Journal of Chromatography, 533 (1990} 1-10
Bromedical Applications
Elsevier Science Publishers B V|, Amsterdam

CHROMBIO 5467

Nervonic acid versus tricosanoic acid as internal standards in
quantitative gas chromatographic analyses of fish oil longer-
chain n— 3 polyunsaturated fatty acid methyl esters

N C SHANTHA and R G ACKMAN*

Department of Fand Science and Technnlogy, Techweal Dmver ity of Nova Scong, P Q Rox 1000, Halijax,
Nova Scotia B3J-2X4 ( Canada)

(F1rst recerved April 23rd, 1990; revised manuscript received July 9th, 1990)

ABSTRACT

Tricosanoic acid (23 0) and ci5-15-tetracoscnoic acid (nervonic acid. 24° In — 9) were compared as choic-
cs suttable for use as internal standards in the quantitation of eicosapentaenoc (EPA) and docosahexae-
noic (DHA) fatty acids Expermments conducted included (a) companson of the flame 1onisation detector
responses of the two fatty acid methyl esters, (b) estimation of accurately weighed quantities of EPA and
DHA usmg both 23 0 and 24 | separately as miernal standard, (¢) determmation of EPA and DHA
contents of commercially available fish o1l ethyl ester capsules usimg the two as mnternal standard The
results suggest that both 23 0 and 24 1 methyl esters behaved similarly in the flame 10mization detector of
the gas chromatograph and are comparable internal standards for use mn quantitation of EPA and DHA.
This includes the analysis of ethyl ester mixtures as long as interestertfication of sample with solvent
methanol 15 complete The relatively poor solubility of the saturated 23 0 1s countered by its greater
stability A possible drawback of 24 1 could be the presence of more than one positional 1somer n either a
24'1n—9 standard or 1n the actual sample In principle any fatty acid could serve as an internal standard as
long as the limmtations involved 1n the use of each are taken into account

INTRODUCTION

The most common way to quantitate the » — 3 polyunsaturated fatty acids
(PUFA) in fish oil is by gas chromatography of their methyl esters [1]. Since, 1n
theory, there could be some sample loss at almost every step during ester prep-
aration, the preferred practice should be to add an internal standard (1.S.). Opti-
mally, the I.S. should have physicochemical properties sufficiently similar to the
compound of interest so that both would behave identically during the work-up
procedure [2]. In the past, researchers have used different fatty acids, often sat-
urated fatty acids of varying carbon chain lengths, as I.S. for the analysis of
long-chain PUFA in lipid samples. Gerber et al. [2] found that the use of tricosa-
noic acid (23:0) for measurement of arachidonic acid (20:4n — 6) in plasma was
unsatistactory due to 1ts poor extractability compared to plasma lipids and have
suggested the use of dihomo-y-linolenic acid (20:3n — 6) as the 1.S. Hibino et al.
[3], however, contend that 23.0 could be a suitable choice of LS. for quantitation
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of biologically important PUFA. Recently, Eimg and Ackman [4] recommended
the use of 23:0 as an 1.S. in the analysis of the & — 3 polyunsaturated fatty acids
in marine oil products. Tricosanoic acid was chosen because its relative retention
time on contemporary bonded Carbowax 20M capillary columns does not coin-
cide with any other fatty acid. In addition it is not susceptible to oxidation and its
response under optimised conditions is similar to the fatty acids of interest [5].
Ackman et al. [6] have applied this method to the determination of eicosapentae-
noic (EPA; 20:5n — 3) and docosahexaenoic acid (DHA; 22:6n — 3) contents of
encapsulated fish oil products. The interlaboratory trial of an AOAC protocol [7]
for the determination of EPA and DHA in fish oils and concentrates via capillary
gas chromatography (GC) and with 23:0 as the internal standard has been carried
out and assessed as successful [8] However, comments, questions and unforseen
difficulties were an inevitable fallout from this trial, with a tendency to blame the
method for all deficiencies.

