
38

i 2005WILEY-VCH Verlag GmbH &Co. KGaA,Weinheim www.mnf-journal.de

The residue levels of narasin in eggs of laying hens
fed with unmedicated andmedicated feed
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Laying hens were fed contaminated feed containing narasin 2.5 mg/kg for 21 days followed by a 7
day withdrawal period, hens in the control group were fed unmedicated feed. Eggs were collected
during trial days 0, 3, 7, 14, 21 and after the withdrawal period of 7 days. The concentration of narasin
in yolks and egg whites was analyzed by a liquid chromatography-mass spectrometry method. Narasin
was found to accumulate in yolks, where the narasin concentration increased during the treatment.
The concentration of narasin varied from 5.9 to 13.8 lg/kg (mean 10.6 lg/kg) in yolks after 21 day
feeding periods. The concentrations of narasin ranged from a0.9 to 1.4 lg/kg after the withdrawal
period. Narasin residues were not found in egg whites of the laying hens fed contaminated feed nor in
either yolks or egg whites of the laying hens fed unmedicated feed. The effect of cooking was also
tested on the amount of narasin residues in eggs. Cooking for 10 min did not significantly influence
the narasin residues in eggs. Traces of lasalocid were also found in the yolks. The traces of lasalocid
are attributable to an accidental contamination of the feed during its manufacture.
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1 Introduction

The ionophoric coccidiostats lasalocid, monensin, salino-
mycin, and narasin (Fig. 1) are widely used in the poultry
industry to prevent and control coccidiosis caused by the
genus Eimeria. In Finland they are added into feeds as their
sodium salts at concentration levels of 10–100 mg/kg.
Anticoccidial drugs are also given to other farm animals to
improve feed efficiency, i. e., to increase the body mass.
Broiler chickens receive coccidiostats in the feed during
their entire lifespan. In order to avoid residues in edible tis-
sues it is recommended that there is a withdrawal period of
5 days for lasalocid, salinomycin, and narasin and 3 days for
monensin. Lasalocid, monensin, and salinomycin are used
for laying hens up to the age of 16 weeks. None of the cocci-
diostats including narasin are licensed for use in egg-laying
birds and therefore eggs should be free from coccidiostats
contamination. Nonetheless, residues of coccidiostats have
been detected in eggs. These have been attributed either to
contamination of unmedicated feed at the feed manufac-

turer [1–3] or accidental feeding of salinomycin [4] or lasa-
locid [5] to the laying hens.

Coccidiostats are not used in human medicine because of
their toxicity [6] principally due to their cardiovascular
effects [7], e.g., lasalocid has been found to cause contrac-
tion of human heart under laboratory conditions [8]. The
toxic effects of coccidiostats have been noted in many ani-
mal studies. An accidental feeding with lasalocid has
caused leg weakness, ataxia, and microscopic muscular
damage in broiler breeder chickens [5]. Also an accidental
feeding with salinomycin has caused weight loss, cannibal-
ism, and necrotic hepatitis with infarcts for in breeders [4].
Salinomycin toxicity seems to be mostly neurological in
mice, rats, and rabbits. In pigs, bulls, and horses salinomy-
cin damaged both liver and myocardium [9]. Even low con-
centrations of monensin and narasin can increase coronary
blood flow in dogs [10, 11]. Monensin has also been found
to interfere with feather growth in young chicks and to
evoke hyperexcitability [12], whereas narasin has caused
anorexia, hypoactivity, leg weakness, ataxia, depression,
and diarrhea in animals of various species [11]. Even
though coccidiostats are rather toxic, the residues in meat
and other animal products have been found to be so low,
that they have not induced any observable clinical symp-
toms in humans [13].
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Coccidiostats have a variety of effects on the production
and the quality of eggs, effects which appear to be concen-
tration-dependent. Egg production did not decrease, even if
broiler-breeders or laying hens were fed with feed contain-
ing maximum levels of monensin (100 mg/kg), narasin
(70 mg/kg), or salinomycin (60 mg/kg) [14–16]. However,
if higher concentrations of salinomycin (90–150 mg/kg) or
lasalocid (115–150 mg/kg) are administered, then a signifi-
cant decrease in the egg production is observed [4, 5]
although narasin had only a minor influence on egg weight
of broiler-breeders at a level of 70 mg/kg [14]. In that same
study, narasin and salinomycin were noted to reduce hatch-
ability. The shells of eggs of broiler-breeders fed with mon-
ensin and salinomycin were slightly depigmented, but no
association could be established between depigmentation
and the drug concentration. The same experiments were
carried out with White Leghorn laying hens using monen-
sin, salinomycin, and narasin, but they did not demonstrate
any significant effect on egg weight, hatchability and shell
thickness [14, 15].

