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Analytical methods for determination
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Abstract. This review describes analytical methods developed for the separation, identification and quantitedizgisimers

of unsaturated fatty acids. Although these methods are applicable to a wide variety of food matrices, we have particalarly emph
sised the analysis @fans unsaturated fatty acids in milk fat. Various methods are described such as infrared spectroscopy, direct
gas chromatography, gas chromatography in combination with either thin-layer chromatography or liquid chromatography both
impregnated with silver nitrate and gas chromatography coupled with mass spectrometry. The field of application, the advantages
and the drawbacks of each method are evaluated and discussed.
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Introduction methods commonly applied to lipid determination such as
infrared spectroscopy (IR), Fourier Transformed infra-red
Ethylenic bonds of unsaturated fatty acids can be either {{#TIR), flame ionisation detection (FID) and mass spec-
cis configuration, a geometry where both hydrogen atomgrometry (MS) [11]. Each of these methods exhibits advan-
are on the same side of the double bond, drans con- tages and drawbacks. Improvements in accuracy and effec
figuration, where the two hydrogen atoms are on opposittiveness of results can be obtained by combining techniques
sides of the double bond. Furthermore, these double bondg. GC-MS with preliminary fractionation on Ag-TLC or
can be located on different sides of the aliphatic chairAg-LC, GC-FTIR, etc. Unfortunately, there is not one all-
resulting in positional isomers. The physico-chemical, nutriencompassing method in this field. The use of one methoc
tional, biochemical and biological properties of thhens over another depends on several factors such as the goal |
fatty acid isomers are different from thosects isomers. the studies, the nature of samples, etc. [8,12,13]. Actually,
i the food manufacturer will be interested in the total level of
For the last three decadesans fatty acids have been yansfatty acids, whereas the biochemist or the nutritionist
studied for their impact on human health and suspected {@|| want to measure the individual quantity of each isomer.
be harmful. Recent studies attempted to show a correlatiqRgiyidual separation of each isomer allows for an optimal
betweentrans fatty acid ingestion and an increase of b'°°dquantitation oftrans fatty acids, preventing any risk of
cholesterol level [1,2,3] as well as a relationship betweefjnger- or over-estimation due to the method. Furthermore
transfatty acids and cardiovascular risks [4,5,6,7]. The conge guantitation of each isomer is essential for certain stud
clusions of these epidemiological and experimental studiegyg especiallyransfatty acid levels in human tissues related
debated in other respects, should be strongly supported Ry soyrcesince thetrans fatty acid composition varies when
an in-depth knowledge dafansfatty acid levels in food and {he giet includes milk products, margarine or oils subjected
in the human diet. This knowledge requires appropriategh heat treatment in production or when used in processing
analytical methods [8,9,10]. such as frying [10,12,14,15].

Several analytical methods are reported tfans fatty
acid determination and quantitation in food, specifically in
milk fat. These analytical procedures mostly stem from seghfrared spectroscopy (IR)
arative techniques generally used for lipid analysis namely,
gas chromatography (GC), thin layer chromatographyfrans ethylenic bonds show a specific absorption in the
impregnated with silver nitrate (Ag-TLC), reversed-phasenfrared spectrum from 956 to 976 chwith a maximum
liguid chromatography (LC) and liquid chromatographyabsorbance at 967 ci[16]. This method is fast, easy to
impregnated with silver nitrate (Ag-LC), and from detectionapply and useful for routine analysis [13,17,18,19,20,21,22].
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However IR-spectroscopy is inappropriate to study individnot very well adapted to routine control laboratories
ual trans fatty acid isomers since it does not give informa-involved in food composition analysis.

tion on the ratio of the different isomers, or specific detail:

on the type of isomers, such as chain length, number al

position oftrans bonds. Furthermore, results obtained usiniDirect gas chromatography