The AOAC project has now been further extended in our laboratory to sece
whether ¢is-15-tetracosenoic acid (nervomc acid, 24:1n — 9), in view of'its greater
solubility, could prove to be a suitable substitute for 23.0 as an 1.S. The flame
tonization detection (FID) responses of the two fatty acid methyl esters (23.0 and
24:1) were compared. Accurately weighed amounts of EPA and DHA and 1ts
contents in commecially available & — 3-enriched ethyl ester capsules were deter-
mined using both 23:0 and 24:1 separately as the 1.S. The advantages and disad-
vantages of the use of either as L.S. are discussed

EXPERIMENTAL

cis-15-Tetracosenoic (nervonic acid) was purchased from Serdary Research
Lab. (London, Canada). Pure methyl tricosanoate (Sigma. St. Louis, MO,
U S.A)) and ethyl esters of EPA and DHA (Walgreen Labs. and Norsk Hydro)
were available in the laboratory. The position of the double bond in the nervonic
acid sample was determined by ozonolysis followed by analysis on GC 1nstru-
mentation [9]. Thus lot of fatty acid was found to contain 96% n — 9 1somer, the
rest betngm — 11 (2.5%) and n — 13 (1.5%) isomers; 24'1n — 7 was msignificant.
Ethyl esters of EPA and DHA which were found to be 95% pure were further
purified by semi-preparative high-performance liquid chromatography (HPLC)
using a Cyg Bondapak column (10 cm x 0 8 cm I1.D , particle size 10 um). Metha-
nol-water (95:5, v/v) at a flow-rate of 1.5 ml/min was used as the mobile phase.
The pure ethyl esters were transesterified to give methyl esters by using the proce-
dure described below. All esters were checked for purity by both GC and thin-
layer chromatography (TLC) with the Chromarod-latroscan TLC-FID system
based on a flame ionisation detector [10] All stock solutions were prepared 1n
redistilled isooctane.

For the preparation of methyl esters, the method suggested in the AOAC
collaborative study [7] was employed, modified for convenience of scale as fol-
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lows. Briefly, to about 25 mg of the sample weighed into a screw-cap test tube, 1.5
ml of 0.5 M methanolic sodium hydroxide solution were added The tube was
capped tightly, vortexed and heated at 100°C for 5-7 min. The solution was
cooled, 2 ml of 14% boron trifluoride—methanol (Supelco. Bellefonte, PA,
U.S.A)) were added, and the tube capped, vortexed and block-heated at 100°C
for 15-20 min. The solution was cooled to 30-40°C, | ml of 1sooctane was added,
the contents were vortex-mixed and then shaken vigorously for 30 s while tepid.
Saturated sodium chloride solution (5 ml) was added, and the contents were
agitated thoroughly. The solution was centrifuged, and the 1sooctane layer trans-
ferred into a second tube. The methanol-water phase was again extracted with 1
ml of isooctane. The isooctane extracts were combined and, when necessary,
concentrated before analysis by GC. All operations were carried out under nitro-
gen.

GC analysis was carried out on a Perkin-Flmer 900 gas chromatograph,
equipped with a flame ionization detector and digital integrator, using a DB-
WAX column (30 m x (.25 mm L.D., phase thickness 0.25 um; J. & W. Scientific,
Folsom, CA, U.S.A.). The conditions used were: oven temperature, 1sothermal
(200°C); injection port temperature, 250°C; split ratio, 1:58; helium (carrier gas)
flow-rate, 1 31 ml/min. For obtaining a reference chromatogram samples of fatty
acid methyl esters of menhaden oil and fish oil ethyl ester concentrates were also
analysed on a Perkin-Elmer 8420 gas chromatograph, using a Supelcowax-10
fused-silica capillary (30 m % 032 mm I D) column. The GC analysis was tem-
perature-programmed from 195 to 240°C at 3°C/min after an initial 8§ min at
195°C, and was held at 240°C for 10 min. GC analysis was also run isothermally
at 200°C. The other parameters were: split ratio, 1:32; (helium carrier gas) flow-
rate, 1.2 ml/min; injection port temperature, 250°C. A Perkin-Elmer LCI1-100
laboratory computing mtegrater was used for recording and integration. One-
way and two-way analysis of variance (ANOVA) was conducted using a mini-
computer program. The 5% level of significance was maintained.

