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In this study, a methodology was developed to determine Fe, Mn and Zn by flame atomic
absorption spectrometry (FAAS) in soy milk samples. Samples were treated by dissolution with
tetramethylammonium hydroxide (TMAH) using ultrasound energy. Doehlert design was applied
in the multivariate optimization of the following variables: sonication time, TMAH volume and
temperature during dissolution. The desirability function was used to find the optimum region. The
methodology presented limits of quantification of 14.2, 4.7, and 0.73 mg kg™, precision, expressed
as repeatability (relative standard deviation (RSD), 2.0 mg L', n = 10), of 1.5, 1.3, and 0.95%,
respectively, for Fe, Mn, and Zn. Accuracy was assessed by addition/recovery tests (recoveries in
the range of 93 and 105%), comparison with another method adopted as a standard (acid digestion
in a digester block), and analysis of a certified reference material (powdered skimmed milk,
ERM-BD150). The method presented adequate accuracy for determining the elements studied
in soy milk samples.
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Introduction

Soy milk is a functional and convenient food alternative
developed to meet the nutritional needs of specific
population groups, including individuals of different age
ranges, lifestyle profiles, and those with food intolerance.
It is recommended for body fat reduction, for athletes
requiring plant-based protein sources, and for individuals
following vegan diets. Additionally, soy milk is widely
consumed by those seeking to control serum cholesterol
levels, and by individuals allergic or intolerant to
components of cow’s milk.'*

Itis a beverage produced using soybeans (Glycine max)
through their grinding in the presence of water, obtaining
a colloidal suspension. This process preserves most of the
soluble carbohydrates, proteins, fats, vitamins, and minerals
naturally present in the grains. Nutrients, stabilizers,
flavorings, and preservatives may also be added to the
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final product. Another way of marketing the product is in
powdered form (known as isolated soy protein, extracted
from defatted flour), which must be prepared by dissolving
it in warm water. It offers similar amounts of protein per
serving compared to ready-to-drink beverages.>?

Food is the primary source of essential mineral elements
required for the nutrition of living organisms. However, the
beneficial effect on metabolism and human health depends
on the element, and the amount ingested. Micronutrients
such as Fe, Mn and Zn are required in much smaller
quantities, in the order of milligrams or micrograms.
The ingestion of insufficient amounts of micronutrients
is responsible for problems resulting from malnutrition,
such as anemia (iron deficiency), dermatitis, low immunity,
dry skin, hair loss (Zn deficiency). Mn deficiency is rare
and, when it occurs, it is associated with restrictive diets,
which can impair fat and carbohydrate metabolism, bone
formation, and wound healing. Soy milk is a natural source
of Fe, Mn, and Zn. They are essential micronutrients,
indispensable for life, playing a fundamental role in
metabolism. Their quantification in soy milk is important
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for nutritional reasons, ensuring product quality and food
safety for the population that consumes it.>”’

Mineral elements do not exist free in the ingested food.
Some organic species bind to ions and form complexes of
different degrees of stability and availability to the body.
The presence of these elements in food may come from
farming (type of soil, use of fertilizers and agricultural
pesticides, water used for irrigation, etc.) and from the
handling and processing of this food, which may include
the addition from external sources through contamination or
the use of additives to enrich the food. The determination of
mineral elements and their compounds in food is a current
demand from a society increasingly concerned about life
quality and health preservation.®?

Decomposition in an acidic medium by heating meets
several necessary requirements in terms of figures of merit
necessary for the analysis and reliability in the results
generated. However, in some cases, it is time-consuming
and requires the use of large quantities of reagents and
drastic conditions to degrade the sample and release
the elements into the solution to be analyzed. Thus, the
development of new analytical methodologies that are
faster, economical, and more reliable and that use small
quantities of reagents (and, therefore, more in tune with
the principles of green chemistry) is necessary.!*!!

