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Detection and Semiquantitative Estimation of Penicillin G and Cloxacillin in Milk

by Thin-Layer Chromatography

William A. Moats

Milk was deproteinized with 2 volumes of acetonitrile. Cleanup was accomplished by partitioning between
buffers and organic solvents first at acid pH (2.2), then at neutral pH (7), and finally into methylene
chloride from pH 2.2 buffer. An aliquot of the methylene chlorine extract was spotted for thin-layer
chromatography on silica gel plates that were developed with chloroform-acetone—glacial acetic acid
(10:9:1). Penicillins were visualized by spraying the plate with 1 N HCl and then with starch solution.
The plates were partially dried and exposed to iodine vapor. Penicillins formed blue-black spots. About
0.02 ug of penicillins in up to 5 mL of milk (0.004 ppm) could be readily detected.

Bioassay procedures for detection of penicillin in milk
were originally developed when the only penicillin in
common use with farm animals was penicillin G. In recent
years, several of the newer semisynthetic penicillins have
become available for use in treatment of mastitis and other
animal diseases. While bioassay procedures can distinguish
resulting penicillin residues from other antibiotics by use
of penicillinase, they cannot distinguish penicillins from
one another.

Chromatographic methods provide a means of separa-
tion and identification of different penicillins. The use of
high-performance liquid chromatography (HPLC) for
determination of certain penicillins in milk has been de-
scribed in a separate paper (Moats, 1983). Thin-layer
chromatography (TLC) on silica gel plates has been used
to separate penicillins from one another (McGilveray and
Strickland, 1967; Hellberg, 1968) and from metabolites and
decomposition products (Fooks and Mattok, 1969; Birner,
1970; Manni et al., 1973). Separation of penicillins on
reversed-phase plates was described by Biagi et al. (1969).
Applications of TLC to residue analysis include deter-
mination of ampicillin in meat (Rybinska, 1980) and milk
(Rybinska, 1981) and ampicillin and penicillin G in animal
tissue (Yoshimura et al., 1981), all on silica gel plates with
bioautography, and determination of four g-lactam anti-
biotics in milk using reversed-phase plates with bioau-
tography (Herbst, 1982).

The present paper describes a method for determination
of penicillin G and cloxacillin in milk using TLC together
with a sensitive and relatively specific chemical procedure
for visualizing the penicillins that is simpler and faster than
the bioautographic method.

EXPERIMENTAL SECTION

Reagents. Methylene chloride, acetonitrile, and pe-
troleum ether (3060 °C) were residue analysis grade; all
others were reagent grade. Penicillin standards were ob-
tained from Sigma Chemical Co. Stock solutions of 1
mg/mL were prepared in water and appropriate dilutions
used. Thin-layer plates were E. Merck silica gel 60 HPT-
LC plates, 10 X 10 cm or 10 X 20 cm. Milk was obtained
from the Beltsville herd and local commercial sources.

Equipment. An automatic spotter for TLC (Kontes
Glass Co.), chromatographic tanks, Buchler Rotary Eva-
pomix, and a Vortex mixer were used. Glassware was
cleaned in special detergents for critical cleaning and rinsed
in 1% HCI to ensure freedom from detergent residues.
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Extraction of Sample: Milk. Twenty milliliters of
milk was mixed with 40 mL of acetonitrile in a small flask
with vigorous swirling. After the precipitated proteins
settled, the supernatant liquid was decanted through a
plug of glass wool in the stem of a funnel and 30 mL of
the clear to slightly opalescent filtrate collected.

For determination of recovery, appropriate dilutions of
penicillins in water were added to the milk prior to ex-
traction.

Cleanup. The acetonitrile extract was transferred to
a separatory funnel and 5 mL of 0.1 M, pH 2.2, phosphate
buffer was added. The mixture was extracted with 20 mL
and then 10 mL of methylene chloride. The combined
methylene chloride extracts were collected in a clean
separatory funnel and 40 mL of petroleum ether (30-60
°C) was added. The organic layer was washed twice with
2-mL portions of water, which were discarded. It was then
extracted 3 times with 1-mL portions of 0.01 M, pH 7,
phosphate buffer. The combined pH 7 extracts were
collected in a clean separatory funnel and 2 mL of 0.2 M,
pH 2.2, phosphate buffer was added. The buffer layer was
extracted with two 3-mL portions of methylene chloride,
which was collected in a 15-mL conical graduated cen-
trifuge tube. The methylene chloride was concentrated
to 1 mL in the Buchler Rotary Evapomix.

Thin-Layer Chromatography. An aliquot equivalent
to 2-5 mL of the original sample, depending on sensitivity
desired, was spotted on the TLC plates by using an au-
tomatic spotter (Kontes Glass Co.). Appropriate dilutions
of penicillin standards in water were also spotted. The
plates were developed with chloroform—-acetone—glacial
acetic acid (10:9:1 v/v/v) to within 1 cm of the top. The
plates were removed from the chromatographic tank, dried
with a stream of warm air, and sprayed until moist with
1 N HCI. After 10 min, the plates were dried and sprayed
until moist with 0.5% soluble starch. The plates were then
partially dried in a stream of warm air and placed for about
30 s in a closed chromatographic tank with iodine crystals
on the bottom.

RESULTS AND DISCUSSION

Penicillins have a carboxyl group with a pK, of about
2.7 (Hou and Poole, 1971). The acid forms of nonam-
photeric penicillins are soluble in organic solvents, which
provides the basis for isolation methods. However, some
penicillins are rapidly degraded under strongly acid con-
ditions (Hou and Poole, 1971) so these must be avoided
in the isolation procedure.

It is desirable to deproteinize biological materials prior
to extraction with organic solvents to prevent formation
of emulsions. It is also desirable to remove lipids that
would be coextracted with organic solvents and interfere
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