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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matt
electrotechnical standardization.

The proced

lrawn to the possibility that some of the elements of this document may)be the subj
4. ISO shall not be held responsible for identifying any or all such patentirights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and do
constitute ar} endorsement.

ers of

e are
br the
ith the

ect of
hils of

ights identified during the development of the document will be in the Introduction and/or

S not

For an explanation on the meaning of ISO specific terms and-expressions related to conformity

assessment, [as well as information about ISO’s adherence to the WTO principles in the Tecl
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 34; Food products, Subcommittee SC 11, A
and vegetabl¢ fats and oils.

This third edition cancels and replaces the second edition (ISO 9936:2006), which has been techn
revised. Ital4o incorporates the Amendment 1SQ.9936:2006/Amd.1:2011 and the Technical Corrige

hnical

nimal

ically
ndum

ISO 9936:2006/Cor.1:2008. A non-applicability statement for milk and milk products has been addled to

the Scope.
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Animal and vegetable fats and oils — Determination of
tocopherol and tocotrienol contents by high-performance
liquid chromatography

1 S

cope

This International Standard specifies a method for the determination of the contents of

and

tocopherols and tocotrienols (referred to jointly as tocols) in animal and vegetabte

(referjred to hereinafter as fats) by high-performance liquid chromatography (HPLG).

For p
sapon

Milk 4

oducts containing tocopherol or tocotrienol esters, it is necessary to ¢arry out a
ification.

nd milk products (or fat coming from milk and milk products) are éx¢luded from the

Internpational Standard.

NOTE
inforn

2 N
The fi

A suitable method involving a cold saponification pr@c€edure is described in
hation only.

ormative references

bllowing documents, in whole or in part, are.normatively referenced in this docuf

indispensable for its application. For dated reférences, only the edition cited applies.

referg

ISO 6

3 T
For th

3.1

tocol
mass
Stand

Note 1

4 P

nces, the latest edition of the referenced. document (including any amendments) app

b1, Animal and vegetable fats and oils*== Preparation of test sample

erms and definitions

e purposes of this document, the following terms and definitions apply.

content
fraction of the individual tocols, determined using the method specified in this
ard

to entrysThe content is expressed in milligrams per kilogram as a whole number.

ree a-, 3-, Y-,
fats and oils

preliminary

bcope of this

Annex B for

nent and are
For undated
ies.

nternational

rinciple

A test portion is dissolved in n-heptane and the individual tocols are separated by high-performance
liquid chromatography (HPLC). The content of each tocol is calculated using calibration factors
determined from calibration solutions.

5 Reagents

Use only reagents of HPLC grade or equivalent.

5.1

o-, B-, Y- and 8-tocopherol and tocotrienol standards.

If tocopherol standards are not available, a blend of wheat germ and soya bean oil may be used to
identify a-, 8-, y- and 6-tocopherols.

© ISO 2016 - All rights reserved
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If tocotrienol standards are not available, palm oil may be used to identify a- and y-tocotrienols. The
chromatograms obtained can be used to assist peak identification in test sample chromatograms, in
which case the calibration factors for the corresponding tocopherols should be used.

NOTE a-, B-, Y- and 8-tocopherol and tocotrienol standards can be obtained from Merckl); a-tocopherol
can be obtained from various suppliers. Tocotrienol standards are available from Sigma Aldrich?). It has been
reported that the purity of some commercially available tocopherol standards may vary between 85 % and
100 %. Thus, itis important to determine the concentration of prepared calibration solutions by UV spectrometry
(see 9.1.1).

5.2 Tetrahydrofuran, filtered through an HPLC nylon filter (0,45 pm).

5.3 n-Hepfane, filtered through an HPLC nylon filter (0,45 pm).

5.4 HPLC mobile phase.

Any suitable|mixture of solvents that has been proven to reach a chromatographic@esolution of peaks
as good as tHe one presented in Table 2 (relative retention time of tocopherols arid)tocotrienols) gnd in
Annex A (chijomatograms of a mixture of vegetable oils), should be used (see Tahle C.3).

