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Jinding laying ducks (n=648) were subjected to one of six dietary treatments (0, 1, 5, 25, 50, or 100

mg of melamine/kg of diet) to investigate the toxicity of melamine and determine the melamine

residue in eggs. Ducks were fed melamine-supplemented diets for 21 days followed by a 21 day

withdrawal period. Dietary melamine had no adverse effects on laying performance. Renal lesions

were correlated with increasing levels of dietary melamine. Melamine residue in eggs increased

with dietary melamine during the first 21 days and reached the maximum content (1.35 mg/kg) in the

100 mg of melamine/kg of diet group. Melamine residue in eggs decreased rapidly during the

withdrawal period. The depletion time for egg melamine residue increased with dietary melamine

level. These results indicated that a dietary level of g50 mg of melamine/kg of feed induces obvious

renal injury. The residue level and withdrawal time for melamine clearance in eggs correlated with

the dietary melamine level.
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INTRODUCTION

Melamine (1,3,5-triazine-2,4,6-triamine) is a synthetic chemical
used primarily for the production of amino resins, plastics (1-3),
and fertilizer because of its high nitrogen content (4). It is also a
minor metabolite of the insecticide cyromazine (5, 6). In 1978,
Newton and Utley tried to evaluate melamine as a non-protein
nitrogen source for ruminants, but they found that it is difficult for
cattle to hydrolyze (7). Recently, reports indicating that pet food
contaminated with melamine resulted in renal disease and deaths
in cats and dogs have placed melamine contamination in the
spotlight (8, 9). In the case of the pet food, it has been speculated
thatmelaminewas added intentionally in feed for a false high level
of crude protein determined by the Kjeldahl method (10). Some
swine, fish, and poultry feeds were reported to be contaminated
with 30-120 mg of melamine/kg of diet (11-13). Milk products
or eggs contaminatedwithmelaminewere reported inHongKong
and mainland China in 2008, which was considered to be a result
of the illegal addition of melamine in milk or feed. The concentra-
tion of melamine in some infant formulas and fresh eggs was
determined to be as high as 2500 and 4.7 mg/kg, respec-
tively (14, 15). Therefore, addition of melamine to feed may
contaminate animal products and has raised worldwide concerns
about food safety.

A previous study showed that melamine acute toxicity in
animals was generally very low (16). A dosage of 181 mg of
melamine/kg of body weight did not affect renal function of cats

based on serum creatinine and urea nitrogen concentrations (16).
However, Neerman et al. found that a subchronic dose of
melamine dendrimer (40 mg/kg of body weight) led to extensive
liver necrosis in mice (17). Previous studies in rats demonstrated
that >90% of an oral dose of 0.38 mg of [14C]melamine was
eliminated via the kidneys in its original form within 24 h (18). A
pharmacokinetic study of melamine in pigs suggested that mel-
amine is readily eliminated by the kidney (19). When combined
with other analogues such as cyanuric acid, melamine shows
kidney toxicity due to crystal formation, which leads to urolith
formation and renal failure (20-24).

Most of the previous studies regarding melamine toxicity have
been focused on mammals. Few studies on the risk assessment of
melamine in domestic animals have been reported (19,25). More
information on the toxicity of melamine on domestic animals is
needed because of the link between animals and public health. In
this study, we investigated the toxicity of melamine in laying
ducks by evaluating the biochemical and histopathological
changes caused by graded dietary levels of melamine. The
melamine residue in eggs was also measured to determine the
extent to which melamine in duck feed can be transferred to the
human food supply.

MATERIALS AND METHODS

Melamine. Melamine (purity g 99.5%) was purchased from Beijing
Chemical Reagent Co. (Beijing, China). Melamine was diluted with corn
meal to concentrations of 1 g/kg for the formulation of high-melamine
diets and to 0.1 g/kg for the formulation of low-melamine diets. These two
diluted materials were then mixed in basal diets (Table 1), respectively, to
prepare treatment diets supplemented with 1, 5, 25, 50, or 100 mg of
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melamine/kg of diet. The basal diet was formulated to contain adequate
concentrations of all nutrients required for laying ducks according to the
National Research Council (NRC, 1994) (26). The feed samples of all
treatment groups were collected to determine the actual melamine con-
centrations.

