
ABSTRACT: Milk analysis is receiving increased attention. Milk
contains conjugated octadecadienoic acids (18:2) purported to
be anticarcinogenic, low levels of essential fatty acids, and trans
fatty acids that increase when essential fatty acids are increased
in dairy rations. Milk and rumen fatty acid methyl esters (FAME)
were prepared using several acid- (HCl, BF3, acetyl chloride,
H2SO4) or base-catalysts (NaOCH3, tetramethylguanidine, dia-
zomethane), or combinations thereof. All acid-catalyzed proce-
dures resulted in decreased cis/trans (∆9c,11t-18:2) and in-
creased trans/trans (∆9t,11t-18:2) conjugated dienes and the
production of allylic methoxy artifacts. The methoxy artifacts
were identified by gas–liquid chromatography (GLC)-mass spec-
troscopy. The base-catalyzed procedures gave no isomerization
of conjugated dienes and no methoxy artifacts, but they did not
transesterify N-acyl lipids such as sphingomyelin, and NaOCH3
did not methylate free fatty acids. In addition, reaction with
tetramethylguanidine coextracted material with hexane that in-
terfered with the determination of the short-chain FAME by
GLC. Acid-catalyzed methylation resulted in the loss of about
12% total conjugated dienes, 42% recovery of the ∆9c,11t-18:2
isomer, a fourfold increase in ∆9t,11t-18:2, and the formation
of methoxy artifacts, compared with the base-catalyzed reac-
tions. Total milk FAME showed significant infrared (IR) absorp-
tion due to conjugated dienes at 985 and 948 cm−1. The IR de-
termination of total trans content of milk FAME was not fully
satisfactory because the 966 cm−1 trans band overlapped with
the conjugated diene bands. IR accuracy was limited by the fact
that the absorptivity of methyl elaidate, used as calibration stan-
dard, was different from those of the other minor trans fatty
acids (e.g., dienes) found in milk. In addition, acid-catalyzed
reactions produced interfering material that absorbed exten-
sively in the trans IR region. No single method or combination
of methods could adequately prepare FAME from all lipid
classes in milk or rumen lipids, and not affect the conjugated
dienes. The best compromise for milk fatty acids was obtained
with NaOCH3 followed by HCl or BF3, or diazomethane fol-
lowed by NaOCH3, being aware that sphingomyelins are ig-

nored. For rumen samples, the best method was diazomethane
followed by NaOCH3.
Lipids 32, 1219–1228 (1997).

Interest in milk fatty acid composition was renewed because
of ongoing studies to increase the essential fatty acid content
(1,2), to determine accurately the trans content (3–8), and
lately, to quantitate the conjugated octadecadienes (9–15)
which have been associated with inhibition of carcinogenesis
and tumorigenesis (16–18). Milk and rumen fatty acid com-
positions are complex (1,19–21). Not only is there a large
range in chain length from C4 to C26, including branch-chain
fatty acids, but milk also contains many positional and geo-
metric isomers of mono-, di-, and tri-unsaturated fatty acids,
and many of these fatty acids are present in very low concen-
trations. In 1991, Jensen et al. (19) estimated 400 fatty acids
to be present in bovine milk.

No single method is presently able to resolve all 400 fatty
acids. The availability of long polar capillary columns (50 to
100 m) for gas–liquid chromatography (GLC) has improved
the resolution of many positional and geometric fatty acid iso-
mers (3–8,10–12,15,22). Prior separations with argentation
chromatography still show several regions with overlapping
peaks particularly in the mono- and diunsaturated fatty acid
region (3–8,22–25). The development of a routine method for
the analysis of total milk and rumen fatty acids, without ex-
tensive secondary fractionations, would be desirable.

Difficulty may occur in quantitatively preparing esters
from such a great variety of fatty acids and lipid classes that
are present in milk and rumen lipids. Sodium methoxide
(NaOCH3)-catalyzed methylations have been used (3,9), but
free fatty acids and N-acyl lipids (i.e., sphingolipids and gly-
cosphingolipids) are not methylated under these conditions
(26). Acid-catalyzed methylations convert all known lipid
classes; however, reports have indicated that the conjugated
dienes are isomerized (12,27–29). The very short-chain fatty
acid methyl esters (FAME) are difficult to quantitate because
the methyl esters are volatile, water-soluble, and require cor-
rection factors (30,31). Some of the difficulties with the very
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short-chain fatty acids were avoided by preparing H2SO4-cat-
alyzed isopropyl esters for milk analyses (4,6,8,24,32).