A good separfation of y-tocopherol and -tocotrienol can be achieved by using a mixture of 5 % vplume
fraction t-butyl methyl ether + 95 % volume fraction n-heptane and a diol~column.

The preparation of a suitable mobile phase, 3,85 % (volume fraction) tetrahydrofuran solutjon in
n-heptane, ig as follows. Using a 1 000 ml graduated cylinder (6.5), introduce 1 000 ml of n-heptane
(5.3) in a 2 lifre bottle. Add twice 20 ml of tetrahydrofuran (5.2)using a 20 ml volumetric pipette|(6.6).
Homogenize[the mobile phase by means of an ultrasonic bath\(6.8) for 15 min.

5.5 Methapol.

6 Appargtus

Usual laborafory apparatus and, in particular, the following.

6.1 HPLC system, consisting of a high-pressure pump, a sample injection device, column thermostat
adjusted to 45 °C (optional), a fluorescence detector with the excitation wavelength set at 295 nin and
emission wayelength at 330 nm,ahd a recording integrator.

An ultraviolet (UV) detegtor may be used if a fluorescence detector is not available but it {s not
recommenddd. Howevetpif a UV detector is used, the wavelength should be set at 292 nm.

6.2 HPLC analytical column, two types are possible:

— 250 mm|x4/mm, packed with microparticulate diol having a mean particle size of about 5 unp, or

— 250 mm x 4,6 mm, packed with microparticulate silica having a mean particle size of about 5 pm.

1) Merck Tocopherol set 613424 is available from Calbiochem (www.calbiochem.com). It contains one 50 mg
vial each of DL-a-tocopherol, D-B-tocopherol, D-y-tocopherol, and D-8-tocopherol with a purity of 95 % by HPLC (for
each component). Merck Tocotrienol set 613432 is available from Calbiochem also. It contains one 50 mg vial each of
a-tocotrienol, B-tocotrienol, y-tocotrienol, and 8-tocotrienol with a purity of 95 % by HPLC (75 % for y-tocotrienol).
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of the products named. Equivalent products may be used if they can be shown to lead to the same results.

2) Tocotrienols are available from Sigma Aldrich (www.sigmaaldrich.com) and from Chromadex (www.chromadex.
com) with purities between 65 % and 98 %. This information is given for the convenience of users of this document
and does not constitute an endorsement by ISO of the products named. Equivalent products may be used if they can
be shown to lead to the same results.

2 © IS0 2016 - All rights reserved
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NOTE 1  Suitable diol silica column packing material available commercially is 5 pm LiChrospher 100 Diol;
suitable silica column packing materials available commercially are 5 um LiChrosob SI 60 and Kromasil 1003),
When -tocotrienol is expected in the sample, the diol silica column is preferred as y-tocopherol and 3-tocotrienol
are co-eluted when using the silica column.

NOTE 2  Thelength and the diameter of the column can be varied according to the HPLC technique used.

NOTE 3  Both types of columns have been used for the evaluation of the precision data (Annex C).

6.3 UV spectrometer, capable of absolute measurement of absorbance at precisely defined
wavelengths, with a 10-mm path length cell.

6.4 |Rotary evaporator.

6.5 |Graduated cylinder, of 1 000 ml capacity.

6.6 |Volumetric pipettes, of 5 ml, 10 ml and 20 ml capacities.
6.7 |Volumetric flasks, 50 ml and 25 ml capacities.

6.8 |Ultrasonic bath.

7 Sampling

A representative sample should be sent to the laboratory. It is important that the sample |has not been
damared or changed during transport or storage,
P

Sampling is not part of the method specified in this International Standard. A recommended sampling
methgd is given in ISO 5555.

8 PHreparation of test sample

In the case of liquid laborator{ samples, prepare the test sample by homogenization as|described in
ISO 661, except that filtrationshould be avoided.

In the case of solid samples, transfer a representative portion (i.e. not less than 10 % by mass of the
laboratory sample) to7a glass beaker and carefully homogenize by melting, with gentle|mixing, in a
watelf bath at a temperature not exceeding 40 °C.

