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Abstract The consumers should have access to food that
is safe and free of contaminants. Unfortunately, the wide
use of antibiotics in livestock, not only for medicinal
purposes but also as illegal feed additives, may be the
reason for emergence of the antibiotic residues in food-
stuffs of animal origin. Milk is one of the most essential
nutrients for humans during their lifetimes. Failure of the
withdrawal periods, or what is highly prohibited but in
spite of this increasingly practiced, addition of the antibi-
otics to milk in order to prolong its freshness, may lead to
occurrence of their residues. Cefacetrile is a first generation
cephalosporin that is commonly use for the treatment of
bovine mastitis. The aim of this work was to determine the
stability of cefacetrile in milk samples of different fat
content, that is, 0, 2, 3.2 % UHT, 2 % pasteurized
and ~3.9 % raw cattle milk, for 5 days. Two chromato-
graphic methods were applied and compared for this pur-
pose, that is, thin-layer chromatography and high-
performance liquid chromatography. According to the
results coming from HPLC-UV analysis, the stability of
cefacetrile increase with the increase in the fat mass con-
tent in UHT milk. The cefacetrile level in pasteurized and
raw cattle milk is similar to that in 3.2 % UHT milk. For
the TLC method, this relation can be observed only in the
second day of the analysis. The spiked milk samples ana-
lyzed by HPLC were deproteinized with MeCN and stored
for 5 days of the experiment. Whereas, in the TLC-UV
method, the spiked milk samples prepared in the first day
of experiment were analyzed directly, without deprotein-
ization. The lower stability of cefacetrile in milk samples
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observed from the TLC analysis can be related to its partial
enzymatic decomposition.
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Introduction

Milk is a complex body fluid that is a complete nutrient for
all newborn mammals and the sole food in the early stages
of their development [1]. It can be considered as one of the
most important feeding resources for human, taking into
account all the milk fermentation and transformation
products, as it contains essential nutritional, immunological
and biologically active components [2]. The bioactive
functions are carried out mainly by milk proteins or pep-
tides through a protein—protein interaction mechanism [3].
The bioactive peptides may affect the major body systems,
like the cardiovascular, digestive, immune and nervous
systems [4]. Other bioactive substances that milk contains
include hormones, oligosaccharides, fucosylated oligosac-
charides, growth factors and gangliosides.

Bovine milk is composed of approximately 87 % water,
5 % lactose, 4 % lipid, 3.2 % protein and 0.7 % mineral
salts [5]. However, the composition varies depending on
various factors, such as a stage of lactation or animal
nutrition. The widespread use of antibiotics in livestock, to
prevent or treat bacterial infections, can lead to the pres-
ence of their residues in meat and dairy products. Fur-
thermore, antibiotics are frequently added to feed as growth
promoters or directly to milk to prolong its freshness [6].
The occurrence of antibiotic residues in raw milk may
inhibit starter cultures used in production of dairy products,
such as a cheese or yogurt and in the consequence causes
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costly economic losses to the diary industry [7]. Pasteuri-
zation and other forms of heat treatment remove patho-
genic microorganisms but have limited effects on antibiotic
residues [8]. Most of all, the residues of antibiotics might
have undesirable effects on consumer health, causing
allergic reactions in hypersensitive individuals or promot-
ing bacterial resistance.

To prevent the consumers and keep the antibiotic res-
idues out of the food chain, the regulatory authorities
have established the withdrawal periods for antibiotics
that must be observed by producers before the milk from
the treated cows can be sent to the market. Maximum
residue limits (MRLs) of antibiotics in foodstuff of animal
origin, taking into account the daily acceptable intake of
each antibiotic and maximum food intakes, were also
established. In the EU countries, monitoring of antibiotic
residues in food is regulated in Council Directive 96/23/
EC 1996 [9].

Cefacetrile belongs to a first generation of cephalospo-
rins and exerts higher activity against Gram-positive bac-
teria than against Gram-negative ones [10]. This antibiotic
is widely used in veterinary medicine, for example, for
treatment of bovine mastitis. Therefore, there is a threat of
emergence of its residues in meat or milk intended for the
consumption. The withdrawal period for commercially
available products containing cefacetrile equals 3 days for
milk and 7 days for meat. The established MRL of cefac-
etrile in bovine milk equals 125 pg kg™

The aim of this study was to investigate the stability
of cefacetrile in milk samples varying in fat mass con-
tents and origin, that is, 0 % UHT, 2 % UHT, 3.2 %
UHT, 2 % pasteurized and ~3.9 % raw cattle milk, for
5 days. Two chromatographic methods were applied and
compared for this purpose: Thin-layer chromatography
that does not require special sample preparation, and
high-performance liquid chromatography for which the
preparation of milk samples is necessary before the
analysis.