IR spectroscopy are higher, sometimg to twice those

obtained by chromatography [17,20,23,24]. For instanceThe major advances of this method in regardsans fatty
Smithet al.[23] reported levels from 3.5 to 4.2tgansfatty  acid chromatographic analysis are the use of capillary
acidsper 100 g total fatty acids in milk fat using IR spec- columns substituted for packed columns, emergence of new
troscopy and from 1.8 to 2.0 g per 100 g in the same sarmore polar phases, and increased length of the capillary
ples using GC. However, repeatability and reproducibilit)columns. It should be noted that GC column efficiency is
are better using GC than using IR, especially when fooproportional to the square root of column length and the res-
products are low itrans fatty acid levels, which is the case olution is strongly influenced by the selectivity, therefore
for milk fat [22,25]. increasing column length will lead to appreciably higher res-
olution, and seleatity modification will affect significantly
separation as well [12,30]. For instance, during the 1970’s,
the use of polar packed columns (such as SP-2340 or OV-
275) did not afford separation ©fs-18:1 fatty acids from
trans-18:1 isomers, and even poorer quantitation of each of
the positional isomers [13,23]. Emergence of capillary
columns bonded with the same phases allowed for a slight
improvement of separation, though still not suitable. These
capillary columns gave essentially an interesting reduction
of width peaks [12,31]. However, increasing the length of

Moreover, the IR determination of totédans content of the column (SP-2340 or FFAP) did not seem to improve sep-

milk fatty acid methyl esters (FAME) was not fully satis- arations [31,32].

factory because therans band overlapped with the conju-  Recently available polar columns, bonded with
gated dlene_ b_and. IR accuracy was also Ilmlte.d by the facyanoalkyl polysiloxan phase, such as SP-2560 [33,34], CP-
that absorptivity of methyl elaidate, used as calibration stargj| gg [4,8,35,36] or BPX-70 [29], demonstrated significant
dard, was different from those of the minmnsfatty acids  jmprovement of bothtrans-18:1tis-18:1 separation and
found in milk [27]. quantitation of individuatrans-18:1 isomers. Increasing the
So, great limitations in the use of IR to determine thd€ngth of these columns from 50 m to 100 m results in a
trans content of milk and milk products were the lack ofSignificant improvement in the separation of the different
accuracy, especially for low level ofans fatty acids (case 9€ometrical and positional isomers [4,8,26,37]. Using these
of milk fats), and the global measure of @dlns instead of phasestrans18:1 positional isomers were eluted in the

individual determination of eadans fatty acid isomer. order of the double bond progression _anng the carbon chain
from carboxyl A5-A6, A7, A8...); transisomers up ta\11,

Emergence of Fourier-transform infrared spectroscopor A13-14 (depending on column type), have retention times
(FTIR) [18,19,20] and the use of computer-assisted spectriower than that of oleic acictig-9). A first group of 18:1-
subtraction procedures [21,22] allowed for the improvedrans fatty acids, includingtrans6-8, trans9, trans-10,
detection efficiency of this method. Unfortunately, resultstrans11, appeared relatively well isolated before the peak
obtained by this new method yielded somewhat greater lecorresponding to oleic acid (18cis-9). Thetrans6-8 iso-
els than chromatographic values, even if discrepancies wemers were not resolve second group, includingans-12
significantly reduced as a result of using an IR methocthroughtrans-15, eluted with oleic acid and otheis-18:1
Furthermore, some large variations were noticed in FTllisomers ¢is-6 throughcis-11) [4,8,13]. Under optimal oper-
measurements of edible fats that contained low levels dting conditions, the Precht and Molkentin’s group [12] par-
trans fatty acids (less than 15 % of total fatty acids); this istially resolved the 18:1rans-15 peak from the 18:tis-9.
usually the case with milk products [8,22,26]. Our attempts to optimize 18:1 chromatographic separation

A method combining GC-FTIR has been used recently t‘led to overlapping ofrans-12 throughtrans-14 with thecis

determine ethylenic bond geometry [28]. The advantage d"OUP _aréd to I? Is:houiderig% of theans15 just after the
this combined method is to directly obtain the IR spectra (Main ¢is-9 peak (Fig. 1a) [38].

each fatty acid methyl ester (FAME) peak after chromatoc  sjng 100-m SP-2380 capillary column held at 242 °C

raphy [29]. This method is still very recent, very expensive(isotherm condition), Thompson [34] obtained two different
not commonly used and requires technical expertise. At tf1g.1 fatty acid groups each eluted in its own peekns
moment, GC-FTIR has not been used extensively in variolgoup on one hands isomers on the other.

matrices, since little information is available about analyti:
cal performance. Such analytical methodology still remain  Gas chromatography using these very polar phases
a «high-tech» procedure for research institutes and seeresulted in suitable resolution for linoleic acid geometrical