Sample treatment with tetramethylammonium
hydroxide (TMAH) has advantages, such as the use of
a small amount of reagent (in the order of a few tens or
hundreds of microliters), mild sample attack conditions
and operational simplicity. The disadvantages are: the
specific use of the reagent for protein samples and
the possibility of element precipitation in the form of
hydroxide due to the strongly alkaline environment
(which deserves a careful study on the influence of this
phenomenon on the results).'>'* TMAH has already been
applied to decompose food samples in different studies:
developing a method for dissolving cow’s milk samples
for the determination of Ca, Fe, Mg, and Zn by flame
atomic absorption spectrometry (FAAS),* optimizing a
method for determining Ca, Cu, Fe, K, Mg, Na, and Zn
in goat meat samples by FAAS,> preparing samples for
determining Cr, Cu, Fe, K, Mg, Mn, and Zn in shrimp and
crab by microwave inductively plasma optical emission
spectrometry (MIP OES),* Cr"! speciation in rice samples
by inductively coupled plasma mass spectrometry (ICP-MS)
after chromatographic separation,'> determining Ca,
Fe, Mg, and Zn in fish fillet samples by FAAS,'® using
ultrasound energy to extract Pb, Cd, Cr, Mn, Fe, Cu, and Zn
in edible oils for determination by graphite furnace atomic
absorption spectrometry (GFAAS)," solubilizing chicken
tissues monitored by Raman spectroscopy followed by Pb

2 0of 9

Doehlert Design Optimization of Ultrasound-Assisted Tetramethylammonium Hydroxide Dissolution of Soy Milk

determination by GFAAS,'® extraction and determination
of iodine in fruits, vegetables, cereals, meats, milk, and
seafood by ICP-MS," development of a rapid method for
the simultaneous determination of monomethyl mercury
and inorganic mercury in rice and aquatic plant samples
by gas chromatography coupled to atomic fluorescence
spectrometry,” determination of Ag nanoparticles in fish
samples using single-particle ICP-MS,?!' extraction and
quantification of Ag, Au, and Ti nanoparticles in marine
biota by single-particle ICP-MS,* among other studies.
In this research, multivariate optimization (Doehlert
experimental design) and desirability function were applied
in the development of a methodology for the preparation of
soy milk samples by dissolution in TMAH medium aiming
at the determination of nutrients (Fe, Zn and Mn) by FAAS.

Experimental
Instrumentation

The analytes were determined in soybean milk samples
using a PerkinElmer flame atomic absorption spectrometer
(Analyst 200, Norwalk, CT, USA). The influence of
background radiation was corrected from the absorbance
measurements by a deuterium lamp. Hollow cathode
lamps, operated according to the recommendations of the
manufacturer, were used as the radiation source for metal
determination. Thus, the wavelengths (248.3, 279.5, and
213.9 nm), slit width (0.2, 0.2, and 0.7 nm), and lamp
current (30, 20, and 15 mA) were adopted for Fe, Mn, and
Zn, respectively. Acetylene gas (flow rate: 2.0 L min™') and
atmospheric air supplied by a compression equipment (flow
rate: 13.5 L min') were used to maintain the flame, and the
suction flow rate of the solutions was 5.0 mL min'.

An ultrasonic bath equipment (Cristofoli, Campo
Mourdo, Brazil) was used to assist sample treatment with
TMAH. The samples were digested in acidic medium by a
digestion block (Tecnal, Piracicaba, Sdo Paulo) equipped
with digestion tubes and “cold finger” condensers. A
Sartorius balance (BLD105, Gottingen, Germany) was
used to determine sample mass.