Birds, Feeding, and Management. This study was approved by the
Animal Care and Use Committee of the Feed Research Institute of the
Chinese Academy of Agricultural Sciences. Jinding laying ducks (n=648,
19 weeks old), from a commercial company (Sunzhuang Duck Breeding
Farm, Jingxing County, Hebei, China), with mean body weight of 1.66(
0.16 kg and mean egg production of 75.15 ( 3.29%, were randomly
allocated to one of the six dietary treatments with six replicates each. Six
experimental diets were formulated with 0, 1, 5, 25, 50, or 100 mg of
melamine/kg of diet. Prior to the feeding trial, all of the birds were fed the
basal diet (Table 1) for 14 days.After this adaptation period, the birdswere
initially fed the melamine-containing diets for 21 days (the treatment
period) and then were fed the basal diet without melamine for 21 days (the
withdrawal period). The diets were fed inmash form (water/feed, v/v=2:1)
during the entire experimental period. Ducks were maintained on a 16 h
light schedule and allowed ad libitum access to experimental diets and
water. Room temperature was maintained at 15 ( 2 �C.

Observation and Sample Collection. From day 1 to day 21, egg
weight and egg production were recorded in replicates at 8:30 a.m. every
day. Mortality was recorded daily. Feed intake was recorded daily, and
feed conversion was calculated.

Five eggs were collected from each replicate on days 0, 1, 2, 3, 7, 14, and
21. At days 22, 23, 24, 25, 26, 27, 31, 34, 38, and 42, the same samples from
the groups of 5, 25, 50, or 100mg ofmelamine/kg of dietwere collected.All
of the eggs were stored at 4 �C until analysis.

On day 21, two laying ducks from each replicate were randomly
selected. Body weights were recorded following an overnight fast. Blood
was collected via wing vein and centrifuged at 3000g for 10 min to harvest
serum, which was then stored at -20 �C until analysis. Ducks were
immediately sacrificed by cervical dislocation. The livers and kidneys were
excised and weighed. A portion of liver and kidney tissue was fixed in 10%
buffered neutral formalin (Sinopharm Chemical Reagent Beijing Co.,
Ltd., Beijing, China), respectively.

Preparation of Standard Solutions. The stock solution of 1000 μg/
mL of melamine was prepared as follows: 100 mg of melamine was
transferred into a 100 mL volumetric flask and diluted with 0.2% formic
acid in water. Six-point calibration standards of melamine were prepared
at 1, 5, 25, 50, 100, and 250 ng/mL by diluting intermediate standard

mixture solutions with acetonitrile, which contained 20 ng/mL [15N3]-
melamine (Cambridge Isotope Laboratories, Inc., Andover, MA).

Egg Sample Preparation. For the determination of melamine resi-
dues, the egg samples were broken and the shell and shell membrane were
discarded. The liquid of the five eggs from each replicate was homogenized
at 10000 rpm for 1 min using a disperser (Ultra-Turrax model T25, IKA
Werke, Staufen, Germany). Two grams of homogenized egg sample was
weighed into a 15 mL screw-cap glass test tube, and 40 μL of a [15N3]-
melamine standard solution (10 mg/L in acetonitrile) was added. The
sample was vortexed for 1 min with a 10 mL mixture of acetonitrile and
water (70:30, v/v) for melamine analysis.

After being sonicated in a sonic bath at 50 �C for 30min and centrifuged
at 16100g for 10 min, 3 mL of the supernatant was transferred to 10 mL
tubes and vortexed for 1 min with 2 mL of n-hexane. After centrifugation
at 16100g for 5 min, the upper organic phase (n-hexane) was care-
fully discarded, and 0.5 mL of the bottom extract was vortexed for
1 min with 0.5 mL of acetonitrile. After centrifugation at 16100g for
10 min, the supernatant was filtered through a 0.22 μm filter into a 2 mL
autosampler vial.

