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Abstract: Ninety three commercial samples of Bulgarian butter fats manufac-
tured evenly through the year were subjected to quantitative silver nitrate-thin
layer chromatography of the component fatty acids (as isopropyl esters), with
particular attention to trans monoenoic fatty acid (Mt) content. The average
annual content of Mt was 4.04� 1.52% of the total with a minimal value of
1.3% and a maximal value of 7.3%. Winter butters, comprising 50 samples, con-
tained an average of 2.85� 0.66% of Mt, while the summer group (43 samples)
contained 5.43� 0.91% of Mt. In addition, the fatty acid composition of eight
Bulgarian butter fats and that of ten samples of foreign origin was determined
by gas-liquid chromatography of the isopropyl esters. In general, the conjugated
dienes content in Bulgarian samples was higher than that in the foreign samples;
so were trans monoenoic and cis,cis dienoic acids. These could be attributed to
the longer period of pasture feeding of cows in Bulgaria.
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INTRODUCTION

Since the earliest times, mankind has used the milk of goats, sheep, and
cows as food. Milk contains nearly all the nutritional components
necessary to sustain life. Today, the term ‘‘milk’’ is generally synon-
ymous with cow milk. Bovine milk fat is regarded as one of the most
complex naturally-occurring fats containing approximately 400 distinct
fatty acids.[1] Besides the saturated (S) and unsaturated FA with cis
configuration, milk contains a relatively low amount (2–8%) of trans
fatty acids (TFA).

Trans fatty acids in milk are produced by biohydrogenation of diet-
ary unsaturated fatty acids in the stomach of ruminant animals. The
mandatory requirement in many countries to declare the amount of trans
fat present in food products and dietary supplements, has led to the need
for validated official methods that are both sensitive and accurate for the
rapid quantitation of total trans fatty acids. All aspects of bovine fat trans
FA occurrence, analysis, and health effects have been reviewed in recent
books.[2–6]

Historically, gas chromatography (GC) has established itself as the
most widely used method for detailed fatty acids analysis and methyl
esters are the universally used derivative. Generally, direct GC, using
30 to 50m capillary columns without preliminary separation of the sam-
ple has been applied. When overlap of positional isomer peaks occurs, the
results are variable and inconsistent, and correction factors are often
needed to obtain correct data. Use of longer (100m) highly polar cyano-
siloxane capillary columns with an appropriate column temperature pro-
gram can improve the resolution significantly and, depending on sample
composition, just minor overlaps may occur. If, however, greater accu-
racy and complete separation are required, prior to GC, fatty acids
should be fractionated according to their unsaturation by Ag-TLC or
Ag-HPLC.

The detailed analysis of TFA content in milk fat should also take
into account the inevitable seasonal variations caused by feeding condi-
tions, milk output, breed, and stage of lactation. Evidently, only data
derived by precise analysis of a large number of samples could represent
the composition of butter fats in a particular country. This approach has
been employed by Precht et al.[7–9] and Wollf et al.[10,11] who studied the
positional isomers of trans monoenoic, Mt, fatty acids in such detail that
butter samples could be used as reference standards for FA identification
in the GLC analysis.

Despite the intensive use of dairy products in the Bulgarian diet, data
on the FA composition of commercial Bulgarian butter fats are still miss-
ing. The aim of this study was, on the base of recently developed in our
laboratory procedure for rapid quantitation of trans fatty acids in butter
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fats, to determine the seasonal variations of total TFA content in a large
number of commercial butter samples from the local market. Samples
were chosen according to a specific scheme allowing to obtain represen-
tative picture for the whole country. To minimize the loss of volatile
short-chained fatty acids, samples were analysed as isopropyl esters. In
addition, the individual FA composition of Bulgarian butter fats studied
by GLC was compared with that of imported samples.

EXPERIMENTAL

Samples and Reagents

Samples from all existing brands of Bulgarian butter were purchased
from the local supermarkets during the period June 2004 to March
2006. A total of 93 samples were collected covering (according to the date
of manufacturing) a whole year period with at least one sample represent-
ing every week. In addition, 5 samples of imported and another 5 samples
of butter fats purchased in the local markets in Austria and Switzerland,
all manufactured in winter, were analysed.

All solvents, reagents, and sorbents were of analytical grade or better
and were purchased from Merck (Darmstadt, Germany). All individual
fatty acids used for reference mixtures were purchased from Sigma-
Aldrich (Taufkirchen, Germany).