In the present study, several acid- and base-catalyzed
methylation methods were evaluated for the analyses of milk
and rumen lipids, including a combination of methods. The
methods included the following catalysts in anhydrous condi-
tion: HCl/methanol (33), BF3/methanol (34), acetyl chlo-
ride/methanol (35), NaOCH3/methanol (36), tetramethyl-
guanidine/methanol (13,27,37), H2SO4/isopropanol (4,6,24,32),
and diazomethane in diethyl ether/methanol (26). Several cri-
teria were considered in evaluating methods for the analysis
of milk and rumen lipids: (i) completion of methylation of
free fatty acids and O- and N-esters as judged by thin-layer
chromatography (TLC); (ii) coextraction of artifacts with
hexane that may interfere with the direct analysis of the
hexane extract by GLC; (iii) extent of isomerization of conju-
gated dienes and methoxy artifact formation as judged by
GLC; and (iv) comparison of total trans content determined
by GLC and infrared (IR) spectroscopy. A chromatographic
separation is presented using a 100-m capillary column that
resulted in the separation of about 180 peaks from milk lipids.

MATERIALS AND METHODS

Materials. Milk and rumen samples were obtained from cows
used in two separate experiments to test the effect of
ionophores on milk and rumen fatty acid composition. Other
reports have detailed the effect of ionophores on rumen and
milk lipids (38–40). Methyl ester (Nu-Chek-Prep, Inc.,
Elysian, MN) and phospholipid (Matreya Inc., Pleasant Gap,
PA) standards were obtained commercially. 

Extraction of lipids. Total rumen lipids were extracted with
chloroform/methanol (2:1, vol/vol) as described previously
(38). Total milk lipids were extracted with a modified Folch
procedure described by Jensen (41). The total lipids were taken
up in 10 mL of chloroform and stored at −70°C until analyzed.

Preparation of fatty acid esters. The total rumen and milk
lipids were methylated in 15-mL culture tubes equipped with
Teflon-lined screw caps, under N2, and in anhydrous condi-
tions. HCl/methanol (33), acetyl chloride/methanol (35), and
H2SO4/isopropanol (6,32) were heated for 1 h at 80°C.
NaOCH3/methanol (36) and 14% BF3/methanol (34) were
heated for 10 min at 50°C. Tetramethylguanidine/methanol
was heated for 2 min at 100°C (27,37). Diazomethane in di-
ethyl ether/methanol was left for 10 min at room temperature
(26). The excess diazomethane and solvents were then re-
moved by a stream of nitrogen and the residue dissolved in 2
mL hexane and analyzed directly by GLC. To all other reac-
tions, 5% water was added to the alcohol solution, and the es-
ters were extracted with 2 mL of hexane and analyzed directly
by GLC. To avoid any loss of short-chain esters, the hexane
layer was not reduced in volume. Base-catalyzed reactions
were neutralized with aqueous HCl prior to hexane extrac-
tion. To ensure completion of reaction, the total lipids were
extracted using the Bligh and Dyer mixture (42). The extent
of neutral lipid esterification was checked by TLC using the

developing solvent hexane/diethyl ether/acetic acid (85:15:1,
by vol). The polar lipids were checked by TLC using the de-
veloping solvent chloroform/methanol/water (65:25:4, by
vol). The FAME were extracted with hexane and analyzed di-
rectly by GLC to determine the extent of isomerization of
conjugated dienes.

Several combinations of methylations were also tested
with standard neutral- and phospholipids mixtures: NaOCH3/
methanol for 10 min at 50°C followed by an excess of HCl/
methanol for 10 min at 80°C; NaOCH3/methanol for 10 min
at 50°C followed by an excess of BF3/methanol (43) for 10
min at 50°C; and diazomethane for 10 min at room tempera-
ture followed by evaporation to dryness in a stream of N2, and
reaction with NaOCH3/methanol for 10 min at 50°C. The ex-
tent of methylation of the total lipid extract was checked by
TLC, while the extent of isomerization of the conjugated di-
enes was checked by GLC.

Analyses of esters by GLC. FAME were analyzed by GLC
(model 5890; Hewlett-Packard, Palo Alto, CA) using a SP-
2560 fused silica capillary column (100 m × 0.25 mm i.d. ×
0.2 µm film thickness; Supelco Inc., Bellefonte, PA), H2 as
the carrier gas, a 1:15 split mode, and a flame-ionization de-
tector. For comparison, FAME were also analyzed using a
CP-Sil 88 WCOT fused silica column (100 m × 0.25 mm i.d.
× 0.2 µm film thickness; Chrompack, Middleburg, The
Netherlands). Both columns were operated at 70°C for 4 min,
then temperature-programmed at 13°C/min to 175°C, held
there for 27 min, programmed at 4°C/min to 215°C, and fi-
nally held there for 31 min; total run was 80 min. Starting at
70°C permitted the resolution of the short-chain FAME.
Maintaining the temperature at 215°C for a longer period of
time allowed the emergence of the very long-chain FAME.
The temperature program for the isopropyl esters was similar
to FAME except that it was started at 90°C, taken to 195°C,
and held at 215°C for 36 min.

