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ABSTRACT

A fast and direct method for determination of milk adulteration by monitoring of calcium and sodium concentrations
variations was described. Milk samples were furnished by a dairy company located at Sdo Carlos (Sdo Paulo State, Bra-
zil) and spiked with tap-water, whey, hydrogen peroxide, synthetic urine, urea and synthetic milk in the ranged from 5%
to 50% (v/v), expect for caustic soda. Caustic soda was added in the milk until establish the original pH. The milk sam-
ples were analyzed by using flame atomic absorption spectrometry (FAAS) and no acid digestion process was required.
Results showed a significant decrease in the Na and Ca concentrations with addition of synthetic milk and tap-water, a
nonlinear variation with addition of synthetic urine, whey and hydrogen peroxide and a largest increase in the Na con-
centration with addition of NaOH. Correlation between Na and Ca concentrations in pure and adulterated milk were
evaluated by paired t-test at a 95% confidence level. Results showed that the method proposed is efficient to identify

samples adulterated with tap-water, caustic soda, synthetics milk and urine.
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1. Introduction

Food adulteration is a common and serious problem in
many countries [1-4]. Liquid milk is one of the most se-
rious problems for the dairy industry [5,6] and it is com-
monly adulterated by addition of water to increase the
volume, neutralizers to mask acidity, salt or sugar to mask
extra water, among others [7,8]. In Brazil, an experimen-
tal study to evaluate the milk authenticity showed the
presence of at least one of adulterant studied (chlorine,
formol, hydrogen peroxide and urine) in all samples ana-
lyzed [9]. In China, the addition of melamine in liquid
and powder milk has resulted in numerous cases of renal
complications in children and six deaths [10].

Several analytical techniques have been suggested for
identification and quantification of adulterants in milk [11-
13]. Mabrook et al. and Sadat et al. have investigated the
use of single frequency electrical conductance measure-
ments to detect the adulteration by addition of water and
synthetic milk [14,15] and results obtained showed a
significant difference in the conductance values from the
pure to adulterated milk. A new type of impedance sen-
sor was developed to identify milk adulteration with tap-
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water, urea and liquid-whey [8]. Results indicated that
the sensor can detected the adulteration when the concen-
tration of liquid-whey, tap-water and urea were >5%, 10%
and 0.6 mg-mL ", respectively. This sensor was also tested
to distinguish pure from synthetic milk (milk with lig-
uid-whey) and good results were obtained when the syn-
thetic milk is reconstructed by adding of minimum 15%
of liquid-whey. Results obtained with NIR (Near Infrared)
revealed that the method can be applied to quantify water
and whey with root mean square error of prediction
(RMSEP) ~2.159% (v/v) and 2.44 g-L"', respectively [16].
Santos et al. has studied the possibility to use digital im-
ages for determination and quantification of water and
NaOH in adulterated liquid cow’s milk [17]. Digital im-
ages were obtained in the flatbed scanner, and the means
of ten color descriptors were used to evaluate the infor-
mation from the images. Results showed that the method
is able to distinguish and quantify the adulterants with
high discriminating power and low statics errors (RMSEP).
The aim of this study was to show the possibility to
apply Flame Atomic Absorption Spectrometry (FAAS) and
Flame Atomic Emission Spectrometry (FAES) to deter-
mine the adulteration in liquid cow milk by variation of
Ca and Na concentrations. FAAS is the most widely used
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technique for elemental determination and the determina-
tion of Ca and Na are important because these metals are
involved in a several metabolic functions in the humans.
FAAS has been widely used in numerous applications to
detect and quantify metals in cow milk [18-20], but it was
never applied to evaluate the milk adulteration.

2. Materials and Methods
2.1. Instrumentation

FAAS experiments were performed in a flame atomic
absorption spectrometer (AA240FS; Varian, Mulgrave,
Australia) fitted with a deuterium lamp for background
correction. Ca and Na were determined in absorption and
emission mode, respectively. The experimental conditions
used (wavelength, lamp current for Ca and acetylene and air
flow rates) were those recommended by the manufacturer.

2.2. Reagents, Analytical Solutions and Samples

All solutions were made with deionized water (Milli-Q
Plus, Millipore, Barueri, S0 Paulo, Brazil). Calcium
(0.25 - 4 mg-L™") and sodium (0.1 - 0.6 mg-L™") aqueous
standard solutions were prepared after successive dilu-
tions of the metals standard stock solutions of 1000 mg-L ™
(Merck, Darmstadt, Germany).