Narasin and lasalocid residues were detected in a few egg
samples in Finland in 2000 and 2002. Narasin was detected
in three egg samples (A10 lg/kg) [17] and lasalocid was
detected in two egg samples (34 and 51 lg/kg, respectively)
[18]. The contamination had occurred in the feed produc-
tion process. The object of this study was to assess the accu-
mulation of narasin into eggs, when laying hens were fed
with medicated feed for 21 consecutive days followed by a
7-day withdrawal period. A control group of laying hens
received unmedicated feed. The yolks and egg whites of the
eggs were separated and analyzed individually using a
liquid chromatography-mass spectrometry method (Rokka
and Peltonen, submitted for publication in Food Additives
and Contaminants). The influence of cooking on narasin
residues was also investigated.

2 Materials andmethods

2.1 Feeding trial

The trial was conducted using 16 LSL laying hens (69
weeks of age), which were housed with three hens per cage.
The cages were separated from the others in the henhouse.
The unmedicated feed for laying hens was prepared first.
The contaminated feed was prepared by adding narasin to
the unmedicated feed, i. e., the concentration of narasin
(2.5 mg/kg) was equal to the situation where 5% of medi-
cated feed (containing 0.005% narasin) would be mixed
with unmedicated feed. The ingredients and the chemical
composition of the feed are listed in Table 1. The laying
hens were first fed with unmedicated feed which was
changed to the contaminated feed for three weeks. Feeding
was continued with unmedicated feed for a one week with-
drawal period. A control group of the laying hens were fed
with unmedicated feed. The eggs were collected on 0 d, 3 d,
7 d, 14 d, 21 d, and 28 d and marked accordingly with the
group and date. Eggs laid on the other days were destroyed.
Six eggs from every group were selected randomly. Yolks
and egg whites were separated and they were analyzed sepa-
rately. Three eggs from one group were also selected ran-
domly and cooked for 10 min. After cooking, the yolks and
the egg whites were separated and analyzed separately.

2.2 Determination of coccidiostats

The concentrations of narasin and lasalocid in yolks and
egg whites were measured as described by Rokka and Pelto-
nen (submitted). Briefly, a sample was extracted with aceto-
nitrile and cleaned up with solid-phase extraction using a
silica column. The purified sample was analyzed by liquid
chromatography-mass spectrometry. The detection capabil-
ity (CCß) for narasin was 0.9 lg/kg and for lasalocid 2.0
lg/kg. Tukey’s test and analysis of variance (ANOVA) were
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Figure 1. Chemical structures of lasalocid A, monensin A,
salinomycin, and narasin.
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used to evaluate the statistical significance of the differ-
ences.

3 Results and discussion

In our study narasin was not detected in any yolks of the
eggs from the control group. At the beginning of this trial
narasin was not detected in yolks from the eggs from the
hens given the medicated feed. However, the concentration
of narasin increased in the yolks, reaching a plateau after 7
days. The mean concentration of narasin was 6.3 lg/kg on
day 7 and 7.1 lg/kg on day 14, respectively. Thereafter, the
mean concentration of narasin increased up to 10.6 lg/kg
(at day 21). The mean concentration levels of narasin in
yolks of laying hens fed with medicated feed are shown in
Fig. 2. The concentration of narasin in yolks was at the
same level in this trial as found in another study [3]. The
source of the residues in that study was explained by prob-
able contamination of unmedicated feed.

Similar feeding trials with low levels of other coccidiostats,
such as lasalocid, salinomycin, and monensin, have been
reported [1, 2]. In these studies, the concentrations of lasa-

locid in the feed varied from 0.1 to 5.0 mg/kg, salinomycin
from 0.9 to 13.9 mg/kg, and monensin from 1.1 to 12.9 mg/
kg. The coccidiostats were not determined at the beginning
of the trial, but they were present after 1 day of feeding.
Also, in these studies it was noted that the concentration of
lasalocid, salinomycin, and monensin in eggs reached a pla-
teau after 7 days of exposure. The concentration of cocci-
diostats in eggs was explained by the amount of coccidio-
stats present in the feed [1, 2]. The concentration of lasalo-
cid in eggs ranged from 7 to 200 lg/kg, salinomycin from
1 to 60 lg/kg and monensin varied from 0.1 to 4.0 lg/kg.
As can be seen in Fig. 2, the concentration of narasin
increased in our study linearly from day 14 to 21. This find-
ing is different compared with other coccidiostats as dis-
cussed above.