Quantification of Egg Melamine Concentrations. The above egg
samples were quantified for the concentrations of melamine using a
LC-MS/MS (Agilent Technologies, Santa Clara, CA) method, described
in detail elsewhere (25, 27). To evaluate the accuracy and precision of the
method, a recovery study was carried out. Untreated egg samples used for
method validation were first analyzed according to the method described
above, and no melamine residue was detected. A total of 5.0 g of egg
samples was fortified to produce samples (n=6) containing 20, 40, and
80 ng/g of melamine. Samples were kept at room temperature for at least
15min before proceedingwith extraction. These samples were analyzed by
LC-MS/MS, and the signal-to-noise (S/N) ratiowas recorded. The limit of
detection (LOD) and limit of quantification (LOQ) for each analyte were
considered to be concentrations in egg samples that produced S/N ratios of
3 and 10, respectively.

Biochemical Serum Analysis. The levels of serum urea nitrogen
(BUN), creatinine (CRE), and uric acid (UC) and the activities of
glutamic-pyruvic transaminase (GPT), glutamic-oxaloacetic transaminase
(GOT), alkaline phosphomonoesterase (ALP), and γ-glutamyl transpepti-
dase (γ-GT) in serum were determined with commercial diagnostic kits
(Jiancheng Bio Co., Nanjing, China) and the automatic biochemical
analyzer (CE-CX5, Beckman Corp., Fullerton, CA).

Liver and Kidney Assessment. The relative kidney weight was
calculated because kidney weight is relatively sensitive to nephrotoxicity.
The relative weights of liver and kidney were calculated according to the
following formula (28):

relative organ wt ðg=kgÞ ¼ organ wt ðgÞ=live body wt ðkgÞ
For histopathological studies, the formalin-fixed liver and kidney

samples were stained with hematoxylin and eosin (HE) according to
the method of Jadhav et al. (29). All reagents used were of analytical grade
(Sinopharm Chemical Reagent Beijing Co., Ltd. Beijing, China). The
histopathological alterations were examined with a light microscope
(BX51, Olympus Corp., Tokyo, Japan).

Statistical Analyses. All data were analyzed using the one-way
analysis of variance (ANOVA), and means were compared by Duncan’s
multiple-range test (SAS Institute, 2001). Effects were considered to be
significant when P < 0.05. A nonlinear regression model (GraphPad
Prism 4) was used to estimate the relationship between the residue of
melamine in the eggs and withdrawal time.

RESULTS AND DISCUSSION

Method Performance. In our LC-MS/MS experiments, calibra-
tion curves formelamine typically gaveR2 values>0.9958 for the
egg samples. At the same time, melamine was extracted from

Table 1. Composition and Nutrient Contents in the Basal Diet

content

ingredient

corn (%) 59.08

soybean meal (%) 26.60

limestone (%) 8.30

fish meal (CP, 56.2%) (%) 1.50

dicalcium phosphate (%) 1.40

wheat bran (%) 1.00

salt (%) 0.32

soybean oil (%) 0.80

vitamina and mineralb premix 1.00

nutrient compositionc

metabolizable energy (ME) (MJ/kg) 11.17

crude protein (CP) (%) 17.00

calcium (%) 3.13

total phosphorus (%) 0.59

non-phytate phosphorus (%) 0.38

lysine (%) 0.91

methionine (%) 0.37

methionine þ cysteine (%) 0.72

aProvided per kilogram of feed: vitamin A, 7800 IU; vitamin D3, 2100 IU; vitamin
K3, 2.55 mg; vitamin E, 15 IU, vitamin B1, 0.98 mg; vitamin B2, 8 mg; vitamin B6,
2.5 mg; vitamin B12, 0.006 mg; calcium pantothenate, 6.00 mg; niacin, 50 mg; biotin,
0.12 mg; folic acid, 0.97 mg. bProvided per kilogram of feed: zinc, 100 mg; iron,
80 mg; manganese, 80 mg; copper, 16 mg; iodine, 1 mg; selenium, 0.3 mg.
cAnalyzed values except ME.