Milk samples were furnished by a dairy company lo-
cated at Sdo Carlos (Sao Paulo State, Brazil). The sam-
ples were previously analyzed by several parameters and
the results were in agreement with Brazilian’s rules [21]
which are compatible with international’s rules. The sam-
ples were adulterated with whey, tap-water, synthetic milk,
synthetic urine, hydrogen peroxide, urine and commer-
cial NaOH (caustic soda) in different percentage of adul-
teration (5%, 15%, 25%, 35% and 50% (v/v)), except for
the caustic soda. In this case, the fresh milk was turned
sour (at ambient temperature) and NaOH (10 mol-L™)
was added to establish the original pH. Synthetic milk
and synthetic urine were prepared according to literature
[15,22]. Whey solutions were made according to the
manufacturer’s recommendations. Commercial NaOH (10
mol-L™") and tap-water were used to simulate the adul-
teration procedure. For adulteration with hydrogen per-
oxide, the p.a. reagent was applied.

2.3. Procedure

In order to develop a fast and direct method to detect milk
adulteration, determination of Ca and Na were performed
without acid digestion process. The samples were just
diluted in deionized water until the Ca and Na concentra-
tions were agreeing with the linear equipment range. The
method was validated by the comparison to the standard
additions data.
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3. Results and Discussion
3.1. Matrix Interferences

Milk is a complex matrix that contains compounds may
be interfering in the analytical results. Several procedures
of sample preparation have already used to reduce these
interfering, and most of them involve a step of digestion
to eliminate the organic matrix [23,24]. In this study, a
simple dilution of the milk in water was tested and re-
sults obtained were compared with the standard additions.
Standard addition can be applied to the most analytical
techniques in instead of a calibration curve to solve the
matrix effect problems.

Figure 1 shows the results obtained with the aqueous
standards calibration and the standard addition methods
for Ca. The aqueous standards calibration curves (black
circles) were prepared by appropriate dilution of Ca stan-
dard stock solution in water (0.25, 0.5, 1,2 and 4 mg-L™")
and the standard addition (black squares) by addition 0.0,
0.2, 0.8 and 1.6 mg-L™" of Ca in milk samples. The par-
allel behavior of the regression lines and the similar angu-
lar coefficient (0.123 and 0.118), indicating that the method
developed can be applied to quantify Ca and Na in milk.

3.2. Application of the Proposed Method for
Detection of Milk Adulteration

Table 1 shows Ca and Na concentrations in pure and
milk adulterated with water, whey, synthetic urine, syn-
thetic milk, hydrogen peroxide and caustic soda. The
concentrations of Ca and Na in pure milk were 1131 + 29
mg-L " and 794 + 23 mg-L "', respectively. Ca concentra-
tions varied from 1342 + 97 (for milk adulterated with
whey at 5%) to 531 £ 32 mg-L ' (for milk adulterated with
water at 50%) and Na from 1659 + 86 (for milk adulterated
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Figure 1. Calcium calibration curves obtained with (m) stan-
dard additions and (e) aqueous standards.
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Table 1. Ca and Na concentration in pure and adulterated milk samples by using FAAS (mean =+ standard deviation, mg-L™',

n=3).
Adulterant Adulterant concentration (% v-v™') Ca Na
mg- L™’ Paired t-test value mg-L™ Paired t-test value
- 0 (Pure milk) 1131£29 - 794 +23 -

5 951+ 77 3.785" 768 + 32 1.122

15 850 + 96 4.850 748 + 23 2.439

Water 25 797 + 39 11.953" 734 +£28 2918"

35 777 + 47 11.065 685+ 59 2.951"

50 531 +32 24.021° 624 +23 9.166"

5 1342 £ 97 3.599" 888 + 44 3.309"

15 1034 + 78 2.022 849 + 30 2.543

Whey 25 1207 + 62 1.944 829 + 30 1.617

35 1163 + 46 1.048 906+ 9 8.040"

50 1233 +29 2.100 984 + 27 9.412"
5 925 + 39 7.409 1659 + 86 16.827
15 865+ 12 14.779 1472+ 33 29.094
Synthetic urine 25 959 + 100 2.845 1418 + 50 19.609"
35 1117+ 103 0213 1081 £ 19 16.706

