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Abstract
Melamine is widely being reported as a food adulterant. Although its toxicity is currently recognized, melamine adulterations of
dairy products are ongoing to apparently increase the amount of protein. The study was conducted to investigate the determina-
tion of melamine amounts in chocolates containing powdered milk. In this study, 60 samples of chocolates containing powdered
milk, both imported and domestic brands, were collected. The samples were prepared by solid phase extraction (SPE) and
analyzed using high-performance liquid chromatography (HPLC). According to the results, melamine was found in about
94% of imported samples and about 77% of Iranian samples. Melamine concentration in imported samples ranged from 0.032
to 2.692 mg/kg, while in Iranian ones it ranged from 0.013 to 2.600 mg/kg. The mean melamine concentrations of foreign and
Iranian samples were 0.685 ± 0.68 and 0.456 ± 0.73 mg/kg, respectively. Moreover, the limit of detection (LOD) and limit of
quantification (LOQ) values of melamine were 0.017 and 0.052 μg/ml, respectively. The recovery rate (R%) at fortified levels of
1–2 mg/kg was found to be 89.20–95.69% with an RSD (Relative Standard Deviation) of 1.8–2.7%. Based on the study results,
melamine was present in 85% of all samples and the melamine level in one Iranian brand and one imported brand was higher than
the Codex Organization standard. However, the consumption of chocolates containing these low levels of melamine does not
constitute a health risk for consumers.
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Introduction

Recently, food and dairy products contaminatedwithmelamine
have created a widespread food safety concern [1]. Melamine
C3H6N6 (2, 4, 6-triamino-1, 3, 5-triazine) is a triazine hetero-
cyclic organic compound (Fig. 1) that is illegally added to milk
during processing to increase the apparent protein content [2].
Ingestion of melamine may lead to reproductive damage, or

bladder or kidney stones, and bladder cancer [3]. An incident
of the contamination of milk with melamine has resulted in
numerous cases of renal complications in children, and six
deaths have been attributed to the consumption of
contaminated products [4, 5]. The toxic effects of melamine
consumption are usually associated with high doses and the
concentrations of melamine in contaminated samples ranged
from 90 to 620 g mL−1 [6]. Tolerable daily intake (TDI) is 0.
63 mg kg−1 (0.63 g mL−1) body weight per day as recommend-
ed by the Food and Drug Administration (FDA) for food and
food ingredients other than infant formula [7]. Melamine con-
tamination in foods with animal origin such as milk and dairy
products, meat and meat products, eggs, fish and non-animal
sources such as wheat, rice and beverages have been reported
[8–14]. One of the major sources of melamine migration is
triazine pesticides such as cyromazine [13, 15, 16].
Cyromazine is also added to animal feed to remove insects
and, so melamine can be found in the body of exposured ani-
mals [12, 14, 17]. Contamination can also be due to legal use in
food packaging, environment, nitrogen supplements used in
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animal feed, degradation of veterinary drugs and fertilizers
[17–19]. The World Health Organization (WHO) sets in foods
of animal origin in the list of foods which need to be monitored
for melamine levels to ensure foods have not been affected by
melamine fraud [13]. In 2007, cases of melamine adulteration
had been reported in pet food [20]. In 2008, high concentrations
of melamine were reported in contaminated infant formula
China [17]. The adulterated products resulted in illnesses of
294,000 individuals, hospitalization of 50,000, and death of
six children [21]. The concentration of melamine in milk was
as high as 2.563 mg/kg in some samples [22]. Melamine con-
tamination has been detected in milk-based products such as
powderd milk. In a study conducted in Africa, from 49
powderd milk brands, 6% of the samples were contaminated
with melamine, and the concentration range of the compound
was between 0.5 and 5.5 mg/kg [23]. To protect public health
and food safety, many countries have established maximum
residue limits (MRLs) for melamine in various products
[17]. The FDA has determined that 1 mg/kg is the maximum
limit allowed in infant formula and 2.5 mg/kg for other foods
[21]. In a study, Londono et al. carried out a survey on
melamine contamination in milk powder in Uruguay [24].
Besides, Wen et al. conducted a study on melamine-
contaminated milk formula and its impact on children [22].
The methods used for protein estimation in food samples such
as the Kjeldahl and Dumas methods measure the nitrogen
content and cannot distinguish the nitrogen of protein and
non-protein sources (melamine) [14, 18]. Therefore, mela-
mine adulterated food products easily passed the quality
checks [21]. Based on the previous studies, HPLC has been
approved as a powerful technique for the analysis of melamine
in biological, environmental, and food materials due to its
high sensitivity, high specificity, shortest detection time, and
low cost compared to the other methods [18]. Powdered milk-
based chocolates are very popular products among all age
groups in the world. Few studies have been performed to
measure melamine in such products. The objective of this
study was to evaluate the presence and determination of mel-
amine in chocolates containing powdered milk in the available
imported and Iranian brands in Iran using SPE column and
HPLC analysis. Investigating the presence of melamine in

powdered milk-based chocolates and comparing various
brands together is a new approach that has not been carried
out in Iran and many countries. In addition, the study of
Iranian brands and even some imported brands in terms of
melamine content was survied for the first time. Hence, the
study has significant innovations in the field of milk-based
food products.