Fractionation of FAME by high-performance liquid chro-
matography (HPLC). Total milk and rumen FAME were sep-
arated on a reverse-phase Supelcosil™ LC-8DB column (25
cm × 4.6 mm i.d.; 5-µm particle size; Supelco Inc.) using an
HPLC (model 1090; Hewlett-Packard) equipped with an au-
tosampler. The system was operated at room temperature with
a flow rate of 1.5 mL/min. A portion of the eluate was di-
verted (three-way valve #02-0124; Alltech Associates Inc.,
Deerfield, IL) to an evaporative light-scattering detector
(model MKIII; Varex Alltech Associates Inc.) operated at
75°C and 2.5 L/min of N2, and the remainder was collected
using a fraction collector (Gilson model 203; Mandel Scien-
tific Co. Ltd., Guelph, Ontario, Canada). Approximately 1 mg
of total lipids in 25 µL hexane was applied onto the column.
Fractions were eluted isocratically with 87.5% methanol and
12.5% water and collected at 1-min intervals from 3 to 35
min. After each run, the column was regenerated with
dichloroethane.

Analyses of FAME by GLC–FTIR (Fourier transform in-
frared) spectroscopy and GLC–MS (mass spectrometry). The
same GLC conditions as described above were used to ana-
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lyze the FAME by GLC–FTIR using a Hewlett-Packard sys-
tem (models 5890 and 5965B) as described previously (38).
In addition, the FAME were analyzed by a GLC–MS system
(model 4500; Finnigan, San Jose, CA) using the same GLC
conditions. Mass spectra were acquired in 1-s increments
ranging in mass from 30 to 500.

Measurement of trans absorption of FAME by attenuated
total reflection (ATR)–FTIR spectroscopy. An FTIR spec-
trometer (model FTS-60A; Bio-Rad, Digilab Division, Cam-
bridge, MA) was used equipped with a Graseby Specac (Fair-
field, CT) Golden Gate Single Reflection Diamond ATR cell
that required about 1 µL test sample. This accessory con-
tained a 2 × 2 mm diamond with an active sampling area of
0.6 mm in diameter. It was prealigned in the factory, and
preattached to its baseplate that attached to the floor of the
FTIR spectrometer sample compartment. Mounting holes and
pegs in the baseplate ensured its proper positioning and align-
ment.

Neat (without solvent) FAME test aliquots (1 µL) were
placed without weighing on the horizontal (face-up) diamond
sampling surface of the cell. For quantitative work, the test
aliquots had to cover all of the horizontal surface of the dia-
mond. Two hundred and sixty-four scans were collected at 4
cm−1 resolution. After a measurement was made, the surface
of the diamond was cleaned by wiping it with low-lint paper.

ATR quantitation was based on the measurement of the in-
tegrated area between the limits of 990 and 945 cm−1, which
included all C-H out-of-plane deformation absorptions of iso-
lated trans double bonds, and trans contained in methylene
and nonmethylene-interrupted 18:2 isomers at 966 cm−1. The

contribution of overlapping conjugated cis,trans and
trans,trans diene bands at 985 and 948 cm−1 (44) was sub-
tracted digitally. A calibration plot of “area” vs. “percentage”
trans FAME was generated for reference mixtures in the
range of 0.81–14.4% methyl elaidate in methyl oleate which
was used as the infrared (IR) reference material. The regres-
sion line parameters for the trans standards were 0.001194
(intercept) and 0.01777 (slope), with a correlation coefficient
of 0.9996. A commercial FAME reference mixture was used
which consisted of 16:0 (6%), 18:0 (3%), 18:1n-9 (35%),
18:2n-6 (50%), 18:3n-3 (3%), and 20:4n-6 (3%) (#RM-1;
Matreya Inc., Pleasant Gap, PA); all double bonds were cis.
Absorption spectra were obtained by “ratioing” the test sam-
ple single-beam spectra against that of the reference mixture.
For test samples, the percentage of total trans was calculated
from the absorption area between the limits of 990 and 945
cm−1, and the linear regression equation that described the cal-
ibration plot. The lower limit of quantitation was about 1%.
Using cells with 1.5 mL and 50 µL capacity, the ATR method
was successfully used to determine the trans levels in hydro-
genated oils and commercial food products (45,46), and this
method was recently adopted as Recommended Practice (47).

Statistics. Milk and rumen FAME were analyzed by the
analysis of variance.

