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RESUMEN

Los residuos de 9 agentes antimicrobianos aprobados en
México para su uso veterinario en el ganado lechero (sulfa-
tiazol, sulfamerazina, sulfametazina, sulfacloropiridazina, sulfa-
monometoxina, sulfametoxazol, nitrofurazona, furaltadona y fura-
zolidona), así como de cloranfenicol, cuyo uso está prohibido en
la producción pecuaria, fueron determinados en leche entera
pasteurizada y comercializada en la Ciudad de México. Cuatro
industrias de leche (A, B, C y D) fueron estudiadas quin-
cenalmente durante un año (n=4×24=96). Los residuos fueron
analizados por cromatografía de líquidos de alta presión
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Introduction

Antimicrobial drugs, such
as sulfonamides, nitrofurans
and antibiotics, are widely
used for treatment and pre-
vention of disease in dairy
cattle.  Residues of these
drugs may therefore be
present in milk and can be a
health hazard to consumers,
considering that they may
cause allergic reactions in
sensitive persons (Thomson
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(HPLC) con detector UV. El porcentaje de muestras positivas a
residuos de sulfonamidas, fueron 47,2% (leche A); 58,3% (leche
B); 44,7% (leche C) y 50% (leche D). Los residuos de
sulfonamidas estuvieron en el intervalo de 1,9 a 180µg/kg.
Residuos de sulfatiazol y sulfamerazina fueron los más
encontrados. Sólo tres muestras (leche B) excedieron los niveles
de residuo máximo establecidos para sulfonamidas. No se
detectaron residuos de nitrofuranos en ninguna de las muestras
de leche analizadas. Residuos de cloranfenicol fueron detectados
en una muestra de leche (leche A) con un nivel de 27,2µg/g.
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SUMMARY

Residues of 9 antimicrobial agents approved in México for vet-
erinary use in dairy cattle (sulfathiazole, sulfamerazine, sulfamet-
hazine, sulfachloropyridazine, sulfamonomethoxine, sulfameth-
oxazole, nitrofurazone, furaltadone, and furazolidone) and non-ap-
proved chloramphenicol residues were studied every two weeks in
four commercial brands of Mexican pasteurized milk (A, B, C and
D) during one year (n=4×24=96). Drug residues were analyzed by
high pressure liquid chromatography HPLC with UV detection. Per-

centage of positive samples to sulfonamide residues were 47.2%
(Milk A), 58.3% (Milk B), 44.7% (Milk C) and 50% (Milk D). Sul-
fonamide residues ranged between 1.9 and 180µg/kg. sulfathiazole
and sulfamerazine were the most common residues found. Only
three samples (Milk B) exceeded maximum residue levels estab-
lished for sulfonamides. Nitrofuran residues were not detected in
any milk sample. Illegal Chloramphenicol residues were detected in
one milk sample (Milk A) in levels of 27.2µg/kg.
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and Sporns, 1995), increase
in the number of antibiotic
resistant pathogenic bacteria
(Honkanen and Reybroeck,
1997) and some of them,
like sulfamethazine and ni-
trofurazone are considered
to have carcinogenic proper-
ties (Paulson et al., 1992).

The monitoring of antimi-
crobial residues in commer-
cial milk is essential for en-
suring the safety and ad-
equacy of food, as well as

providing an indication of the
proper usage of these chemo-
therapeutics at the producer
level (Zomer et al., 1992).

The purpose of this work
was to evaluate the residual
levels of 9 antimicrobial
drugs (6 sulfonamides and 3
nitrofurans) approved for
veterinary treatments in
dairy cattle, as well as ille-
gal chloramphenicol residues
in whole pasteurized com-
mercial milk.

