DRUG RESIDUES IN MILK

Determination of Nitrofurazone in Milk
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A short, convenient, photometric procedure for the determination of nitrofurazone (5-nitro-

2-furaldehyde semicarbazone) has been developed for use in residue analysis.

By

precipitation of milk protein with sodium tungstate and sulfuric acid, concentrations of the
above nitrofuran derivative can be estimated down to the 0.5-p.p.m. level.

THE DETERMINATION of drug residues
in samples of biological origin
presents many problems. Materials of
this nature often contain a multitude
of substances that must be eliminated
to provide an accurate estimation of the
desired ingredient. In addition, micro-
methods are appropriate since public
and governmental interest is at a current
high regarding residues in food products
designated for human consumption.
The object of this work was to establish
a method of analysis which would result
in adequate sensitivity and still not
require an excess of time because the
number of samples to be processed for
residue experiments is usually high.

A survey of the available literature
led to the development of an adequately
sensitive method involving conversion
of nitrofurazone to the corresponding
phenylhydrazone with simultaneous pre-
cipitation of protein and subsequent
toluene extraction of the phenylhydra-
zone. The absorbance was then read
with a suitable spectrophotometer.
Spectra of the toluene extracts of milk
samples containing the drug and treated
by this procedure were similar to those
obtained from plasma (3), vielding an
absorption maximum at 430 mpy after
the spectrum from an unmedicated
sample had been subtracted. This
method after adaptation in this labora-
tory gave satisfactory results on pas-
teurized, homogenized milk, but poor
precision on raw milk samples from a
number of sources.

An analytical method for nitrofuran
derivatives excreted in urine involves
the determination of the absorbance of
a sample at the maximum in the ultra-
violet region (5). The absorption spec-
trum of nitrofurazone in distilled water
is given in Figure 1. The recommended
procedure involves precipitation of milk
protein and determination of the ab-
sorbance at the 375-myg maximum.

Experimental

Reagents. Sodium tungstate dihy-
drate, 109, (Merck, Folins’ grade).

Sulfuric acid, 0.3, prepared by vol-
ume from concentrated acid (c.p. grade).

Crystalline Furacin (nitrofurazone,
Eaton Laboratories, The Norwich

Pharmacal Co., Norwich, N. Y.).
Spectrophotometer, Beckman, Model
DU or equivalent.

Centrifuge, International, size 1,
Model SBV.
Recommended Procedure. To a

50-ml. Erlenmeyer flask containing 18
ml. of 0.3 sulfuric acid, add 25 ml. of
milk to be tested, from a pipet, with
thorough agitation. Let the suspension
stand for 5 minutes and add 5 ml. of
sodium tungstate solution, 0.5 ml. at a
tme with swirling, until all is added.

Mix well by shaking; pour the contents
into a 50-ml. polyethylene tube and
centrifuge for 10 minutes at 1500 r.p.m.
Filter the centrifugate through Whatman
No. 3 paper, rinse the cuvette with a
small portion of the filtrate, refill, and
read the absorbance from 360 to 390
mp in 5-mg intervals with a suitable
spectrophotometer  against  distilled
water.

Spectrophotometer cuvettes used in
this procedure must be kept scrupulously
clean, since the filtrates involved de-
posited a cloudy film on the inside walls
of the cuvette optical surface when left
in .a partially or completely empty con-
dition between successive measurements.

Table I.

Apparent Levels in

Recovery Data

Apparent Levels in

Sample from Solutions Made up Recovery, Solutions Made up Recovery,
Cow, No. to 5.01 P.P.M. o to 10.02 P.P.M. %
Procedure I
74 4.9 98 11.4 114
103 5.4 108 10.0 100
119 . S 10.7 107
149 5.1 102 10.6 106
174 4.7 94 .. .
181 5.1 102 S o
183 5.7 114 10.8 108
186 S o 10.4 104
194 5.0 100 10.8 108
195 . . 11.5 115
196 4.6 92 11.8 118
198 L o 11.2 112
204 5.0 100 o o
209 4.8 96 10.4 104
211 4.4 88 o o
212 5.6 112 10.4 104
(Standard deviation = 7.89,) (Standard deviation = 5.4%)
Procedure I1

74 5.1 102 9.8 98
85 4.8 96 9.6 96
103 4.7 94 9.6 96
149 4.9 98 9.7 97
174 4.8 96 9.5 95
181 5.1 102 9.8 98
183 5.1 102 10.0 100
194 4.6 92 9.7 97
204 5.0 100 10.0 100
209 5.1 102 9.7 97
211 4.9 98 9.4 94
212 5.1 102 9.6 96

(Standard deviation = 3.69%)

(Standard deviation = 1.8%)
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Figure 1.
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Spectra of nitrofurazone in distilled water

(—e-8-) and a typical milk filtrate not containing nitrofura-
zone after precipitation with sodium tungstate (—X—X-}

Standard solutions of nitrofurazone
in milk can be prepared by dissolving 50
mg. of crystalline Furacin in 5 ml. of
dimethylformamide and diluting to 500
ml. with distilled water. Solutions in
milk are then prepared from this standard
at various concentrations.