Materials and methods

Sample collection

A total of 60 overused samples of chocolate (15 Iranian brands
and 15 imported brands) were prepared. From each brand, 2
samples were randomly collected from large stores in Tehran
(during 2018–2019) and were then transported to the food
laboratory.

Reagents and chemicals

Melamine analytical standard (HPLC grade with 99% purity)
was purchased from Sigma-Aldrich Co., St. Louis, MO.
Ammonia solution (25% v/v), acetonitrile (ACN, HPLC
grade), methanol (HPLC grade), trichloroacetic acid (93%,
HPLC grade), sodium hexasulfonic acid and citric acid were
purchased from Merck Co. (Darmstadt, Germany). All
chemicals used in this study were reagents of the highest grade
and were used without further treatment.

Preparation of standard solutions

To prepare standard solution (1000.0 μg/ml), 100.0 mg of
melamine was weighed into a 100-ml volumetric flask, dis-
solved with methanol: water solution (50:50 v/v) and sonicat-
ed. Suseqently, the solution was diluted with the mobile phase
into a series of standard working solutions (from 0.2 to
1.2 μg/ml) and injected into HPLC and then, calibration curve
with r2 = 0.99 was created.

Fig. 1) A chromatogram of a chocolate sample
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Sample preparation

Fiftheen ml of 1% trichloroacetic acid and 5 ml of acetonitrile
were added to 2 g of chocolate in a 50-ml centrifuge tube, and
the mixture was sonicated for 30 min. The sample was shaken
at 70 rpm over 30min; then, it was centrifuged at 4000 rpm for
15min and filtered using filter paper. The filtered solution was
volumed up to 25 ml with 1% trichloroacetic acid, and centri-
fuged for 5 min. The supernatant was diluted with 5 ml of
distilled water. After that, sample clean-up procedure was per-
formed using solid phase extraction (SPE). The cleaned up
sample was dried under a stream of nitrogen gas and dissolved
in 1 ml of mobile phase. The final solution was filtered
through a 0.45 μm syringe filter. Finally, 100 μl of the obtain-
ed solution was injected into the HPLC.

HPLC parameters

KNAUER 0000 High Pressure Liquid Chromatography
(HPLC) Machine (Germany) equipped with 4.6 * 250 mm
C18 Column (ODS-3) and UV detector at 242 nmwavelength
was used. The mobile phase was applied at a determined ratio
(450 ml of buffer solution and 50 ml of methanol suitable for
liquid chromatography) at a flow rate of 1 ml/min.

Method validation

Validity, limit of detection (LOD), limit of quantification
(LOQ), as wel as precision and accuracy were used to validate
the values measured by HPLC based on statistical analysis.

Linearity

To investigate the linearity of the relationship between the
measured concentration and the response area (UV absorbed),
6 concentrations (0.2 to 1.2 μg/ml) from the stock melamine
solution were considered and then any concentrations were
prepared 3 times and eventually injected into HPLC. In the
following, the means of the concentrations were calculated,
and they were plotted against the amount of response areas.
For interpretation of the linearity of the calibration curve, their
correlation coefficient (R2) was calculated.

Data analysis

To non-normalize the data in this study, nonparametric
tests of Kruskal Wallis and Mann Whitney were used
for data analysis. The data analysis was performed using
SPSS v. 21.

Results and discussion

Method validation

Calculation of LOD, LOQ

The LOD and the LOQ were calculated by eqs. 1 and 2:

LOD ¼ 3Sa=b ð1Þ
LOQ ¼ 10Sa=b ð2Þ

where Sa is the standard deviation of the response areas, b
is the slope of the calibration curve, and also 3 and 10 are
signal-to-noise ratio (SNR).

Determination of accuracy and precision

Accuracy and precision indicate the degree of dispersion with-
in a series on the determination of the same sample. Two
spiked samples with 1 and 2 mg/l melamine concentration
were prepared and analyzed on the same day (accuracy) and
two for consecutive days (precision), and then the relative
standard deviation (RSD%) was calculated. Each sample
was injected into HPLC three times.

