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a b s t r a c t

This paper presents an analytical procedure for the direct determination of zinc in yogurt employing
sampling slurry and high resolution-continuum source flame atomic absorption spectrometry (HR-CS
FAAS). The step optimization established the experimental conditions of: 2.0 mol L−1 hydrochloric acid,
a sonication time of 20 min and a sample mass of 1.0 g for a slurry volume of 25 mL. This method allows
the determination of zinc with a limit of quantification of 0.32 �g g−1. The precision expressed as relative
eywords:
lurry sampling
inc determination
ogurt samples
igh resolution-continuum source flame
tomic absorption spectrometry

standard deviation (RSD) were 0.82 and 2.08% for yogurt samples containing zinc concentrations of 4.85
and 2.49 �g g−1, respectively. The accuracy was confirmed by the analysis of a certified reference material
of non-fat milk powder furnished by the National Institute of Standard and Technology. The proposed
method was applied for the determination of zinc in seven yogurt samples. The zinc content was varied
from 2.19 to 4.85 �g g−1. These results agreed with those reported in the literature. The samples were
also analyzed after acid digestion and zinc determination by FAAS. No statistical difference was observed
between the results obtained by both of the procedures performed.
. Introduction

Yogurt is defined as the product obtained from milk fermenta-
ion by the action of two lactic acid bacteria that live symbiotically:
actobacillus delbrueckii ssp. bulgaricus and Streptococcus ther-
ophilus. These bacteria convert the milk sugar lactose into lactic

cid during the fermentation [1,2]. This product is widely consumed
ecause it is a good source of minerals such as calcium, magnesium,
hosphorus and zinc in the human diet and it is digested and assim-

lated more easily than fresh milk [3,4]. In addition, it can provide
eneficial effects to human health due its therapeutic, probiotic and
ntitumoral effects [5,6].

Zinc is an essential nutrient for human metabolism. It is present
n more than 300 enzymes involved in several physiological func-
ions, such as protein synthesis and energy metabolism. Zinc
eficiency in humans causes dwarfism, hypogonadism, diarrhea
nd dermatitis [7]. The daily recommended intake of zinc depends

n life stage [8]. Thus, the quantization of this metal in yogurt is of
reat relevance.

Yogurt is a complex matrix that presents a high content of
rganic compounds, such as proteins and fats. This way, the
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sample digestion procedures proposed for the decomposition of
yogurt samples are often complicated. Mehmet and co-workers
compared digestion procedures using dry, wet and microwave ash-
ing, proposed for the determination of copper, manganese and
lead in yogurt employing FAAS. The results showed that use of a
microwave oven is the best option. It was also observed that a pro-
cedure using dry ashing with an incineration temperature of 450 ◦C
for 8 h is efficient for the determination of copper and manganese,
but considerable lead losses were observed [9]. For all these rea-
sons, the slurry sampling appears to be an alternative technique
for the pre-treatment of yogurt samples with many advantages,
including: simplification of the sample digestion step, reduced
risk of contamination and minimization of the use of reagents
[10–13]. Actually, slurry sampling is an analytical strategy used for
the determination of metals and metalloids in different samples
employing spectrometry techniques, such as: inductively coupled
plasma optical emission spectrometry (ICP OES) [14,15], hydride
generation atomic absorption spectrometry (HG-AAS) [16], cold
vapor atomic absorption spectrometry (CV AAS) [17], electrother-
mal atomic absorption spectrometry (ET AAS) [18–20] and (FAAS)

[21,22].

This paper proposes a procedure that employs slurry sampling
for the determination of zinc in yogurt samples by high resolution-
continuum source flame atomic absorption spectrometry (HR-CS
FAAS).
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Table 1
Equations of the analytical curves.