RESULTS AND DISCUSSION

Analysis of milk FAME by GLC. A typical GLC chro-
matogram of total milk FAME using a 100-m polar fused sil-
ica capillary column (SP-2560; Supelco Inc.) is shown in Fig-
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FIG. 1. A typical gas–liquid chromatogram of total bovine milk fatty acid methyl ester prepared by
NaOCH3/methanol (10 min at 50°C) followed by HCl/methanol (10 min at 80°C), and separated on a 100-
m fused silica capillary column (SP-2560; Supelco Inc., Bellefonte, PA). i, iso; a, anteiso; numbers 1–20
are an arbitrary consecutive numbering of all the peaks in the region between 18:0 and 18:2n-6 using this
column. [22:6n-3] is not present in these milk samples but the position at which it should emerge in the
chromatogram is indicated.



ure 1. Using a temperature program from 70 to 215°C permit-
ted a separation from the short-chain (4:0) to the very long-
chain saturated (26:0) and polyunsaturated (20:2n-6, 20:3n-6,
20:4n-6, 20:5n-3, 22:4n-6, 22:5n-3) FAME found in milk. A
total of about 180 peaks were observed. Many of the peaks
were identified by comparison to known FAME standards and
confirmed by GLC–MS and GLC–FTIR. The 100-m CP-Sil
88 WCOT fused silica column gave similar results to the SP-
2560 column with a few minor exceptions. There appeared to
be a better resolution of trans-16:1 and iso-17:0, anteiso-17:0
and 16:1n-7, and 20:1n-9 and 18:3n-3 with the CP-Sil 88 col-
umn, while the resolution of 22:1n-9 and 20:3n-3, and 20:5n-
3 and 24:0 was better with the SP-2560 column. Resolution
of critical pairs was sometimes improved by changing the col-
umn temperature, as shown previously (48). However, that
process was limited, because a compromise was needed to
deal with the wide range of fatty acids present in milk and
rumen lipids.

The major unresolved peaks with either column occurred
between 18:0 and 18:2n-6 and included several positional iso-
mers of cis- and trans-18:1, and the methylene-interrupted
and noninterrupted 18:2 isomers, many of them overlapping.

The 18:1–18:2 region was resolved by HPLC into mono- and
diunsaturated FAME (Fig. 2). With the use of GLC–FTIR, the
identity of the major cis and trans absorption peaks was de-
termined, but not the minor peaks (i.e., peaks 1,2,11,13–20).
Based on the HPLC separation and GLC–FTIR results, the
peaks in 18:1–18:2 region were identified as trans-18:1
(peaks 3–7, and part of peak 10), cis-18:1 (peaks 8–13,16,18),
and 18:2-isomers (peaks 11,13–15,17,19,20). No attempt was
made to further separate cis- and trans-18:1 or identify each
of the isomers, since this was adequately described by others
in recent publications on milk and milk fat lipids (4–8,22–25).

Analysis of conjugated dienes using either base- or acid-
catalyzed methylations. The composition of the conjugated
dienes was greatly affected by the catalyst used in the methy-
lation procedure. Base-catalyzed methylation of milk using
NaOCH3 showed ∆9c,11t-18:2 as the major conjugated diene,
with smaller amounts of eight other isomers including
∆9t,11c-18:2, ∆10t,12c-18:2, ∆9c,11c-18:2, and ∆9t,11t-18:2
(Fig. 3). On the other hand, all acid-catalyzed methylation
procedures resulted in decreased ∆9c,11t-18:2 and increased
∆9t,11t-18:2, and the formation of additional peaks between
20:2n-6 and 20:3n-9 (Fig. 3). The peaks formed during acid-
catalyzed methylation were identified as positional allylic
methoxy isomers of 18:1 by GLC–MS. All the methoxy arti-
facts had molecular ion at m/z 326. These allylic methoxy
compounds could have been formed from hydroxy 18:1 pre-
sent in milk (19). We also confirmed that these allylic
methoxy derivatives were formed from the conjugated dienes
by heating the standard methyl esters of ∆9c,11t-18:2 and
∆9t,11t-18:2 with HCl/methanol for 1 h at 80°C. The GLC
and GLC–MS of the resultant FAME showed the formation
of the corresponding methoxy derivatives as major product
(data not shown). The formation of methoxy artifacts during
acid-catalyzed methylations of conjugated dienes was first
pointed out in a letter to the editor of Lipids as early as 1972
(29), but there was no follow-up manuscript, and its findings
appeared to be largely ignored by many investigators. Similar
allylic methoxy derivatives were reported recently following
acid-catalyzed methylation of allylic hydroxy oleates (49).
The GLC–MS results, isomer identification, and possible
mechanism of formation of these allylic methoxy derivatives
formed during acid-catalyzed methylation of milk lipids will
be presented in a separate publication.