The mean and standard deviation were calculated for each
concentration and also the relative standard deviation (RSD%)
and recovery percentage (R%) of each concentration were
calculated (Eq. 3 and Eq. 4).

%RSD ¼ s=jxj
� �

*100 ð3Þ

%R ¼ Mean repetitions of each concentration measured

Injected concentration
*100

ð4Þ
where, s is the sample standard deviation and x  represents the
sample mean.

Furthermore, the LOD and LOQ of the method were 0.017
and 0.052 μg / ml, respectively. The R% of spiked samples
with a concentration of 1–2 mg/kg was found to be 89.20–
95.69% with an RSD of 1.8–2.7% (Table 1). The RSD less
than 6% and mean recovery rate of 92.44% indicate accept-
able accuracy.

Table 1) Recovery percentage of spiked samples

Sample Spike level Recovery (%) RSD1 (%)
No.: 3

1 2 95.69 1.8

2 1 89.20 2.7

92.44 2.3

1 RSD: Relative Standard Deviation
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Melamine amounts in the chocolate brands

In Table 2, the melamine concentrations of the defferent choc-
olate brands with two repetitions has been shown. The mean
concentration of melamine in Iranian and non-Iranian choco-
late brands were 0.456 and 0.685 mg/kg, respectively. Also,
the concentration range in Iranian chocolate samples was
0.013 to 2.600 mg/kg and in imported brands 0.032 to
2.692 mg/kg (Table 3). The results showed that out of 60
samples, 51 were melamine-contaminated samples.
Melamine was found in 76.66% of Iranian samples and
93.33% of imported ones. The mean concentration of
imported samples was higher than that of Iranian ones, and
the percentage of positive samples was higher in this group.
The highest amount of melamine was observed in an imported
and the least in an Iranian brand. In Fig. 1, a sample

chromatogram of a sample with 16-min retention time of
melemine is demonstrated.

The Iranian National Standards Organization (INSO) has
not yet accepted legislation to control melamine concentration
in food products of animal origin, and our results were there-
fore compared with standard levels [25]. The FDA and many
countries set 2.5 mg/kg as the standard level [18]. The results
indicated that the concentration mean of melamine in
imported samples was higher than that of Iranian samples
and the difference between the melamine concentrations of
the Iranian and imported samples was statistically significant
(P value = 0.02). However, the difference between the mean
concentrations of melamine in two groups of the samples was
statistically insignificant (P value >0.05). Moreover, the dif-
ference between the melamine concentrations of the taffy and
non-taffy chocolates was statistically insignificant (P value

Table 2) Melamine concentration
of the different brands of
chocolate

Chocolate brand Melamine Con. (mg/kg)

(With two repetitions)

Chocolate brand Melamine Con. (mg/kg)

(With two repetitions)