The 24:1 and 23:0 as 1.S. were compared by conducting the following expert-
ments.

Experiment 1. comparison of the FID responses of 23-0 and 24. 1 methy! esters

Accurately weighed amounts of 23:0 and 24:1 methyl esters were analysed by
GC The experiment was repeated four times, either by weighing the esters direct-
ly on a balance (up to 0.00001 g accuracy) or by pipetting from concentrated
standard stock solutions. The latter was done in order to reduce error, if any, in
weighing, and since this would be the common practice with the 1.S. in actual
operation. Each sample, a mixture of 23:0 and 24:1 in isooctane (1-2 ul), was
injected a minimum of five times manually, using a Hamilton No. 701 syringe.
Later, the analysed mixture was further treated with boron trifluoride-methanol
as above and reanalysed by GC
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Calculations were done in the following manner:

o . . _ weight of 23:0
actual weight ratio Wetght of 24:1
area countszz o X TRFz30
area countszs 1 X TRF24 1

observed GC weight ratio =

where TRF = theoretical response factor [5].

Experiment 2* calculation of weights of pure EPA and DHA using 23:0 and 24:1 as
LS.

Stock solutions of 23:0 and 24:1 methyl esters in 1sooctane were prepared
duplicate. Single accurately weighed stock solutions of 20:57 — 3 and 22:6n — 3
methyl esters were prepared separately. Samples were prepared with 1.00 ml of
each of the PUFA esters and 1.00 ml of either of the two LS. A total of six
mixtures were made, and each mixture was analysed four times by GC.

The calculations were done as follows:

FAME  Area counts (AC) TRF AC x TRF Calculated amount of
EPA or DHA based on 1 S.

LS 4 b AX By

22:6 B Y BY Wox S = W,
c7

20:5 c z cz Wox =W,

where W = weight of internal standard, W, = weight of DHA and W, = weight
of EPA

Experiment 3: determination of EPA and DHA contents in various fish oil ethyl
ester capsules using 23.0 and 24:1 methyl esters as 1.S.

Three retail samples of fish oil concentrates in ethyl ester form were chosen.
Aliquots of 1.00 ml of the I.S. (methyl ester with a concentration of about 4
mg/ml) were pipetted into screw-cap test tubes, and the solvent was evaporated.
An accurately weighed amount (about 25 mg) of fish oil ethyl ester from a freshly
opened capsule was added to this and then transesterified to methyl esters and
analysed by GC. The amount of EPA and DHA, expressed as mg of EPA and
DHA fatty acid per g of sample, were calculated in the following manner:

(Ax)(W1s XCFx)

RS T AT

EPA or DHA (mg/g) =
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where Ax = area counts of EPA or DHA, A;s, = area counts of internal stan-
dard, CFx = theoretical correction factor for EPA or DHA calculated based on
LS., Wis = weight of I.S. added to the sample (in mg), Ws = sample weight (in
mg) and 1.08 = conversion factor [7].

RESULTS

Table I shows the comparison between the FID responses of 23:0 and 24:1 by
GC. Tt can be seen that the observed mean ratio of actual/observed weight (1.00
+ 0.015) was not significantly different (p > 0 05) from the calculated theoretical
value (1.010). Table IT compares the weights of EPA and DHA calculated from
the use of 23:0 and 24:1 as L.S. The weights of both EPA and DHA calculated by
using 23:0as 1.S (6.83 £ 0.41 and 4 22 + 0.14, respectively) and 24:1 as 1.8. (6 92
+ 0.39 and 4.25 + 0.21, respectively) did not differ significantly (p > 0.05)
among themselves nor 1n relation to the actual weights taken (6.98 and 4.30,
respectively).