Prepdration of the test samples should be carried out, as far as is practicable, in subdued light and in all
cases|out of direct sunlight.

9 rocedure

IMPORTANT — In general, the oxidation of tocols during the analysis may lead to low results.
The rate of oxidation is increased in the presence of alkalis, or under the influence of heat or
light, and measures should be taken to guard against these influences.

3) These types of columns are examples of suitable products available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of these products.

© IS0 2016 - All rights reserved 3
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9.1 Preparation of calibration solutions

9.1.1 Stock calibration solutions

Prepare a stock solution of each tocol by weighing 10 mg + 1 mg of the standard (5.1) into a 50 ml
volumetric flask (6.7) and diluting to the mark with n-heptane (5.3).

Pipette 5 ml (6.6) of this solution into an amber glass round-bottomed flask and remove all n-heptane on
a rotary evaporator (6.4) under vacuum at a temperature not greater than 40 °C. Restore atmospheric
pressure with nitrogen and remove the flask from the evaporator as soon as all the solvent has been
removed. Pipette into the flask 10 ml (6.6) of methanol (5.5) and swirl to dissolve the residue. Measure
the maximuy i TOTT 1 (see
appropriate vavelength in Table 1) using the UV spectrometer (6.3) with a 10-mm path length €ell. The
measured alsorbance should be between 0,2 and 0,8. Calculate the concentration (in micregrams per
millilitre) by|dividing the absorbance value by the appropriate factor given in Table 1.

Table 1 — Division factors

Wavcrell:lngth Tocopherol Division factor

292 a-tocopherol 0,007 6

296 [3-tocopherol 0,0089

298 y-tocopherol 0,0091

298 S-tocopherol 0,008 7
NOTE The factors quoted are derived from the E values(1 %/1 cm) of the tocopherols.
For example, the E value (1 %/1 cm) of a-tocopherol is 76 at 292 nm (in methanol);
therefore a 1 pg/ml solution of a-tocopherol will hayean absorbance of 0,007 6 at 292 nm.

9.1.2 Standard solution

A suitable sfandard solution should be prepared, according to the sensitivity of the fluoregcence
detector usefl.

The following preparation of workingsolution is given as an example: mix appropriate volumgs, for
example 1 nl, of the stock calibration solutions (see 9.1.1) to obtain a mixed tocol standard solution,
and dilute wlith n-heptane to givé a ‘solution containing between 1 pg and 5 pg of each standand per
millilitre.

The standard solution shalhbe freshly prepared each working day.

Protect all sqlutions from light and store them at between 0 °C and 4 °C.

Flasks may hewrapped in aluminium foil.

Stock stand?{d solirtions can be satisfactorily stored in amber glassware for up to 1 week if refrigerated.

NOTE If a UV detector is used, a more concentrated solution might be needed.
9.2 Optimization of working parameters

9.2.1 If the column (6.2) is new or of unknown history, or if for any other reason it is necessary to
condition it, wash and condition it for about 10 min with methanol, then dichloromethane, followed by
n-heptane at a flow rate of about 1 ml/min.

Pump the HPLC mobile phase (5.4) through the column at a flow rate of 1 ml/min for at least 30 min.

WARNING — Methanol and dichloromethane are hazardous to humans and to the environment.
Handle them with care.

4 © IS0 2016 - All rights reserved
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9.2.2 Inject 10 pl or 20 pl (according to detector sensitivity) of the standard solution (see 9.1.2) into
the column and, if necessary, adjust the tetrahydrofuran content of the mobile phase and the flow rate to
achieve the following conditions:

a) o-tocopherol retention time between 8 min and 12 min;

b) resolution factor, RF, for the separation of - and y-tocopherols of not less than 1,0; i.e. almost
baseline separation, where RF is calculated using Formula (1):

I (1)—d, (1)
0.5:|b(1) + b(1)

ey

(1) is the retention distance of y-tocopherol;

d

di(11) is the retention distance of B-tocopherol;

b[I) isthe width at the base of the y-tocopherol peak;
b

(1) is the width at the base of the $-tocopherol peak.