Table 2. Recovery of Melamine from Duck Eggs

fortification level (ng/g) n mean recovery (%) RSD (%)

20 6 98.5 2.3

40 6 94.2 3.2

80 6 91.7 3.6



Article J. Agric. Food Chem., Vol. 58, No. 8, 2010 5201

fortified samples, and recoveries of each egg sample and fortifica-
tion level are presented in Table 2. The recoveries from fortified
egg samples for melamine were 91.7-98.5% over the concentra-
tion range of 20-80 ng/g. For each fortification level, relative
standard deviation (RSD) values of melamine ranged from 2.3 to
3.6%. The LOQ for melamine in samples, defined as concentra-
tion producing a S/N ratio of 10, was 20 ng/g in egg samples. The
LOD for melamine, defined as the concentration that produced a
S/N ratio of 3, was 10 ng/g in egg samples. The detection limit for
melamine in eggs was 0.02 mg/kg.

Laying Performance. No visible signs of illness or mortality
were observed during the treatment period. There were no
adverse effects of graded levels ofmelamine in feed on the average
egg weight, egg production, feed intake, and feed conversion
(P > 0.05) (Table 3).

Melamine may migrate into foodstuffs from food-packaging
materials (30, 31). Melamine has low toxicity when administered
alone (16, 19, 21). In this study, we found that diets containing
different levels ofmelamine had no obvious adverse effects on the
laying performance of ducks. Similar results were reported in
broilers fed graded levels (2-1000 mg/kg of diet) of melamine in
diets (32). However, previous studies in other animals revealed a
decrease of feed intake in rats (24) and fish (33) fed diets
containing 3 and 1%melamine, respectively. In the present study,
the decrease of feed intake in ducks was not significant with
dietary supplementation of 1-100 mg of melamine/kg of diet.
Thus, it was indicated that dietarymelamine as high as 100mg/kg
of diet was tolerable, but higher melamine levels may cause
toxicity in ducks.

Effects of Melamine on Serum Parameters and Liver and Kidney

Histology. Serum parameters were determined in laying ducks
given melamine-supplemented diets for 21 days. Supplemental

melamine levelsg50 mg/kg significantly increased BUN levels in
serum (P < 0.05) (Table 4). The relative kidney weight was
significantly increased in the group of 100 mg of melamine/kg of
feed (P < 0.05) (Table 5). The relative liver weight of ducks fed
25-100mgofmelamine/kg of feed tended to behigher (P>0.05)
than that of the control.

Histological lesions were observed in the kidneys of ducks
subjected to g25 mg of melamine/kg of feed (Figure 1). Com-
pared with the control group (Figure 1A), there were no obvious
changes in the kidney structure of ducks fed 1 or 5 mg of
melamine/kg of feed (Figure 1B,C). Tubular cell necrosis and
lymphocytic infiltration of kidney were observed in most of the
ducks fed 25 mg of melamine/kg of feed (Figure 1D). The kidney
lesions became more severe with increasing dietary melamine
dosage (Figure 1D-F). Melamine crystals were not found in the
kidneys of any ducks.

Histological lesions in liver tissues from birds fed melamine-
supplemented diets were less prominent than those observed in
kidneys (Figure 2). Compared with the livers of the control group
(Figure 2A), no obvious lesions were found in the livers of ducks
fed diets supplemented with 1 or 5 mg of melamine/kg of feed
(Figure 2B,C). Fatty degeneration and liver fibrosis were occa-
sionally observed in the livers of the ducks fed diets containing
25mgofmelamine/kg of feed (Figure 2D). Piecemeal necrosis and
inflammatory cells were present within the adjacent interstitium
in some livers of the ducks fed 50 mg of melamine/kg of feed
(Figure 2E). Liver cell vaculoation, inflammatory cell infiltration,
and fatty degeneration were found in some liver of the ducks fed
with 100 mg of melamine/kg of feed (Figure 2F).

