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Summary

The aim of the first intercomparison was twofold. Firstly, to select, stabilise and
bottle suitable materials containing ca. 1 %, 5 % and 30 % total trans fatty acids
(TFA) and demonstrate that packaging and storage does not affect oil
composition, and secondly, to demonstrate that participating laboratories are able

to achieve sufficient conformity of test results.

Stabilising oil samples with tert. butylhydroquinone (250 mg/kg) and packaging in
inert atmosphere in amber glass ampoules resulted in homogeneous and stable

lots of preliminary test materials.

Analytical precision of chromatographic methods to determine trans fatty acids
(TFA) was acceptable (RSD(R) < 15 %) for analyte levels > 1 g/100 g, but for
levels < 1 g/100 g precision was beyond the agreed acceptance criterion (RSD(R)
> 40 %). Misidentification of peaks and inconsistent peak integration practices are
considered to be the major reasons for deviating results reported by the

participants.

Results obtained by chromatographic methods were in close agreement with
those produced by spectroscopy (IR and NMR), thus proving that the applied

chromatographic methods were not systematically biased.

The intercomparison has to be repeated with new sets of samples. Special
emphasis will be placed on the correct identification of trans polyenes in order to
improve precision for low levels of TFA. To facilitate correct identification, the Co-

ordinator will distribute equivalent chain length data for TFA.



PART I: SELECTION AND PREPARATION OF TEST MATERIALS

Objectives

To select, stabilise and bottle suitable materials containing ca. 1 %, 5 % and 30 %
total trans fatty acids (TFA) and demonstrate that packaging and storage does not

affect oil composition.
Materials and methods

Three materials, i.e. a physically refined rapeseed oil (ca. 1 % TFA content), a
partially hydrogenated sunflower seed oil (ca. 30 % TFA content) , and a blend of
one part partially hydrogenated sunflower seed oil plus 4 parts palm oil (ca. 5 %
TFA content) were selected as starting materials. All of them fulfilled the following

quality criteria:

o Content of free fatty acids < 0.5 g/kg
¢ Peroxide value < 1.0 meq/kg

e Rancimat induction period > 10 hrs at 100 °C

Acid value (AV), peroxide value (POV) and UV absorptivities were determined
according to IUPAC procedures, except that sample amounts used were down

scaled to accommodate the limited sample mass (in total 5 g per ampoule).

TFAlevel | AV" POV UV Absorptivity® at A TFA (%)”
232 nm 268 nm 278 nm
1% 0.10 0.10 3.084 0.594 0.511 0.24
5% 0.08 0.58 3.195 1.309 1.074 4.74
30% 0.06 0.20 6.052 1.157 0.941 23.46

Table 1: Selected quality criteria of the oil samples used to prepare the test

materials.

;’ g KOH necessary to neutralise free fatty acids per kg oil
) meq. active O2 per kg oil

3 Absorptivity (1 cm, 1 %)

“ Content of TFA (g/100 g total FAME) by capillary GLC



Analytically determined values for the mentioned inclusion criteria of the test

materials are listed in Table 1. Sample chromatograms are given in Figures 1-3.
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Figure 1: GLC separation of TFA in a physically refined rapeseed oil (100 m x 0.25
mm Sil-88, 178 °C)
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Figure 2: GLC separation of TFA in a blend of partially hydrogenated sunflower
seed oil (one part) and palm oil (four parts) (100 m x 0.25 mm Sil-88, 180 °C)
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Figure 3: GLC separation of TFA in a partially hydrogenated sunflower seed oil
(100 m x 0.25 mm Sil-88, 180 °C)



All materials were stabilised with 250 mg tert. butylhydroquinone (> 98 % by HPLC
assay, Fluka Nr. 19986) per kg oil. After the addition of the antioxidant the
headspace of the oil containers were flushed with nitrogen, warmed to 40 °C and
the content stirred for 30 min. Five g portions were filled in amber glass ampoules
by using an automatic dispensor. The headspace of the ampoules were flushed
with nitrogen and subsequently flame sealed. A flow chart summarizing the

preparation process is given in Figure 4.

Oil Sampling for

analysis

L Addition of antioxidant ]

[ Stirring under nitrogen ]

[ Ampouling under nitrogen Sampling for

analysis

Figure 4: Preparation of preliminary test materials



Results

Homoqeneitv of the materials

To test whether the filling process had led to any variations in oil composition the
refractive index (np, 40 °C) of individual ampoules was determined by means of a
Carl Zeiss refractometer. The first and the last five ampoules and also every 25th
ampoule of the filling sequence were taken. In addition four samples were taken at
random. Determination of the np of these samples was done in random order.

Results are tabulated in Tables 2-4.

Since no significant drift (t ¢s-test) in np (40 °C) and no significant difference (Fg gs-
test) between units was observed the preparation and packaging process resulted

in homogenous lots of test materials.

Sample (ampoule) inp at 40°C | Sample (ampoule) |np at 40°C
No No.
1 1.4644 160 1.4646
2 1.4646 185 1.4646
3 1.4646 196 1.4646
4 1.4646 197 1.4644
5 1.4646 198 1.4646
10 1.4646 199 1.4646
35 1.4646 200 1.4646
60 1.4645 R* 1.4646
85 1.4646 R* 1.4646
110 1.4646 R* 1.4646
135 1.4646 R* 1.4646

* samples taken at random order
Table 2: Homogeneity of the 1 % TFA material as determined by np (40 °C)

measurements
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Sample (ampoule) |np at 40°C | Sample (ampoule) |np at 40°C
No. No.
1 1.4596 160 1.4595
2 1.4595 185 1.4595
3 1.4595 196 1.4596
4 1.4595 197 1.4595
5 1.4595 198 1.4595
10 1.4596 199 1.4595
35 1.4596 200 1.4595
60 1.4596 R* 1.4595
85 1.4595 R* 1.4595
110 1.4596 R* 1.4595
135 1.4595 R* 1.4595

