/ | 130
120 130

€ form fat 6 | 60 | 60/ | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 6O | 7O/ | €O
50 680

Total fat 7 |7 7 |77 @ 7 |7 |7 |7 | |7 |7 |7 7|7

Sat fat 3 |35|25| 3 |3 |3 | -] - |3 |8 |3 |3]|3|3|25]|3]as

Trans fat oo o o ]|-|o| -] -Jo|-[-Jo]o|-]-]0o]o

Prot 6 |6 |6 |6 |6|6|6 |6 |6 |6 |6 |6|6|6|6| 6| e

cHo MM 11111010111 1| n|n]|1]|0]n

DietaryFibre | 2 | 2 | 8 | 2 |2 | 8| - @ 3|3 |2]2]2]2]3s]2 2

Sugars o [<t|[ofof«]o @ 0 | <1 | <1 |0 |0 |<t|<1|o0 ]|« |«

Na 115 | 110 | 100 120 [ 116 | 105 | 110 | 110 | 120 | 110 |(150)| 120 | 115 | 125 | 100 | 120

) Data corrected by PTP [ Minimumvalue [0 Maximum value
O = unsatisfied results

MAHIDOL
UNIVERSITY

Thai Notification 182 (1998)
Broad bean powder: % Thai RDI

Lab 1c| 2 3/4C | 5|6 |7C| 8C 9 |10C| 11|12 (13C | 14 | 15C | 16 | 17
c c c c c |cc cc
utrients
Total fat | 11|11 (O 11 [11]11 AD[ 11 [ 1] [ ] {11

Sat fat 15|18 [13| 15 [15|15| - - 15|15 |15|15| 15 |15 | 13 [15 (18

CHO 4l a|a|lala|a[3]aa]afalalalalalz]a
Dietary 8|8 [12] 8 |8 [12] - 12/12|8 8|8 |8[12|8 8
fibre

Na 5[5 @ 5(5(4|5][5][5]5 5 (5[5,
vit,st | 4|2 oy 4

Vit

Ca

Fe

LHOHOCIOONNOCO

dayalnmnms
o > 1 witiniailan 12wee @ )
fAratmsudnsiayalntuing e S 2
Ao wilnbeinn
WA uﬁmu‘ (120 Yolaumnss mﬁmuwnluﬁ@ Alaumnss)
~x Fatmz IR R st
Tt 7 a 11 %
R lwfuiudn | 36 | o 18 %
TBHALNTUINT relsiveud | 0
TradwaTea | 0 | un %
wikiaiguiinn 12381 (25 i Ta 5 o
s fethe 2 anstulansaiinen | 10 [a El
aaminilnmngagrawiiminTan e 2 a P
w130 ) Alaunned [y Wounin 1]
T 100 | wn 4 %
Tusnimsn B L e
Tibrin o Fmiwa o | % [ 4 %
"“'”L""“"".“""_"__ ? Amiiud 2 & % uradun [} %
S L widin 4 %
Tufinn - — ra— —
= s 6 3
Fultl (hai AON_TaaBmenn srufaremdiraiune 2,000 Slusnes
Ep— i T FosuTun 2,000
Rlaunacd wnlid i
luifuriomm vaunh 3 a.
lofufudn | danndn 20 A
Tuaniamran Alwandn 300 A
Arvtulagmimun 300 a
Turmin E3 a
Tafan Haanrin 2400 A,
it Filaumned) dordi ; Lt = 9: Tk = 4; A luldiesn = 4
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- Within sample variati

AT5ER AALSEAA, szmA’ paades, - Between samples

sALT Yaywa

uation of analytical
datory nutrien

Preparation of test samples
by participating laboratories

- Sub’;'samples (50 g, each)
Store at -20 °C in aluminum foil bags,

Random sampling packing yn‘der vacuum
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MAHIDOI
UNIVER

Preparation of test samples
by participating laboratories

uaumIatnald  §7uqu Lab (17)
120 © | o 10
11 949 4

Sieve, mesh No. 10 (2.00 mm)

Ou

- Sample preparation: AW
- Homogeneity testing (broad bean powder):
- Within sample variation

- Between samples variation
np « ASTER

- Stability testing (broad bean powder)

Evaluation of analytical performanc
mandatory nutrients for nutriti

Homogeneity and stability testing
Salted

Broad bean powd

packed under vacuum in alum

! -.

1. Testing for homogeneity: moisture, total N, total fat,
dietary fibre, Na and vitamin B,

Duplicate analysis of 10 random test materials on the same
day, using the same conditions, by the same analyst.

foil bags, 50 g each.

2. Checking for stability of nutrients:
moisture and vitamin B, at 0-24 monTh

Reanalyse in 5 randomly se/ecred sqnples at §p ! f/ed
storage period .

I f fhe abfamed va/ues are in th

Statistical analysis: sample homogeneity

1. Within sample variation: Co

range test

2. Between samples variation: ba
2.1 IS0 guide 35 (2006): One-Way /AIQOVA

F calculation (MSB/MSB) < Critical F-vale

2.2 15013528 (2010): s, <0.36

2.3 %CV
RSD/RSDp, HORRAT ratio = O.