Reagents and solutions

Tetramethylammonium hydroxide (25% m v'!, purity
grade: 97%) was obtained from Sigma-Aldrich (Darmstadt,
Germany). In the preparation of the standard solutions of
the metals and in the spike tests (Fe, Zn and Mn), stock
solutions of Fe, Mn and Zn, (Specsol, Jacarei, Sao Paulo),
1000 mg L preserved in 1% (v v'') HCl were used. In the
total decomposition of the soy milk samples in the digestion
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block, concentrated nitric acid (F. Maia, Cotia, Sdo Paulo)
and 30% (v v'') hydrogen peroxide (Exodo Cientifica,
Hortolandia, Sdo Paulo) were used. A Permution system
(Labnorte, Salvador, Bahia) was used to obtain deionized
water. The glassware used was decontaminated by contact
with a 5% (v v'') HNO, solution for at least 12 h, followed
by rinsing with deionized water and drying in a dust-free
environment.

Sample acquisition

The samples of liquid (ready-to-drink) or powdered
soy milk were purchased from supermarkets and health food
stores in the city of Jequié (Bahia, Brazil). The samples were
stored protected from light and humidity, without the need
for refrigeration. The packages were opened only when the
samples were prepared. The solid product is already sold in
the form of a very fine powder, dispensing with comminution,
only requiring sieving in a 300 pm mesh.

Optimization procedure

Doehlert design was the multivariate tool applied to
optimize the procedure for dissolving soy milk samples in
TMAH medium using ultrasound energy. This experimental
design was applied to model the data and find the optimal
experimental conditions using the Statistica software 7.0
(StatSoft, UEA, Tulsa, Oklahoma, 2005). The variables
sonication time and TMAH volume were studied at
five levels. Temperature was studied at three levels. For
the simultaneous optimization of the three responses
(absorbance of Fe, Zn and Mn), a desirability function was
used in the data set in order to maximize the responses.

Procedure for obtaining a suspension in TMAH after
optimization

The optimized procedure were as follows:
(i) approximately 0.25 g of the powdered soybean extract
sample was weighed in a glass centrifuge tube with a conical
bottom; (ii) 5 mL aliquot of deionized water were added
and the tube were shook to form the sample suspension;
(iii) 700 pL aliquot of 25% TMAH (v v'') were added and
the mixture were subjected to an ultrasonic bath for 15 min
at room temperature; (iv) after sonication, the sample were
diluted to 20 mL with deionized water and (v) transferred
to a polyethylene bottle and stored in a refrigerator until
metal determination by FAAS. For liquid samples, 5 mL
of the sample were transferred to the tube; water was not
added and the same procedure as for the solid sample from
items (iii) to (v) were followed. At the end of the analyses,
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a solution of 1% v v Triton X-100 was aspirated to help
clean the nebulization system. Although clogging problems
did not occur, a centrifugation step (5 min, 3000 rpm) can be
alternatively included in the procedure to avoid introducing
the fine suspension into the equipment.

Acid decomposition of soy milk samples

To perform the acid decomposition, 0.25 g of the solid
sample was weighed and transferred to the digestion tube.
The sample should be moistened with 5 mL of deionized
water and stirred to prevent a crust from forming that keeps
it stuck to the bottom of the tube. Subsequently, 3 mL of
concentrated nitric acid were added and the cold finger
attached. The tube is taken to the digestion block and heated
to 110 °C. The heating was kept until the digested material
stops releasing brown fumes corresponding to nitrogen
oxide. 2 mL of 30% (v v'') hydrogen peroxide were added
to the sample and continue heating until it has completely
decomposed and the volume reaches almost dryness. The
digested material was transferred to a Falcon tube and
diluted with deionized water to 20 mL. To decompose
the liquid samples, 5 mL of milk were transferred to the
digestion tube after homogenization by simply shaking the
packaging and proceeding, as was done for the solid sample,
eliminating the water addition step. The digests were kept
refrigerated until metal determination.

Results and Discussion
Multivariate optimization

The treatment of soymilk samples using TMAH and
ultrasound energy was optimized using a multivariate
approach. The Doehlert design matrix was used in
the definition of the experiments performed and the
desirability function was applied in simultaneous
response optimization. Table 1 presents the experiments
corresponding to the Doehlert matrix and the responses
obtained (analyte absorbances and overall desirability).