System Linear regression equations

Aqueous mediaECT Abs = (0.3168 ± 0.0125)CZn + (0.0040 ± 0.0038) r = (0.9995 ± 0.0052)
Sample 1AAT Abs = (0.2921 ± 0.0144)CZn + (0.0724 ± 0.0043) r = (0.9992 ± 0.0060)
Sample 2AAT Abs = (0.2961 ± 0.0181)CZn + (0.0686 ± 0.0050) r = (0.9991 ± 0.0070)
Sample 3AAT Abs = (0.3058 ± 0.0166)CZn + (0.0371 ± 0.0050) r = (0.9991 ± 0.0069)
Sample 4AAT Abs = (0.3034 ± 0.0099)CZn + (0.0450 ± 0.0030) r = (0.9997 ± 0.0041)
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ECT: analytical curve using external calibration techniq
CZn (�g L−1).

. Experimental

.1. Instrumentation

An Analytik Jena Model ContrAA 300 High Resolution-
ontinuum Source Flame Atomic Absorption Spectrometer (GLE,
erlin, Germany) equipped with a xenon short-arc lamp XBO
01 with a nominal power of 300 W operating in a hot-spot
ode as a continuum radiation source was used for the analy-

is. An air–acetylene flame was used for the atomization of Zn.
ll measurements of absorbance were carried out in triplicate for
lanks, analytical solutions and samples using the main line of Zn
213.875 nm). The equipment was operated under optimum con-
itions.

An Ultrasonic Benchtop Cleaner VWR Model 75 D (Cortland, NY,
SA) was used for slurry preparation.

A Tecnal Model TE-040/25 Aluminum Heating Block (Piracicaba,
ão Paulo, Brazil) was used for the mineralization of samples.

An Eppendorf Model 5804 centrifuge was used for the centrifu-
ation of the slurries.

.2. Reagent and samples

All reagents were of analytical grade unless otherwise stated.
ltrapure water was obtained from an EASY pure RF (Barnstedt,
ubuque, IA, USA). Nitric and hydrochloric acid were of Supra-
ur quality (Merck, Darmstadt, Germany). Laboratory glassware
as kept overnight in 10% (v/v) nitric acid solution. Before use the

lassware was rinsed with deionized water and dried in a dust-free
nvironment.

Zinc solution (100.0 �g mL−1) was prepared by diluting a
000 �g mL−1 zinc solution (Merck) with a 1% (v/v) hydrochloric
cid solution.

The certified reference material used for the confirmation of the
ccuracy was SRM 1549 non-fat milk powder (National Institute of
tandard and Technology, NIST, Gaithersburg, MD, USA).

The yogurt samples investigated in this study were locally avail-
ble brands, collected in supermarkets from Salvador City, Brazil.

.3. Slurry preparation

A 1.0 g mass of yogurt sample was directly weighted in a 25-
L volumetric flask and diluted with 2.0 mol L−1 acid hydrochloric

olution. After, the slurries were placed in an ultrasonic bath for
0 min and then aspirated directly through the nebulizer for zinc
etermination by HR-CS FAAS. All samples were analyzed in trip-

icate. The blanks were prepared in the same way as the slurries.
standard calibration technique was used for quantification, and

he analytical curves were established using aqueous standards.
.4. Digestion of yogurt samples

A mass of 1.0 g of yogurt sample was directly weighed in a diges-
ion tube, and 5.0 mL of concentrated nitric acid and 4 mL of 30%
0.0123)CZn + (0.0384 ± 0.0037) r = (0.9995 ± 0.0051)

T: analytical curves using analyte addition technique.

(v/v) hydrogen peroxide were added. Then, the mixture was heated
and evaporated to dryness. Afterward, the residual solution was
transferred to a 25-mL volumetric flask and diluted with 2.0 mol L−1

acid hydrochloric solution.

3. Results and discussion

3.1. Optimization of the experimental conditions

The optimization was performed using univariate methodol-
ogy involving the followings variables: nature and concentration of
acid, sonication time and sample mass. All the experiments were
performed using a slurry volume of 25 mL.