In a clinical setting, liver or kidney injury is often detectedusing
a battery of blood tests.Wemeasured serumBUN,CRE, andUC
levels to evaluate kidney function (28,34) and GPT, GOT, ALP,

Table 3. Effects of Dietary Melamine Supplemental Levels on Laying Performance of Ducks Fed the Experimental Diets for 21 Daysa

melamine supplemental level (mg/kg of diet)

parameter 0 1 5 25 50 100

av egg wt (g/egg) 67.5 ( 2.1 67.3 ( 1.6 67.3 ( 0.9 67.0 ( 2.0 66.8 ( 1.9 66.5 ( 1.7

egg production (%) 75.5 ( 3.0 74.2 ( 5.5 74.0 ( 4.4 74.6 ( 2.3 73.1 ( 5.0 73.6 ( 3.4

feed intake (g/duck/day) 186.5 ( 7.5 187.1 ( 17.9 185.8 ( 5.8 185.1 ( 10.6 180.5 ( 10.2 181.3 ( 16.6

feed conversion (feed/egg, g/g) 3.5 ( 0.4 3.8 ( 0.6 3.8 ( 0.5 3.8 ( 0.5 3.5 ( 0.4 3.7 ( 0.2

aData are expressed as means ( SD (n = 6).

Table 4. Effects of Dietary Melamine Supplemental Levels on the Serum Parameters of Laying Ducks Fed the Experimental Diets for 21 Daysa

melamine supplemental level (mg/kg of diet)

parameterb 0 1 5 25 50 100

BUN (mmol/L) 0.36 ( 0.09 b 0.38 ( 0.08 b 0.40 ( 0.07 b 0.42 ( 0.08 b 0.58 ( 0.11 a 0.62 ( 0.08 a

CRE (μmol/L) 7.8 ( 1.3 7.8 ( 0.8 8.2 ( 1.3 8.8 ( 0.8 8.8 ( 0.8 8.6 ( 1.5

UC (μmol/L) 303.0 ( 53.9 311.0 ( 44.1 327.4 ( 55.5 344.6 ( 49.5 336.2 ( 42.2 360.0 ( 25.3

GPT (U/L) 71.8 ( 16.6 71.6 ( 4.4 71.4 ( 13.9 73.8 ( 10.5 80.6 ( 16.5 76.4 ( 21.6

GOT (U/L) 64.8 ( 9.0 67.2 ( 14.9 65.8 ( 15.5 72.2 ( 13.3 71.8 ( 17.0 68.4 ( 17.0

ALP (U/L) 148.6 ( 27.0 144.2 ( 25.6 149.4 ( 23.6 145.8 ( 22.8 156.6 ( 29.5 148.8 ( 19.4

γ-GT (U/L) 13.6 ( 3.4 12.8 ( 2.3 13.6 ( 3.6 13.6 ( 1.5 13.6 ( 1.3 12.2 ( 2.3

aData are expressed as means( SD (n = 12). b BUN, blood urea nitrogen; CRE, creatinine; UC, uric acid; GPT, glutamic-pyruvic transaminase; GOT, glutamic-oxaloacetic
transaminase; ALP, alkaline phosphatase; γ-GT, γ-glutamyl transpeptidase. Means with different letters within a row differ significantly (P < 0.05).

Table 5. Effects of Dietary Melamine on the Relative Liver and Kidney Weights of Laying Ducks Fed the Experimental Diets for 21 Daysa

melamine supplemental level (mg/kg of diet)

parameter 0 1 5 25 50 100

rel liver wt (g/kg) 24.3 ( 1.0 24.7 ( 1.0 23.5 ( 1.9 25.0 ( 4.0 25.2 ( 2.7 25.5 ( 2.2

rel kidney wt (g/kg) 5.5 ( 0.4 b 5.7 ( 0.4 ab 5.9 ( 0.4 ab 5.9 ( 0.4 ab 5.9 ( 0.4 ab 6.3 ( 0.2 a

aData are expressed as means ( SD (n = 12). Means with different letters within a row differ significantly (P < 0.05).
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and r-GT levels for liver function (35). We also assessed the
kidney and liver structure by histopathological analysis. The
relative kidney weight was calculated because kidney weight is
relatively sensitive to nephrotoxicity (36).