9.2.3| Select the optimum settings for the detection and integration system. Inject 10 gl or 20 pl of
the standard solution (see 9.1.2). Repeat the injection and eheck that reproducible chromfatograms are
obtained.

9.3 [Preparation of test solution

Depending on the tocol concentration (see 9.1.2}, weigh, to the nearest 1 mg, 0,25 g * 0,1 g of the test
sample (see Clause 8) into a 25 ml one-mark volumetric flask. Add a quantity of n-heptane (5.3), swirling
to digsolve the test portion, and dilute tg the mark with the same solvent. Filter the solytion with an
HPLC|nylon filter 0,45 um if not clear.

It is important that the test solutions be protected from light prior to analysis, and analys¢d on the day
of prdparation.

NOTE It may be necessary)to prepare a more concentrated solution or to dilute the solution fyrther prior to
chromjatography.

9.4 |Determination

9.4.1| Injeet10 pl or 20 pl (according to detector sensitivity) of the standard solution (see 9.1.2) into
the cqlumn\and record the areas of the peaks.

9.4.2 Inject 10 pl or 20 pl (according to detector sensitivity) of the test solution (see 9.3) into the
column and identify the tocols present by reference to the calibration chromatograms. Record the areas
of the peaks. Repeat the injection of the test solution and the measurement. Use the mean values of the
two measurements as the result of one determination.

Inject a further 10 pul or 20 pl (according to detector sensitivity) of the standard solution (see 9.1.2) and
record the areas of the peaks.

The relative retention times shown in Table 2 have been found to be typical.

© IS0 2016 - All rights reserved 5
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Table 2 — Example of relative retention time of tocopherols and tocotrienols

Silica column

(a-tocopherol as reference substance)

Diol column

(a-tocopherol as reference substance)

a-tocopherol = 1,00

o-tocotrienol = 1,19

a-tocopherol = 1,00

o-tocotrienol = 1,24

B-tocopherol = 1,34

[-tocotrienol = 1,63

B-tocopherol = 1,59

B-tocotrienol = 2,03

y-tocopherol = 1,63

y-tocotrienol = 2,00

y-tocopherol = 1,74

y-tocotrienol = 2,22

o-tocopherol = 2,24

6-tocotrienol = 2,79

O-tocopherol = 2,46

S-tocotrienol = 3,19

10 ExpreTiuu of results

The a-tocop
Formula (2):

p X

w = —
AS

where

p isthe concentration, in micrograms per millilitre, of a-tocophérol in the standard solutio

(9.1

A

S

|

t

is the mean of the peak areas obtained for the a-tocgpherol standard;

is the mean of the peak areas obtained for the a<técopherol in the test sample;

erol content, w, of the sample, expressed in milligrams per kilogram (mg/kg),ds giv

2);

m is th[ mass, in grams, of the test sample (9.3];

V isth

Calculate the

the corresponding standard.

If the only st
when report
standard, bu

NOTE Th
absorbencies

The content

volume of test solution prepared)(= 25 ml).

remaining tocol contents df-the test sample in the same way using the data obtained

indard available is a‘tocopherol, relate all tocopherols to this standard, but make this
ing the results. If\UV detection is used, again relate all tocopherols to the a-tocoy
L normalize the-peak areas to a-tocopherol using the division factors given in 9.1.1.

e fluorescernce-intensity of tocotrienols is the same as of the corresponding tocopherols, and {
hre similar,

s expressed in milligrams per kilogram as a whole number.

11 Precision

11.1 Interl

aboratory test

en by

(2)

from

clear
herol

he UV

Details of an interlaboratory test on the precision of the method are summarized in Annex C. The values
derived from this interlaboratory test may not be applicable to concentration ranges and matrices other
than those given.

11.2 Repeatability

The absolute difference between two independent single test results, obtained using the same method
on identical test material in the same laboratory by the same operator using the same equipment within
a short interval of time, will in not more than 5 % of cases be greater than the value of r given in Table 3.