Isopropyl Esters of FA (FAIPE)

The procedure described by Wolff [11,12] was employed. Briefly, portions
of 500mg of the sample were dispersed in 5mL isopropanol, the solution
was dried with anhydrous Na2SO4 and 8mL of hexane was added. The
mixture was dispersed for a second time and allowed to settle. An aliquot
of the solution (2.5mL, containing about 100mg) was withdrawn with a
Pasteur pipette, filtered into a vial, and 1.8mL isopropanol and 0.25mL
concentrated H2SO4 were added. The vial was tightly capped, shaken for
30 sec, and then heated at 100�C for 1 hour. Then, the vial was cooled,
5mL of distilled water were added, and the sample was vortexed for
30 sec. After settling, the upper phase was withdrawn and an equal
volume of hexane was added. Two more extractions with hexane were
performed in the same manner. The combined hexane extracts were sub-
jected to further analysis. The completion of the derivatization reaction
was followed by silica gel TLC by single development with petroleum
ether=acetone, 100:10 v=v.
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Analysis of FAIPE by TLC-AgNO3 and Densitometry

FAIPE were purified by preparative TLC on 20� 20 cm, 1mm layer,
silica gel G plates by single development with petroleum ether=
acetone, 100:10 v=v; sample load 80mg. The pure FAIPE were then
dissolved in n-heptane to give 0.1%, 0.2%, or 0.5% solutions. Prelimin-
ary identification of the FA, separated into groups according to the
numbers and configurations of double bonds, followed by densito-
metric quantification, was performed according to the TLC-AgNO3-
densitometric procedure developed in our laboratory,[13] adapted later
to butter fat.[14] The inevitable loss of short chain FA during derivati-
zation and analysis steps was thoroughly discussed and a conversion
coefficient was proposed.[14] FAIPE groups differing in unsaturation
were separated on 19� 4 cm glass plates, coated with ca 0.2mm silica
gel G layer and impregnated by dipping into a 0.5% (or 1%, when
needed) methanolic solution of silver nitrate. Continuous ascending
development with a specified volume of the mobile phase in open
cylindrical tanks (24 cm� 5 cm i.d) was performed, allowing the whole
mobile phase volume to pass through the plate. The plate was then
dried (1 hour at 110�C), and treated consecutively with bromine and
sulfuryl chloride vapors (30min each, closed tanks, fume cupboard)
to ensure the correct quantitative charring (at 180–200�C) of the sepa-
rated FA groups. Recording of Ag-TLC chromatograms and quantita-
tive measurement of peak areas were performed with a CS-930
densitometer, (Shimadzu Corporation, Kyoto, Japan) equipped with
a DR-2 Shimadzu integrator. Scanning was performed in the zigzag
reflection mode at 450 nm, beam-slit size 1.2� 1.2mm and stage step
0.2mm.

Comments on the Analytical Procedure (Ag-TLC Procedure)

Three different sets of chromatographic conditions (sample load,
mobile phase composition) were used for correct quantification.
Analyses were done in triplicate and the values were the mean of three
densitograms, percentage error for S was 0.1%, for Mt–3.3%, and
under 15% for minor classes. Typical densitograms are shown in
Figure 1.[14]

The quantity of each spot was presented as relative area percent, as
derived from the integrator. The values of saturated fatty acids (S) were
multiplied by the previously proposed by us[14] correction coefficient of
1.16 in order to compensate for the loss of short chain FA. Simple
recalculation of all values was then performed.

1186 I. Marekov et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Analysis of FAIPE by GLC

GLC was performed on a Hewlett-Packard 5890A (Hewlett-Packard,
Cambridge, England) gas chromatograph equipped with a flame-
ionization detector (FID), split=splitless injector, 30m� 0.25mm CP
Wax 52 fused silica capillary column (Chrompack, Middelburg, The
Netherlands), and a Chromatopac CR-3A integrator (Shimadzu
Corporation, Kyoto, Japan). An aliquot of the combined hexane extracts
was injected into the chromatograph exactly as described by Wolff.[10,11]

The temperature gradient was from 65�C (4min), to 245�C (20min) at
5�C=min. The temperature of the detector and the injector was 260�C.
Nitrogen was the carrier gas, inlet pressure 85 kPa. As shown pre-
viously,[10] converting FA into isopropyl esters eliminates the necessity
of correction factors (for shorter chain acids, mainly) to transform peak
area percentages into weight percents and the results derived from the

