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The separation of butter or margarine into polar (soluble in water) and apolar fractions (soluble in
chloroform) and subsequent analysis of these fractions by "H NMR permits a comprehensive analysis
of its constituents. In the polar fraction the preservatives benzoic and sorbic acid, the organic acids
citric, lactic, butyric, acetic, and formic acid, and, furthermore, the carbohydrate lactose were quantified.
In the apolar fraction the conjugated linoleic acid (CLA) rumenic acid, diglycerides, and linoleic acid
were quantified. Rumenic acid is a characteristic component of ruminant fats and was found in all
butter samples. The levels varied between 0.50 and 1.08%. Ten brands of Brazilian butter were
investigated as was one brand from Norway. Also, two brands of margarine were investigated for
comparison. A large variation in especially polar constituents was found between the butter samples,
revealing the presence of preservatives in five brands of butter from Brazil, remarkable because
these additives are legally not allowed. Furthermore, the levels of organic acids and lactose permitted
conclusions about the production process and quality; for example, the presence of higher levels of
free butyric acid indicate lipolysis, leading to a lower quality, and low levels of lactose indicate that
after churning the residual milk fluids have been removed by an additional washing step in the
production process.
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INTRODUCTION

Butter is essentially the fat from milk; it contains about
80-82% milk fat, 16—17% water, and 1-2% milk solids other
than fat, including salt. Margarine, developed as a butter
substitute, is similar in composition, but differs from butter in
the fats used for its production, which were originally animal
fats but currently almost exclusively vegetable fats are used (7).

The taste of butter is determined by a complex mixture of
compounds, originating not only from the milk and the
production process but also from storage conditions. Exposure
of butter to air easily leads to a rancid taste due to oxidation. In
addition, microbiological spoilage is possible due to the
relatively high water content (/); for example, contamination
of butter by Listeria bacteria has led to a listeriosis outbreak in
Finland causing the death of six people (2, 3).

Many studies have been devoted to the fat composition of
butter; in most cases the fatty acids were analyzed after
hydrolysis by GC-MS. About 98% of the fat was found to
consist of triglycerides, and the most common fatty acids are
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palmitic (22-35%), oleic (20-30%), stearic (9—14%), myristic
(8-14%), and butyric (2-5%) acid (4). Around 1980 Pariza and
co-workers established that conjugated linoleic acids (CLA)
exerted an anticarcinogenic activity (5—-7). Food derived from
ruminant animals, beef, milk, and derived products, were found
to be the major source of these CLA in human food. The cis-
9,trans-11 CLA isomer, known as rumenic acid, is the major
isomer found in ruminant fat, normally representing 80—90%
of the total CLA in milk fat. The anticarcinogenic effects were
especially related to the rumenic acid. Recently, the range of
positive health effects associated with CLA in experimental
models has been extended to include reduction in body fat
accretion and altered nutrient partitioning, antidiabetic effects,
reduction in the development of atherosclerosis, enhanced bone
mineralization, and modulation of the immune system (8—11).
Due to these effects of CLA, many studies have also investigated
CLA levels in dairy products and how these can be influenced
(see, e.g., refs 12—14).

In the present paper a comprehensive method is described
that permits the rapid analysis of both the water-soluble and
water-insoluble fatty components of butter and margarine.
Among the readily quantifiable compounds are the common
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Table 1. Content of Polar Components in Butter and Margarine Samples of Different Brands (Micrograms per Gram of Butter)?

brand type taste? formic acid benzoic acid sorbic acid lactic acid citric acid acetic acid butyric acid lactose (mg/g)