Acid-catalyzed methylation has been used extensively for
the analysis of conjugated dienes in milk and dairy products.
The catalysts used by several groups included HCl
(16,17,28), acetyl chloride (20,27,35,50), BF3
(5,10–12,15,20,22,23,27, 32,43,48,50), and H2SO4
(4,6,8,24,32). Some authors recognized the isomerization of
the conjugated dienes during acid-catalyzed methanolysis and
recommended that the reaction of BF3/methanol (12,15) or
HCl/methanol (28) be carried out at room temperature to re-
duce this isomerization. Our TLC results showed that methy-
lation was not complete with either BF3 or HCl as a catalyst
under these mild conditions (data not shown). GLC analyses
showed evidence of isomerization and artifact (methoxy) for-
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FIG. 2. The methyl stearate (18:0) to conjugated octadecadiene region
of the gas–liquid chromatogram of total bovine milk fatty acid methyl es-
ters (A), and methyl octadecenoates [B; emerged at 8 min from high-per-
formance liquid chromatography (HPLC) column] and methyl octadeca-
dienoates (C; emerged at 11 min from HPLC column) isolated from total
milk fatty acid methyl esters by HPLC. Gas–liquid chromatography (GLC)
analysis was on the same type of column as Figure 1. Numbers 1–20
refer to the same numbers as in Figure 1 between 18:0 and 18:2n-6.

Time (min)



mation. In one of the milk samples, the ratio of ∆9c,11t-18:2
to ∆9t,11t-18:2 was 3.6 with NaOCH3 and 2.7 with either HCl
or BF3 at room temperature. Therefore, not even mild acid-
catalyzed methylation at room temperature is appropriate for
the analysis of conjugated dienes. Furthermore, it should be
pointed out that in two publications additional peaks were ob-
served in the GLC chromatogram of conjugated dienes after
acid-catalyzed methylation (12,27), but the peaks were not
identified.

In several recent publications, Wolff’s group recom-
mended the preparation of isopropyl esters using H2SO4 as
catalyst (4,6,8,24,32). This method was proposed to over-
come the need for the use of correction factors for the short-
chain FAME (24,30,32) and to improve the resolution of 4:0
from the solvent front (4). However, this method did not ad-
dress the issue of isomerization of conjugated dienes. Reeval-
uation of H2SO4-isopropanol methylation reaction showed
extensive isomerization of conjugated dienes and artifact for-
mation, just as for HCl/methanol. In one publication (32) iso-
propyl esters were prepared by acid (H2SO4) and base (Na)
catalysts, but no comparison was made of the distribution of
18:2 cis,trans conjugated dienes. However, their results
showed a higher content of total conjugated dienes (18:2 c,t)
with base- than with acid-catalyzed methylation (Table V,
Ref. 32), which was similar to our finding (Table 1).

Recently, Shantha et al. (27) proposed the use of tetram-

ethylguanidine, a base-catalyzed reagent developed by
Schuchardt and Lopes (37), for the analysis of conjugated di-
enes. It was reported that tetramethylguanidine caused little
isomerization of the cis/trans to the trans/trans conjugated
dienes (27) and that free fatty acids were methylated (27,37).
At first glance, this method appeared to be an ideal methyla-
tion reagent for total milk lipids. However, we found that
tetramethylguanidine gave incomplete methylation of phos-
phatidylcholine, and did not methylate sphingomyelin as
judged by TLC. Furthermore, hexane coextracted unknown
material after the reaction which interfered with the determi-
nation of 4:0, and 8:0 to 10:0, present in milk. Introducing a
water wash was unsuccessful in removing the interfering
broad peaks, but a significant reduction was observed in the
content of 4:0 and 6:0 FAME after the extra wash. For these
reasons, tetramethylguanidine alone was not considered suit-
able for the methylation of total milk lipids.

Evaluating a combination of catalysts for the methylation
of total milk lipids. Total milk lipids contain about 98% tria-
cylglycerols, 1% phospholipids (phosphatidylcholine, phos-
phatidylethanolamine and sphingomyelin in about equal pro-
portions), 0.3% cholesterol, 0.3% diacylglycerols, and trace
amounts of cholesteryl esters and free fatty acids (20). Methy-
lation using only NaOCH3/methanol gave no isomerization
of conjugated dienes and artifact formation, but did not
methylate free fatty acids and sphingomyelin. The AOCS
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FIG. 3. The methyl eicosanoate (20:0) to methyl arachidonate (20:4n-6) region of the GLC of total bovine fatty acid
methyl esters prepared by using the following catalysts in anhydrous methanol: (A) NaOCH3, (B) HCl, (C) acetyl
chloride, or (D) BF3. Analysis was on the same type of GLC column as Figure 1. See Figure 2 for abbreviation.
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method recommends a combination of NaOCH3 and
BF3/methanol (43). We tried the combination of NaOCH3 (10
min at 50°C) followed by either BF3/methanol (10 min at
50°C), or HCl/methanol (10 min at 80°C). The results showed
that both these methods methylated free fatty acids, and most
of the sphingomyelin as judged by TLC (data not shown). The
GLC results showed that the ratio of ∆9c,11t-18:2 to ∆9t,11t-
18:2 was only slightly reduced, with the formation of trace
amounts of methoxy derivatives. This combination of meth-
ods appears to be the best compromise for the methylation of
total milk lipids. A saponification followed by diazomethane
has been used successfully for the analysis of conjugated di-
enes (51), but this method also ignores the sphingomyelins
which are not saponified.