Table III gives the results of the EPA and DHA determined in three different
fish oil ethyl ester capsules For all three capsules of different origins, identified as
A, B and C, the weights of EPA and DHA calculated using 23.0 as 1.S. were not
significantly different (p > 0.05) from those calculated using 24:1 as the LS.

DISCUSSION

From the above results, one can conclude that both 23:0 and 24:1 behaved
stmilarly 1n the FID system of the GC and are comparable and satisfactory 1.S.
for use in quantitation of EPA and DHA. Earlier, Wilson [11] had made a com-
parison between 23:0 and 21;0 for use as L.S. in the estimation of erucic acid

TABLE 1
COMPARISON OF FID RESPONSES OF 23 0 AND 24 [ BY GC

Values represent mean + S D (n = 5). no sigmficant difference between values by ANOVA (p > 0.05).
Calculated theoretical response factor ratio = 1 01

Trnal Weight taken (mg) Ratio actual/observed
weights”
23:0 241

i 59000 5 7000 102 £ 001

2 4 0856 6 4160 098 + 001

3 4 0856 6.4160 101 £ 002

4 4 2000 4.6300 099 + 001

Average of experimental ratios [00 £ 0015

“ Calculated from peak areas of GC chromatogram
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TABLE I

CALCULATION OF WEIGHTS OF PURE EPA AND DHA USING 23:0 OR 24 1 AS INTERNAL
STANDARD

Values calculated by weight are represented as mean = SD (n = 4); no significant differences between
values (obtamed by using 23:0 or 24 1 as 1 § ) by ANOVA (p > 005)

Trial Weight of I § (mg) Calculated weight {mg) Average calculated weight” (mg)
23-0 241 EPA DHA EPA DHA

1 4 0856 - 681 + 015 425 + 004

2 40856 - 698 = 063 423 £ 020 683 £ 041 422 £ 0.14

3 3 5280 - 669 + 015 417+ 015

4 - 4.6300 681 + 028 420 £ 012

5 - 4.6300 677 +£ 052 419+ 016 692 + 0.39 425 £ 0.21

6

- 3.5420 717 £ 032 435+ 032

“  Actual weights of EPA and DHA were 6 98 and 4.30 mg, respectively.

TABLE III
DETERMINATION OF EPA AND DHA IN CAPSULES OF FISH OIL ETHYL ESTERS

Values calculated by weight are represented as mean £ SD (n = 4). no significant difference between sets
by ANOVA (p > 005)

Trial Ethyl ester Weight of [ S (mg) Weight of acid {mg/g of capsule)
retail type - -
230 241 EPA DHA
1 A 40856 - 3713 £ 260 2363 £ 83
2 - 4 6300 3677+ 72 2363 £ 27
3 B 3.5280 - 1974 + 108 573 £ 1.5
4 - 35420 2009 + 38 1603+ 15
5 C 3.5280 — 4200 £ 105 2482 + 55
6 - 35420 4214 + 212 2536 + 48

content in rapeseed Using a packed column he concluded that the results ob-
tained from use of either 1.S. were not significantly different. This would be an
expected observation as long as the relative response factors of unsaturated and
saturated fatty acid methyl esters determined in practice conform to theory [12].
Hence, any fatty acid could serve as 1.S. However, consideration of the relative
retention times narrows the choice of 1.8, [13]. For fish oils with a complex
pattern of fatty acids, the retention time of 23:0 on polyethylene glycol-based
columns fits well between EPA and DHA (Fig. 1.) Under the same conditions
24:1n — 9 elutes just after 22:6m — 3. One of the main drawbacks with the use of
heptadecanoic acid (17:0) as an 1.8. for the determination of EPA and DHA in
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Fig 1. Gas chromatogram of fatty acid methyl esters of menhadan (Brevoortia tyrannus) o1l containing
methy! tricosanocate (23 0) as internal standard Column. Supelcowax-10 fused-silica capillary (30 m x
032 mm I D) The GC analysis was temperature programmed from 195 to 240°C at 3°C/min after an
mitial 8 min at 195°C and was held at 240°C for 10 min The other parameters were: split ratio, 1 32, hehum
(carrier gas) flow-rate, 1 2 ml/mn, injection port temperature. 250°C Abbreviations 17 0 = methy! hepta-
decanoate, 20 5» — 3 = methyl eicosapentaenoate: 21:57 — 3 = methyl heneicosapentaenoate, 22 6n — 3
= methyl docosahexaenoate, 20 1 = methyl eicosenoate; 22 1 = methyl docosenoate, 24 1 = methyl
tetracosenoate (different 1somers are indicated by the number showing the position of the double bond)