A ++ 21 0 0 0 0 1 13 1.06
B1 +++ 35 0 0 1017 444 159 0 12.54
B2 ++ 31 0 0 178 437 33 0 11.51
B3 ++ 2 0 0 546 221 197 0 719
B4 salted ++ 3 0 0 0 408 9 0 10.41
B5 salted ++ 2 0 0 0 298 7 0 7.87
C salted - 24 0 538 0 0 8 0 0.60
D salted - 4 0 0 1788 0 27 222 0.84
E salted ++ 3 0 0 0 241 6 0 713
F salted + 9 0 54 82 47 21 0 1.51
G salted + 49 0 0 349 48 29 0 1.06
H salted + 29 0 261 295 0 42 0 1.28
| salted - 36 4 4 628 0 169 336 2.26
J salted —— 64 0 355 294 0 110 23 0

K ++ 10 0 0 115 618 30 0 9.28
L margarine 3 636 521 402 120 19 120 2.81
M margarine 8 227 200 0 156 16 0 0.79

@Brands A—J are brands of butter from Brazil. Brand K is a butter sample from Norway, and L and M are margarine brands from Brazil. * taste: +++ very good taste,

++ good taste, + not good/not bad, — bad taste, —— bad rancid taste.

preservatives sorbic acid and benzoic acid, and, furthermore,
the organic acids citric, acetic, lactic, butyric, and formic acid
and also the important rumenic acid, a CLA, to which has been
attributed anticancer activity.

In the present study 14 different samples of butter available
in Brazil were investigated as were 1 sample of a Norwegian
butter and 2 samples of margarine available in Brazil.

MATERIALS AND METHODS

Samples. Butter and margarine samples were obtained from com-
mercial establishments and maintained in the refrigerator until the
analysis was performed. All samples were analyzed well before the
date of validity of the product.

Preparation of Samples for Analysis. A quantity of 120-130 mg
of butter was weighed. To the butter was added 0.80 mL of deuterated
water (Cambridge Isotope Laboratories, 99.9% D) containing an exact
quantity (52.0 mg/100 mL) of the internal standard (tetradeuterotrim-
ethylsilylproprionate, sodium salt) and 0.80 mL of deuterated chloro-
form (CIL, 99.9%). After the butter had dissolved in the mixture and
the mixture had been allowed to stand for a few minutes for a good
separation of the layers, 0.50 mL of the water layer was transferred to
one NMR tube and 0.50 mL from the chloroform layer to another tube.
The pH of the water layer was verified, and in all cases it was between
5.5 and 6.0.

NMR Measurements. NMR spectra were obtained on a JEOL
Eclipse+ 400 spectrometer, operating at 400 MHz for protons and 100
MHz for carbon-13. All spectra were obtained at 25 °C, with a spectral
width of 10 ppm and a relaxation delay of 4 s, acquiring 16K data
points, leading to a recycle time of 8 s. An exponential line-broadening
was applied (0.3 Hz) and zero filling with a factor 4. For acquisition
of the '"H NMR spectra in D,0O, 1000 scans were recorded and the
water signal was suppressed by presaturation using the pulse program
H2SAT from the Delta NMR Processing and Control Software (JEOL
USA, Inc., version 4.3). '"H NMR spectra of the CDCl3 samples were
recorded with 100 scans. For identification of the observed signals,
2D NMR spectra were obtained. 2D-COSY, HSQC, and HMBC spectra
were used. These were all recorded with the standard Delta
software.

Quantitative Analysis. In the spectra recorded from the polar
fractions in D,0 individual signals were integrated and the quantities
of the compounds were calculated through comparison with the signal
from the internal standard. No corrections were made for differences
in relaxation times (see Results and Discussion). In the spectra recorded
from the apolar fractions in CDCl; the signals were integrated and the
integrals were related to the integral from the signals of the four protons
at the sn-1,3 position of glycerol at 4.30 and 4.15 ppm. The quantity
of rumenic acid was calculated using the integrals of the signals at

6.28, 5.94, and 5.65 ppm. Diglycerides were quantified by integration
of the signals at 5.08 and 3.71 ppm. The quantity of linoleic acid was
obtained from the integral of the signal at 2.80 ppm after subtraction
of the quantity of rumenic acid, which also gives a signal at this position.
The results are summarized in Table 2.