Quantitative analysis of conjugated dienes and trans
FAME of milk. A summary of the milk fatty acid composition
determined by using either NaOCH3/methanol or
HCl/methanol is compared in Table 1. Milk samples were ob-
tained from ongoing studies at Agriculture and Agri-Food
Canada to test the effect of ionophores on milk fatty acid
composition (39,40). The most noted difference between
methods was on the complex mixture of conjugated diene iso-
mers (Fig. 3). NaOCH3/methanol gave ~12% higher values
of total conjugated dienes compared with HCl/methanol
(Table 1). Of the total conjugated dienes, ~74% consisted of
the ∆9c,11t isomer using NaOCH3/methanol, compared with

only ~35% when HCl/methanol was used, while the ∆9t,11t
isomer increased from ~9% with NaOCH3 to ~39% with HCl.
The ratio of ∆9c,11t to ∆9t,11t for the two methods decreased
from ~8 to 0.9 (Table 1). Some of the conjugated dienes were
converted to allylic methoxy derivatives during acid-cat-
alyzed methylation. However, the sum of the conjugated di-
enes plus the methoxy derivatives in acid-catalyzed
methanolysis gave ~18% higher values than those observed
for the NaOCH3/methanol method (Table 1). This suggests
that some of the methoxy derivatives may have been derived
from preexisting hydroxy fatty acids (49). The methoxy arti-
facts did not appear to be derived from either 18:1 (cis or
trans) or 18:2n-6 in milk during these acid methylation con-
ditions, since the levels of these fatty acids were not signifi-
cantly different between the two methods; see Table 1. In ad-
dition to the changes in conjugated dienes, HCl/methanol also
gave slightly higher values for the long-chain saturated
(20:0–26:0) and polyunsaturated fatty acids (n-6 and n-3)
compared with NaOCH3/methanol (Table 1). This was not
surprising, since the acid catalyst methylated all the lipid
components, including sphingomyelin rich in long-chain sat-
urates, and free fatty acids plus minor acidic lipids which also
contain polyunsaturated fatty acids.

Based on the GLC analyses, the total trans content of milk
samples was similar using either NaOCH3 or HCl as catalyst
(Table 2). The total trans content was obtained by adding the
relative percentage of all trans monounsaturated fatty acids
(peaks 3–7, and half of peak 10; Fig. 1), cis/trans 18:2 (peaks
14,15,17,19,20; Fig. 1), and total conjugated dienes in the
milk chromatograms (Table 2). In the milk samples investi-
gated, the trans content increased from about 5 to 8% (Exper-
iment 1, Table 2), and from about 5 to 14% (Experiment 2,

1224 J.K.G. KRAMER ET AL.

Lipids, Vol. 32, no. 11 (1997)

TABLE 1
Fatty Acid Composition (area %) of Milk Lipids from Cows Fed Con-
trol or Ionophore-Treated Diets (for 2 wk). Comparison of Transester-
ification Procedures

Fatty Control Ionophore-treated

acids (FA) NaOCH3 HCl NaOCH3 HCl SEe

4:0–13:0 10.9f 10.2 10.2 9.8 0.7
14:0–18:0 48.0 46.9 47.1 47.4 0.7
20:0–26:0 0.29b 0.38a 0.28b 0.37a 0.01
iso FAg 1.02 1.00 1.03 1.00 0.02
anteiso FAh 0.71 0.70 0.71 0.71 0.01
18:1 trans(t) 3.6b 3.6b 6.3a 6.0a 0.1
18:1 cis(c) 26.5a 26.8a 23.5b 23.0b 0.4
18:2 c,ti 0.25d 0.49c 0.65a 0.61b 0.01
18:2n-6 3.6b 3.6b 3.8a 3.8a 0.05
18:2 conjugated 0.74c 0.67d 1.38a 1.21b 0.02

∆9c,11t-18:2 0.52b 0.23d 1.08a 0.44c 0.03
∆9t,11t-18:2 0.07d 0.25b 0.12c 0.48a 0.01
∆9c,11t/9t,11tj 7.2b 0.9c 9.1a 0.9c 0.2

Methoxy artifactsk 0c 0.21b 0c 0.41a 0.01
n-6 PUFAl 0.29b 0.32a 0.29b 0.33a 0.01
n-3 PUFAm 0.53b 0.59a 0.54b 0.63a 0.01
a-dMeans within a row with different superscript letters are different (P < 0.05).
eSE, pooled standard error.
fEach value represents the mean of the milk from 10 cows/diet. The same
milk fat extract was transesterified with either NaOCH3/methanol or
HCl/methanol.
gSum of all iso fatty acids: 13:0, 14:0, 15:0, 16:0, 17:0, and 18:0.
hSum of all anteiso fatty acids: 13:0, 15:0, 17:0, and 18:0.
iSum of all 18:2 methylene-interrupted c,c, c,t, t,c, and t,t isomers.
jRatio of ∆9c,11t-18:2 to ∆9t,11t-18:2.
kSum of all allylic methoxy artifacts.
lSum of all n-6 PUFA (polyunsaturated fatty acids): 20:2n-6, 20:3n-6, 20:4n-
6, and 22:4n-6.
mSum of all n-3 PUFA: 18:3n-3, 20:5n-3, and 22:5n-3.

