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Table 1 Summary of methods relevant to determination of melamine.

Recovery LOQ LOD

Method Sample (%) (ng/ke) (ng/ke) Reference
HPLC Dairy products 82-122 105-340 35-110 (%)
HPLC Infant formula 97-101 200 100 (o)
HPLC Milk, Milk powder 81-84 1000 200 ¥
HPLC Milk 84-91 20 - D)
HPLC Milk 85-99 60 18 (¥v)
HPLC-MS/MS Infant formula 75-125 25 - (Yv)
HPLC-MS/MS Milk, Infant formula 101-119 50 - )
HPLC-MS/MS Milk, Infant formula, Yogurt 92-105 4 - A)
GC-MS Milk 65-106 1 0.3 (¥¢)
GC-MS/MS Dairy products 81-92 5 2 (¥o)
Elf;ﬁ‘ge;nlgiaé‘e Dairy products 85-95 0.19 0.05 (r)
HPLC-UV Soil 95 5 - (V)
Magneticmolecularly Milk 96-98 ) i (YA)

imprinted polymer

HPLC Infant formula 93-97 10 - (¥)
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Fig 2 Standard calibration curve for melamine.
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Fig 3 Chromatogram and standard addition curve of melamine.
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2. Response surface methodology
3. Central composite design
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Table 2 Levels of independent variables and related codes

Codes and related levels

Independent variables Symbol

-1 0 +1
Water in extraction phase (%) A 37.5 50.00 62.50
Volume of extraction phase (mL) B 5.00 7.50 10.00
Extraction time (min) C 7.50 10.00 12.50
pH of extraction phase D 5.00 7.00 9.00
HCI concentration in extraction phase (M) E 0.25 0.50 0.75

Table 3 Central composite design matrix and results of response variable.

Independent variables

Run A (%) B (mL) C (min) D E(M) Peak area
1 37.50 5.00 7.50 5.00 0.25 49.10
2 62.50 5.00 7.50 5.00 0.25 70.00
3 37.50 10.00 7.50 5.00 0.25 50.00
4 62.50 10.00 7.50 5.00 0.25 56.30
5 37.50 5.00 12.50 5.00 0.25 90.30
6 62.50 5.00 12.50 5.00 0.25 90.00
7 37.50 10.00 12.50 5.00 0.25 74.90
8 62.50 10.00 12.50 5.00 0.25 68.00
9 37.50 5.00 7.50 9.00 0.25 37.80
10 62.50 5.00 7.50 9.00 0.25 38.90
11 37.50 10.00 7.50 9.00 0.25 34.80
12 62.50 10.00 7.50 9.00 0.25 36.50
13 37.50 5.00 12.50 9.00 0.25 53.30
14 62.50 5.00 12.50 9.00 0.25 65.90
15 37.50 10.00 12.50 9.00 0.25 31.15
16 62.50 10.00 12.50 9.00 0.25 39.46
17 37.50 5.00 7.50 5.00 0.75 72.90
18 62.50 5.00 7.50 5.00 0.75 85.92
19 37.50 10.00 7.50 5.00 0.75 92.70
20 62.50 10.00 7.50 5.00 0.75 85.90
21 37.50 5.00 12.50 5.00 0.75 105.00
22 62.50 5.00 12.50 5.00 0.75 107.90
23 37.50 10.00 12.50 5.00 0.75 107.00
24 62.50 10.00 12.50 5.00 0.75 80.00
25 37.50 5.00 7.50 9.00 0.75 50.00
26 62.50 5.00 7.50 9.00 0.75 31.93
27 37.50 10.00 7.50 9.00 0.75 40.00
28 62.50 10.00 7.50 9.00 0.75 32.22
29 37.50 5.00 12.50 9.00 0.75 67.70
30 62.50 5.00 12.50 9.00 0.75 65.00
31 37.50 10.00 12.50 9.00 0.75 60.00
32 62.50 10.00 12.50 9.00 0.75 43.10
33 25.00 7.50 10.00 7.00 0.50 59.00
34 75.00 7.50 10.00 7.00 0.50 23.00
35 50.00 2.50 10.00 7.00 0.50 84.60
36 50.00 12.50 10.00 7.00 0.50 52.70
37 50.00 7.50 5.00 7.00 0.50 17.50
38 50.00 7.50 15.00 7.00 0.50 56.40
39 50.00 7.50 10.00 3.00 0.50 95.00
40 50.00 7.50 10.00 11.00 0.50 23.39
41 50.00 7.50 10.00 7.00 0.02 62.00
42 50.00 7.50 10.00 7.00 0.99 82.00
43 (C) 50.00 7.50 10.00 7.00 0.50 37.10
44 (C) 50.00 7.50 10.00 7.00 0.50 39.40
45 (C) 50.00 7.50 10.00 7.00 0.50 38.10
46 (C) 50.00 7.50 10.00 7.00 0.51 36.50
47 (C) 50.00 7.50 10.00 7.00 0.51 39.40
48 (C) 50.00 7.50 10.00 7.00 0.51 37.40
49 () 50.00 7.50 10.00 7.00 0.51 39.00
50 (C) 50.00 7.50 10.00 7.00 0.51 38.60
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C: Centre point; A: Water in extraction phase (%); B: Volume of extraction phase (mL); C: Extraction time
(min); D: pH of extraction phase and E: HCI concentration in extraction phase (M).
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Fig 4 Perturbation plot showing the effect of process variables (A) Water in extraction phase (%), (B) Volume
of extraction phase (mL), (C) Extraction time (min), (D) pH of extraction phase and (E) HCI concentration in
extraction phase (M) on peak area (mV min).
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Fig S Plot of predicted crude extract yield related with experimental values.