RESULTS AND DISCUSSION

Fifteen samples of butter (14 from Brazil and 1 from Norway)
and 2 samples of margarine (from Brazil) were investigated.
The samples are listed in Table 1, together with the results from
the analysis of the polar components. The 14 butter samples
from Brazil were of 10 different brands, indicated by the letters
A—J. From one brand of butter five different samples were
analyzed (B1—B5). Also indicated is the type of butter, salted
or not. Butter is a water-in-fat emulsion, and before analysis, a
separation was made between the polar and apolar components
by dissolving the butter in a water/chloroform mixture (see
Materials and Methods).

Polar Components. Figure 1 shows some representative
spectra from samples B1, I, and J. They show the great
variability in the spectra. Sample B1 was a sample from butter
with a pleasant taste and good texture. Sample J, on the contrary,
was rather rancid tasting. In the spectrum from this sample a
rather high quantity of sorbic acid was observed, a preservative
not usually present in butter. In fact, it is forbidden by Brazilian
legislation to add preservatives to butter (/5). Also, free butyric
acid was detected. Sample I, also a sample with a bad taste,
did show a high concentration of butyric acid, and furthermore
both sorbic and benzoic acid were detected, both at the rather
low concentration of 40 ug/g of butter. To get absolute
quantifications of the compounds present in the butter, a known
amount of a suitable standard was added to the solutions. The
signals in the 'H NMR spectrum of the standard should not
interfere with the ones from the compounds to be analyzed and
the ones from the solvent (in this case, water). The derivative
of TMS normally used as an internal standard for the chemical
shift values, (2,2,3,3-dy)-trimethylsilylproprionate (TMSP), was
found to be excellent for this purpose (/6); its spectrum contains
only one signal at 0.00 ppm, which does not overlap with any
other signal. For the experiment 52 mg of TMSP was accurately
weighed and dissolved in an exact quantity of deuterated water.
This solution was then used for the dissolution of the polar
components of butter.
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Figure 1. "H NMR spectra from the polar fraction of butter samples B1
(top), I (middle),and J (bottom), measured at 400 MHz in D,0.

Quantitative measurements by 'H NMR need some specific
precautions, aside from the obvious need for adequate signal-
to-noise ratio in the spectrum (/7). These are the avoidance of
differential saturation effects and the need to characterize the
NMR resonance line-shape properly (using at least 4 points/
Hz). To completely avoid the differential saturation effects the
spins should fully relax between pulses, demanding recycle times
of at least 5 times 7; (longitudinal relaxation or spin—lattice
relaxation time) of the slowest relaxing nuclei. In our experi-
ments a recycle time of 8.0 s was used, not sufficient to achieve
a complete relaxation of all nuclei, considering that formic acid,
the slowest relaxing compound, has a 7 of 8.0 s. Also, TMSP
has a rather long T of 3.2 s. To obtain the best accuracy for
the quantitations a correction can be made for the differences
in T using a mathematical correction factor for quantitation
(18), but it depends on the purpose of the measurements if this
is necessary. If a very accurate quantitation (+1%) of a single
compound is required, the correction factor can be used, and it
would also be advisable to make a calibration curve of that
compound. Care was also taken with the start and finish of the
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integral: for a NMR signal (Lorentzian line shape), the integral
should ideally cover 20 times the half-height line-width on each
side of the peak if it is to include 99% of it (10-20 Hz each
side) (17).

The amount of the compounds in the solution was calculated
from the integrals of the "H NMR signals as described under
Materials and Methods. The signals chosen for quantification
had as little as possible interference from other signals. For
example, in the case of lactic acid, the spectrum of this
compound has two signals, one at 4.09 ppm and one at 1.31
ppm. The signal at 1.31 ppm did in most spectra show
interference with an underlying signal of probably free fatty
acids, making this signal unsuitable for quantification. The other
signal, however, was in all spectra essentially free from
interference. It was possible to quantify accurately microgram
amounts of the compounds, leading to a detection limit in the
low micrograms per gram of butter range for the compounds.
The exact detection limit depends on the specific signals used
for the quantification; for example, for acetic acid, one singlet
is obtained for all three protons in the molecule, leading to a
low detection limit, whereas for, for example, sorbic acid,
multiplets are obtained for any proton in the molecule, leading
to a higher detection limit. The main limitation in the precision
of the measurements (5%) was the signal-to-noise relation of
the signals. Consequently, a higher precision can be obtained
and even much smaller quantities can be quantified, when a
higher number of scans are obtained or higher field NMR
spectrometers or special probes are used.