In the present study, dietary melamine supplementation sig-
nificantly increased BUN levels. The results of relative organ
weight coincided with the histopathological assessment. These
were in agreement with the previous reports (28, 37) that
melamine increased BUN and CRE levels and led to kidney
damage in cats and rats. Our results suggested that melamine can
induce some histological lesions in the duck kidney. Thus, the
kidney may be an important target organ for melamine toxicity.

In our study, injury in the liver of ducks was mild. Neerman
observed extensive liver necrosis and increased GPT activity in
mice after injectionwithmelamine dendrimer at 40mg/kg of body
weight (17). Liu et al. (33) reported that feeding a diet containing
10000mgofmelamine/kg of diet increasedALP levels in Japanese
sea bass, but the levels of GPT and GOT activity were not
affected. One possible reason for this different response of liver
function may be that the melamine supplemental levels were not

sufficient to induce obvious injury to the liver in our study.
Second, the toxicity is likely to differ between melamine and
melamine dendrimer, as different chemical structures may con-
tribute to different characteristics. In addition, the toxicity of
melamine may differ in various animal species.

The formation of melamine cyanurate may be related to the
UC concentration and the pH of urine, which may cause
precipitation in the tubules (28). In our study, the serum UC
concentrations were slightly increased by dietary melamine sup-
plementation, but no crystallization was found in the duck
kidney. This may be partly explained by UC concentration
lower than the threshold necessary for crystallization. Moreover,
much lower melamine levels (e100 mg/kg of diet) were applied
in the present study than in other studies (g10000 mg/kg of
diet) (23, 24).

Melamine Accumulation in Eggs. From day 1 to day 21,
melamine residue in the eggs of ducks fed 1 and 5 mg of
melamine/kg of diet slightly increased (Figure 3). However, there
were no significant differences in egg residue among the groups of
0, 1, and 5mg ofmelamine/kg of diet (P>0.05).When the ducks

Figure 1. Effect of dietary melamine supplementation on kidney histopathology of laying ducks fed the experimental diets for 21 days (HE staining,
original magnification, 40�): (A) control; (B) 1 mg of melamine/kg of diet; (C) 5 mg of melamine/kg of diet; (D) 25 mg of melamine/kg of diet; (E) 50 mg of
melamine/kg of diet; (F) 100 mg of melamine/kg of diet.

Figure 2. Effect of dietary melamine supplementation on liver histopathology of laying ducks fed the experimental diets for 21 days (HE staining, original
magnification, 40�): (A) control; (B) 1 mg of melamine/kg of diet; (C) 5 mg of melamine/kg of diet; (D) 25 mg of melamine/kg of diet; (E) 50mg of melamine/
kg of diet; (F) 100 mg of melamine/kg of diet.
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were given diets containing higher levels of melamine (25-
100mg/kg of feed), melamine residue in the eggs was significantly
increased (P < 0.05) (Figure 3). Melamine concentrations in the
eggs from groups of 25-100mg ofmelamine/kg of diet reached a
high level 2 days after the melamine-supplemented diet was
supplied and then fluctuated continually around high levels until
day 21.

Melamine is primarily eliminated by renal filtration in rats (18)
and pigs (19) and does not undergo significant metabolism in
many animals (38). In this study, melamine levels in the eggs of
laying ducks increased with dietary melamine levels. L€u et al. (32)
reported that melamine residue in broiler tissues increased with

dietary melamine levels. The results of laying ducks suggested
that dietary melamine can be transferred to eggs. The concentra-
tion of melamine in eggs increased as the melamine supplemental
level increased.