Materials and methods
Reagents

Standard of cefacetrile was purchased from Novartis Ani-
mal Health (Basel, Switzerland). Hexane, ethyl acetate,
toluene, methanol (MeOH), phosphoric acid and 98 %
formic acid were of analytical grade and were purchased
from POCH (Gliwice, Poland). Potassium phosphate
monobasic was from Chempur (Piekary Slaskie, Poland).
Acetonitrile (MeCN) HPLC grade was purchased from
Merck (Darmstadt, Germany).
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Table 1 Composition and properties of milk samples

Composition 0% fat 2 % fat 3.2 % Pasteurized Raw
(in 100 mL) UHT UHT fat 2 % milk cattle
milk milk UHT milk
milk

Energy values  134/32  210/50 252/60  193/46 277/
(kJ)/(kcal) 66

Protein (g) 32 32 32 29 32

Carbohydrates 4.7 4.7 4.7 4.3 4.8
®

Lipids (g) 0.0 2.0 32 2.0 39

Standard solutions of cefacetrile

The standard stock solution at 1.0 mg mL ™" of cefacetrile
was prepared in methanol (for TLC-UV analysis) or in
MeCN/water (15:85) (for HPLC-UV analysis). The work-
ing standard solutions were prepared by appropriate dilu-
tion of the standard stock solution.

Milk samples

UHT milk with 0, 2 or 3.2 % fat mass content and pas-
teurized milk with 2 % fat mass content were purchased
from the local shop in Lublin, Poland. The raw cattle milk
was obtained from the local farmer (Lubelskie, Poland)
(Table 1).

The milk samples containing cefacetrile at a concen-
tration of 1.0 and 0.5 mg mL~"' were prepared by fortifi-
cation of 1.0 mL of milk with 1.0 or 0.5 g of the antibiotic,
respectively. The milk samples containing cefacetrile at
concentrations of 0.1 mg mL ™' were prepared by fortifi-
cation of 0.9 mL of milk with 0.1 mL of the working
standard solution at concentration of 1.0 mg mL~"'. The
milk spiked with cefacetrile was applied directly, without
any pretreatment, on TLC plates.

For HPLC-UV analysis, the milk samples were depro-
teinized as follows: 1 mL of MeCN was added to 1 mL of
each milk sample. Next, the samples were vortex for 20 s
and then, centrifuged at 8,400 g for 15 min. The superna-
tants were transferred to the new vials and stored at
—20 °C in freezer during 5 days of the experiment. The
blank milk samples were prepared according to the same
procedure but without addition of the cefacetrile.

Thin-layer chromatography with UV detection
(TLC-UV)

TLC analysis was performed on precoated TLC Si60 F,s4
glass-backed plates 20 x 10 cm with concentrating zone
2.5 x 10 cm from Merck (Darmstadt, Germany). DS-L
chambers were obtained from Chromdes (Lublin, Poland).
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Fig. 1 TLC chromatogram of: a (/,2) cefacetrile methanol standard
(1.0 mg-mLfl), (34 0% UHT milk spiked with cefacetrile at
1.0mgmL™"; b (1,2) 2% UHT milk spiked with cefacetrile
at 1.0 mg-mL™", (3,4) 3.2 % UHT milk spiked with cefacetrile at
1.0 mg-mL™"; ¢ (1,2) 2 % pasteurized milk spiked with cefacetrile
at 1.0 mg-mL_l, (3,4) raw cattle milk spiked with cefacetrile at

The areas of the spots were measured using Reprostar 3
Video Camera from Camag (Muttenz, Switzerland). The
plate images were documented by DigiStore 2 Documen-
tation System (Camag) and analyzed using winCATS
software version 1.4.1 (Camag).

A volume of 10 pL of the cefacetrile standard solutions
and the milk samples spiked at the same concentration
level were applied on the TLC plate in the middle of
trapezoidal-shaped regions created by the incision of the
concentrating zone. Next, the TLC plates were set into DS-
L chambers and predeveloped with hexane to remove lipids
from the milk samples. After air-drying, the TLC plates
were developed to a distance of 9.0 cm with a proper
solvent system, that is, methanol-toluene—ethyl acetate—
98 % formic acid (5:20:65:10). The areas of the cefacetrile
spots were measured at 254 nm using the video camera.
The standard solutions and milk samples spiked with

1.0 mg-mLfl; d blank milk samples (/) 0 % UHT milk, (2) 2 % UHT
milk, (3) 3.2 % UHT milk, (4) 2 % pasteurized milk, (5) raw cattle
milk. The TLC Si60 F,s, plates with concentrating zone were
predeveloped with hexane, next with mobile phase methanol-toluene—
ethyl acetate-98 % formic acid (5:20:65:10, v/v/v/v). The volume
applied was 10 pL

cefacetrile at concentration of 0.1, 0.5, 1.0 mg mL~! were
analyzed twice on first, second, third and fifth day after
preparation.