Several reasons could explain these discrepancies. On ¢
hand, triacylglycerols absorb in the infrared spectrum &
about 970 cmt as well, which leads to an apparent increas:
in the trans fatty acid level measurements [17,20,22]. This
problem can be circumvented by measutirags fatty acid
methyl ester absorption [17,22]. On the other hand, IR spe
troscopy determines allans ethylenic bonds, so multians
polyunsaturated fatty acids are measured as many times
double bonds are present. This may lead to an overestirr
tion in terms of the percent of total fatty acids [20,22,26]
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lary column CP-Sil 88 (Chrompack), 160°C, 220KPa (helium).
| 5 | ! A = FAIPE before fractionation with Ag-TLC. B siss-monoenoic
55 60 65 70 acid fraction isolated by Ag-TLC (x4). C transmonoenoic acid
min fraction isolated by Ag-TLC (x8) from M. Ledoux (1999) [38].

isomers; Berdeaugt al. [29] observed individual separation di-trans18:2 positional isomers are present, even when
of linoleic acid 18:2cis-9, cis-12 and of its 3 geometrical using a 100-m column. Numerous peaks were poorly
isomerstrans-9trans-12, cis-9/trans-12 and trans-9/cis12  resolved, or eluted together in one peak, or co-eluted with
using a 30-m BPX70 capillary column. This analysiscis-18:1 isomers [10,33]. This problem was all the thornier
becomes more complicated when mdrems18:2 or when conjugated linoleic acids (CLAs) were in relatively
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high proportions, as in milk products [35,39]. CLAs, polyun-monoenoic fatty acids, and saturated fatty acids (in increas-
saturated fatty acids exhibiting anticarcinogenic propertieing Rf order). Aroet al. [4] noticed intermediate spots as
have retention times closed to 20:0 and 20:1 fatty acid peawell, including mixtures of some isomers. According to
[29]. Using a 100-m CP-Sil 88 in a gradient program modethese authors, the main spots contained 85 % of total 18:1
CLA compounds were isolated in 3 grouprsins/cis, cis/cis fatty acids; extracting the intermediate spots allowed for
and trans/transisomers (in the elution order) [40]. In this improved extraction recovery up to 95.6 %, but these obser-
study, the CLA region of FAME direct GC trace for cheesevations were not confirmed by any other research group.
revealed a complex mixture of 10 peaks attributed to 19 (Wolff et al. [13,37] reported 100 % recovery yield when
20 isomers identified subsequently using Ag-LC fractionaoperating conditions are fully optimised and controlled.

tion prior to GC-MS. ]
After Ag-TLC elution, Wolff [43,46] observed 18:2 and

An International Standardization Organization (I1SO)18:3 geometrical isomer fractions corresponding to the
guideline regardingrans fatty acid determination in animal degree oftrans unsaturation, in an increasing order: first
and vegetable edible fats using GC is under study at tltrans,trans18:2 thentrans,cis- and cis,trans18:2 then di-
moment [41]. However, even if peak co-elutions are reducetrans18:3, then mondrans-18:3 and finally linolenic acid
using optimal phases in columns as long as 100-m, all pea(tri-cis-18:3). Ratnayake and Pelletier [47] observed less
are not perfectly resolved. This fact was a great limitatiohomogenous groups, however the initial oil mixture was
of direct GC for studies which needed individual identifica-more complex and included geometric and positional
tion and quantitation of each isomer but it may provide rellinoleic acid isomers.
atively quickly a good idea of the C18 unsaturated fatty aci ) } -
content and a rough isomer distribution. In order to obtai At the end of thin-layer chromatographic runs, silica gel
better separation with the same kind of columns, a pre-frawas scrapped off and FAME were extracted using
tionation of cis/trans geometrical isomers is needed bymethanol/sodium chloride/hexane [30] or diethyl ether [39]

argentation (silver salts) liquid chromatography. and then analyzed by GC. Recently, glass plates were
replaced by plastic sheets that can be cut using scissors [22].

Silica gel is no longer scrapped from the shbat specific

Argentation thin layer chromatography areas can be cut from the sheet and plunged into solvent
(Ag-TLC) solution fortrans fatty acid extraction.