"Samples are sufficient homogeneoﬁs"“_— the differen
test items will not affect the b

deviation, o : Targ

1. Within sample variation

No. Total protein (g/100 g)
A B range® (R) | R/R-
1 2248 | 2268 | 0.040 0.03
2 2244 | 2242 | 0.000 0.00 R/R il doehian
3 22,57 | 22.76 | 0.036 0.02 0 critical value
4 2254 | 2265 | 0.012 a0l 1 = pass
5 22.85 | 22.74 | 0.012 0.01
6 2285 | 2211 | 0548 | 035 |  Analysts who performed the
7 2280 | 2268 | 0014 | 001 testing has good precision
8 22.83 | 2261 | 0.048 0.03
9 22.80 | 21.97 | 0.689 044 D ﬂ
10| 2801 | 225 | 01 L - variation due fo analyst will
i 1ot 18 t affect bemen test i
N i
Cochran critical value®®
at 95% confidence level

interlaboratory tes:

2. Between samples vari
2.1 One way ANOVA approac
No. Result
A B -

T 248 | 2268 road bean powder
2 22.44 22.42 S
. 257 | 2276 SB/MSW) < F critical
4 2254 22.65 = pass
5 | 2285 | 2274 -
- BETEmTT Sample is homogeneous
‘ 2260 2268 Mean = 22.62 g/100g
8 22.83 22.61 .
o | 2280 | 2197 ~ Sb = 025 g/100g

10 23.01 22.59 5

Vean| 2272 | 2252 M&OQ

ANOVA

Source of Variation

Between Groups

Within Groups

Using Excel: Data analysi

B
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2.2 IS0 13528 approacl|
Sample number| Test portion | Test portion
t (91 g2
i 2248 2268 S
. <030
o 2244 2242 2243
3 2257 2276 ~ Target SDp,
4 2254 2265 0012 |  SD from Horwitz
5 2285 2274 0012 =0.3 x0.556
6 2285 2241 0.548
7 2280 2268 0014
0.13<0.17
8 2283 2261 |
2280 2197
2301 2259

deviation of sample averages (s

tandard deviation (RSD), %CV

Between-samples standard deviation (ss)

2.3 %CV: HOR

Parameter Mean Standard Acceptable HORRAT”’
deviation (SD) (0.31.3)
Moisture (g/100g) 279 0.08 Pass
Protein (g/100g) 2262 0.15 Pass
[Total fat (9/100g) 27.82 073 Pass
Dietary fibre (g1100g) |  12.72 0.93 Not pass
[Ash (g/100g) 3.02 0.05 Pass
Sodium (mg/100g) 460 14 Pass
Pass

r:feboratory studies: Acceptable HORRAT (R) < 1
tralaboratory studies: acceptable HORRAT (r) 0.

0J64
0.58015

0J62

Vitamin B4 (mg/100g)
o

e e e
5 6 7 8 9 10 11 12 13

Time (month)

(x coefficient) is expzded 1o

Evaluation of analyt
mandatory nutrients

- Assigned value: base

+ Performance ev

« Consensus value: obt

Assighed value of

‘*Assigned values of test materia

*  Robust mean « robusfr S

+  If variation of data i
Robust mean*+ targ

rwitz's pr‘edi(;:ztedk sD)

*estimated based on I50 13528

Example: estimate assigned val
according to ISO 13!

Protein in salted broad bean: calculation of robust avera

i)

5155
X5

ieration 0 XX
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Summary of assighed val
INMU-17 estimated according to

Unit of expression

per 100 g
Eoistute inBB g
Moisture in INMU-17

| Nutrient

g

 Total fat in BB g
Total fat in INMU-17 g
Sat. fat in INMU-17 g
| Trans fat in INMU-17 g
g

g

g

9

g

Protein in BB
Protein in INMU-17

DF in INMU-17

Total sugar in BB
Total sugar in INMU-17
Sodium in BB mg 389
Sodium in INMU-17 '
Vitamin B1 in INMU-17
Vitamin B2 in INMU-17
Calcium in INMU-17
Iron in INMU-17

Ash in BB

Performance Evaluati

1. Within laboratory variat

Robust z-score,sin = X - medianer,

x = the difference between the value of .
Median = the median of difference between the value of A and B obtained from
participating laboratories
NIQR = Normalised Inter-quartile Re

Interpretation L

z <> Satisfactory result ¢
2< (2] =3 Questionable r

1z1 >3 Unsatisf

2. Between laborat

Robust z-scoreg, ..

where x; = average value of repor‘fed da

Robust mean (X*) = consensus vall
accordi

Robust SD (5*) = standard deviation of the robust mean value or
targ (SDp, Hormfz’s predicted SD)

Interpretation

2< 121 <=3 Question

(21 >3 Unsatisfc

results from
PT-8* (2005)

Summary of laboratory performa
PT 9-1 (2010) compared to PT-3* (1

Satisfactory (%) (%) i (%)

[Nutrient No. of results [z-score] < 2 2 <[z-score] < 3 2 <[z-score] <3
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)

Fﬂoisture 39 55 107 17 59 82 87 82 3 7 4 6 38 1 9 12
IPro1em 33 55 100 17 52 67 82 88 6 7 3 0 42 26 15 12
Iklpid 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 22
[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
[Lron 45 50 96 16 65 64 62 81 6 16 12 3 29 | 20 | 26 13
Zinc = = 77 = = = 66 = - - 10 - - - - -
[Vitamin BT - 18 17 15 - 56 59 ?? - 11 12 ?? ??
Vitamin B2 6 19 - 15 67 74 - ?? 17 5 - ?? 17 21 - ??

Consensus values of component:
obtained from good performan

Nutrients

Fat

Saturated Fat

Protein
(N x 6.25)

Sodium

Calcium

Tron | 287.028

VitaminB1

Moisture

Ash

1. Corrective action: DF and sugars analyses
Samples: defatted broad bean powder
RM from BRI, Australia
Results submitted: 23 April 2010 ?

2. PT-9round 2: June 2010?

Samples:
- Whole wheat cracker (WWC) 12 packages (small) k
- Cracker powder (INMU-18)
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