Melamine Depletion in Eggs. To investigate the depletionmode
of melamine residue in eggs, the melamine concentrations in the
eggs of the ducks fed higher levels of melamine (5-100 mg/kg of
diet) were examined during the withdrawal period. The results
showed that melamine concentration in the eggs of laying ducks
decreased rapidly after melamine was removed from the feed of
the laying ducks (Figure 4). The half-life (t1/2) of melamine in the
eggs of laying ducks was determined by nonlinear regression

Figure 3. Effects of dietary melamine supplemental levels on the melamine concentrations in eggs of laying ducks fed the experimental diets for 21 days
(mg/kg, fresh weight basis). Means with different letters within a day differ significantly (P < 0.05). Error bars represent standard deviations; where not seen,
they lie within the symbol (n = 6).

Figure 4. Melamine concentration changes in the eggs of laying ducks during the withdrawal period. Y is the concentration of melamine in the eggs of laying
ducks (mg/kg); X is the depletion time (days). Error bars represent standard deviations; where not seen, they lie within the symbol (n = 6).
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analysis (GraphPad Prism 4) based on the melamine concentra-
tions in eggs during the withdrawal period, and the model was

Y ¼ ðY 0 -NSÞ � expð-K � XÞþNS

whereY is the concentration of melamine in the eggs, mg/kg;X is
the depletion time, day; Y0 is the binding at time zero; NS is the
binding (nonspecific) at infinite times; and K is the rate constant.
t1/2=ln 2/K.

Thedepletion equations for 5, 25, 50, and100mg/kg groupswere
as follows:Y=0.0620� exp(-0.2407X)þ 0.0026 (R2=0.7744,P=
0.9666); Y=0.3171 � exp(-0.9685X) þ 0.0384 (R2 = 0.9805,
P=0.0226);Y=0.5541� exp(-0.9658X)þ 0.0417 (R2=0.9871,P=
0.0160); Y=1.1803 � exp(-0.9714X) þ 0.0497 (R2=0.9935, P=
0.0056), respectively. The correlation coefficient of the equations
for the group of 5 mg/kg was much lower compared to those for
other groups. This may be caused by analysis error because of too
lowmelamine levels, close to the detection limit (0.02mg/kg), in the
eggs. On the basis of the equations of the groups of 25, 50, and
100mgofmelamine/kgof feed (Figure 4), the half-lives ofmelamine
in the eggs were 0.72, 0.72, and 0.71 days, respectively. Egg
melamine rapidly reached the t1/2 time point (<18 h), suggesting
that ducks clear this chemical efficiently and that excessive mela-
minehas little opportunity toaccumulate in the animalproduct (19).

According to USDA, the current safety level of melamine in
meat products should be<0.05mg/kg (39). On the basis of these
depletion equations and the melamine safety level, the periods
required for melamine residue in the eggs of ducks fed 25, 50, and
100mg ofmelamine/kg of diet to decrease toe0.05mg/kg in eggs
were 3.41, 4.34, and 8.52 days, respectively. Thus, the period
required for melamine depletion was longer for ducks that
received a higher level of dietary melamine. Similar findings have
reported that 20 and 21.3 h were required for depletion of
melamine in the kidney of pigs after withdrawal of oral doses
of 3.0 and 5.12 mg of melamine/kg of feed, respectively (40).

On the basis of the above results, we assumed that most of the
melamine within the animal body existed in a free form, which
allowed for rapid depletion at the beginning of the withdrawal
period. Higher concentrations of melamine may be widely dis-
tributed in different tissues, requiring more time to be cleared.

ABBREVIATIONS USED

ANOVA, analysis of variance; ALP, alkaline phosphomono-
esterase; BUN, urea nitrogen; CP, crude protein; CRE, creati-
nine; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic-
pyruvic transaminase; HE, hematoxylin and eosin; HILIC,
hydrophilic interaction liquid chromatography; LC-MS/MS,
liquid chromatography-tandem mass spectrometry; ME, meta-
bolizable energy; MJ, megajoule; γ-GT, γ-glutamyl transpepti-
dase; SAS, Statistical Analysis System; SD, standard deviation;
t1/2, half-life; UC, uric acid; USDA, U.S. Department of Agri-
culture.
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