TABLE 2
Comparison of trans Content (% of total fatty acid methyl esters) of
Milk from Two Separate Studies in Which Cows Were Treated with
Ionophores (for 2 or 3 wka).

Controlb 2 Wk 3 Wk

Expt. Method NaOCH3 HCl NaOCH3 HCl NaOCH3 HCl

1 GLCc 4.9d 5 8.3 8.2
GLC − CDe 4.1 4.3 6.9 6.9
IRf 5.8g 4.6 8.9 6.2h

2 GLC 5.2 5.3 13.8 14.8 13.5 14.2
GLC – CD 4.4 4.4 12.8 13.3 12.4 12.9
IR 5.1 3.9h 12.6 6.7h 12.7 7.0h

aAs measured by gas–liquid chromatography (GLC) and attenuated total re-
flection infrared (IR) spectroscopy. The experimental conditions of these
studies are published elsewhere (Ref. 40).
bThe total fat extract of each milk sample was analyzed by both methods.
cThe GLC method involved summing all trans monounsaturates (peaks 3–7,
half of 10; Fig. 1), cis/trans 18:2 (peaks 14,15,17,19,20; Fig.1) and total con-
jugated dienes.
dEach GLC value represented the mean of the milk from 10 cows.
eTotal trans determined by GLC (c) minus total conjugated dienes (CD).
fThe IR values represented the total trans absorption from monoenes, and
methylene- and nonmethylene-interrupted 18:2. Conjugated dienes were
excluded, see text.
gEach IR value represented the mean of two determinations. Milk samples 1
to 5 and 6 to 10 were combined because of insufficient material.
hAcid-catalyzed methanolysis showed interferences in the trans IR region,
see text.



Table 2). The total FAME from the two experiments and the
two methylation methods were subsequently analyzed by
ATR–IR spectroscopy, which has been applied to rapid quan-
titation of total trans content in food products (45,46). The IR
spectra (Fig. 4) showed absorbances due to the trans monoun-
saturated fatty acids and methylene-interrupted and noninter-
rupted 18:2 at 966 cm−1 and absorbances due to “trans-con-
taining” conjugated dienes at 985 and 948 cm−1 (44). The IR
calibration was based only on the absorptivity of methyl elai-
date, which appeared to be inappropriate for the quantitation

of conjugated dienes. Therefore, the absorbances at 948 and
985 cm−1 were subtracted before quantitation. However, even
after removing the conjugated diene contribution, the remain-
ing IR trans values were sometimes higher than those deter-
mined by GLC minus the conjugated dienes (Table 2). This
may be due to additional unknown or overlapping trans iso-
mers in the GLC chromatogram with different absorptivities
than those of methyl elaidate. Until an appropriate trans-free
reference material is found that is close to that of milk fat
composition both in isolated and conjugated trans fatty acids,
the accurate determination of total trans content in milk by
IR will be difficult. The results in Table 2 showed that HCl
methylation leads to lower trans values as determined by IR,
due to the production of interfering material with absorbances
in the trans region, which made these IR determinations of total
trans content unreliable. This pointed to a further disadvan-
tage of preparing total milk FAME using only HCl/methanol.

Preparation and analysis of total rumen FAME. Rumen
lipids contain a complex mixture of phospho-, sphingo-, neu-
tral-, and sterol lipids including high levels of free fatty acids,
mainly from plant origin (21). The present study was under-
taken to develop a method for the preparation of FAME from
total rumen lipids. NaOCH3/methanol was ineffective be-
cause of the high content of free fatty acid, while dia-
zomethane methylated the free fatty acids, but it did not react
with the ester lipids. Diazomethane did not isomerize the con-
jugated dienes or produce methoxy artifacts (Fig. 5A). On the
other hand, HCl/methanol caused isomerization of the conju-
gated dienes, but did not form allylic methoxy derivatives
(Fig. 5B). There is no explanation for this finding, but it may
suggest the absence of hydroxy fatty acids in rumen lipids or
an effect of free fatty acids. A combination of NaOCH3 (10
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FIG. 4. Expanded infrared spectral range showing the out-of-plane de-
formation bands of isolated trans (966 cm−1), and “trans-containing”
conjugated dienes (985 and 948 cm−1, denoted by asterisks) present in
total bovine milk fatty acid methyl esters prepared by NaOCH3/
methanol (observed). The total trans area was integrated between the
limits of 990 and 945 cm−1, after subtracting the contribution of the con-
jugated dienes (corrected).