* samples taken at random order

Table 3: Homogeneity of the 5 % TFA material as determined by np (40 °C)

measurements

Sample (ampoule) [np at 40°C | Sample (ampoule) |np at 40°C
No. No.
1 1.4650 160 1.4647
2 1.4650 185 1.4647
3 1.4649 196 1.4649
4 1.4647 197 1.4649
5 1.4648 198 1.4647
10 1.4647 199 1.4647
35 1.4647 200 1.4647
60 1.4647 R* 1.4647
85 1.4647 R* 1.4647
110 1.4647 R* 1.4647
135 1.4647 R* 1.4647

* samples taken at random order

Table 4: Homogeneity of the 30 % TFA material as determined by np (40 °C)

measurements

Stability of the materials

To test whether increased temperatures affect the stability of the test materials
part of randomly selected units throughout the prepared batch were stored at 40
°C and 70 °C. Units stored at -20 °C, 4 °C and 20 °C served as controls. These

levels were regarded as potential temperatures for long-term storage of materials.
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Stability was checked at regular intervals by determining AV, POV, UV absorptivity
and the fatty acid profile by polar capillary GLC. Ampoules stored at 40 °C and 70
°C were sampled bi-weekly, those stored at 4 °C and 20 °C monthly, and at -20 °C
bi-monthly.

No compositional change of the fatty acid profile was observed in any of the
stored materials. As an example, data of the rapeseed oil, which contained
substantial amounts of polyunsaturated fatty acids, are graphically presented in
Figures 5-9. Data for the other materials are listed in Annex A. Even at a storage
temperature of 70 °C no losses of C18:3, the most vulnerable towards oxidation,

was evident.
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Figure 5. Changes in the fatty acid profile of the 1 % TFA sample (physically
refined rapeseed oil) stored at 70 °C (SDrepeatability conditions=0.10 Area %).
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Figure 6: Changes in the fatty acid profile of the 1 % TFA sample (physically
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Figure 7: Changes in the fatty acid profile of the 1 % TFA sample (physically

refined rapeseed oil) stored at 20 °C (SDrepeataility conditions=0. 10 Area %).
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Figure 8: Changes in the fatty acid profile of the 1 % TFA sample (physically

refined rapeseed oil) stored at 4 °C (SDrepeatabiiity conditions=0.10 Area %).
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Figure 9: Changes in the fatty acid profile of the 1 % TFA sample (physically

refined rapeseed oil) stored at -20 °C (SDyepeatabiiity conditions=0.10 Area %).

Hydrolysis of the materials, leading to an increase in free fatty acids as monitored

by AV, did not occur during oil ageing (Figures 10-12). In addition data normalized
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to those obtained at -20 °C storage are given in Figures 13 and 14. Only data for
rapeseed oil are presented graphically; other data are given in form of tables

(Annex A).
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Figure 10: Acid value development in the 1 % TFA material aged at 40 °C and 70
°C (SDrepeatability conditions=0.05 AV).
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Figure 11: Acid value development in the 1 % TFA material aged at 20 °C and 4
°C (SDrepeatability conditions=0.05 AV).
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Figure 12: Acid value development in the 1 % TFA material aged at -20 °C
(SDrepeatability conditions=0.05 AV).
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Figure 13: Relative changes of the AV in the 1 % TFA material aged at 40 °C and

70 °C (actual values normalized by those obtained at -20 °C storage).

16



2.0 -

—e—4°C 7

relative AV

0 4 8 12 16 20
Time (weeks)

Iﬁgure 14;I7Relative changes of AVf iﬁithe 1 % TFA material aged at 20 °C and 4

°C (actual values normalized by those obtained at -20 °C storage).

Peroxides in all units stored at 70 °C developed within two weeks but then POV
started to decrease, approaching values < 0.5 meq/kg after 10 weeks (Figure 15).
Units stored at 40 °C responded in the way anticipated, i.e. after an induction

period of 2 weeks, POV increased to values around 2.0 meg/kg and levelled off.
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Figure 15: POV development in the 1 % TFA material aged at 40 °C and 70 °C
(S Drepeatability conditions=0.10 POV).
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At lower storage temperatures POV increased only slightly during storage (Figures
16 and 17).
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Figure 16: POV development in the 1 % TFA material aged at 20 °C and 4 °C
(SDrepeatability conditions=0.10 POV).
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Figure 17: POV development in the 1 % TFA material aged at -20 °C (SDyepeatabiity
conditions=0.10 POV).

Relative figures for POV (normalized to those stored at —20 °C) are depicted in
Figures 18 and 19.
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Figure 18: Relative changes of the POV in the 1 % TFA material aged at 40 °C

and 70 °C (actual values normalized by those obtained at -20 °C storage).
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Figure 19: Relative changes of the POV in the 1 % TFA material aged at 20 °C

and 4 °C (actual values normalized by those obtained at -20 °C storage).
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Contrary to POV, UV measurements at A=232 nm, 268 nm and 278 nm, which are
indicative for formation of conjugated dienes (primary oxidation products) and oxo-
compounds (secondary oxidation products), did neither change at elevated
(Figures 20 and 21) nor at ambient (Figure 22), or sub-ambient temperatures
(Figure 23 and 24). Therefore, oxidative damage of the oils stored at 70 °C is not
very likely, though POV increased in an atypical manner. During autoxidation of a
fat POV should develop exponentially after the induction period, but this was not
seen for the units stored at 70 °C (Figure 15). A temperature induced

polymerisation of peroxides is the most likely reason for the POV and UV

absorptivity pattern observed.
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Figure 20: Development of primary and secondary oxidation products in the 1 %
TFA material at 70 °C storage temperature as determined by UV measurement