Table 4 Analysis of variance (ANOVA) and coefficients of the final reduced regression equation.

p-value F-value Mean Square df Sum of Squares Source
<0.0001 46.19 2388.14 11 26269.50 Model
0.050 4.06 209.86 1 209.86 A
<0.0001 22.02 1138.70 1 1138.70 B
<0.0001 63.20 3267.78 1 3267.78 C
<0.0001 237.87 12298.35 1 12298.35 D
<0.0001 38.14 1972.06 1 1972.06 E
0.012 6.93 358.05 1 358.05 AE
0.002 10.75 555.78 1 555.78 BC
0.001 11.27 582.94 1 582.94 DE
<0.0001 41.83 2162.58 1 2162.58 B’
<0.0001 21.23 1097.74 1 1097.74 D’
<0.0001 50.78 2625.66 1 2625.66 E’
51.70 38 1964.69 Residual
<0.0001 52.41 63.11 31 1956.26 Lack of fit
1.20 7 8.43 Pure error
0.9103 ADJ-R’ 0.9304 R’
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Fig 6 Response surface plot for peak area (mV min) as a function of (B) volume of extraction phase (mL), (C)
extraction time (min).
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Fig 7 Response surface plot for peak area (mV min) as a function of (A) water in extraction phase (%) and (E)
HCI concentration in extraction phase (M).
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Fig 8 Response surface plot for peak area (mV min) as a function of (D) pH of extraction phase and (E) HCI
concentration in extraction phase (M).
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Table 5 Optimum extraction conditions of melamine from egg.

. Melamine concentration (mg/Kg)
()
A (%) B (ml) C (min) D EM) Experimental Predicted
39.28 5.06 12.48 5.04 0.73 0.461 0.483
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Table 6 Linear relationships between peak areas, concentrations and LOD and LOQ of melamine.

R’ LOD (ppm) LOQ (ppm) Linear equation Source
0.9998 0.0696 0.2322 Y=186.75+9.1005 Standard solution
0.9996 0.1157 0.3858 Y=3537.50+65.25 Egg sample

Vo1
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Table7 Melamine concentrations (mg/Kg) of different egg brands.
2nd

L 3M 1™ Commercial

Standard deviation Mean determination determination determination trademark
0.0043 0.452 0.457 0.450 0.449 A
0.0036 0.405 0.401 0.410 0.405 B
0.0033 0.194 0.199 0.191 0.193 C
0.0017 0.192 0.194 0.190 0.193 D
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The presence of melamine in foods is one of the important issues in terms of food safety and
consumer health. Extraction is the first step in determining the amount of melamine in foods.
Therefore, in the current study, melamine extraction from egg was optimized using response surface
methodology based on the central composite design. The percentage of water used in the extraction
phase containing water/acetonitrile, extraction phase volume, extraction time, pH of extraction phase,
and hydrochloric acid concentration in the extraction phase were considered as the studied variables
for optimizing extraction conditions. Finally, the amount of melamine present in four brands of egg
was measured by high-performance liquid chromatography (HPLC) using internal standard method.
Optimum extraction conditions were obtained in the form of 39.28% water in the extraction phase,
5.06 mL extraction solvent volume, 12.48 min extraction time, pH 5.04 and acid concentration of 0.73
M. The amount of melamine in the egg samples was in the range of 0.19-0.45 mg/kg. Regarding the
amount of melamine authorized by the EU and the US Food and Drug Administration, it can be
concluded that the melamine content of the samples is within the limits of the EU standard and only in
two samples was more of the USFDA standard.
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