6
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11.3 Reproducibility

The absolute difference between two single test results, obtained using the same method on identical
test material in different laboratories with different operators using different equipment, will in not
more than 5 % of cases be greater than the value of R given in Table 3.

Table 3 — Repeatability limit (r) and reproducibility limit (R)

Tocol content Range of concentration r R
mg/kg mg/kg mg/kg mg/kg
T1 = mean value of individual 0to2 220 0.082 5 T4 0.2094 T,

tocoqherui COTTtEITt

T2= $T’a“ value of individual 10 to 210 0,090 0 T, 0,295 2 T,
tocotrienol content
T3 = thean value of total content 200 to 3 250 0,0718 T3 0,255 7 T3

(tocopherols + tocotrienols)

12 Test report
The t¢st report shall specify the following:

a) a]l information necessary for the complete identification 6fthe sample;

b) the sampling method used, if known;

) t]:e test method used, together with mention of this'International Standard, i.e. ISO 9936;

d) all operating details not specified in this International Standard, or regarded as optignal, together
with details of any incidents which may have influenced the test result(s);

e) the testresult(s) obtained;

f) iffthe repeatability has been checked, the final quoted result obtained.

© IS0 2016 - All rights reserved 7
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Annex A
(informative)

Examples of chromatograms
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tocopherol
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tocopherol

tocotrienol
tocotrienol

a
§

Y
Sttocopherol
a

§
y{tocotrienol
1)

R N O U A W

tocotrienol

Conditions

Mobil¢ phase: 3,85 % (velunre fraction) THF in n-heptane
Flow tfate: 1 ml/min

Detector: fluorescence

NOTE Thechromatograms shown above are presented with an x-axis related to time in minytes and y-axis
relatefl to abumdance.

Figure A.1 — Mixture of vegetable oils (soybean, grape seeds, wheat germ, palm oil) with added
«a-tocopherol acetate

© IS0 2016 - All rights reserved 9
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Annex B
(informative)

Saponification

B.1 General

When analylsing processed products containing added tocopherol or tocotrienol estersy(q cold
saponificatiqn procedure should be performed prior to chromatography. It is advisable(te analyse
samples confaining known amounts of esters at the same time.

B.2 Reagents

Use only reagents of recognized analytical grade.

B.2.1 Ethapol, w=94g/100gto 96 g/100 g.

B.2.2 Ethapol, absolute, w=99,7 g/100 g.

B.2.3 Pyrogallol.

B.2.4 Potapgsium hydroxide, w = 60 g/100 g aqueous selution.
B.2.5 Diethyl ether, peroxide free, containing 0;1-% pyrogallol.
B.2.6 Hydrnochloric acid, ¢c(HCI) = 0,01 mol/l.

B.2.7 Sodipm sulfate, anhydrous.

B.2.8 Watdr, complying with\the requirements of grade 3 of ISO 3696.

B.3 Procddure

WARNING —+ Particular attention must be paid to the saponification temperature and |time,
otherwise lpw.recoveries from esters may result.

disperse the molten test portlon in approx1mately 8 ml of ethanol (B 2.1) by gentle sw1r11ng Add 100 mg
of pyrogallol (B.2.3) and swirl to dissolve.

Purge the flask with nitrogen, add 4 ml of potassium hydroxide solution (B.2.4), re-purge the flask with
nitrogen, and close with a glass stopper. Place the flask in a water bath set at 26 °C and shake vigorously
for 10 min or until saponification is complete. Perform all operations in the absence of direct sunlight,
using amber glassware or shielding with aluminium foil.

Add 50 ml of water (B.2.8) to the flask and transfer quantitatively the contents to a 250 ml separating
funnel. Wash the flask with 50 ml of diethyl ether (B.2.5) and transfer the washings to the funnel.
Shake the separating funnel vigorously for 1 min, releasing the pressure occasionally. Allow the layers
to separate and draw off the lower aqueous layer. Extract the aqueous layer a further four times with
30 ml aliquots of diethyl ether and combine the ether extracts.