Figure 1. Densitograms of Bulgarian butter sample. Plates were impregnated
with 0.5% AgNO3. Mobile phase: A and B – petroleum ether: acetone 100:2
(v=v), 3.5mL; C – petroleum ether:acetone 100:6 (v=v)=3mL, S – saturated,
M – monoenoic, D – dienoic, T – trienoic fatty acids; c – cis; t – trans;
con – conjugated. (Reproduced from Ref. [14] with kind permission of the
Journal of Planar Chromatography – Modern TLC).
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integrator directly correspond to FAIPE weight percents. Results were
the mean of 2 injections. Fatty acids were identified using relevant refer-
ence mixtures. These comprised even numbered saturated fatty acids
from 4:0 to 26:0 and the odd numbered 13:0, 15:0 and 17:0; series of
isomeric cis- monoenoic - 9–16:1; 6-, 7-, 9-, 12-, 13-, and 15–18:1; and
cis,cis- dienoic fatty acids - 9, 12–18:2; 11, 14–20:2; 13, 16–22:2, and
cis,cis,cis-9, 12, 15–18-3, and conjugated linoleic acids (isolated from
alkali isomerised sunlower oil).

RESULTS AND DISCUSSION

Seasonal Variation of trans Monoenoic Fatty Acids Content in Butter

There are two difficulties faced when dealing with milk fat samples. The
first is linked to the seasonal variations in TFA content caused by the dif-
ferent conditions of animal feeding throughout a year. An adequately
large pool of samples, manufactured evenly throughout the year, mini-
mizes the effects of animal feeding. The second challenge is to avoid
the loss of short chain fatty acids during sample derivatization and
analysis[15] and to ensure exact and reproducible quantification of the
low levels of TFA present.[16,17]

The long-term experience of our group in using silver ion TLC=
densitometry as a method for direct quantitative analysis of triacyl-
glycerols[18] and geometrically isomeric FA in PHVO[13] was the basis
for developing a rapid procedure for quantitative analysis of geometri-
cally isomeric FA in milk fats. It allowed for baseline separation and
direct measurement of all FA groups differing by degree of unsaturation
and double bond geometry as follows: Tccc, Tcct, Dcc, Dct, (DttþMcþ
Dct=tc con), Mt, SFA (ordered according to decreased retention), where
S denotes saturated; M – monoenoic; D – dienoic; T – trienoic; c – cis;
t – trans fatty acids. The composition of the mixed zone (DttþMcþ
Dct=tc con) and that of the Mt zone was established on a second TLC
plate (1% Ag, chloroform as a mobile phase) with an appropriate refer-
ence standard mixture applied alongside. Since GLC analysis revealed
that Mc dominates in the mixed zone (DttþMcþDct=tc con), further
in the text it will be designated as Mc only. Additional, and undesired,
separation of positional isomers within a given FA group does not occur
under the experimental conditions applied. This enabled the determina-
tion of low levels (down to 0.1–0.2%) of TFA with sufficient precision.

Fatty acid classes, and not individual fatty acids, are separated and
quantified under the proposed Ag-TLC procedure, but the approach is
direct, without intermediate stages of fractionation and is sufficiently infor-
mative and convenient for rapid screening of a great number of samples.
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Figure 2 represents the seasonal variation in Mt content in Bulgarian
commercial butter samples as determined by TLC-AgNO3=densitometry.
A total of 93 samples from different regions of the country, have been
analyzed; each week is represented by at least one sample, each point
being the mean of three densitograms.

The Mt values represent the summary value of all trans monoenoic
FA which were determined as a group, i.e., t18:1þ t16:1. However, by
a close approximation, it could be assumed that Mt comprises 18:1
TFA only, since the average content of 16:1 TFA reported in literature
does not exceed 0.13% of the total.[10,19] The average annual content of
Mt found in this study was 4.04� 1.52% with a minimal value of 1.3%
and a maximal value of 7.3%. This value is in agreement to that reported
for a similar number of German butter fat samples.[8,9] The somewhat
higher Mt levels of Bulgarian butter fat is probably due to different cli-
mate. When relating the Mt content of the butter fat samples studied
in the present work to the average Mt value of 4%, two groups are out-
lined – a ‘‘summer’’ group of 43 samples with Mt value of 5.43� 0.91%,
and a ‘‘winter’’ group consisting of 50 samples with Mt¼ 2.85� 0.66%.
The allocation of the points in Figure 2 shows a clear trend of increased
Mt content during the spring-summer period. Comparison with similar
profile for German butter fats[6,8] shows that the values found in the pre-
sent work are more scattered. The spring increase of Mt in Bulgarian
samples begins by the end of March, i.e., about a month earlier than
reported for Germany, and the seasonal variation is smoother. This is
probably due to the specific features of the Bulgarian climate and terrain.
Also, animal husbandry in Bulgaria is small and sporadic and the period
of pasture feeding is much longer, compared with those in Germany.