fish oils 1s its much shorter retention time compared to EPA ans DHA (Fig. 1),
moreover it 1s a minor { < 1%) component in most fish oils [14]. Nervonic acid, in
view of 1ts greater solubility compared to 23:0, could serve as a more suitable 1.S
for analysis of the PUFA contents in EPA- or DHA-enriched fish oil concentrates
as long as the fish oil fatty acids lack 24:1n — 9 in their composition.

One of the negative aspects of using 24:1» — 9 as an I S. is that most original
fish oils contain a very small percentage (< 1%) of 24:1, one major isomer being
specifically 24:1n — 9 or nervonic acid [15]. The 24:1 is often removed during
concentration steps (¢f. Fig. 2), along with 20:1 and 22:1 [16], but the method
should be broadly applicable to raw oils as well as concentrates. Although under
the alternative isothermal conditions used the 22:6 and 24.1 were well resolved (R
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Fig 2. Gas chromatogram of fatty acid methyl esters of a retail fish o1l ethyl ester concentrate Column,
operating conditions and abbreviations as in Fig. | Note absence of 201 22 1 and 24 1 The anticipated
locations of these fatty acids have been marked.

> 1.0, Fig. 3A), for the normally used temperature programming the resolution
between 22:6n — 3 and 24:1» — 9 may not be adequate for accurate quantitation
(Figs 1 and 3C). This proximity of 24:1n — 9 to 22:6n — 3 in polyethylene glycol
columns could limit 1ts applicability if column efficiency is low or the proportion
of 22:6n — 3 is large. Fig 3C illustrates the type of integrator problem arising due
to improper resolution between peaks in a real fish oil analysis. The integrator
was found to overestimate the 24:1 by a significant amount due to 1ts proximity to
the 22:6n — 3 peak on a Supelcowax-10 column under the conditions used. Papas
and Tougas [17] have also described such integration problems. This difficulty
may not apply if other liquid phases were used. The same Supelcowax-10 column
under isothermal conditions gives a better resolution between 22:6n — 3 and
24:1n — 9 (Fig. 3B). In most cases the peak for 24:1 in marine oils, on Carbo-
wax-20M-type columns and with temperature programming, is 24:1n — 9 since
the earlier eluting peak for 24:1n — 11 (plus # — 13 and possibly n — 15) falls
under 22:6n — 3 [15] Hence, if only 20:57 — 3 and 22:6n — 3 are needed it would
be easier and more accurate to run the column isothermally at 200 or 210°C to
speed up the analyses.
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Fig 3. (A, B) Partial gas chromatograms showing resolution between 2261 — 3 and 24 1n — 9. (A)
Column DB-WAX fused-silica caprllary (30 m % 0.25 mm LD ) Oven temperature, 1sothermal (200°C),
mjection port temperature, 250°C, spht ratio, 1 58, hehum (carrier gas) low-rate, 1.31 ml/nun. (B) Column,
Supelcowax-10 fused-silica capillary (30 m x 032 mm 1D ) Oven temperature, isothermal (200°C), other
conditions as in Fig 1 (C) Partial gas chromatogram of fatty acid methyl esters of cod (Gadus morhua)
liver ol Column and conditions similar to Fig 1 Abbreviations as m Fig 1

Potentially, 24:1 1s relatively less stable than 23:0, however, no relative loss of
241 was observed following the further re-esterification. The 23:0 and 24:1 fatty
actd methyl ester mixture when treated with boron trifluoride-methanol and re-
analysed by GC had the same ratio of actual/observed weights as before.