All spectra were obtained from samples of butter qualified
as “Manteiga Extra” and which thus should fulfill the highest
requirements for quality and taste (/9). Types of butter with a
lower quality are qualified as “Manteiga de primeira qualidade”
or “Manteiga de segunda qualidade”. The latter is commonly
known as “Manteiga comum”. These were not investigated in
this paper. In Figure 2 a listing is given of the compounds
detected and quantified in the analyzed samples. Compounds
belonging to different classes are detected (see Table 1), and it
was surprising to encounter the sometimes completely different
profiles of the aqueous extracts (Figure 1). Remarkable was
the fact that in five brands of butter preservatives (benzoic and/
or sorbic acid) were detected, which according to Brazilian
legislation should not be present (/9). Sorbic acid was detected
in five brands, and the levels were between 41 and 538 ug/g of
butter. Benzoic acid was detected in only one brand at a level
of 41 ug/g. In an investigation of butter samples from Taiwan
similar levels of these preservatives were found (20). In butter
samples from The Netherlands very low levels of benzoic acid
were reported, between 0.8 and 2.2 ug/g, which may correspond
to the natural level (27).

In margarine the addition of preservatives is permitted, and
in both investigated brands benzoic acid and sorbic acid were
found (Figure 3).

Organic acids are natural constituents from all dairy products,
including butter. Formic acid was detected in all samples at
levels between 2 and 64 ug/g of butter. Lactic acid was not
found in five brands of butter. The levels encountered varied
between 82 ug and 1.79 mg per gram of butter. Citric acid was
not found in six brands, and in the other brands the levels varied
from 47 to 618 ug/g. Acetic acid was present in all samples,
and the levels varied from 6 to 271 ug/g. Finally, butyric acid
was detected in four brands in levels from 13 to 336 ug/g.

In the margarine samples the organic acids were also seen,
but in sample M no lactic acid and no butyric acid could be
detected.
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Figure 2. Structural formulas of compounds observed in the 'H NMR spectra, with the chemical shifts of the most important signals (s, singlet; d,

doublet; t, triplet; g, quartet; st, extet).
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Figure 3. 'H NMR spectra from the polar fraction of margarine samples
M (top) and L (bottom), measured at 400 MHz in D,0.

Lactose was detected in all but one sample of butter and in
both samples of margarine. The levels were from 0.60 to 12.54
mg/g of butter.

The concentrations of organic acids and lactose do reflect
details of the production process of butter. The normal
concentration of lactose in milk varies from 3.8 to 5.5% (22),
and by fermentation the lactose is converted to lactic acid. Citric

acid, normally present in milk in a concentration of about 0.2%
(23), is converted to acetic acid by souring of the milk. Butyric
acid is a major component of the triglycerides of milk fat,
present at a level of about 3.5%, and distinguishes it from other
fats. This characteristic has been used to determine the milk fat
percentage of mixed fats (24). However, the levels of free
butyric acid should be low in milk, normally 0.3-1 mM (25).
By lipolysis free fatty acids are produced, and the liberation of
short-chain fatty acids leads to a rancid flavor of milk or milk
products (25). The quantity of free short-chain fatty acids is
thus an important parameter for the quality evaluation.

It is clear that from the analysis of the aqueous extracts, data
are obtained on a large number of key compounds. Without
NMR a series of different HPLC or GC analyses would be
required to obtain similar data (26).