Overall, and despite few differences in published proto-
cols (such as impregnation of thin layer plates, choice of
developing and extracting solvents, etc.), Ag-TLC fraction-
ation is the cheapest method and the easiest to use, since it
requires only typical laboratory equipment [48]. But this

. ; . . . methodology appeared to be time-consuming and laborious
applied for the first time by Nichols in 1952 [42]. The reten- "< me zga/thoeg [4] and there is no possibi?ity of automa-

tion front (Rf) during migration on thin layer plates tion
depended mainly on geometric conformation of ethylenic
bonds, as well as on the degree of unsaturation and positi
of double bonds on carbon chain [12]. A good adaptation ¢
eluting conditions (such as choice of solvent) allowed fo
distinct spots as a function of unsaturation. In this way
monoenoic, dienoic and polyenoic acids can be more or le
separated and individually quantitated [23,39,43]. Other cor
siderations which could optimizieans/cisAg-TLC separa-

Geometric isomer separation using thin layer chromatogr:
phy plates impregnated with silver nitrate, is based on tr
property oftransisomers to form unstable components wher
reacted with silver salts. These components are differel
than those formed witltis isomers. This principle was

Argentation high-performance liquid
chromatography (Ag-HPLC)

Several attempts were conducted to adapt Ag-TLC to high-
performance liquid chromatography (HPLC), the main prob-

tions are methods of Ag ion impregnation on the silica geIem being to obtain a stable and reproducible stationary

Ag ion impregnation rate, nature of the counter-ion activgPhase with a controlled silver ion content and a reasonable
tion of plates, tank saturation or not, and elution temper:VOrking life [20,44,49,50]. Some practical considerations
about Ag-HPLC of lipids were reviewed by Nikolova-

ture. Some practical considerations about silver-iol | ked in the lab ith sil
chromatography of lipids were reviewed by Nikolova-2@myanova [44]. Columns packed in the laboratory with sil-

Damyanova [44]. In most cases, the plates were dipped inica gel impregnated with silver nitrate was the first tech-

5-20 % (wt/vol.) AgNQ@ solution in acetonitrile or water, nique used in Ag—l—_lPLC SCOpE, but preparatipn of
then dried and activated for one hour at 100-110 °C an|m.pregnated columng in the lab required much practice and
developed in saturated tanks at room temperature skill [44,51]. The main drawback of these columns was the

hexane — diethyl ether or petroleum ether — diethyl ethe?dNOs bleeding while in use, which limited their working
[4,23,30,39,45]. life. Silver ion are held much more strongly by the support
when they are bound to a cation exchanger. Argentation
In operating conditions for monoenoitans fatty acid techniques using ion exchangers gave more reproducible
analysis, Ag-TLC of a fatty acid methyl ester extract led ttAgNO; impregnation rates and such manufactured columns
the formation of four main spots corresponding to polyunwere more stable for a long period of time [52]. Silver ions
saturated fatty acidsgissmonoenoic fatty acidstranss  can be added to mobile phases in reversed phase HPLC. In
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Figure 2. Ag-HPLC profiles of cheese
(A) and cow milk (B) using three silver-
ion columns in series from Sehat al. i ,

(1999) [53]. 40 60

this case, agueous AgNQ@olution or silver perchlorate in rated by Ag-HPLC into 16 peaks attributed to 19 CLA iso-
isopropanol or methanol were used, but such these mobmers which were identify using direct GC of FAME on
phases were very corrosive [44]. 100-m polar capillary column, and GC-MS and GC-FTIR
after Ag-HPLC fractionation and subsequent derivatization
Christie and Brickenbridge [49] coated their own columngo DMOX derivatives. Sehagt al. [54] reported improved
using silver nitrate solution and obtaineid/trans18:1 fatty  resolution of the CLA isomers by using two to six Ag-HPLC
acid separation comparable to Ag-TLC. Tosehial. [20]  columns in series. In cow milk and cheese extracts, the
reported similar results with ChromSpherlipids (Chrompackminor trans-8, cis-10 18:2 isomer was resolved from the
commercial column. In the two cases, the mobile phase wmore abundantrans7, cis-9 18:2 andcis-9, trans11 18:2
a dichloroethane/dichloromethane mixture (1:1, v/v) addeacids, and thérans-10, cis-12 18:2 was separated from the
with acetone in proportions of 0.01 ml.lit!e[20] or with  major cis-9, trans-11 “rumenic” acid using three Ag-HPLC
0.5 % acetonitrile [49]. columns in series (Fig. 2). The authors claimed that the ust
) ) ) ) of three Ag-HPLC columns was the best compromise to
Conjugated linoleic acids (CLAs) were also separated argchieve, in a timely manner, resolution of most CLA iso-
analyzed using Ag-HPLC. Using a ChromSpher 5 Lipidsmers in biological matrices. But, as such columns are expen

column (Chrompack) with 0.1 % acetonitrile in hexane agjye and have a limited life time, this method is not practi-
1 mi/mn, CLAs were eluted in three groups : the first grouicg) for routine analysis laboratories.