1 1.062

0.517

16 0.265

0.422

2 1.355

0.877

17 0.015

0.000

3 1.430

1.005

18 0.013

0.452

4 1.002

0.187

19 2.367

0.560

5 0.092

0.080

20 0.477

2.145

6 1.227

0.000

21 0.412

0.562

7 0.032

0.875

22 0.387

0.000

8 0.405

1.477

23 0.610

0.027

9 0.517

0.397

24 1.587

0.070

10 1.840

0.125

25 2.600

0.030

11 0.385

1.842

26 0.032

0.000

12 2.692

0.160

27 0.000

0.000

13 0.150

0.322

28 0.327

0.240

14 0.250

0.120

29 0.000

0.050

15 0.135

0.000

30 0.000

0.020
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>0.05). Melamine was found in about 94% of imported sam-
ples and about 77% of Iranian ones. Melamine concentration
in imported samples ranged from 0.032 to 2.692 mg/kg, while
in Iranian ones it ranged from 0.013 to 2.600 mg/kg. The
mean melamine concentrations of foreign and Iranian samples
were 0.685 ± 0.68 and 0.456 ± 0.73 mg/kg, respectively
(Table 3). The melamine content of one Iranian brand and
one imported brand was higher than the Codex Organization
standard. The melamine levels in all samples except two sam-
ples (one Iranian brand with 2.6 mg/kg and one imported
brand with 2.692 mg/kg melamine) were less than the stan-
dard limit of melamine in foods (2.5 mg/kg). Maleki et al.
analyzed 69 samples of milk powder by HPLC, in which
65% were melamine-contaminated samples and also 10 sam-
ples were above the permissible limit, which was in accor-
dance with the results of the present study [26]. Londono
et al. carried out a study on the melamine contamination in
milk powder in Uruguay. The values for positive samples
ranged from 0.017 to 0.082 mg kg−1. Nine samples were pos-
itive and also the mean of melamine concentration was report-
ed to be 0.028 mg kg−1 [24]. In India, ten brands of milk
powder were analyzed by HPLC and the results showed that
melamine was lower than the standard limit in all ten brands
[27]. Moreover, in Canada, about 250 samples of dairy prod-
ucts were tested and the amount of melamine in their samples
was lower than the permissible limit, concluding that this
amount of melamine was at the basic level and probably not
manipulated [28]. In another study, samples of milk powder
in Canada were analyzed, where melamine concentrations
were reported to be lower than the established limit, and the
origin of the amount of melamine was not detected by fraud
[29]. In the present study, the melamine concentration in
imported samples was higher than that of Iranian samples,
which may be due to the more contaminated powdered milk
used in these countries because of the consumption of mel-
amine contaminated feeds by livestock [30]. Another pos-
sibility could be the difference in the ingredients used and
formulated in Iranian and imported chocolates [31].
Furthermore, differences in the type of materials used for
packaging and manufacturing equipments and compounds
used to disinfect these facilities in different countries can be
significant for other reasons [32].

Migration of melamine from food packaging materials and
plastic containers and utensils was a major concern during the

2008 melamine contaminated infant formula crisis [33]. Chik
et al. analyzed melamine migration from melamine food con-
tact packages [34]. In their study, the migration of melamine
was determined for 41 types of retail melamine-ware products.
For the packages tested with distilled water, melamine migra-
tion was [median (interquartile range)] 22.2 (32.6), 49.3 (50.9),
84.9 (89.9) ng/ml at room temperature (25 °C), 70 °C and
100 °C, respectively [34]. In 3% acetic acid, melamine migra-
tion was 31.5 (35.7), 81.5 (76.2), 122.0 (126.7) ng/ml at room
temperature (25 °C), 70 °C and 100 °C, respectively. Their
study reported that excessive heat and acidity may directly
affect melamine migration from melamine-ware products
[34]. However, their results showed that melamine migration
in the tested items was well below the specific migration limit
(SML) of 30 mg/kg (30,000 ng/ml) set out in European
Commission Directive 2002/72/EC [34]. Another reason for
the differences in the amount of melamine in the produced
chocolatesmay be the amount and type of pesticides, fertilizers,
nitrogen supplements in animal feed and veterinary medicines
in different countries [35]. A specialized committee formed by
the WHO stated that low melamine concentrations (e.g., less
than 1 mg/kg) in foods may be considered as the permissible
level that shows no health concern [36]. Accordingly, with the
exception of two cases in which the levels were higher than the
standard limit, the presence of low levels of melamine in choc-
olates probably had a reason other than manipulation in con-
sumed powder milk. In fact, due to the widespread legal use of
melamine as a raw organic matter in the industry such as prep-
aration of food containers, use of disinfectants, fertilizers and
animal feed, the compound can be present at the basic levels in
food .

Conclusion

Melamine contamination of human and animal food has be-
come an ongoing public health concern. According to the
results, melamine was present in 85% of all the samples, and
also the melamine level in one Iranian brand and one imported
brand was higher than the Codex Organization standard. The
above-standard values in these two brands can not be a sign of
food fraud and is probably due to the presence of melamine in
chocolate packaging and melamine in animal feed, which is
indirectly detected throughmilk powder in chocolate contents.

Table 3) The mean and range of
melamine concentrations in
Iranian and non-Iranian chocolate
samples

Sample Brand Sample
volume

Concentration
mean

Standard
deviation

Concentration
range (mg/kg)

Positive
cases
(%)

Chocolate Iranian 30 0.456 0.73 0.013–2.600 76.66

Chocolate Imported 30 0.685 0.68 0.032–2.692 93.33

Sum 60 85
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Moreover, the LOD and LOQ of the method were sufficient to
detect melamine in milk and dairy products under the safety
limits recommended by the Codex Alimentarius Commission.
The proposed method can be used for the routine determina-
tion of melamine residues in milk and dairy products.
Consumption of chocolates containing these low levels of
melamine does not constitute a health risk for consumers.
However, monitoring of melamine residues is necessary in
order to prevent the excessive consumption of contaminated
food products. Furthermore, it is necessary that maximum
residue levels and tolerable daily intake values for melamine
be defined and monitored daily in Iranian food products. As a
result, if melamine is identified in samples of milk-based prod-
ucts, it must be inhibited from the marketplace.
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