(SDrepeatabiiity conditions=0. 10 UV Absorbance).
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Figure 21: Development of primary and secondary oxidation products in the 1 %

TFA material at 40 °C storage temperature as determined by UV measurement

(SDrepeatability conditions=0.10 UV Absorbance).
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Figure 22: Development of primary and secondary oxidation products in the 1 %

TFA material at 20 °C storage temperature as determined by UV measurement

(SDrepeatabiiity conditions=0.10 UV Absorbance).
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Figure 23: Development of primary and secondary oxidation products in the 1 %
TFA material at 4 °C storage temperature as determined by UV measurement.
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Figure 24: Development of primary and secondary oxidation products in the 1 %
TFA material at -20 °C storage temperature as determined by UV measurement

(SDrepeatavility conditions=0.10 UV Absorbance).
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Normalized UV data for the 1 % material are graphed in Figures 25-28, which

underpin the satisfactory oxidative stability of the test materials .
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Figure 25: Relative changes of UV absorbance in the 1 % TFA material aged at 70

°C (actual values normalized by those obtained at -20 °C storage).
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Figure 26: Relative changes of UV absorbance in the 1 % TFA material aged at 40

°C (actual values normalized by those obtained at -20 °C storage).
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Figure 27: Relative changes of UV absorbance in the 1 % TFA material aged at 20

°C (actual values normalized by those obtained at -20 °C storage).
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Figure 28: Relative changes of UV absorbance in the 1 % TFA material aged at 4

°C (actual values normalized by those obtained at -20 °C storage).

In conclusion, stabilisation of the oils with 250 mg tert. butylhydroquinone/kg and
packaging in amber glass in inert atmosphere resulted in stable lots of preliminary

test materials. Even after 20 weeks of storage at elevated temperatures no
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deterioration was measurable. Therefore, all three materials were considered to
be sufficiently stable to serve as test samples in the first intercomparison.
Moreover, storage of the candidate material at 4 °C or 20 °C should result in good
long-term stability.
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PART II: INTERCOMPARISON OF METHODS

Objectives

To demonstrate that participating laboratories are able to achieve sufficient

conformity of test results.

Methods

Participants used their own analytical methodology (Table 5) to analyse the test

materials provided, after having demonstrated that the approach chosen met

several performance criteria. The silver-chromatography/GLC technique had to be

applied for the determination of the TFA content of the test materials containing

ca. 5 % and ca. 30 %, while the TFA content of the 1 % material was determined

by GC only.
Lab Esterification Ag-Chrom GLC
Column Conditions

1 Na-methoxide HPLC |Sil-88, 100 m isoth./progr.
2 BFs/methanol TLC Sil-88, 50 m progr.

3 BFs/methanol HPLC BPX70, 120 m

4 KOH/methanol TLC  [Sil-88 100m isoth./progr.
5 BFi/methanol TLC BPX70, 60 m progr.

6 BFi/methanol HPLC Sil-88, 50 m isoth. 176°C
7 Na-methoxide TLC Sil-88, 100 m isoth. 173°C
8 KOH/methanol HPLC BPX70, 50 m isoth. 190°C
9 BFi/methanol HPLC |BPX70,50 m isoth./progr.
10 KOH/methanol TLC |Sil-88,60 m progr.

11 Na-methoxide HPLC Sil-88, 100 m isoth. 180°C
12 KOH/methanol HPLC Sil-88, 50 m isoth. 184°C

Table 5: Experimental conditions used for quantification of TFA by

chromatographic methods.
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Silver-ion chromatography/GC

Each sample material (TFA level) had to be tested in duplicate on three separate
working days. In total six independent TFA results per TFA level had to be
reported. A flow-scheme detailing in principle the Ag*-chromatography/GLC

technique used for the determination of TFA is given in Figure 29.

GC qualification:
Separation power (1x)
Identification (1x)
Quantification (2-3x)

GC of TFA sample (2x)

Ag-Chromatography (2x)

/\

TFA fraction |

GC of TFA fraction | (2x)

TFA fraction |l

GC of TFA fraction Il (2x)

Figure 29: Schematic representation of the applied Ag”-chromatography/GC

procedure.
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GC conditions:

The same analytical conditions as used in WP1 (GC operating parameters,

analyte concentrations, transesterification procedure) had to be applied.

On each working day the performance of the GC system had to be checked by

injecting:

e a solution containing equal amounts of the critical pairs trans-13/cis-9 C18:1
and cis-11 C20:1/all-cis C18:3 (Sil-88 column), or trans-13/cis-9 C18:1 and
C20:0/all-cis C18:3 (BPX-70 column) to check the separation power (single
analysis).

e a solution containing elaidinized linseed oil FAME to determine retention times
of trans-containing polyunsaturates (single analysis).

e a FAME solution obtained by transesterification of CRM 162 to check accuracy
(duplicates at least). On each working day a freshly derivatized sub-sample of
CRM 162 has to be used.

Provided the following conditions were fulfilled, participants were entitled to

proceed to the analysis of the test materials

¢ resolution (R) of critical pairs > 1.0

e separation of the geometrical isomers of C18:2 into 4 components (tt, ct, tc, cc)
and C18:3 into 6 components (ttt, ctt+tct, ttc+cct, cte, tee, ccc) for the CP Sil-88
column and 7 components (ttt, ctt, tct, ttc, cct, ctc, tce, ccc) for the BPX-70
column.