was shown to b&rans,transCLA isomers, while the second

and the third groups wereis,trans and cis,cis isomers, Juanéda and Sébédio [54] reported the use of Ag-HPLC
respectively [53]. This analytical procedure with UV detec-for separation, purification and quantitation of the eight
tion at 233 nm was used in the fractionation and identificecis/trans geometrical isomers of linolenic acid. These iso-
tion of CLA isomers in cheese [40]. The FAME were sepamers were analyzed as phenacyclic esters. The liquic
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chromatography was performed on a silver nitrate bounmilk fatty acids would be obtained with sodium methoxyde
Nucleosyl 5SA column, held at 10 °C and run in elution gra(NaOCH;,) followed by hydrochloride acid or bismuth fluo-
dient mode using dichloromethane and methanol. In sucide (BF;), or diazomethane followed by NaOgR7]. This
conditions, the 8 isomers appeared individually. is a very important fact since milk and milk products are
relatively rich in CLAs, fatty acids with anticarcinogenic
properties.

Trans isomer individual quantitation

o o ) Other kinds of derivatization were recommended for mass
Individual quantitation of eaclrans monoenes fatty acid spectrometry of fatty acids; this point will be discussed later
isomer, in an edible fat extract by chromatographic analysiin the paragraph devoted to this technology.
actually requires a 3-step procedure, specificall/trans
isomer separation by Ag-chromatograplyns monoenes
fatty acid quantitation using G@nd total fatty acid ester Ag-TLC coupled with GC
quantitation in order to repottans monoenes fatty acid ) ) ] )
content as a percent of total fatty acids. Accuracy of resulGC coupled with a pre-separation by Ag-TLC, first applied
depends orirans monoenes fatty acid separation and quant® GC methods using 50-m highly polar columns (such as
titation effectiveness, as well as on the total fatty acid me{CP Sil-88, Chrompack), led to better results than using direct
surement efficiency. In the two analystsas FA and total GC (without Ag fractionation) [22,35,36]. Associating the
FA), the use of suitable columns and appropriate operatirtwWo chromatographic techniques allowed for separation of
conditions are essential. This was not always the case trans-18:1 fatty acid isomers as 6 or 7 peaks [8]. Later,
published papers. Wolff [13,36] drew attention to three mai\Wolff and Bayard [30], and Molkentin and Precht [57] suc-
types of problems that frequently occur in total fatty acicceeded Slmultaneou_sly in the quasi individual separation of
analysis. First, noquantitative esterifications and volatile @lmost alltrans-18:1 isomers, using a 100-m CP Sil-88 col-
fatty acid loss during evaporation steps can be a source Umn after a pre-separation by Ag-TLThey noted up to 10
erroneous results in ruminant fat quantitation. Next, high iniPeaks fortrans-18:1 fatty acids and 9 peaks ftis-18:1 iso-
tial temperatures in gradient programs induced solvent frofmers. In similar operating conditions, we obtained 10 peaks
and short chain fatty acid peak overlapping. This fact is thfor trans18:1 fatty acids and 7 peaks fois isomers [38]
main cause of error in milk fat analysis. Lastly, the concer(Fig. 1b et c). Using Ag-TLC fractionation prior to GC on
of theoretical response factors is not directly applicable t& highly polar 100 m capillary column,téans-18:1 isomers
methyl esters of short-chain fatty acids, since their carbccan be quantitated individually, but separation remained
deficiency is larger than expected from theory. Substitutinincomplete since 18:frans6 to trans8 are eluted in one
the methyl group by an ethyl, propyl, or butyl group9roup and the 18:trans-13 andtrans-14 isomers are not
improved the flame-ionization efficiency of fatty acid estersesolved [30,37,38,57]. Figure 3 showed an optimised sepa-
gradually [55]. So, when FAME were used, results neederation o_ftran918:1 fat'_cy acid isomers using Wolff’s recom-
to be corrected using a correction factor tfans monoenes Mendations [38]. Partial separation of the liahs13 and
fatty acid determination as well as total fatty acid quantitalrans14 isomers can be realised by decreasing column tem-
tion. In order to minimize some of these drawbacks, the ug€rature and increasing gas vector pressure. This adaptation,
of fatty acid isopropylic esters (FAIPE) was recommendehowever led to a longer run time, which would not be suit-
[30,36]. Wolff [36] reported that there was no need to appl@ble for a routine process [37].