Correlations of the taste of the butter with the NMR profiles
were observed. Good taste seemed to correlate with higher
lactose and citric acid levels, whereas rancid taste correlated
with higher levels of free butyric acid. However, the taste of
butter is determined by many factors, specific flavor compounds
that are present in very small quantities (27).

The low levels of lactose in a number of butter samples,
usually accompanied by equally low levels of citric acid, point
to a probable difference in production procedure. After churning,
the excess of milk is removed and the remainder is homog-
enized, leading to the inclusion of about 15-18% of milk liquid
in the butter. Considering an average lactose concentration of
about 5% in milk (7), this would correspond to a lactose
concentration of 7.5—9.0 mg/g of butter. After the separation,
it is possible to do a washing step of the butter particles, leading
to substitution of the residual milk. This seems to have occurred
with many butter brands, leading to an about 10-fold decrease
in lactose and citric acid levels. This also seems to lead then to
a decrease of taste.

Apolar Components. In the apolar extracts the fats from
butter were analyzed. Traditionally the fatty acids are analyzed
after hydrolysis of the glycerides (4), but with NMR the
glycerides are directly analyzed in the extract. Individual fatty
acids in the glycerides were quantified by relating specific
signals to the signal of the sn-1,3 glycerol position from the
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Table 2. Interpretation of the 'H NMR Spectra from the Apolar Fraction of Butter and Margarine (400 MHz, CDCls)?

double bond®

double bond"

brand rumenic acid®, % linoleic acid®, % diglycerides?, % noJFA x 100%, % FA with =1, % fatty acids?, % av no. of H"
A 1.08 1.32 1.72 31.1 29.3 97.7 17.3
B1 0.88 1.69 2.02 30.0 26.7 98.2 171
B2 0.81 1.46 1.69 29.8 26.3 95.4 16.9
B3 0.97 1.43 2.21 31.1 28.6 97.8 174
B4 0.76 1.83 1.71 29.6 26.8 98.3 17.2
B5 0.68 1.87 1.68 31.2 29.1 99.4 17.2
C 0.65 1.91 1.96 30.1 274 98.0 17.2
D 1.07 0.94 3.41 32.1 315 100.3 18.6
E 0.50 1.74 1.66 27.9 26.4 97.7 17.3
F 0.87 1.59 1.51 31.9 30.4 98.5 17.3
G 1.01 1.01 1.62 30.1 28.5 97.0 17.5
H 0.96 2.24 1.79 34.1 31.8 97.6 17.5
| 0.87 1.29 2.77 29.5 27.8 98.3 17.4
J 0.90 1.21 2.03 29.4 28.0 98.4 17.6
K 0.59 2.16 1.48 32.7 31.0 1014 17.7
L 0 36.19 0.46 118.2 79.6 99.3 17.9
M 0 35.19 0 115.8 72.8 94.6 17.5

@ All quantifications are in relation to the signal of the hydrogens at the sn-1,3 position of glycerol in triglycerides at around 4.2 ppm and reflect the percentage in relation
to the maximum possible number of fatty acids linked to glycerol. ® Rumenic acid was quantified by integration of the signals at 6.28, 5.94,and 5.65 ppm. °Linoleic acid
was quantified by integration of the signal at 2.80 ppm and subsequent subtraction of the quantity of rumenic acid. ? Diglycerides were quantified by integration of the
signals at 5.08 and 3.71 ppm. © Quantity of double bonds calculated through integration of the signals around 5.30 ppm and corrected for the contribution of the sn-2 signal
of triglycerides. The number represents the number of double bonds divided by the total number of fatty acids x 100%. "Quantity of double bonds calculated through
integration of the signals at 2.0 ppm. The number represents the percentage of fatty acids with at least one double bond. ¢ Quantity of fatty acids bound to glycerol,
calculated through the signal at 2.30 ppm. " Average number of hydrogen atoms per fatty acid chain contributing to the integral of the signal at 1.2 ppm.
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Figure 4. "H NMR spectrum from the apolar fraction of butter sample
B4, measured at 400 MHz in CDCl,. The region showing the signals
from rumenic acid and diglycerides has been amplified.

triglycerides at about 4.2 ppm (see Table 2). Rumenic acid can
be detected directly in the spectra due to its specific signals
(Figure 4). The identification of this compound was verified
with two-dimensional NMR spectra. In all butter samples this
fatty acid was found, and the levels were between 0.50 and
1.08%. In the margarine samples no rumenic acid was detected
(Figure 5).