In the AOAC trial [7] the ethyl ester of 23-0 was provided to accelerate and
stmplify the determination of 20:51 — 3 and 22:6n — 3 1 ethyl esters of fish oil
fatty acids. The molar ratio of ethanol (in the ethyl ester) to methanol in the
procedure followed 1n this study was heavily weighted in favor of methanol. No
extrancous (z.¢ ethyl ester) peaks were detected in chromatograms of methyl
esters and therefore interesterification must have been total. The objective of this
method is to report 20:5n — 3 and 22:6n — 3 acid contents of samples and it is
therefore convenient to use the methyl ester as an all-purpose internal standard.

In conclusion 23:0 and 24:1 methyl esters are comparable 1.S. for use 1n quanti-
tation of EPA and DHA. The relatively poor solubility of 23:0 is countered by the
greater stability of 23:0. The possibility of the presence of positional isomers in
commercial 24:1n — 9 standards, some of which might fall under 22:6n — 3
depending upon the efficiency and polarty of the column [15), and of 24:1» — 9
itself in the sample are drawbacks to its use Either fatty acid could serve as 1.8. as
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long as the limitations involved 1n the use of each are taken into account. It
should also be noted that not all polyethylene glycol-based bonded flexible fused
capillary columns give adequate separation between 23:0 and the commonly pre-
sent heneicosapentaenoic acid (21:57 — 3). Since 21:52 — 3 is a common constit-
uent [18] of fish oils (Figs. 1 and 2) this point is easily evaluated, when a new
column is installed, with cod liver oil or any other raw fish oil.

ACKNOWLEDGEMENTS

This work was funded by the National Sciences Research and Engineering
Council of Canada. We thank C. W. Craven and P. J. Barlow (affiliated with
Seven Seas, Hull, U.K.) for their helpful discussions.

REFERENCES

1 R. G Ackman, Acia Med Scand , 222 (1987) 99
2 J. G Gerber, J. S Barnes and A § Nies, J. Lipid Res , 20 (1979) 912
3 H Hibino, N Fukuda. K. Kudo, M Kawamura, C Nato, Yukagaku, 33 (1984) 625
4 R G Emmg and R. G. Ackman, J Am. Ol Chem Soc , 64 (1987) 499
5] D Craske and C D Bannon.J Am Od Chem Soc, 65 (1988) 1190
6 R G. Ackman, W M. N Ratnayake and E J Macpherson, J. 4m. O Chem Soc., 66 (1989) 1162
7 R G Ackman and J Joseph. in Proceedings of Session Lectures and Scientific Presentations on ISF-
JOCS World Congress, Tokyo, Sept. 26-30, 1988, Vol 2, The Japan Oil Chemists” Society, Tokyo,
1989, p 342
8 J D Joseph and R G. Ackman, J Assoc Off Anal Chem . press
9 R. G Ackman, Lipwds, 12 (1977) 293
10 R G Ackman, Methods Enzymol , 72D (1981) 205
1t N L. Wilson, J Sct Food Agiic , 32 (1981) 1103
12 7 D Craske and C D Bannon, J Am Od. Chem Soc , 64 (1987) 1413
13 R. G Ackman,in R J Hanpulton and J B Rossell (Editors), Aralysis of Oils and Fats, Elsevier Apphed
Science Publishers, London. 1986, Ch 4. p 137
14 R G Ackman,inlJ } Connell (Editor), Advances m Fish Science and Technology, Fishing News Books,
Farnham, 1980, Ch 2, p 86,
15 N C Shantha and R. G. Ackman, Lipuds, submitted for publication
16 R G Ackman, Chem Ind., March 7 (1988) 139.
17 A N Papas and T. P. Tougas, Anal Chem., 62 (1990) 234
18 R G Ackman.m S M Barlow and M E Stansby (Editors), Nutritional Evaluation of Long-Chain
Fatry Acids m Fish Oif, Academuc Press, London, 1982, p 25