Hydrochloric, nitric and formic acid were investigated as the
liquid phase for slurries preparation in the concentration range of
0.5–3.0 mol L−1. This study was performed at the experimental con-
ditions of a sample mass of 1.0 g and a sonication time of 20 min.
The results demonstrated that there is no difference in the analyt-
ical signals for the acids, and a maximum sensitivity was obtained
for a concentration of 0.5 mol L−1, which remained constant up
to 3.0 mol L−1. However, it was observed that slurries prepared
with acid concentrations less than 2.0 mol L−1 caused occasional
blockage in the nebulization system of the spectrometer. Thus,
hydrochloric acid at a 2.0 mol L−1 concentration was established
as the liquid phase for slurry preparation.

The effect of sonication time on the preparation of the slurries
was also studied. The results demonstrated that this variable in the
range of 0–40 min does not affect the analytical signal. However, it
was observed that slurries prepared with sonication times less than
20 min caused occasionally problems of obstruction in the nebu-
lization system. Thus, a sonication time of 20 min was established
for this method.

Slurries were prepared with sample masses ranging from 0.25 to
2.0 g, using 2.0 mol L−1 hydrochloric acid solution and a sonication
time of 20 min. Then, zinc was determined, and the results showed
that the mass limit is 1.5 g. Thus, the procedure recommends a
sample mass of 1.0 g for preparation of the slurries.

The efficiency of the extraction of the proposed method
was assessed under optimized experimental conditions for four
yogurt samples. It was calculated with a relationship among the
absorbance obtained for the slurry and the absorbance obtained
for the liquid phase of the slurry after centrifugation. The results
varied from 96 to 103% demonstrating that the zinc extraction pro-
cess is complete under the experimental conditions established by
the procedure proposed.

3.2. Analytical validation
The calibration technique of the method was evaluated by
comparison of the slopes of curves obtained with aqueous stan-
dards and with analyte addition in five yogurt samples. The results
showed good similarity among the slopes of the curves, all with
correlation coefficients >0.999, as can be seen in Table 1.
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Table 2
Determination of zinc in yogurt samples using slurry sampling and acid digestion
(N = 3).

Sample Results found by slurry
sampling technique
(�g g−1)

Results found by acid
digestion procedure
(�g g−1)

1 4.85 ± 0.33 4.82 ± 0.06
2 4.66 ± 0.07 4.70 ± 0.12
3 2.49 ± 0.11 2.44 ± 0.08
4 2.86 ± 0.07 2.95 ± 0.11
5 3.44 ± 0.31 3.36 ± 0.29
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6 2.19 ± 0.08 2.12 ± 0.27
7 3.02 ± 0.23 3.08 ± 0.17

These results demonstrated that the external calibration tech-
ique using aqueous standards is efficient for this procedure.

The limits of detection (LOD) and quantification (LQ) were deter-
inate as IUPAC recommendation. They were found to be 0.10 and

.32 �g g−1, respectively.
The precision, expressed as the relative standard deviation (RSD)

nd calculated from ten consecutive measurements of the slurries,
ere 0.82 and 2.08% for two yogurt samples with concentrations

f zinc of 4.85 and 2.49 �g g−1, respectively.
The accuracy was evaluated by the analysis of a certified refer-

nce material (CRM) NIST SRM 1549 of non-fat milk powder, which
as a certified value of 46.1 ± 2.2 �g g−1 for zinc. Using the proposed
ethod a zinc concentration of 44.9 ± 0.8 �g g−1 (N = 3) was found,

onfirming the accuracy of this method.

.3. Application

The proposed method was used for the determination of zinc in
ight yogurt samples bought in supermarkets from Salvador City,
razil. The samples were also analyzed after complete digestion
sing nitric and hydrogen peroxide, and the zinc was determined
y HR-CS FAAS. All results are expressed with interval confidence
at the 95%) and are shown in Table 2. The zinc content found in

−1
hese samples varied from 2.19 to 4.85 �g g . These results are in
greement with data reported in the literature [3]. Applying the
aired t-test at the level of 95% confidence no statistical difference
as observed among the values obtained by the slurry method and

hose after complete digestion.

[

[
[
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4. Conclusion

The proposed method presented analytical features necessary
for zinc determination in yogurt samples. Furthermore, the results
showed that the method developed is feasible, rapid, simple and
adequate for routine analyses.
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