In our study the hens were fed unmedicated feed during the
withdrawal period (7 days). After this withdrawal period we
measured narasin concentrations, which ranged from less
than 0.9 lg/kg up to 1.4 lg/kg in yolks. These results are
different compared with other coccidiostats. It was shown
that salinomycin is detectable in eggs up to 3 days after
withdrawal [16]. Lasalocid, which transfers into eggs more
readily than, e.g., salinomycin, could still be found in eggs
10 days after withdrawal [1]. In this earlier reported feeding
study, the laying hens had received lasalocid at a level of
5 mg/kg in their feed.

In our study the low concentration of narasin (2.5 mg/kg) in
feed did not lead to any detectable residues in the egg
whites. Kan and Petz [19] reported a very high concentra-
tion of narasin (250 lg/kg) in egg whites. However, in that
experiment the laying hens had received narasin at a level
of 70 mg/kg in feed. Other coccidiostats have also been
detected in egg whites, but once again the reported levels of
coccidiostats in feed have been much higher than used in
our trial [5, 14, 17, 18]. Akhtar et al. [16] detected concen-
trations levels of salinomycin ranging from a10 lg/kg to
200 lg/kg in egg whites in a study in which the hens were
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Table 1. Composition of the diet for layers

Ingredient Percentage

Barley 41.77
Wheat 10.00
Oat 15.00
Soybean 20.20
Rapeseed oil 2.10
Monocalcium phosphate 1.55
Limestone 8.50
Salt 0.38
Trace-mineral mix 0.20
Vitamin premix 0.20
Methionine 0.10
Narasin (only in contaminated feed) 0.0025
Lasalocid a0.001

Chemical composition g/kg

Protein 175.31
Fat 42.49
Fiber 41.45
Nitrogen free extracts 500.72
Ash 29.15
Lysine 8.54
Methionine 3.78
Cystine 3.32
Calcium 39.36
Phosphate 3.82
Sodium 1.54
MEa) (MJ/kg) 10.30

a) ME, metabolized energy

Figure 2. Mean, the lowest and the highest concentrations of
narasin in egg yolks of laying hens fed with medicated feed
(concentration of narasin 2.5 mg/kg) for 21 days followed by a
7-day withdrawal period. Narasin was not found in egg whites
analyzed.



Mol. Nutr. Food Res. 2005, 49, 38–42 The residue levels of narasin and lasalocid in eggs

fed with feed containing salinomycin at the level from 30 to
150 mg/kg. Sinigoj-Gacnik [20] reported that the salinomy-
cin content was a10 lg/kg in egg whites, if the salinomycin
in feed was 60 mg/kg. In the study of Kan and Petz [19] egg
whites contained a 100 lg/kg concentration of monensin,
when the laying hens had been exposed to feed containing
monensin 110 mg/kg.

We tested the influence of heating on the narasin residue
level by cooking the eggs for 10 min. There were some dif-
ferences between the mean concentrations of narasin in
non-cooked and cooked yolks, but the difference was not
statistically significant (p a 0.05). This is in agreement with
the results of Sinigoj-Gacnik [20] who heated salinomycin
contaminated eggs for 5 min, but did not observe any altera-
tions in the levels of salinomycin. The effect of heating for
10 min on the concentration of narasin in our study is shown
Fig. 3.

The LC-MS/MS method used in this study was able to
detect four coccidiostats, lasalocid, monensin, salinomycin,
and narasin. In addition to narasin we found traces of lasalo-
cid in all of the yolk samples that we analyzed. The amounts
of lasalocid were always less than 2.0 lg/kg. Lasalocid was
not detected in egg whites. Lasalocid was not used in this
trial, but it has been applied earlier in the same feed manu-
facture. The concentration of lasalocid in feed using this
study was below 1.0 mg/kg. Lasalocid is known to be a very
dusty compound, which easily can contaminate feed during
the manufacturing processes. Kennedy et al. [1] found
traces of lasalocid in approximately 66% of the eggs they
examined in the Northern Ireland. Lasalocid residues were
attributed to an accidental cross-contamination of the feed
consumed by the laying hens. The same study also found a
carry-over of lasalocid frommedicated feed to unmedicated
batches of feed. Lasalocid was found at levels as high as
0.5–1.0 mg/kg in the ninth batch of unmedicated feed, a
level high enough to lead to residues in eggs [1].