Figure 2. Weekly variation in the content of trans-monoenoic fatty acids in
Bulgarian butterfats (weight % of total FAIPE) as determined by Ag-TLC=
densitometry.
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Fatty Acid Composition by GLC

In order to confirm the Ag-TLC-densitometry quantification and to com-
pare the content of the individual FA between Bulgarian and foreign but-
ter fats, 18 samples were selected and subjected to GLC. Ten of these
were of foreign origin, all manufactured in the winter. Four pairs from
the Bulgarian butter fats were selected in such a manner that each pair
was manufactured by the same producer, originated from the same
region, representing one summer and one winter butter fat. The fatty
acids are listed in Table 1 according to their elution order. Of course, data
in Table 1 cannot be representative for FA composition of foreign butter
fats; these were just the available ones on Bulgarian market. Due to the
limited resolution of the 30m GLC column, identification of C18:2 iso-
mers was tentative, based on comparison with literature data. Using a
medium polarity 30m column (CP Wax52) under routine GC conditions,
no clear separation between cis and trans isomers was observed. The
broad group of peaks in the C18:1 region was assigned to the sum of
cis and trans-18:1 isomers. The value of cis-18:1 given in Table 1 was
calculated by subtracting from the sum the value for total Mt content
as determined by Ag-TLC-densitometry.

Pure fractions of cis-monoenes and trans-monoenes were isolated by
preparative TLC-AgNO3 and solutions with known concentrations were
prepared. The fractions and mixtures of each fraction with butter samples
were subjected to GLC under identical conditions. The results proved
that the 18:1 isomer with most distant double bond, t16–18:1, eluted
together with c9, c12–18:2, thus increasing its value with about 0.2%.[6]

The content of cis,trans=trans,cis dienoic fatty acids (ct=tc-18:2) detected
directly by TLC-densitometry varied between 0.1% and 0.7% and corre-
sponded to the values reported by others.[20–22] Linoleic acid positional
isomers were determined directly by GLC (see footnote C to
Table 1).[23,24] Linolenic acid produced a single peak. Ag-TLC revealed
that there were no mono-trans trienoic isomers present in any of the
butter samples.

Under GLC Dct=tc con formed a single peak with values between
0.40 and 1.20% of total FA content. The result corresponded to the data
reported elsewhere[11,21,22,25–29] and was confirmed by GLC analysis of
the compounds isolated by preparative TLC-AgNO3 mixed zone,
Dtt þMc þDct=tc con, in which conjugated dienes accounted for an
average content of 2.24%.

Trans,trans-dienes were found to be in the range of 0.03–0.12% of the
Mc fraction, which corresponds to a value of about 0.01–0.03% of the
total FA content, a value that was much lower than the average
value of 0.09% of the total in German milk fats.[22] Evidently, under
TLC-AgNO3=densitometry these minor FA classes represent a negligible
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part of the mixed zone which may be, thus, considered as comprising
of Mc only.

In general, the fatty acid composition of the studied samples was in
agreement with the data reported for other countries.[9,11,20,21] The values
of linoleic acid and its positional isomers with cis double bonds were
higher than that reported by others, but the values presented here were
confirmed by TLC. Also, the conjugated dienes content in Bulgarian
samples was slightly higher than in foreign samples, 20:0, 22:0, and
20:2 acids were also higher, being similar to the respective levels in the
Swedish sample.

CONCLUSION

The Ag-TLC procedure proposed here is direct, without intermediate
stages of fractionation, and is sufficiently informative and convenient
for rapid screening of a great number of samples. The mean values and
the trends found for seasonal variation of trans monoenoic fatty acids
content in Bulgarian butter fat are similar to the reported data for French
and German samples. The results characterize Bulgarian butter FA
composition close to butter imported from European countries. The
somewhat higher content of Mt and Dcc acids in Bulgarian samples
could be attributed to the longer period of pasture feeding of cows in
the country. Our results supplement to the knowledge base of milk fat
compositions in Europe and can be used for reliable nutritional and
epidemiological conclusions.
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