Tests performed with solutions of the studied metals
(1 mg L") with TMAH volumes ranging from 200 to
1000 microliters, aspirated at a rate of 5 mg L' in the
nebulizer, showed that the absorbance signals did not
present statistically significant differences at a 95%
confidence level. Therefore, there was no need to correct
the absorbance signs for the experiments in Table 1.

To allow the simultaneous optimization of the three
obtained responses (absorbances of Fe, Mn and Zn), a
desirability function was used. This approach requires
that the individual desirability (d;) of each set of responses
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Table 1. Doehlert design matrix and responses obtained in the optimization of the procedure for treating soy milk samples with TMAH and ultrasound energy

Variable Response
Experiment TMAH Sonication Absorbance Overall
volume / uL time / min Temperature /*C Mn 7n Fe desirability
1 1000 30 40 0.0145 0.1921 0.0148 0.3694
2 800 20 30 0.0270 0.1773 0.0154 0.7341
3 800 20 50 0.0245 0.1615 0.0157 0.6197
4 800 40 30 0.0244 0.1595 0.0144 0.5516
5 800 40 50 0.0234 0.1642 0.0146 0.5690
6 600 10 40 0.0199 0.1672 0.0130 0.4360
7.1 600 30 40 0.0252 0.1800 0.0132 0.5886
72 600 30 40 0.0253 0.1591 0.0215 0.7913
73 600 30 40 0.0209 0.1529 0.0174 0.5478
74 600 30 40 0.0238 0.1549 0.0201 0.6924
7.5 600 30 40 0.0253 0.1605 0.0236 0.8502
7.6 600 30 40 0.0228 0.1717 0.0206 0.7973
8 600 50 40 0.0127 0.1267 0.0104 0.0000
9 400 20 30 0.0175 0.1732 0.0131 0.4039
10 400 20 50 0.0185 0.1718 0.0138 0.4598
11 400 40 30 0.0154 0.1680 0.0111 0.2044
12 400 40 50 0.0175 0.1720 0.0130 0.3954
13 200 30 40 0.0169 0.1779 0.0111 0.2544

TMAH: tetramethylammonium hydroxide.

be first calculated. In this research, this calculation was
simplified by the equation 1:

d, = Yi = Yumin (1)
Yimax = Ymin

where y; is a value of the observed response for a metal
in a given experiment, y,;, and y,.. are, respectively, the
minimum and maximum response values observed for a
given metal. With the individual desirability values, they
are combined in the form of global desirability, according
to the equation 2:

D = j/d;, xd,, xd,, 2)

where D is the overall desirability.

Using the least squares fitting technique to the data in
Table 1, the functions that describe the response behavior
(overall desirability) were generated. The linear function
(equation 3) presented coefficient of determination (R?)
and adjusted R? values of 0.2525 and 0.09231, respectively.

D = 0.46 (0.22) + 0.00039 (+0.00015)x —
0.0086 (£0.0031)y + 0.0019 (£0.0043)z 3)
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where D is the response (overall desirability), x is TMAH
volume, y is sonication time, and z is temperature. The
Shapiro-Wilk test revealed that the residuals of the fitted
model followed a normal distribution at the 95% confidence
level (p-value = 0.677 > 0.05), showing that the null
hypothesis was accepted, that is, the residuals left follow
a normal distribution.

The quadratic function presented R? and adjusted R?
values of 0.8574 and 0.6970, respectively. The equation 4
presents the quadratic model.