¢ the average concentration of individual FAME (y) of CRM 162 were within the
range:

(certified value - 2 SD) <y < (certified value + 2 SD)

The actually found values of CRM 162 (soya/maize oil blend) had to be within the
range (g/100 g total FAME) listed in Table 6.

28



FAME |Certified mean Standard Range
deviation (mean+2 SD)
C16:0 10.65 0.279 10.09 - 11.21
C18:0 2.87 0.123 263 -3.11
C18:1 2414 0.392 23.36 - 24.92
C18:2 56.66 0.760 55.14 - 58.18
C18:3 4.68 0.309 406 - 5.30

Table 6: Certified values and +2 SD of individual fatty acids (g/100 g of total
FAME) of CRM 162.

Test materials:

On each working day a fresh ampoule of the material to be tested had to be
opened, transesterified and the FAME mixture injected twice into the GC.
Ampoules had to be warmed by immersion in a waterbath set to 45-50 °C until the
materials were liquid. Then the contents had to be mixed by repeated inversion for
not less than 30 s, the ampoule opened and the contents transferred to a clean

vial, which could be tightly sealed.

The transesterification method usually applied in the laboratory of the participants
had to be used for derivative formation and the obtained FAME mix separated by
capillary GC using optimised operational parameters. Analytical conditions applied

by the laboratories are summarised in Table 5.
FAMEs were identified by retention time matching using the elaidinized linseed oil
as a reference and the contents of individual FAME had to be reported by using

reporting sheets provided by the Co-ordinator.

Trans-monoenes in the 5 % and 30 % TFA samples had to be separated by silver-

chromatography (two independent fractionations), and the recovered fractions
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containing saturates plus trans-monoenes separated by GC (duplicate
determinations). The calculation of the trans-monoene content had to be based on
the content of C18:0 in the unfractionated and the fractionated sample obtained
on the same working day. The mean value of C18:0 of the duplicate runs of the

original FAME solution had to be used to compute the trans-monoene content.

Six independent results (duplicates obtained on three separate working days) per
TFA level had to be submitted to the Co-ordinator.

Results

Before proceeding to the statistical evaluation of the intercomparison, results were
checked for plausibility and missing data. Next the operational qualification tests
were evaluated; one of the laboratories did not pass the resolution check and

another one failed to pass the quantitation check (Table 7).

Lab Resolution Quantitation

passed | failed | passed | failed

X

XX XXX IX[X|X|X][X][X

pidlolo|e(N|o|(ala|w(in|=
X | > 3 [x | [> |x|x [x

Table 7: Performance qualification of the GLC systems used by the participants.
Laboratory means for total TFA content, plotted in increasing order, are depicted

in Figures 30-32, and repeatability (r) and reproducibility (R) of trans-isomers of

C18:1, C18:2 and C18:3 are summarised in Tables 8-10. No lab was removed
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from the data sets, and the statistical evaluation was performed as specified in
ISO 5725.

2.0
R ]
1.8 & mean ]
16 ®m max
E 12 - ; ’ ‘
- ! A A i
T 10 - ¢« ¥
O
2 o8 4
o~ ; ! | A
0.6
L | Mean of means = 0.73 %
04 ¢
u [ ] A
0.2 - ,
g |
00 & - — |
3 2 12 7 11 8 6 1 5 4 10 9

Figure 30: Laboratory means (raw data, total TFA) of the 1 % TFA sample.
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Figure 31: Laboratory means (raw data, total TFA) of the 5 % TFA sample.
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Figure 32: Laboratory means (raw data, total TFA) of the 30 % TFA sample.

C18:1 c18:2 c18:3 Total
mean 0.09 0.11 0.53 0.73
min 0.00 0.00 0.11 0.11
max 0.82 0.35 1.02 1.30
s, 0.02 0.08 0.12 0.16
r 0.06 0.23 0.34 0.45
RSD(r) 23 75 22 22
Sr 0.23 0.12 0.29 0.38
R 0.65 0.35 0.83 1.09
RSD(R) 247 115 55 53

Table 8: Statistical evaluation of the results submitted for the 1 % TFA sample.

C18:1 C18:2 C18:3 Total
mean 375 1.15 0.12 502
min 310 0.88 0.00 4.46
max 4.70 1.40 0.46 563
s, 0.22 0.10 0.04 0.25
r 0.62 0.27 0.10 0.70
RSD(r) 6 8 29 5
Sk 050 0.17 0.14 0.45
R 1.40 0.49 0.40 1.26
RSD(R) 13 15 116 9

Table 9: Statistical evaluation of the results submitted for the 5 % TFA sample.
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C18:1 C18:2 C18:3 Total
mean 19.92 3.96 0.06 23.94
min 17.91 3.33 0.00 22.06
max 29.22 4.96 0.34 33.18
S, 0.66 0.19 0.03 0.60
r 1.87 0.54 0.09 1.69
RSD(r) 3 5 54 3
SR 3.04 0.50 0.1 3.01
R 8.59 1.42 0.30 8.53
RSD(R) 15 13 179 13

Table 10: Statistical evaluation of the results submitted for the 30 % TFA sample.

To make comparisons among analyte levels easier, results were standardised by
the following transformation:
z= ()’(-)_()/sR X .....mean value of individual laboratory

X..... overall mean value

SR.... reproducibility standard deviation

An analytical system can be described as "well behaved" when absolute values of
z < 2 are commonly found and values of z > 3 are rarely found in ring-trials
(Thompson & Wood, J. AOAC Internat. (1993) 76: 926-940). Z-scores of trans
C18:1, trans C18:2 and trans C18:3 contents of the three materials are plotted in
Figures 33-35.