High-performance liquid chromatography with UV
detection (HPLC-UV)

HPLC-UV analysis was carried out using LC-10ADyp
pump (Shimadzu, Kyoto, Japan) equipped with UV/VIS-
155 detector from Gilson (Middleton, USA). The separa-
tion was performed on PhenoSphere-NEXT column (5 pm,
4.6 x 150 mm) from Phenomenex (Torrance, USA) using
MeCN/water (pH 3, adjusted with H;PO,) (15:85, v/v) as
the mobile phase at a flow-rate of 1.0 mL min~' at the
ambient temperature. The injection volume was 10 pL.
The data were collected and analyzed using CSW32
Chromatography Station from DataApex (Prague, Czech
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Fig. 2 HPLC chromatograms
obtained for 0 % UHT milk
sample containing cefacetrile
(1 mg mL™"); analyzed in the ™ = g“”f:]
first, second, third and fifth day [} D:;m
after preparation 08 - W DayIV
(tg = 4,62 min). PhenoSphere-
NEXT column (5 pm, s
4.6 x 150 mm), mobile phase: 5089
MeCN/water (pH 3, adjusted E 4
with H3PO,) (15:85, v/v), flow- & 041
rate of 1.0 mL min~". The fi
injection volume was 10 uL b :r
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Republic). The standard solutions and deproteinized milk
samples spiked with cefacetrile at concentration of 0.1, 0.5,
1.0 mg mL ™" were analyzed twice on first, second, third
and fifth day after preparation.

Results and discussion

TLC is a simple, rapid and cheap analytical method. One of
the biggest advantages of this method is no need for special
sample preparation. However, this may lead to occurrence
of crooked front of the mobile phase or tailing effect,
particularly, when the complex matrix samples are ana-
lyzed. In order to obtain a regular front of developing
solvent, standard solutions and milk samples were applied
in the middle of trapezoidal-shaped regions prepared by
incision in the TLC plate’s concentrating zone [11, 12].
During the development of the chromatogram, large pro-
tein molecules have remained on the concentrating zones.
To avoid tailing of the cefacetrile spots caused by the
presence of the milk lipids, predevelopment with a lipo-
philic solvent was done before the development with a
proper solvent system. Cefacetrile was initially concen-
trated on the border of wide and narrow porous silica gel,
and then, as a narrow band migrate along the TLC plate
free of the matrix (see Fig. 1).

The stability of cefacetrile in milk samples with various
fat content and of different origin was studied using TLC-
UV and HPLC-UV (see Fig. 2) methods on the first, second,
third and fifth day after preparation of the samples. Table 2
compares the results obtained for the both methods.

The stability of cefacetrile decreases in the subsequent
days of the analysis regardless to the type of the milk
samples. Figure 3 presents the recovery of cefacetrile in
milk samples, calculated relative to the samples prepared in
the first days of the experiment.
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Retention time (min)

The results of the recoveries of cefacetrile in milk
samples vary for both methods applied. According to
TLC-UV method, on the fifth day of experiment, the
highest recoveries of the antibiotic were obtained for 2 %
pasteurized milk, followed (in order from the highest to
the lowest recoveries): by raw cattle milk and 2 % UHT,
0 % UHT and 3.2 % UHT. While, according to the results
of HPLC-UV analysis, the recoveries of cefacetrile
decrease in the following order (from the highest to the
lowest recoveries): 2 % pasteurized milk, raw cattle milk,
32 % UHT, 2 % UHT and 0 % UHT. This order is
characteristic for the all days of the experiment and indi-
cates that the stability of cefacetrile increases with the
increase in the fat mass content in UHT milk. The stability
of the antibiotic in pasteurized and raw cattle milk remains
at the similar level as in 3.2 % UHT milk. In case of TLC
method, this relation can be observed only for the results
obtained on the second day of the analysis. On the third
and fifth day, the stability of cefacetrile significantly
decreases in 3.2 % UHT and raw cattle milk. The per-
centage loss of the antibiotic in milk samples for TLC-UV
is even five times bigger than for HPLC-UV. The differ-
ences in the results obtained may refer to the fact that in
HPLC-UV method, the milk samples deproteinized with
MeCN were analyzed, whereas in TLC-UV method, the
milk samples were analyzed directly, without any special
preparation. The lower stability of cefacetrile in samples
for TLC analysis can be connected with its partial
decomposition in milk matrix that is related probably to
milk enzymatic system.