Materials and Methods

Procurement of milk

Three commercial brands
with wide national distribu-
tion (A,B,C) and one brand
(D) produced and distrib-
uted by the government
stores for the low income
population, were selected.
Sampling was carried out in
supermarkets (A,B,C) and
in government stores (D)
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detector UV. A porcentagem de amostras positivas a resíduos de
sulfonamidas foi de 47,2% (leite A); 58,3% (leite B); 44,7% (lei-
te C) e 50% (leite D). Os resíduos de sulfonamidas estiveram no
intervalo de 1,9 a 180µg/kg. Resíduos de sulfatiazol e
sulfamerazina foram os mais encontrados. Somente três amostras
(leite B) excederam os níveis de resíduo máximo estabelecidos
para sulfonamidas. Não se detectaram resíduos de nitrofuranos
em nenhuma das amostras de leite analisadas. Resíduos de
cloranfenicol foram detectados numa amostra de leite (leite A)
com um nível de 27,2µg/g.

RESUMO

Os resíduos de 9 agentes antimicrobianos aprovados no
México para seu uso veterinário no gado leiteiro (sulfatiazol,
sulfamerazina, sulfametazina, sulfacloropiridazina, sulfamono-
metoxina, sulfametoxazol, nitrofurazona, furaltadona e
furazolidona), assim como de cloranfenicol, cujo uso está proibi-
do na produção pecuária, foram determinados no leite integral
pasteurizado e comercializado na Cidade do México. Quatro in-
dústrias de leite (A, B, C e D) foram estudadas quinzenalmente
durante um ano (n=4×24=96). Os resíduos foram analisados
por cromatografia de líquidos de alta pressão (HPLC) com

every 2 weeks over  the
course of a year (n=24, for
each milk brand).

Reagents

Anhydrous sodium acetate,
glacial acetic acid (ACS, re-
agent grade). Water, acetoni-
tr i le,  hexane, methanol
(HPLC grade).  Acetone,
chloroform (residue grade).
0.02M sodium acetate buffer
solution, pH 4.8.

Mobile phases.-1) Sodium
acetate buffer solution
0.02M - Acetonitrile (95:5 v/
v). 2) Sodium acetate buffer
solution 0.02M - Acetonitrile
(80:20 v/v).

Extraction solution. Chlo-
roform - Acetone (2:1 v/v).
Prepared daily

Sulfonamide standards.
Sulfathiazole (Alldrich), sul-
famerazine, sulfamethazine,
sulfachloropyridazine and
sulfamonomethoxine (all
from Sigma),  and sul-
famethoxazole (Mexican
Pharmaceutical Standard).

Nitrofuran standards. Ni-
trofurazone, furaltadone
(both from Sigma) and fura-
zolidone (Mexican Pharma-
ceutical Standard).

Chloramphenicol standard
(Mexican Pharmaceutical
Standard).

Preparation of Standard
Solutions

Stock solutions. Accurately
weigh 25mg, to nearest
0.1mg of each one of the
standards into separate
weighing vessels, transfer to
separate 25ml volumetric
flasks (1mg/ml). Dissolve in
methanol.

Fortification solution
(10µg/ml of each substance
under study). Transfer 250µl
of each standard solution
(1mg/ml) into a single 25ml
volumetric flask, dilute to
volume with methanol, and
mix thoroughly.  Prepare
daily.

Sample extraction

Place a 10ml milk sample
in a 125ml separation fun-
nel. Add 50ml of extraction
solution and place stopper.
Shake vigorously for 1min;
carefully vent through stop-
per.  Do not vent through
stopcock because milk solids
clogging may result  in
sample loss.

Shake for an additional
1min, vent, and let phases
separate during 1min. Re-
peat shaking sequence and
let phases separate 5min.
Draw off extraction solution,
filtering through filter paper
washed with the extraction
solution, and collect in a
100ml round bottom flask,
taking great care to prevent
milk from entering stopcock.
Add 25ml extraction solution
to separation funnel and re-
peat the procedure exactly
as before. Add this extract
to the one previously drawn.
Rinse filter with extraction
solution (2×5ml) and add to
the other extracts.