correction factors to transform peak area percentages in . . .
b P g Comparing direct 100-m G@ersus100-m GC with a

fatty acid weight percentages when butyl or propyl ester ; : X
werye used Ar?d hg demongstrated that e)s/ters E)zzﬂc{%)r/wols pre-fractionation on Ag-TLC demonstrated that direct GC
' 3 can under-estimat&ans fatty acid content up to 15-45 %

have conversion factors close to 1, independently of th X
chain length of the acids. Christie [56] reviewed the use d+3:33]- In a study on 198 human milk fat samples, Giten
al. [33] reported that an average of 20.8 % of tdtahs

isopropy! esters instead methyl esters for milk fat analysi . . .
propy y y 18:1 fatty acids were actually quantitatedcis18:1 fatty

Short chain FAIPE were easily separated from the solver-®: . . ;
front and these esters were less volatile than FAME (le@cid fraction due to peak overlapping. This study showed
evaporation loss). extreme deviations ranging from 91030 %asa primarily
function of totaltrans-18:1 fatty acid content. Wolfét al.
Individual quantitation of polyunsaturated fatty acids[13] evaluated the direct GC under-estimations by analysing
(PUFA) with trans bound(s) answers nearly to the same2340 food samples and 310 human tissue samples. These
rules. But cautions must be taken for transesterification authors reported that under-estimations can reach up to
conjugated octadecadienoic acids. All acid-catalyzed proc43 %. So, in order to compare all available data, results
dures resulted in decreaseds/trans and increased obtained using direct GC would need to be corrected.
trans/transconjugated dienes [27]. Such methylation proce
dures resulted in loss of total CLAs and low recovery ir Using FAIPE instead of FAME did not modify theans
cis9, trans-11 18:2 “rumenic” acid. The alkaline-catalyzed 18:1 isomer separation when using a combination of Ag-
procedures gave no isomerisation of CLAs, but they did ncTLC and GC, but additional overlaps occurred in direct GC
transesterify sphingolipids, and sodium methoxyde did n30]. Increasing the length of the columns from 50 m to
methylate free fatty acids [27]. The best compromised fc100 m results in a significant improvement in the separation
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Figure 3. Chromatogram ofrans-18:1 isomers as FAIPE prepared from goat milk fat and isolated by Ag-TLC (100-m capillary CP-¢
88, 160 °C, 220KPa (helium) from M. Ledoux (1999) [38].

of the trans-18:1 fatty acid isomers after Ag-LC fractiona-
A tion (Fig. 4) [30].

Silver nitrate thin-layer chromatography did not improve
the separation of linoleic and linolenic geometric isomers.
All isomers are individualized excepis-9,trans12,trans15
18:3 andtrans9,cis-12trans15 18:3 isomers that co-elute
in the same peak using direct GC and Ag-TLC/GC combi-
A1 . nation as well (Fig. 5) [46]. For positional isomers (such as

CLASs), separation was greatly improved using a combina-
tion of gas chromatography and argentation thin-layer chro-

A2 matography, but at the cost of a corresponding increase o

the run time [39]. In the same way, the pre-fractionation of
A13 +A14 FAME is useful to quantitatelinoleic acid €is-6, cis-9, cis-
/ 12 18:3) and to identify its geometric isomers [58].

A10 GC combined with Ag-TLC allowed the individual sepa-

ration of almost altrans monoenes and ameliorate the sep-
aration oftransPUFA. This methodology was time-con-

suming and no automation was reported, so this procedur
required considerable manipulations. These were drawback
and limitations of the method. But Ag-TLC coupled with

GC required only common laboratory equipment (except the
100 m highly polar capillary column) and were easy to use.

AB-A9

Ag-HPLC coupled with GC

N GC combined with a pre-fractionation on Ag-HPLC seemed
to be a good alternative to Ag-TLC prior GC. The HPLC
was faster and less time-consuming than TLC and automa

410 A12 A13 +A14
A8 \ -y A15 A
AB—A8 -\\\ W S Figure 4. Chromatograms of thérans-18:1 fatty acids isolated
from butterfat and analyzed as FAIPE either on a 50 m CP-Sil 88
: : : : — (A) or on a 100-m CP-Sil 88 (B) capillary column from Wolff and
68 7 T4 11 80 Bayard (1995) [30].