Rumenic acid is a specific unsaturated fatty acid, which is
derived from grass and excreted by the cow to the cow milk.
Its biosynthesis has been reviewed by Bauman et al. (27). To
this fatty acid an anticancer effect is attributed (5-9), which
was confirmed in some recent large-scale studies (28). The
quantification of this compound in butter is traditionally done
by GC-MS, but it is a difficult and laborious analysis (4, 13).
Due to the relatively low quantities the accuracy of the
measurement of this compound with NMR is not very high
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Figure 5. 'H NMR spectrum from the apolar fraction of margarine sample
L, measured at 400 MHz in CDCls.

(£10%), but the method rapidly displays differences between
butter samples.

Interestingly, next to the triglycerides, also the content of
diglycerides can be determined. They display the characteristic
signals from the glycerol part with a free hydroxyl at position
3. At 5.08 ppm the pentet from H-2 is seen and at 3.71 ppm,
the doublet from both H-3 protons. In the traditional methods
for the analysis of the fats in butter, the glycerides are
hydrolyzed before the analysis of the fatty acids. The level varied
from 1.48 to 3.41%. In one of the margarine samples also some
diglyceride was found, 0.46%.

Linoleic acid has a specific NMR signal due to the signal of
the methylene group located between the two double bonds.
This appears at 2.80 ppm. Also, one of the methylene groups
next to the double bonds of rumenic acid appears at this position;
therefore, a correction is necessary to calculate the linoleic acid
quantity. The linoleic acid levels were calculated to be between
0.94 and 2.24% in the butter samples. In the margarine samples
the levels were around 36%.

Besides the higher levels of linoleic acid in margarine also
the much higher percentage of other unsaturated fatty acids (e.g.,
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oleic acid) is evident (Figure 5). The signal at 5.3 ppm
corresponds to the hydrogens linked to double bonds and from
this signal the relative quantities of the different types of fatty
acids can be estimated from the relative integrals of the observed
signals in the 'H NMR spectra. In margarine the average
quantity of double bonds per fatty acid is 1.2; thus, the quantity
is 120% in relation to the quantity of fatty acids (Table 2).
This is mainly due to the high percentage of linoleic acid. In
butter this percentage is about 30%. The signal at about 2.0
ppm is related to the methylene groups next to the double bonds
and also indicates the percentage of unsaturated fatty acids, but
in this case the percentage reflects the percentage of fatty acids
with one or more double bonds.

Also, the other signals observed in the spectra can be
interpreted. The signal at 2.3 ppm corresponds to the methylene
of the fatty acid located next to the ester bond, whereas the
signal at 1.6 ppm corresponds to the methylene [ to the ester
bond. At 0.9 ppm the signal corresponding to the terminal
methyl groups can be observed. The signal at 1.2 ppm
corresponds to most other methylene groups in the fatty acids.
With the integral of this signal the average number of protons
of these methylene groups can be calculated (Table 2). In this
value butter and margarine are similar, due to the presence of
a high percentage of unsaturated fatty acids in margarine and
the presence of a high percentage of short-chain fatty acids in
butter.

The presented method for the analysis of butter and margarine
with "H NMR yields for each sample characteristic fingerprints,
which reveal many details about the composition, production
process, and quality. Many possibilities exist for the use in
quality control and process monitoring; a few examples include
the detection of unallowed additives, such as preservatives, the
detection of microbial deterioration by increasing levels of
butyric acid, and the comparison of levels of rumenic acid in
different types of butter.
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