The trans-C18:1 content in all three materials were constantly over-estimated by
lab 10 (z-score > 3, Figure 24). Some of the labs (4, 5, 7, 9) failed to identify
traces of trans C18:2 and C18:3 correctly as judged by their increased z-scores. In
general, precision was not satisfactory (RSD(R) > 40 %) for analyte levels < 1
g/100 g (trans monoenes in the 1 % TFA sample and trans polyenes in the 5 %
and 30 % TFA samples), whereas higher levels were quantified with good
analytical precision. Incorrect identification of trans polyenes was identified as a

major source of error. Furthermore, an inconsistent reporting format of low analyte
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levels (e.g. less than 0.05 %) used by some laboratories added to the high

variations seen for the minor compounds.

35
3.0 - —1% TFA
25 =5% TFA
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Figure 33: Performance of individual laboratories assessed by z-scores for trans
C18:1.
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Figure 34: Performance of individual laboratories assessed by z-scores for trans
C18:2.
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Figure 35: Performance of individual laboratories assessed by z-scores for trans
C18:3.

Supportive methods to augment results obtained by chromatography

IR spectroscopy:

Those participants applying IR spectroscopy in addition to chromatographic
techniques had to set up the experiments as agreed on during the last meeting,
i.e. elaidic acid in form of its methyl ester or as triglyceride had to be used for
instrument calibration. Either the underivatized or the derivatized sample (in form
of FAME) had to be used to quantitate TFA by IR spectroscopy. Experimental
conditions used by the participating laboratories are summarised in Table 11 and

the experimental set up which had to be followed is outlined in Figure 36.
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Lab Measuring Measured as
principle
1 FT-IR FAME
3 conventional IR FAME
6 FT-IR; ATR FAME
8 FT-IR; ATR Triglycerides
12 FT-IR; ATR FAME

Table 11: Experimental conditions used for TFA determination by (FT)IR.

Calibration
(5 independently prepared
calibrants)

Measurement of TFA sample

(2 independent sample preparations)

Figure 36: Experimental set up of IR measurements for the quantification of TFA.

Data submitted were checked for plausibility but no further statistical treatment
according to 1ISO 5725 was performed, since only 4 labs participated in this

exercise. Laboratory means and standard deviation values are listed in Tables 12-

14.
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Lab mean SD RSD (%)
1 0.86 0.50 59
3 *)
6 0.33 0.03 10
8 -0.96 0.13 14
12 0.08
mean 0.08 0.76 980
TFA by 0.73 0.36 49
Ag/GLC

*) below limit of quantitation
Table 12: Concentration of TFA in the 1 % sample determined by IR spectrometry.

Lab mean SD RSD (%)
1 5.65 0.82 15
3 6.10 0.06 0.9
6 5.62 0.04 0.7
8 4.28 0.13 3
12 474
mean 5.28 0.75 14
TFA by 5.02 0.39 8
Ag/GLC

Table 13: Concentration of TFA in the 5 % sample determined by IR spectrometry.

Lab mean SD RSD (%)
1 23.81 1.00 4
24.28 0.08 0.4
6 24 .45 0.15 0.6
8 23.53 0.28 1
12 23.64
mean 23.94 0.41 2
TFA by 23.94 297 12
Ag/GLC

Table 14: Concentration of TFA in the 30 % sample determined by IR

spectrometry.

In general, precision of TFA analyses was satisfactory for the medium and high

level samples (RSD < 40 %) but not at the low level. IR produced unreliable
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results for the low level sample, which is in general agreement with the literature.
However, mean values at the medium and high level augmented the trueness of
the results obtained by chromatographic methods (5.28 % by IR vs. 5.02 % by
chromatography, and 23.94 % by IR vs. 23.94 % by chromatography).

NMR spectroscopy

Two laboratories conducted NMR measurements. Both reported that the limit of
quantification is 3.0 mol-% (using a sample size of 100 mg/0.5 ml CDCls). Thus
measurements were made with the 5 % and 30 % TFA samples. Laboratory 1

obtained results for two different sets of experimental conditions, whereas lab 2

used three sets.

Results for the 5 % TFA sample are summarised in Table 15 and for the 30 %
TFA sample in Table 16. Inverse-gated proton decoupling and a 90 degree pulse
(method 1 used by lab 1 and method 3 used by lab 2) produced results which

were in close agreement to the results obtained by chromatography.

Lab 1 Lab 2
Method 1 | Method 2 | Method 1 | Method 2 | Method 3

trans- 4.0/4.1 3.5/3.6 4.1 2.6 3.8
monoenes
trans- nd’ nd nd nd nd
polyenes
trans-total 4.0/4.1 3.5/3.6 4.1 2.6 3.8

chromatographically obtained
trans- 3.81
monoenes
trans-total 5.00

" not detected
Table 15: Concentration of TFA (mol-%) in the 5 % sample obtained by NMR.
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Lab 1 Lab 2
Method 1 | Method 2 | Method 1 | Method 2 | Method 3

trans- 13.6/19.3 | 15.8/16.6 30.8 17.0 19.2
monoenes
trans- 2.8/4.8 4.1/4.9 29 4.5 3.90
polyenes
trans-total 18.4/22.1 | 19.9/21.5 33.7 21.5 23.1

chromatographically obtained
trans- 19.08
monoenes
trans-total 22.92

Table 16: Concentration of TFA (mol-%) in the 30 % sampie obtained by NMR.

In conclusion, TFA results obtained by spectroscopic methods agreed reasonably
well and are not in contrast with those obtained by chromatographic methods

(Table 17). Therefore, it is concluded that the analytical approach which will be

used for the certification the TFA content in oily candidate RMs, i.e. Ag-

chromatography/GLC, is not systematically biased.