50 1196 £ 103 1.005 884 =23 4.892"

5 1295 + 63 4078 873 + 85 1.568

15 786 + 54 9.721" 812 +43 0.671

Synthetic milk 25 721 59 10.752" 720 + 41 2.697
35 691 +31 18.069" 677 +25 5916
50 549 + 36 21.888" 592 +20 11.462"

5 1082 + 94 0.853 808 + 40 0.537

15 809 + 78 6.678" 775 + 30 0.848

Hydrogen peroxide 25 1192 +£75 1.315 736 + 25 2,971
35 1061 + 33 2.789" 692+ 19 6.038"

50 759 + 50 11.206" 609 + 20 8.586"
Caustic soda Up to pH 6.7 - - 2219+ 67 34.770°

Tabulated t-value = 2.776 (n = 3, 4 degrees of freedom and 95% of confidence level); “Values higher than the tabulated t-value.

with urine at 5%) to 592 + 20 mg-L™ (for milk adulter-
ated with synthetic milk at 50%). The largest decrease in
the Na and Ca concentrations were observed in samples
adulterated with synthetic milk and tap-water. These ef-
fects can be associated to increase in the milk volume
due the addition of these liquids adulterants. On the other
hand, the largest increase in the Na and Ca concentrations
was observed for Na in the milk adulterated with caustic
soda. Na concentrations varied from 794 + 23 (for pure
milk) to 2219 + 67 mg-L ™.

Significant differences in the Ca and Na concentrations
were also observed in the samples adulterated with whey.
In this case, the addition of whey results in a nonlinear
variation of Ca and Na concentration. According to the
manufacturer, whey is composed by 1086 and 796 mg-g ™
of Na and Ca, respectively. Therefore, the adding of whey
provides not only the dilution of samples but also an in-
crease in the Ca and Na concentrations. Same behavior
(nonlinear variation) was observed in the samples adul-

Copyright © 2012 SciRes.

terated with hydrogen peroxide and synthetic urine. Fig-
ure 2 shows the variation of Ca and Na concentrations in
milk adulterated with synthetic urine. Results obtained
showed that the Na concentration increased significantly
after the first addition of synthetic urine (from 794 + 23
to 1659 = 89 mg-L™") and, after that, the concentration
decreased until 884 + 23 mg-L™" with an adulteration of
50%. For Ca, the behavior was the opposite. Ca concen-
tration decreased to 925 + 39 mg-L™" after adulteration of
5% synthetic urine and increased to 959 + 100 mg-L™
with adulteration of 25%.

A paired t-test was used for comparing the concentra-
tions of Ca and Na obtained in pure and adulterated milk.
Results showed that the Ca concentrations in pure milk
was statistical different to the samples adulterated with
water and synthetic milk (calculated t values higher than
2.776) (Table 1). Na concentrations in pure and adulter-
ated milk were statistical different just in the samples
adulterated with NaOH and synthetic urine. Adulteration

FNS



Study of Calcium and Sodium Behavior to Identify Milk Adulteration Using Flame Atomic Absorption Spectrometry

1800 — 7
—&—Ca
—e—Na
1600 |- i
D —
2 1400 -
(o))
g | 1
S
§ 1200} } -
©
5 : 1
c
8 1000 | .
c
o
s} ./ ®
800 |- .
600 1 1 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50
Synthetic urine concentration (v/v)

Figure 2. Calcium (m) and sodium (e) behavior in milk
adulterated with synthetic urine.

by addition of whey and hydrogen peroxide were the most
difficult to identify by variation of Na and Ca concentra-
tions. According to the results, significant difference in the
Na and Ca were obtained just for some selected levels
analyzed.

4. Conclusion

The proposed method demonstrated the possibility to ac-
complish FAAS for identification of milk adulteration by
analyzing Ca and Na behavior. The method is simple,
fast and do not require the use of acid digestion process.
A paired t-test was used to compare Na and Ca concen-
tration in pure and adulterated milk and results showed
that the method was efficient to identify samples adulter-
ated with tap-water, caustic soda, synthetics milk and
urine. Giving these results, we concluded that the method
can be an alternative to detect milk adulteration in the
dairy industries
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