The calibration curves were constructed for cefacetrile
standard solutions and milk samples by plotting the con-
centration of cefacetrile in standard solution/milk versus the
area of spot (for TLC-UV) or peak area (for HPLC-UV). The
calibration curves for HPLC-UV method show good
linearity both for cefacetrile standard solution (y = 71.673
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Table 2 The mean peak area of
cefacetrile obtained Ey TLC-UV TLC-uv HPLC-UV
and HPLC-UV analysis, within Concentration of cefacetrile (ug mL™")
5 days of the experiment; n = 4
10 50 100 10 50 100
UHT milk with 0 % fat content
Day I 3,431.80 15,392.00 23,827.05 542.31 3,118.17 6,149.52
Day I 3,374.20 13,140.95 21,132.10 536.64 3,022.31 6,057.85
Day III 2,846.70 11,848.90 20,816.60 523.34 2,984.86 5,924.39
Day V 2,618.15 11,037.65 17,924.70 517.63 2,840.71 5,885.50
UHT milk with 2 % fat content
Day 1 3,812.65 14,497.55 24,758.15 561.16 2,999.52 6,154.87
Day I 2,903.10 14,116.15 23,270.20 542.27 2,814.69 5,958.85
Day 11T 2,797.85 13,935.05 22,421.10 532.02 2,749.57 5,784.78
Day V 2,681.35 13,451.10 19,284.00 530.98 2,677.71 5,646.55
UHT milk with 3.2 % fat content
Day I 3,774.15 19,278.45 23,387.05 590.10 3,147.12 6,329.06
Day II 2,479.10 18,009.90 22,049.08 580.63 3,081.79 6,270.36
Day III 2,025.60 16,142.65 20,304.40 570.66 3,026.91 6,187.64
Day V 1,905.20 9,316.95 17,357.55 558.96 2,949.59 6,053.23
Pasteurized milk with 2 % fat content
Day I 3,351.50 16,505.55 23,632.90 582.82 3,148.27 6,171.06
Day I 2,821.70 13,626.75 22,840.10 561.33 3,084.60 6,115.40
Day III 2,553.30 13,183.30 22,539.70 550.82 3,007.80 6,060.78
Day V 1,959.30 12,675.20 19,867.70 528.30 2,937.45 5,979.56
Raw cattle milk ~3.9 % fat content
Day 1 3,248.55 15,253.00 23,341.20 586.40 3,033.87 6,212.47
Day I 2,644.90 13,927.65 22,439.70 573.63 2,900.94 6,130.20
Day 11T 2,545.80 12,349.55 19,147.85 561.84 2,897.23 6,084.90
Day V 2,349.70 10,533.05 18,619.35 549.86 2,861.28 5,944.88
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Fig. 3 The recoveries (%) of cefacetrile in milk samples
(100 ug mL™") determined by a TLC-UV and b HPLC-UV methods
within 5 days of the experiment

— 43.269; R* = 0.9996) and milk samples (e.g., raw cattle
milk: y = 62.555 — 58.705; R* = 0.9999). The calibration
curves for TLC-UV show good linearity only for cefacetrile
standard solutions (y = 190.67 + 514.83; R? = 0.9926),
whereas for milk samples, the linearity is worse (e.g., raw
cattle milk: y = 220.73 4 2175.2; R* = 0.9693).

The applied TLC-UV method did not involve special
sample preparation. The milk samples were spotted directly
on the TLC plates, developed with hexane in order to
remove the milk lipids and then developed with a proper
solvent system. Worse linearity obtained for the milk
samples by TLC-UV indicate that for more complex
matrix, special sample preparation is necessary even before
semiquantitative TLC analysis. Good linearity obtained for
cefacetrile standard solutions by TLC-UV confirms that
this method is appropriate for pharmaceutical analysis.

Conclusion

TLC-UV and HPLC-UV were applied for the studies of the
stability of cefacetrile in milk samples and standard
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solution. TLC is a simple, cheap and rapid method that
allows semiquantitative determination of analytes. HPLC is
a quantitative method, with greater sensitivity than TLC,
however, which requires expensive equipment and use of
large amounts of reagents. The significant difference
between the two methods is no need for special sample
preparation prior to the TLC analysis, whereas sample
preparation is necessary prior to the HPLC analysis. The
selection of the method applied for the analysis of con-
taminated food samples should depend on the information
to be achieved.

The results obtained proved that for a quantitative
analysis, HPLC method is preferred. However, TLC seems
to be more appropriate method to study the stability of the
analytes in real food samples. The degradation of cefac-
etrile in milk samples depends on time, fat content and
milk enzymatic system which do not any longer exist in the
deproteinized samples for HPLC analysis. TLC enables the
direct studies without necessity of special sample pre-
treatment that can affect the results of the analysis.
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