4 Concluding remarks

We conducted a feeding trial, in which laying hens were fed
with medicated feed with narasin followed by a withdrawal
period. The concentration of narasin 2.5 mg/kg in the feed
resulted in narasin residues higher than 10 lg/kg in the egg
yolks. In this trial the content of residues was at the same
level as those found in some Finnish egg samples analyzed
in 2000. In the yolks analyzed also the traces of lasalocid
were detected, though this compound had not been inten-
tionally added to the feeds. Lasalocid had been used earlier
in the feed manufacture and thus its presence pointed to
accidental contamination. Thus, the feed industry needs to
pay attention to the risk of cross-contamination, when
medicated and unmedicated feed are being manufactured
on the same production lines. The Finnish feed industry has
already initiated changes in its production protocols to
reduce the risk of the contamination and thus eliminate coc-
cidiostat residues from eggs for human consumption.

The work was part of the project “Study of safety and qual-
ity of poultry products: development of new chemical tech-
nology”. The project was financially support by the Finnish
Ministry of Agricultural and Forestry. The authors want to
thank Mrs. Irina Lukkari for her technical assistance with
the coccidiostat analyses.
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Figure 3. Concentration of narasin in noncooked egg yolks
and in yolks heated for 10 min. Narasin was not found in egg
whites analyzed.



M. Rokka et al. Mol. Nutr. Food Res. 2005, 49, 38–42

[10] Kabell, G., Saini, R. K., Somani, P., Pressman, B. C., Effects
of the carboxylic monensin on regional blood flow in normal
and ischemic myocardium in anesthetized dogs. J. Pharma-
col. Exp. Ther. 1979, 221, 231–237.

[11] Novilla, M. N., Owen, N. V., Todd, G. C., The comparative
toxicology of narasin in laboratory animals. Vet. Human Tox-
icol. 1994, 36, 318–323.

[12] Kingston, D. J., The influence of monensin sodium upon
feather development of male chickens. Austr. Vet. J. 1977, 53,
251–252.

[13] Weiss, G., The integration of pharmacological and toxicolo-
gical testing of tissue residues in the evaluation of their
human food safety.Drug Metabol. Rev. 1995, 22, 829–848.

[14] Jones, J. E., Solis, J., Hughes, B. L., Castaldo, D. J., et al.,
Reproduction responses of broiler-breeders to anticoccidial
agents. Poultry Sci. 1990, 69, 27–36.

[15] Jones, J. E., Solis, J., Hughes, B. L., Castaldo, D. J., et al., Pro-
duction and egg-quality responses of White Leghorn layers to
anticoccidial agents. Poultry Sci. 1990, 69, 378–387.

[16] Akhtar, M. H., El-Sooud, K. A., Shehata, M. A. A., Concen-
trations of salinomycin in eggs and tissues of laying chickens
fed medicated feed for 14 days followed by withdrawal for 3
days. Food Add. Cont. 1996, 13, 897–907.

[17] Anonymous, Results of residue examinations of products of
animal origin in Finland 2000. National Food Agency,
National Veterinary and Food Research Institute andMinistry
of Agriculture and Forestry, Helsinki, Finland 2001, pp. 1–
67.

[18] Anonymous, Results of residue examinations of products of
animal origin in Finland 2002. National Food Agency,
National Veterinary and Food Research Institute andMinistry
of Agriculture and Forestry, Helsinki, Finland 2003, pp. 1–
67.

[19] Kan, C. A., Petz, M., Residues of veterinary drugs in eggs
and their distribution between yolk and white. J. Agric. Food
Chem. 2000, 48, 6397–6403.

[20] Sinigoj-Gacnik, K., Residues of salinomycin in eggs, the
influence of thermal treatment. Euroresidues 1996, 3, 859–
862.

42

i 2005WILEY-VCH Verlag GmbH &Co. KGaA,Weinheim www.mnf-journal.de