Results and Discussion

Two methods of determination were
evaluated in this experiment. Results
obtained by the two procedures are
compared in Table I. Procedure I in-
volves addition of phenylhydrazine hy-
drochloride and concentrated hydro-
chloric acid to the milk, followed by
digestion at 70° C. and subsequent
toluene extraction. Procedure II is
the sodium tungstate precipitation
method used and suggested by the
author, Blanks were determined for
all reagents, except nitrofurazone.

Appropriate amounts of sodium tung-
state and sulfuric acid must be used to
ensure a filtrate near neutrality so as to
guard against the acid-catalyzed de-
composition of nitrofurazone (2), even
though the precipitating agent works
most efficiently in an acidic medium
(7). Reagents therefore were empiri-
cally adjusted with Hydrion test papers
to yield a clear filtrate at a pH of ap-
proximately 5. Determinations were
performed out of contact with fluores-
cent lighting to avoid possible ultra-
violet - induced decomposition, Using
this method, the filtrates were sufficiently
stable during analysis. Variation in
filtrate absorbances over a 4-hour period
was within instrument readability.

The variation in results indicated in
Table I is presumably due to the variable
pigment concentration present in the
milk, which contributes to the absorbance
at the wave lengths chosen for analysis.
Chromatography of toluene extracts ob-
tained using procedure I, on alumina
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with ethyl acetate—toluene or dimethyl-
formamide-toluene mixtures, removed
some pigments; however, enough pig-
ment remained to affect the reproduci-
bility of the results.

Results on an absolute basis were de-
termined by preparing a standard solu-
tion of nitrofurazone and using this
standard to prepare various nitrofurazone
solutions in milk over a 1- to 30-p.p.m.
range. The milk solutions were then
subjected to the suggested procedure,
and a plot of nitrofurazone concentra-
tion v»s. absorbance at 375 mu was con-
structed. The data yielded a linear
relationship following Beer’s law over
the range tested. The slope of a typical
curve was 0.034 absorbance unit per
p-p-m. of nitrofurazone., If the dif-
ferences in absorbance of the nitro-
furazone solutions and the absorbance
of blank solutions are plotted against
concentration, the resulting curve passes
through the origin. Concentrations of
nitrofurazone in other milk samples
can then be read directly from the
standard curve. Unless a definite maxi-
mum at 375 my is present, the qualita-
tive presence of the drug in the sample
cannot be established since all control
samples tested in this laboratory ex-
hibited significant absorption ranging
from 0.013 to 0.029 absorbance unit
at this wave length; however, maxima
of medicated samples down to levels
of 0.5 p.p.m. were quite apparent with
associated absorbance values of approxi-
mately 0.020 unit above that of the
controls.

Variations in composition of samples
of biological origin are the causitive
reasons for nonuniformity of results in
many types of analyses by chemical or
physical measurements. For example,
the blank absorbance values of samples
and fat content of the milk obtained for
sampling showed consistently higher
values for the Jersey breed known for its
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higher fat assay, but attempts at cor-
relating blank absorbance with butterfat
percentage or milk density yielded no
close quantitative relationship.

To ascertain the effect of these varia-
tions, milk samples from Jersey and Hol-
stein cows in various stages of lactation
were obtained from the Auburn Uni-
versity Dairy Farm and used to assemble
the data in Table 1. Somewhat
larger errors might be introduced if a
considerably atypical milk sample was
used in making up the tandard curve.
Bottled samples of pasteurized, homog-
enized milk from the University Dairy
were found to be excellent as typical
samples for preparing adequately re-
producible curves.

The chief advantages of the recom-
mended procedure appear to be a dis-
tinct saving in time and a reduction in
manipulative error resulting from fewer
necessary procedural steps per sample
handled, as well as an increase in pre-
cision caused by the apparent reduction
of background color effect inherent in
samples,

Results of experiments determining
time of residence for nitrofurazone follow-
ing intramammary infusion using the
suggested procedure and statistical
analysis of the data are presented else-
where (4).

The suggested procedure might be
applicable to the analysis of milk for
other nitrofuran derivatives after estab-
lishing their particular absorption maxi-
mum; however, before applying the
method to samples of different origin,
establishment of color contributions by
the sample itself would be in order.
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