10 © IS0 2016 - All rights reserved
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Wash the combined diethyl ether extracts with 50 ml of water (shaking carefully to avoid emulsion
formation) and then with 30 ml of dilute hydrochloric acid (B.2.6). Add about 3 g of anhydrous sodium
sulfate (B.2.7) with gentle mixing to absorb water. Filter the ether extracts through a phase-separating
paper and collect the filtrate in a round-bottomed amber rotary evaporator flask. Remove the ether
under reduced pressure at a temperature of not more than 40 °C. If a liquid residue remains in the flask,
add ethanol (B.2.2) and evaporate to dryness.

Wash the sides of the flask with n-heptane (5.3) and transfer the contents quantitatively to a 50 ml
one-mark volumetric flask and dilute to the mark with the n-heptane. Make a suitable dilution of the
prepared test solution (as described in 9.3) and proceed to 9.4.

© IS0 2016 - All rights reserved 11
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Annex C
(informative)

Results of interlaboratory tests

The precision of the method has been established by an international interlaboratory test organized
in 2003 by the Institute for Lipid Research form the Federal Research Centre for Nutrition and Food
(Minster, GeTTmany)amnd carried out I accordance witltt 1SO—5725-1anmd 1SO0—5725-21m thi3g test,
12 laboratoifies from four countries (1 Hungary, 1 Canada, 4 France, 6 Germany) participatefl and
samples of ejght different types of fat were investigated (see Table C.1). A statistical suminary pf the
results is given in Table C.2.

The various types of HPLC mobile phases used by the participants in this test aredisted in Table C.3.
While six pafticipants used a silica gel column, six participants also used a diol column. Therefore, the
statistical repults, given in Table C.2, are valid for both types of columns.

Table C.1 — Description of samples

Sample A wheat germ oil

Sample B 50 % wheat germ oil + 50,%\corn oil
Sample C 25 % wheat germ oil + 75,% corn oil
Sample D 25 % wheat germ oil %75 % soybean oil
Sample E 10 % wheat gernpoil + 90 % palm oil
Sample F 25 % wheat getm oil + 75 % palm oil
Sample G palm oil

Sample H virgin.elive oil

Table €.2 — Statistical results

a-Tocophero A B C D E F G H
Number of pafticipating laboratories 12 12 12 12 12 12 12 12
gllilnrrllil‘rjlzrtfnfglz;tgfiaetrosrles retainedraftér 12 12 12 12 12 12 11 11
Number of tedt results in all‘faboratories 24,0 24,0 24,0 24,0 24,0 | 24,0 | 22,0 22,0
Mean, mg/kg 2214,5| 1284,8 | 813,7 | 662,8 | 311,5 | 625,0 | 106,5 | 193,1
Repeatability|standard deviation (s;), mg/kg 68,3 34,9 24,3 18,4 10,4 | 25,4 5,0 7,8
Repeatability|rélative standard deviation, % 3,1 2,7 3,0 2,8 3,3 4,1 4,7 4,0
Repeatability limit (r), mg/kg 191,3 97,7 68,1 51,5 29,1 71,1 139 21,7
Reproducibility standard deviation (sg), mg/kg | 173,1 879 56,4 48,5 | 209 | 38,1 7,1 11,4
Reproducibility relative standard deviation, % 7,8 6,8 6,9 7,3 6,7 6,1 6,6 59
Reproducibility limit (R), mg/kg 484,7 | 246,1 | 1578 | 1359 | 58,4 | 106,6 | 19,7 | 31,8
B-Tocopherol A B C D E F G H
Number of participating laboratories 12 12 12 12 12 12 7 9
gllilérllikr);rti(;lféitl)l(ggcr()srles retained after 12 12 12 12 12 12 7 9
Number of test results in all laboratories 24,0 24,0 24,0 24,0 24,0 | 24,0 14,0 18,0
Mean, mg/kg 841,4 | 4178 | 212,5 | 214,5 | 79,1 | 202,6 | 0,7 2,2
Repeatability standard deviation (s;), mg/kg 22,6 6,8 51 6,1 2,8 7,6 0,0 0,3
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Table C.2 (continued)