Sample preparation

Carefully evaporate the
extracts  col lected in  the
100ml round bottom flask,
unti l  dryness on a rotary
evaporator  a t  32°C.  Dis-
solve the residue in  1ml

0.02M sodium acetate
buffer solution, agitating for
1min on a  vortex mixer.
Add 5ml hexane and vortex
for 1min. Using a Pasteur
pipette, transfer phases to
15ml conical tubes and let
phases separate  during
2min. Immediately vortex
for another 1min. Let the
phases separate for >15min.
Remove aqueous layer with
a Pasteur pipette and place
in a 2ml vial. Note that the
aqueous layer will be ho-
mogeneous; therefore it is
not  necessary to  remove
100% of layer; 50-75% of
the aqueous layer  is  ad-
equate for two injections).
Using a 3ml syringe, filter
the aqueous layer through
nylon filter 0.45µm, 13mm.
Store in sealed vials.

Apparatus

Equipment .  Determina-
tions were made in a HPLC
system from Merck Hitachi,
with variable UV detector, a
250×4.6mm reversed-phase
C18 column, 5µm particle
size (LiChroCART 250-4,
Merck 1.50838), and a 2cm
guard column.

Operat ing condi t ions .
Flow rate  of  1 .0ml/min
(sulfonamides) or 1.2ml/min
(nitrofurans), standard injec-
t ion volume of  5µl  and
sample injection volume of
20µl .  Running t ime of
45min for sulfonamides and
chloramphenicol ,  and of
15min for nitrofurans. Chart
speed of 0.5cm/min. Detec-
tor sett ings at  275nm for
sulfonamides and chloram-
phenicol, and at 370nm for
nitrofurans.

Chromatographic Systems.
Two chromatographic sys-
tems were used:

1) For the 6 sulfonamides
and chloramphenicol, a gra-
dient system was used em-
ploying the two mobile
phases indicated above as 1)
and 2),  and the following
time schedule:

Time (min) 0 5 20 30 35 45
% B 0 0 100 100 0 0

2) For the nitrofurans de-
termination an isocratic sys-
tem was used, employing
mobile phase B.

Samples were first ana-
lyzed using the isocratic sys-
tem and then with the gradi-
ent system, after an equili-
bration time of 1h.

Quality assurance of HPLC
methodology

The HPLC analysis of the
10 studied residues in milk
has been described previ-
ously (Pérez et al. ,  2001)
and it is based on the AOAC
official method 993.32 for
multiple sulfonamide resi-
dues (AOAC, 1995), with
some modifications in the
chromatographic system.
Method validation (Pérez et
al., 2001) showed that the
detector response was linear
over the range of 25 to
100ng/ml for all drugs under
study, with correlation coef-
ficients in excess of 0.99.
Method detection l imits
ranged from 4µg/kg (nitro-
furazone) to 16µg/kg (sul-
famethazine). Average recov-
eries ranged from 65.5%
(sulfathiazole) to 104.2%
(chloramphenicol) and preci-
sion (coefficients of varia-
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tion, CV<13%) was accept-
able according to the Codex
Committee on Veterinary
Drug Residues, which con-
siders as acceptable the co-
efficients of variation  below
20% (CODEX, 1989).

Results and Discussion

Residues of sulfonamides
were detected in all  four
milk brands analyzed. In
milks A, B and D, all 6 sul-
fonamides tested were
found. However in Milk C,
sulfamonomethoxine and
sulfachloropyridazine were
not detected (Figure 1).

The percentage of positive
samples to any sulfonamide
residues were: 47.2% (Milk
A), 58.3% (Milk B), 44.7%
(Milk C) and 50% (Milk D).
These values are above
those reported in milk from
other countries such as
Costa Rica (2%; Monge et
al., 1993) and Italy (37%;
Ferrini et al., 1994).

According to Honkanen
and Reybroeck (1997), dur-
ing the last decades the oc-
currence of antimicrobial
residues in milk has de-
creased considerably in
those countries where resi-
due testing is regularly per-
formed, and the number of
inhibitor positive ex-farm
milk is in general 1-5‰. In

Mexico there is not an anti-
microbial milk residue pro-
gram established which
could reflect the high values
of positive samples found in
this study.

The sulfonamide residues
with higher frequencies were
sulfathiazole (33% Milk A,
20.8% Milk B, 16.7% Milk
D) and sulfamerazine
(37.5% Milk B, 20.8% Milk
C, 16.7% Milk D).