R =-1.36313 ( 1.2) + 0.0042 (£0.0013)x +

0.051 (£0.027)y — 0.00123 (£0.00025)y? +

0.0015 (£0.051)z + 0.000040 (£0.00058)z2 —

0.000020 (£0.000022) xz + 0.00033 (x0.00043)yz  (4)

where D is the response (overall desirability), x is TMAH
volume, y is sonication time, and z is temperature. The
Shapiro-Wilk test revealed that the residuals of the fitted
quadratic model followed a normal distribution at the 95%
confidence level (p-value = 0.736 > 0.05), showing that
the null hypothesis was accepted, that is, the residuals left
also follow a normal distribution. The Breusch-Pagan test
is used to detect heteroscedasticity in linear regression
models. Rejection of the null hypothesis (p-value < 0.05)
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indicates the presence of heteroscedasticity. Both the linear
(p = 0.935) and quadratic (p = 0.128) models showed no
evidence of heteroscedasticity.

Neither function showed a lack-of-fit, presenting
p-values of 0.4507 and 0.5323 for the linear and quadratic
models, respectively. The evaluated parameters show that the
quadratic model better describes data behavior, as also can
be seen in the graphs of predicted values versus observed
values and in the residual graphs (Figure 1).

The quadratic model presents a better correlation between
the values predicted by the mathematical model and the
values obtained experimentally, demonstrating its superiority
over the linear model. The residual graphs also reinforce the
decision to choose the quadratic model. It can be observed
that the linear model leaves very large residuals in relation
to the central axis of the graph. In addition, the residuals left
by the linear model show trends indicating its inadequacy.
Thus, the linear model was discarded and the quadratic model
was used to determine the optimal experimental conditions.

The quadratic model describes partial surfaces
characterized as maximum, shown in Figure 2. The
maximum global desirability value reached is approximately
0.76. The closer this value is to unity, the more likely there
is an intersection region between the optimal values of each
response considered.

Linear model

Gomes et al.

The maximum possible response is obtained by carrying
out the procedure under the following experimental
conditions: TMAH volume between 600 and 800 uL
(700 pL was adopted) with a sonication time between
20 and 30 min (26 min was adopted). The temperature
did not have a significant effect on the response within
the experimental domain evaluated. Therefore, room
temperature was adopted to perform the dissolutions. At
this temperature, no variation was observed in the response
obtained.

The software used for data processing provided the
optimal conditions for processing the soy milk samples.
Using overall desirability as a response, the optimal values
found for TMAH volume, sonication time, and temperature
were 700 uL, 27 min, and 40 °C, respectively.

Sample mass study

The influence of sample mass in the nebulization
system clogging and analytical signals was investigated
for solid pulverized samples. Sample mass was studied
in the range of 0.05 to 0.3 g. In this research, the increase
in the analytical signal of the three metals studied and the
dissolution of the sample (absence of particulate matter)
were evaluated. It is noted that, within the mass values

Quadratic model
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Figure 1. Predicted versus observed values plots (a) and (b) and residual plots (c) and (d) the linear and quadratic model fitted to overall desirability.
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Figure 2. Partial response surfaces (a) sonication time x TMAH volume, (b) temperature x TMAH volume, and (c) temperature X sonication time obtained

after fitting a quadratic function to the overall desirability values.

studied for Mn and Zn, the absorbance signal tends to
increase as the mass increases. This behavior was not
observed for Fe in the extreme values of the mass range
studied. It was also observed that using a mass of 0.3 g
resulted in a higher clogging frequency of the FAAS
pneumatic nebulization. Thus, the mass of 0.25 g was
chosen for future experiments.

Evaluation of the existence of matrix effects

Sample treatment with tetramethylammonium
hydroxide generates a very alkaline final solution (or
suspension) that can modify the determination conditions
of the analytes studied. Most metal hydroxides have
very low solubility and are converted into a colloid that
remains suspended in the aqueous phase. This means that
the analytes may present atomization efficiencies that
are different from those they present in acidified aqueous
solution, interfering in the determination due to the matrix
effect. Transport interferences, such as those related to the
generation of aerosols for sample nebulization in FAAS,
are corrected by the matrix matching between calibration
standards and samples (matrix matched) or by applying the
standard addition method to the sample itself.