Repeatability relative standard deviation, % 2,7 1,6 2,4 2,8 3,5 3,7 0,0 15,0
Repeatability limit (r), mg/kg 63,4 19,0 14,3 17,1 7,8 21,2 0,0 09
Reproducibility standard deviation (sg), mg/kg 108,3 55,7 24,7 26,3 10,2 25,9 1,1 0,7
Reproducibility relative standard deviation, % 12,9 13,3 11,6 12,3 12,9 | 12,8 | 155,8 | 29,8
Reproducibility limit (R), mg/kg 303,1 156,0 69,1 73,8 28,7 | 72,4 3,1 1,9
y-Tocopherol A B C D E F G H
Number of participating laboratories 10 12 12 12 8 12
Number of laboratories retained after » _ o o

elimipating outliers - - ! 7 ° 12
NumbMber of test results in all laboratories 12,0 22,0 14,0 18,0 1630 24,0
Mean| mg/kg 19,5 403,8 | 546,6 | 3254 3/6 13,8
Repegtability standard deviation (s;), mg/kg 1,4 7,5 11,7 10,5 0,4 1,1
Repegdtability relative standard deviation, % 7,3 1,9 2,1 3,2 9,8 8,1
Repedtability limit (r), mg/kg 4,0 21,0 32,7 294 1,0 3,1
Reprdducibility standard deviation (sg), mg/kg 2,4 62,9 12,3 19,2 2,2 4,2
Reprqgducibility relative standard deviation, % 12,5 15,6 2,3 5,9 59,7 30,2
Reprqducibility limit (R), mg/kg 6,8 176,0 34,5 53,8 6,1 11,6
8-Todopherol A B C D E F G H
NumMHer of participating laboratories 12 12 12

EE

NumbMber of test results in all laboratories 20,0 24,0 24,0

Mean| mg/kg 13,0 20,0 71,0

Repegtability standard deviation (s;), mg/kg 0,6 1,7 2,5

Repegtability relative standard deviation,(% 49 8,5 3,5

Repedtability limit (r), mg/kg 1,8 4,7 6,9

Reprdducibility standard deviation/(3g), mg/kg 2,7 3,9 8,3

Reprqducibility relative standard.deviation, % 20,8 19,3 11,6

Reprqducibility limit (R), mg/kg 7,6 10,8 23,1

a-Todotrienol A B C D E F G H
NumMHer of participatinglaboratories 9 9 8 7 9 9 9
E]lilrrnnili;iionf;?;gjiﬁnes retained after 7 7 7 7 8 8 8

NumMber of test results in all laboratories 14,0 14,0 14,0 14,0 16,0 16,0 16,0

Mean| gy kg 42,0 25,1 18,1 10,1 | 149,7 | 138,1 | 162,5
Repeatability standard deviation (s;), mg/kg 1,1 1,2 0,8 0,9 53 7,4 5,0
Repeatability relative standard deviation, % 2,5 4,9 4,7 8,8 3,6 54 3,1
Repeatability limit (r), mg/kg 3,0 3,4 2,4 2,5 14,9 20,8 14,0
Reproducibility standard deviation (sg), mg/kg 24,7 12,0 6,3 6,7 12,6 | 26,3 11,0
Reproducibility relative standard deviation, % 58,7 47,8 34,6 66,2 8,4 19,1 6,7
Reproducibility limit (R), mg/kg 69,0 33,6 17,6 18,7 | 353 | 73,7 | 30,7

B- Tocotrienol A B C D E F G H
Number of participating laboratories 7 7 7 7 9 9 8

Ellilrrnnitr)g; ionfglz:)kzl(;{ia:etrosrles retained after 6 7 6 6 8 9 7

Number of test results in all laboratories 12,0 14,0 12,0 12,0 16,0 | 18,0 14,0
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