Figure 1 presents the aver-
age residue levels for each
sulfonamide tested and
found in samples in the four
milk brands under study.
Mean values and ranges (µg/
kg) were 38.2,  4.1-92.6
(Milk A); 55.4,  4.3-180
(Milk B); 21.9, 1.9-90.68
(Milk C) and 27.5, 8.7-74.4
(Milk D). The sulfonamide
residues with higher mean
levels were sulfamethoxazole
(57.4µg/kg, Milk A, and
42.15µg/kg, Milk C), sul-
famerazine (49.53µg/kg,
Milk B) and sulfathiazole
(37.24µg/kg, Milk B).

In Mexico no maximum
residue limits (MRL) have
been established for sulfona-
mide residues in milk. Thus,
MRL values from the Codex
Alimentarius, EC regulation
and FDA regulations
(Honkanen and Reybroeck,
1997) were considered. Only
three samples (Milk B) ex-

ceeded 1.1,  1.4 and 1.8
times the MRL of 100µg/kg;
the first sample presented
multiple sulfonamide resi-
dues (sulfathiazole, sulfam-
erazine and sulfamethox-
azole) with a total amount
of 110.5µg/kg. The second
and third ones presented sul-
famerazine residues in con-
centrations of 141.2 and
180µg/kg, respectively.

Sulfamethazine residues,
which are of high concern
because of its possible carci-
nogenic properties (Paulson
et al., 1992), were found in
some of the four groups of
milk samples: 8.3% (Milks
A and B), 16.7% (Milk C)
and 4.2% (Milk D). These
values were higher than
those reported in milks from
Germany (2%; Grether et
al . ,  1994) and Sweden
(1.8%; Mellgren et al . ,
1996). The residue levels of
this antimicrobial in positive
samples were under the
MRL established by the Co-
dex (25µg/kg); however, if
the MRL of the FDA (10µg/
kg) is  considered, two
samples exceeded the limit,
with residue levels of
18.0µg/kg  (Milk A) and
23.6µg/kg (Milk C).

The residue values that
violate established regula-
tions may occur when with-
drawal periods are neglected

or if higher than the recom-
mended doses are used. The
presence of these unaccept-
able residue levels in com-
mercial  milk,  which is
pooled milk from different
producers and, therefore,
residue levels are diluted,
should be taken into ac-
count. It is well known that
high volumes of good qual-
i ty milk can be contami-
nated with the milk of only
one careless producer.

The high frequency of
positive samples and the ap-
pearance of some cases ex-
ceeding MRL, reveals the
need to establish regular
residue testing programs in
Mexico.

No cases of nitrofuran
residues were found in milks
tested. In Mexico these
drugs are recommended for
treatment of mastitis in dry
cows (DMVNZ, 1997). Our
results may reflect that these
antimicrobials are used cor-
rectly only in non-lactating
cows. Also it would be pos-
sible that nitrofuran residues,
if present, were under the
detection l imits of the
method used, of 4, 8 and
13µg/kg for nitrofurazone,
furazolidone and furaltadone,
respectively. No reports of
nitrofuran residues in milk
were found in the literature,
probably because the use of
these substances is banned
in animal husbandry in sev-
eral countries (Rugraff and
Coulon, 1999).

Chloramphenicol residues
were detected in one sample
(Milk A) at levels of 27.2µg/
kg. This drug is not allowed
for use in dairy cattle and
its presence in milk means
that farmers may still use it
in a non-authorized form.
The presence of chloram-
phenicol residues in milk
has also been reported in
Slovenian milk (Gacnick et
al., 2000), one in 217 milk
samples analyzed, in levels
of 4.6µg/kg.

Mexican authorities should
pay more attention to the
presence of antimicrobial
drug residues in milk and
should establish periodical
residue testing programs. In

Figure 1. Average residue levels of sulfonamides in positive milk samples (µg/kg).
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this way, the occurrence of
positive samples would de-
crease considerably.
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