FIG. 5. The methyl eicosanoate (20:0) to methyl arachidonate (20:4n-6) region of the gas–liquid chro-
matogram of total rumen fatty acid methyl esters prepared by using (A) diazomethane and (B) HCl as cata-
lysts in anhydrous methanol. Analysis was on the same type of GLC column as Figure 1. See Figure 2 for
abbreviation.

Time (min)



min at 50°C) and HCl (10 min at 80°C) gave a ∆9c,11t-18:2
to ∆9t,11t-18:2 ratio of 4:3, while a combination of dia-
zomethane and NaOCH3 gave a ratio of 4:1. Both methods
would appear to be suitable for total rumen FAME prepara-
tion. In our previous study (38), HCl/methanol was used to
prepare the FAME of total rumen lipids which isomerized the
conjugated dienes. However, in that study (38), only the total
conjugated dienes were presented, which should be only
slightly lower than if a base catalyst had been used (~12%
based on milk results; Table 1).

Rumen FAME showed a similar pattern to that observed
in milk FAME except for greatly reduced levels of very short-
chain saturated (4:0–10:0) and long-chain C20 and C22 PUFA,
and a higher content of trans-18:1 isomers and long-chain
(22:0 to 26:0) saturated fatty acids (compare with Refs. 38
and 39). A comparison of the content of conjugated dienes
suggests that it was twice as high in milk (present study, Table
1) than in rumen samples (39), both in control (0.7 vs. 0.3%)
and ionophore treatments (1.4 vs. 0.7%), respectively. The
content of ∆9c,11t-18:2 found in control milk (0.7%) agrees
well with the value obtained by others (3) when a base-cat-
alyzed method was used (0.85%).

Summary. The analysis of the conjugated dienes in milk
and dairy products needs to be accurate, in view of their ben-
eficial claims, and the assumption that only one of the isomers
(∆9c,11t-18:2) may be active in carcinogenesis and tumorige-
nesis (18). The evidence suggests that the formation of the
conjugated dienes is enzymatic both by rumen bacteria
(52–54) and in biological material as products of free radical
in vivo lipid peroxidation (55–57). Careful analysis of the
conjugated dienes in biological material, using only base-cat-
alyzed methods that do not isomerize the conjugated diene
system, has shown that ∆9c,11t-18:2 was the only isomer pre-
sent (51). The presence of larger amounts of other isomers
suggests subsequent isomerization during processing or im-
proper (acid-catalyzed) methodology. There are many refer-
ences in the literature reporting the content of conjugated di-
enes in milk and dairy products (3,4,6,8–15,24,27). Many of
these studies show a high content of isomers other than
∆9c,11t-18:2 (10–13,15,27). Reinvestigation using proper
techniques is needed.

Given the data presented here, a single procedure cannot
simultaneously methylate all milk or rumen lipid components
and avoid isomerization of conjugated dienes and the forma-
tion of allylic methoxy artifacts. Base-catalyzed methods
caused no isomerization and produced no methoxy artifacts.
However, NaOCH3 did not methylate free fatty acids and N-
acyl lipids, and diazomethane did not methylate esters.
Tetramethylguanidine did not methylate sphingomyelin or
phospholipids completely, which makes this method unsuit-
able for tissue lipids high in these lipids, as was reported re-
cently (58). In addition, tetramethylguanidine gave undesir-
able products that extracted with hexane and interfered with
the analyses of short-chain FAME, such as found in milk.
Acid-catalyzed methods (HCl, BF3, acetyl chloride, and
H2SO4) methylated all lipid classes. However, these catalysts

caused extensive isomerization of conjugated dienes, formed
allylic methoxy artifacts, and are therefore not recommended
by themselves for the analysis of milk and rumen lipids. A
combination of methods appears to be most suitable, but that
increases the loss of short-chain FAME during solvent re-
moval or excessive handling. For milk, NaOCH3-HCl (or
BF3) resulted in small losses of unconverted sphingomyelin,
and minor isomerization of conjugated dienes and allylic
methoxy formation, while diazomethane-NaOCH3 ignored
the sphingomyelin lipids. For rumen, either diazomethane-
NaOCH3, or NaOCH3-HCl (or BF3) gave good results.
Analysis of isopropyl, instead of methyl esters, has the added
advantage of not requiring the use of correction factors for
FAME (24,30–32), but the isopropyl esters need to be pre-
pared using Na isopropionate as catalyst instead of
H2SO4/isopropanol (6,32). The determination of total isolated
trans content in milk by IR methods was complicated by in-
terferences from significant amounts of conjugated dienes.
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