Ag/GLC IR NMR
1% TFA 0.73 0.08 nd’
5% TFA 5.02 5.41 3.97
30% TFA | 23.94 23.94 21.68

" not detected

Table 17: Comparison of methods for the quantification of TFA.
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CONCLUSIONS

¢ Precision for analyte levels > 1 g/100 g was satisfactory (RSD(R) < 40 %), while
it was unacceptable for analyte levels < 1 g/100 g.

¢ Incorrect identification of trans polyenes was a major source of error which led
to deviating results.

¢ Results obtained by different methods (chromatography, IR, NMR) agreed
sufficiently.

¢ Chromatographic methods were not systematically biased.

MEASURES TO BE TAKEN

e The intercomparison has to be repeated with a new set of samples. A similar
test set-up will be used with the exception that per ampoule two separate
transesterifications will be performed

¢ |dentification of trans-polyenes has to be done by using equivalent chain length
(ECL) values. The Co-ordinator will distribute these values for the CP Sil-88
and the BPX70 column. It is anticipated that this measure should facilitate the
correct identification of trans polyenes and thus improve precision.

¢ Area-% values have to be reported for all peaks attributable to fatty acid methyl
esters regardless of the peak size

¢ An electronic spreadsheet will be distributed by the Co-ordinator in order to

reduce data manipulation steps and, therefore, transcription errors
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ANNEX A

Stability of the test materials stored at different temperatures.

Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.08 0.58 3.19 1.31 1.07 | 39.60 | 2269 | 0.19

14 0.02 1.75 3.57 1.46 123 | 3962 | 2265 | 0.19

29 0.07 2.28 3.92 1.44 1.20 | 39.79 | 2244 | 0.19

42 0.04 1.99 3.40 1.33 1.11 39.87 | 22.56 | 0.19

56 0.14 1.56 3.37 1.36 1.12 | 40.08 | 22.58 | 0.18

70 0.10 1.11 3.31 1.33 1.08 | 39.89 | 22.38 | 0.18

84 0.13 1.22 3.42 1.37 112 | 39.94 | 2242 | 0.19

98 0.11 0.96 3.38 1.34 110 | 39.85 | 2239 | 0.19

112 0.12 0.74 3.32 1.34 1.09 | 39.96 | 22.36 | 0.18

127 0.10 0.45 3.35 1.34 1.10 | 39.99 | 22.50 | 0.18

Table A1: Changes in stability parameters and the FA profile (area-%) of the 5 %
TFA sample (blend of partially hydrogenated sunflower seed oil and palm oil)
stored at 70 °C.

Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.08 0.58 3.19 1.31 1.07 | 39.60 | 2269 | 0.19

14 0.07 1.12 3.44 1.43 1.20 | 3942 | 2245 | 0.20

29 0.07 1.23 3.26 1.49 1.26 | 38.95 | 22.09 | 0.19

42 0.07 1.48 3.29 1.30 1.07 | 39.87 | 2256 | 0.19

57 0.08 1.55 3.33 1.41 1.17 | 39.93 | 22.53 | 0.18

71 0.08 1.37 3.21 1.31 1.06 | 39.83 | 2249 | 0.19

85 0.07 1.52 3.16 1.16 0.91 39.86 | 22.50 | 0.09

99 0.07 1.56 3.32 1.32 1.06 | 39.78 | 2245 | 0.18

113 0.09 1.66 3.33 1.33 1.08 | 39.82 | 22.38 | 0.18

128 0.08 1.49 3.30 1.32 1.07 | 40.01 | 2247 | 0.18

Table A2: Changes in stability parameters and the FA profile (area-%) of the 5 %
TFA sample (blend of partially hydrogenated sunflower seed oil and palm oil)
stored at 40 °C.
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Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.08 0.58 3.19 1.31 1.07 | 39.60 | 2269 | 0.19

- 31 0.08 1.10 3.22 1.26 1.02 | 39.77 | 22.51 0.20

58 0.04 0.95 3.21 1.29 1.05 | 40.00 | 22.55 | 0.18

86 0.09 0.98 3.25 1.30 1.06 | 39.95 | 22.38 | 0.19

114 0.05 1.14 3.23 1.30 1.06 | 39.89 | 2233 | 0.18

Table A3: Changes in stability parameters and the FA profile (area-%) of the 5§ %
TFA sample (blend of partially hydrogenated sunflower seed oil and palm oil)
stored at 20 °C. |

Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.08 0.58 | 3.195 | 1.309 | 1.074 | 39.60 | 2269 | 0.19

30 0.07 1.08 | 3.237 | 1.315 | 1.074 | 3980 | 2254 | 0.19

59 0.06 1.20 | 3.195 | 1.297 | 1.057 | 39.76 | 2245 | 0.18

87 0.07 0.79 | 3.267 | 1.306 | 1.063 | 39.94 | 2235 | 0.19

115 0.08 0.85 | 3.215 | 1.315 | 1.071 | 39.94 | 2232 | 0.19

Table A4: Changes in stability parameters and the FA profile (area-%) of the 5 %
TFA sample (blend of partially hydrogenated sunflower seed oil and palm oil)
stored at 4 °C.

Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.08 0.58 3.19 1.31 1.07 | 39.60 | 22.69 | 0.19

63 0.07 1.10 3.31 1.33 1.08 | 39.94 | 2242 | 0.18

120 0.05 0.73 3.24 1.31 1.06 | 39.93 | 2245 | 0.19

Table A5: Changes in stability parameters and the FA profile (area-%) of the 5 %
TFA sample (blend of partially hydrogenated sunflower seed oil and palm oil)
stored at -20 °C.
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Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3
0 0.10 0.10 | 3.084 | 0.594 | 0.514 | 62.26 | 19.53 | 9.20

14 0.09 213 | 3.402 | 0.681 | 0.601 | 62.18 | 19.73 | 9.18
29 0.02 1.98 | 3.140 | 0.794 | 0.724 | 62.04 | 19.72 | 9.29
42 0.02 1.09 | 3.251 | 0.725 | 0.637 | 6221 | 19.58 | 9.18
56 0.10 0.86 | 3.186 | 0.671 | 0.578 | 62.23 | 19.71 9.26
70 0.05 022 | 3.207 | 0.695 | 0.595 | 62.41 | 19.63 | 9.13
84 0.10 028 | 3.223 | 0.696 | 0.588 | 62.51 | 19.65 | 9.16
98 0.07 0.21 3.235 | 0.700 | 0.594 | 62.37 | 19.56 | 9.17
112 0.04 0.10 | 3.212 | 0.657 | 0.558 | 62.41 | 19.61 9.12
127 0.06 0.10 | 3.188 | 0.686 | 0.584 | 62.32 | 19.69 | 9.17

Table A6: Changes in stability parameters and the FA profile (area-%) of the 1 %
TFA sample (physically refined rapeseed oil) stored at 70 °C.

Absorbance at (nm)

Storage
time (d)] AV POV 232 268 278 | C18:1 | C18:2 | C18:3
0 0.10 0.10 3.08 0.59 0.51 | 62.26 | 19.53 | 9.20

14 0.06 1.35 3.34 0.73 0.65 | 62.01 | 19.69 | 9.27

29 0.07 1.72 3.87 0.82 064 | 6224 | 19.70 | 9.28

42 0.13 2.24 3.17 0.64 056 | 62.16 | 19.70 | 9.20

57 0.04 2.40 3.24 0.63 0.55 | 62.39 | 19.57 | 9.19

71 0.06 1.96 3.14 0.55 0.47 | 62.36 | 19.57 | 9.13

85 0.07 2.62 3.05 0.42 0.32 | 62.32 | 19.64 | 9.17

99 0.07 1.70 3.21 0.59 049 | 62.27 | 19.57 | 9.21

113 0.09 2.06 3.24 0.59 0.50 | 6244 | 19.63 | 9.09

128 0.07 1.84 3.21 0.58 0.49 | 62.31 | 19.61 9.17

Table A7: Changes in stability parameters and the FA profile (area-%) of the 1 %
TFA sample (physically refined rapeseed oil) stored at 40 °C.
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Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3
-0 0.10 0.10 3.08 0.59 0.51 62.26 | 19.53 | 9.20

31 0.1 1.35 295 0.47 0.39 | 62.08 | 19.67 | 9.25
58 0.03 1.70 3.07 0.53 045 | 62.27 | 1964 | 9.19
86 0.07 1.58 3.11 0.56 047 | 6217 | 19.60 | 9.22
114 0.05 1.78 3.09 0.56 | 047 | 6237 | 19.60 | 9.19

Table A8: Changes in stability parameters and the FA profile (area-%) of the 1 %
TFA sample (physically refined rapeseed oil) stored at 20 °C.

Absorbance at (nm)

Storage
time (d)] AV POV 232 268 278 | C18:1 | C18:2 | C18:3
0 0.10 0.10 3.08 0.59 0.51 62.26 | 19.53 | 9.20

31 0.11 1.27 2.77 0.46 041 | 62.00 | 19.74 | 9.21
59 0.05 1.60 3.09 0.56 047 | 6244 | 1965 | 9.15
87 0.06 1.14 3.10 0.57 047 | 61.15 | 19.24 | 910
115 0.10 1.34 3.06 0.55 047 | 62.20 | 1967 | 9.14

Table A9: Changes in stability parameters and the FA profile (area-%) of the 1 %
TFA sample (physically refined rapeseed oil) stored at 4 °C.

Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.10 0.10 3.08 0.59 051 | 6226 | 1963 | 9.20

63 0.06 1.26 3.08 0.55 046 | 62.33 | 19.62 | 9.20

120 0.05 1.17 3.07 0.55 0.47 | 62.24 | 1965 | 9.25

Table A10: Changes in stability parameters and the FA profile (area-%) of the 1 %
TFA sample (physically refined rapeseed oil) stored at -20 °C.
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Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3
0 0.06 0.20 6.05 1.16 094 | 5488 | 28.13 | 0.00

14 0.07 1.53 6.18 1.27 1.06 | 54.92 | 28.03 | 0.00

29 0.01 1.66 6.26 1.18 1.17 | 54.42 | 28.06 | 0.02
42 0.01 1.33 5.31 1.11 0.93 | 5451 | 28.38 | 0.00

56 0.05 0.97 6.02 1.17 0.95 | 5535 | 27.64 | 0.01

70 0.02 0.42 5.97 1.15 0.93 | 55.27 | 27.86 | 0.00

84 0.12 0.48 6.07 1.19 0.97 | 54.95 | 27.95 | 0.00

98 0.01 0.66 6.07 1.17 0.95 | 55.21 | 27.88 | 0.00

112 0.03 0.20 5.74 1.13 0.90 | 55.24 | 27.93 | 0.00

127 0.04 0.10 6.04 1.17 0.95 | 65.21 | 2795 | 0.00

Table A11: Changes in stability parameters and the FA profile (area-%) of the 30
% TFA sample (partially hydrogenated sunflower seed oil) stored at 70 °C.

Absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.06 0.20 6.05 1.16 0.94 | 5488 | 28.13 | 0.00

14 0.01 0.79 6.11 1.27 1.06 | 55.22 | 28.25 | 0.00

30 0.01 1.03 6.20 1.05 0.99 | 5440 | 28.31 | 0.00

42 0.02 1.17 6.30 1.15 096 | 5451 | 28.38 | 0.00

57 0.03 1.30 6.06 1.22 1.00 | 55.18 | 27.89 | 0.00

71 0.04 1.21 5.92 1.11 0.88 | 55.35 | 27.81 0.00

85 0.04 1.38 5.84 0.96 0.74 | 55.05 | 27.97 | 0.00

99 0.03 1.80 6.05 1.13 090 | 54.99 | 2795 | 0.00

113 0.04 1.36 6.02 1.14 0.91 55.04 | 28.11 0.00

128 0.07 1.63 6.02 1.13 090 | 55.04 | 28.13 | 0.00

Table A12: Changes in stability parameters and the FA profile (area-%) of the 30
% TFA sampie (partially hydrogenated sunflower seed oil) stored at 40 °C.
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UV absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.06 0.20 6.05 1.16 0.94 | 5488 | 28.13 | 0.00

30 0.05 0.65 6.19 1.05 0.84 | 54.44 | 28.01 0.04

58 0.02 0.86 5.93 1.07 0.86 | 55.15 | 28.14 | 0.00

86 0.08 0.92 5.95 1.11 0.89 | 55.36 | 27.90 | 0.00

114 0.03 1.08 5.96 1.12 0.90 | 55.19 | 27.82 | 0.00

Table A13: Changes in stability parameters and the FA profile (area-%) of the 30
% TFA sample (partially hydrogenated sunflower seed oil) stored at 20 °C.

UV absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.06 0.20 6.05 1.16 0.94 | 5488 | 28.13 | 0.00

30 0.08 0.61 5.91 1.03 0.82 | 56.38 | 27.80 | 0.02

59 0.03 0.91 5.91 1.10 0.89 | 5544 | 2782 | 0.01

87 0.03 0.75 594 1.10 0.89 | 65625 | 28.07 | 0.02

115 0.06 0.75 5.92 1.11 0.89 | 5498 | 28.16 | 0.03

Table A14: Changes in stability parameters and the FA profile (area-%) of the 30
% TFA sample (partially hydrogenated sunflower seed oil) stored at 4 °C.

UV absorbance at (nm)

Storage
time (d)| AV POV 232 268 278 | C18:1 | C18:2 | C18:3

0 0.06 0.20 6.05 1.16 094 | 5488 | 2813 | 0.00

63 0.03 0.61 5.91 1.10 0.89 | 55.18 | 28.03 | 0.03

120 0.04 0.48 5.95 1.10 0.89 | 55.06 | 27.99 | 0.03

Table A15: Changes in stability parameters and the FA profile (area-%) of the 30
% TFA sample (partially hydrogenated sunflower seed oil) stored at -20 °C.
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ANNEX B

Fatty acid composition of CRM162 as obtained by the participant in the

intercomparison

Lab

C16:0

Cc18:0

C18:1

C18:2

C18:3

10.38 £ 0.09

2.95+0.05

24.03 £0.03

55.75 + 0.06

4.32 +£0.02

10.48 + 0.02

2.93 £ 0.00

24.27 + 0.01

56.30 + 0.03

4.43 £ 0.01

10.82 £0.13

291+0.17

24.66 £ 0.16

57.14 £0.23

423+0.13

10.77 £ 0.09

2.77 £0.02

24.00 £ 0.06

56.78 £ 0.16

462 +0.02

10.79 £ 0.10

2.91+0.01

24.08 £ 0.02

55.96 + 0.11

4.84 +0.00

10.46 + 0.01

2.93+0.00

24.20 £ 0.04

55.88 + 0.04

480+ 0.01

11.10 £ 0.11

2.81+0.03

24,20+ 0.08

56.42 £ 0.10

4.75 +£0.04

10.67 + 0.11

2.85+0.02

24.18 + 0.05

56.46 + 0.08

475+ 0.02

10.43 + 0.06

2.80 = 0.08

23.96 £0.14

56.61 +£ 0.40

486 +0.18

10.91 £ 0.11

2.69 = 0.07

24.35+0.23

56.31 + 0.04

415+ 0.02

10.24 £ 0.13

2.85+0.03

2415 +0.13

57.07 £ 0.25

465+ 0.08

RlalaloloNo o alwina

11.65 + 0.46

2.84 +0.06

2415+ 0.09

56.39+ 0.34

494 +0.17

Table B1: Fatty acid profile of CRM162 as analysed by the participants (mean
value + SD givenin g/100 g total FAME).
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The aim of the first intercomparison was twofold. Firstly, to select, stabilise and bottle
suitable materials containing ca. 1 %, 5 % and 30 % total trans fatty acids (TFA) and
demonstrate that packaging and storage does not affect oil composition, and secondly, to
demonstrate that participating laboratories are able to achieve sufficient conformity of test
results.

Stabilising oil samples with tert. butylhydroquinone (250 mg/kg) and packaging in inert
atmosphere in amber glass ampoules resulted in homogeneous and stable lots of preliminary
test materials.

Analytical precision of chromatographic methods to determine trans fatty acids (TFA) was
acceptable (RSD(R) < 15 %) for analyte levels > 1 g/100 g, but for levels < 1 g/100 g
precision was beyond the agreed acceptance criterion (RSD(R) > 40 %). Misidentification of
peaks and inconsistent peak integration practices are considered to be the major reasons for
deviating results reported by the participants.

Results obtained by chromatographic methods were in close agreement with those produced
by spectroscopy (IR and NMR), thus proving that the applied chromatographic methods were
not systematically biased.

The intercomparison has to be repeated with new sets of samples. Special emphasis will be
placed on the correct identification of trans polyenes in order to improve precision for low
levels of TFA. To facilitate correct identification, the Co-ordinator will distribute equivalent
chain length data for TFA.
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