408



Review

1 i fatty acid methyl ester content (% of total FAME) in
extracted lipids was determined by direct GC and CLA iso-
meric composition (% of total CLA FAME) measured by

Ag-HPLC.
Ag-HPLC fractionation otis/transisomers will probably
CCC replace the Ag-TLC in the future in many laboratories
7 involved in this field of research.
A Mathematical models
CC, Several authors proposed correction factors or mathematical
—\-:\ fC,C equations to transform partial results obtained with direct
cc j GC into results equivalent to those obtained using Ag-
d f TLC/GC combination [35,57].
N\ In the case of milk fat, the direct GC method underesti-
|_ b mated the trudrans18:1 fatty acid content as determined
1.C by the combined method (Ag-TLC/GC) with a constant error
\ C l'C of 0.367 ¢ 0.162) g/100 g fat and a relative error of 8.3
I'C fC r | - (x 2.6) % [35]. From 61 butter chromatographic quantita-
\ /; tions (direct GC and Ag-TLC/GC combination) and a linear
L; b4 regression analysis, Molkentin and Precht [57] presented a
ct cht f more precise equation :
:\ total trans-18:1 acids = 1.2091% trans6-11 + 0.927791,
H H with r = 0.9929 and a standard error of estimation of
i\ 0.17 %.
20:1 . . . _
_J A J A Using this equation, only the 18tdans6-11 group is quan-

200 tified by direct GC on a 50-m column. This equation was

. L : : further improved and adapted for use with 100-m columns

25 30 35 40 L5 . when one hundred butters from different areas in Germany
min and different period of the year were analysed:

. . total trans 18:1 acids = 1.05676t(0.00381)
Figure 5. Partial chromatogram of FAME prepared from heated .
linseed oil. The configuration of double bonds are given in the x trang2]gc — 0.001876 £ 0.000514)x 16:0,

order 9 and 12 for 18:2-6 acid geometrical isomers, and in the jth r = 0.99988 (§ = 100) and a standard error of estima-
order 9, 12, and 15 for 18:3-3 acid geometrical isomers from tion of 0.065% [26].

Wolff (1995) [46].
The term ftrang2]gc’ in the equation corresponds to the
sum oftrans4-14 with cis-6-8 contents as well asans16
overlappedcis-14 contents. The term “16:0” represents the

tion is possible using automated fraction collectors. Thcontent of palmitic acid (16) in the extract.

problem of unstable Ag-HPLC columns is on the way tc

being circumvented since commercially produced, consiste

reproducible Ag-HPLC columns are becoming available.

The same authors [26,59] studied the correlation between
triacylglycerol level andrans18:1 acid content. From many
chromatographic measures, and statistical and mathematical

The complete base-line separationcis- andtrans-18:1  analysis (multiple regression analysis), the following for-
isomers in two distinct groups makes the Ag-HPLC techmula was developed:

nique a good way to fractionateans fatty acid prior GC 1. rans18:1 content = 3.7190 C26 + 2.4439 C28 —

2n3:ysisr.lthésvmetthobcljolo%g 2334 Sgjiv?)nt %%Odtfﬁsﬁ“ts "r‘r’:itl‘s.1505 C30 + 3.5187 C32 — 0.4819 C34 —0.3737 C36 +
myatr?cgees neeedsengngrz ir?vgsti [atién ]in tl;1e s:rrrj]: v(\;a 0ef'foro'3514 C40 + 1.3285 C42 — 1.342 C44 - 0.2689 C46 +
gation. Y, €Ml0Ig 9557 C48 — 0.7356 C52 + 1.0775 C54,

should be made to adapt this technology totthas16:1
fractionation. with r = 0.9977,n = 100.

Sehatet al. [40] reported the identification of conjugated Cn terms correspond to triacylglycerol contents obtained
linoleic acid isomers in cheese by silver ion high perforusing GC for triacylglycerol wittm carbons. So, according
mance liquid chromatography and gas chromatography corto these authordrans18:1 acid content in bovine milk fat
bined with electron ionization mass spectrometry. Total CL/may be deduced from only triacylglycerol analysis,
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avoiding the cumbersome pre-fractionation of FAME com-of specific fragments that were different fois and trans
bined with capillary GC. configuration. The fragments were then analysed using GC:

The main limitation of mathematical models was thau'vIS [61]

these methods can be applied only to milk fat, from bovin
species, and only fotrans18:1 fatty acid isomers. The

determination oftrans positional isomers of octadecenoic
acid in milk fat using Precht and Molkentin’s triacylglycerol
formula is limited to milk fats from bulk milk of a herd; tri-

acylglycerol analysis of milk fat from single resulted in the
incorrect determination dfans18:1 [26].

Methods used mostly in mass spectrometry analysis of
unsaturated fatty acids included a derivatization of the car-
boxylic group into a nitrogenic compound. For instance,
most of thetrans fatty acid spectrometric analysis are based
on GC-MS of either 3-hydroxy-methyl pyridinyl (picolinic
esters), or 4,4-dimethyloxazoline (DMOX) derivatives
[4,10,29,40,61]. These derivatives were fragmented by
cleavage of the carbon chain, which resulted in a decreas

in low radical ions and an increase of ions corresponding tc
Mass spectrometry carbon chain cleavage in methylenic units of 14 atomic mas:

The goal of unsaturated fatty acid structural analysis was Units: Thert bond position was determined by breakage of
determine the position of double bonds in the carbon chathe regular interval of 14 atomic mass units and appearanc
and their configurations, eitherans or cis [29,60]. of a_fragrr_lent of 12 atomic mass units corresponding to eth-
Electronic impact mass spectrometry of fatty acid methyY/€nic residue [29,62,63].
esters led tat bond ionisation and migration along the car- . o .
bon chain. These mass spectra indicated many low ma quol|n|c esters exhibited spectra that were not SO easily
ions. To prevent this drawback, it was necessary to stabili€xplained, especially when poly-unsaturated fatty acids anc
double bonds using fatty acid derivatization procedures. conjugated linoleic acids were analysed [29]. They allowed
the determination of fatty acid molecular weight, double
Double bond derivatization was used essentially fobond position on carbon chain, but did not indicate the con-
mono-unsaturated fatty acids since this technique has lirfiguration of these bonds [60]. DMOX spectra were easier
ited application to poly-unsaturated fatty acids [29]. On¢o explain since they indicated the double bond position anc
method of double bond derivatization is oxidative ozonolyconfiguration [4,29]. This method is well adapted to poly-
sis. This method resulted mbond cleavage with formation unsaturated fatty acids and conjugated linoleic acids (Fig. 6)

113 126 182 196 208 222 234 262 276 333
126
70000
60000 3
50000 : 113
40000 3
30000 3
20000 7
F 140 182 262 276 333
10000 l
3 168 196 222 248 l ( 318
] 154 290
0 .le I Lganad. Fon | Il J . .L + I . 288 .-i 2%4| L " | _l lll 1 '3014 l' " dl e’
120 140 160 180 200 220 240 260 280 300 320 340

m/z-->

Figure 6. Electron impact mass spectrum of 4,4-dimethyloxazoline (DMOX) derivative o, 9-14rans 18:2 (rumenic) acid from O.
Berdeaux et P. Juaneda, INRA Dijon, UNL (Personal Communication).
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Aro et al.[4] obtained nine peaks ftrans-18:1 fatty acid 6.

as DMOX derivatives which were quantitated using GC-M¢<
and nine peaks fdrans18:1 fatty acid methyl esters using

direct GC with flame ionisation detector. Some peak: 7

included two isomers, but overlapping peaks involved dif
ferent fatty acids in both methods. The difference in th
nature of derivatives brought about a change in the natu 8.
of overlapping peaks in the two protocols. So, these autho 9

were able to quantitate up to elevieans-18:1 isomers by 10-

combining these two procedures, by yielding results simils
to those obtained using Ag-TLC/GC combination. The
authors [4] assumed to replace the laborious and time-co
suming Ag-TLC.

Conclusion

This review examined the major published methods fol4.
detection oftrans-C18 fatty acid isomers in milk fat. Choice 15.
of one method over another depends on the goal of tl16.

analysis, in regards to time required or equipment needec

The use of infrared spectroscopy allowed only a globe
measure otrans double bonds. Direct GC led to only par-
tial separation otrans and cis isomers. Ag-TLC/GC com-
bination gave individual separation of most positional ant
geometric isomers that can be quantitated. This methc
requires equipment that is commonly used in lipid analysiyg
laboratories, but it is time-consuming. Ag-HPLC may be ¢

great improvement of the Ag ion chromatography since it iy

faster and automation is possible. When associated with g
chromatography-mass spectrometry, Ag ion pre-fractionatio

methods allowed the identification of each individual iso-p3

mer.

Knowledge of advantages and drawbacks of each of the24:

technlques will help the analyst to estimate the results pu\
lished in literature at their true values.
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