To evaluate the matrix effect, the slopes of analytical
curves constructed in TMAH medium (700 pL) and the
analytical curves constructed by the standard addition
of the studied metals (Fe, Mn and Zn) in the sample
itself after treatment with TMAH and sonication under
optimized conditions were compared (Table 2). The
absence of a significant matrix effect was confirmed, as
the 95% confidence intervals of the calibration curve
slopes overlapped, indicating no statistical difference.
Accordingly, external calibration using standards prepared
in TMAH medium was appropriate.

Analytical characteristics and application of the method

The analytical characteristics of the method based
on sample dissolution in TMAH were obtained using
the optimized experimental conditions. The limits of
detection (LOD) and quantification (LOQ) were calculated
based on the sample standard deviation of ten measurements
of the blank solution of the analytical curve by dividing the
result by the slope of the same curve and multiplying by
3 and 10, respectively. The LODs found, in mg L', were
0.053; 0.018 and 0.0028 and, in mg kg, they were 4.3;
1.4 and 0.22. The LOQs, in mg L', were 0.18; 0.061 and

Table 2. Parameters of the analytical curves for Fe, Mn and Zn obtained in aqueous TMAH solution and by standard addition to soy milk suspensions in

TMAH

Parameter Analytical curve Confidence interval (95% confidence) R?
Fe

TMAH media Abs =0.0211C, + 0.007 0.0185-0.0237 0.9920

Standard addition Abs = 0.0206C, + 0.0112 0.0198-0.0214 0.9986
Mn

TMAH media Abs = 0.0605Cy,, + 0.001 0.0584-0.0618 0.9986

Standard addition Abs = 0.0589C), + 0.0206 0.0554-0.0625 0.9963
Zn

TMAH media Abs =0.187C,, + 0.0056 0.161-0.213 0.9943

Standard addition Abs = 0.206C,, + 0.2047 0.146-0.299 0.9909

TMAH: tetramethylammonium hydroxide; R?: coefficient of determination; Abs: absorbance.
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0.0092 and, in mg kg, they were 14.2; 4.7 and 0.73 for
Fe, Mn and Zn, respectively.

In terms of repeatability, precision was calculated
based on ten measurements of the standard solutions of
the studied metals at 0.5 and 2.0 mg L' and expressed as
percentage of relative standard deviation (RSD). The values
found were 5.3; 2.3 and 1.3% for 0.5 mg L' and 1.5; 1.3
and 0.95% for 2.0 mg L*! for Fe, Mn, and Zn, respectively.
Analytical sensitivity was calculated through the angular
coefficient, finding the following values: 0.0211, 0.0605
and 0.187 Abs L mg', respectively.

Three techniques were used to assess accuracy:
(7) addition/recovery tests (spike tests), (if) comparison of
the results obtained by the proposed method with a standard
method (decomposition in acid medium using a digestion
block) and (iii) analysis of a certified sample.

The results of the spike tests are presented in Table 3.
Recoveries ranged from 92 to 104%. These results indicate
that the developed method provides satisfactory accuracy
for the determination of the studied metals.

Comparison of the results obtained with dissolution in
TMAH and with sample digestion in an acidic medium are
shown in Table 4 for two liquid samples of soy milk and
in Table 5 for two solid samples (soy extract). Applying
the paired #-test, ¢ values were obtained as 1.52 and 0.340,
respectively. Since the modules of these values are below
the critical value (2.57, adopting a 95% confidence level),
the results generated by the two methodologies are not
statistically different and, therefore, accuracy is considered
adequate.

Table 3. Spike tests for two concentration levels added in a liquid soymilk
sample

Metal Added/ (mgL"')  Found/(mgL") Recovery / %
0 2.54+0.21 -
Fe 0.5 3.06 +0.32 104
2.0 4.48 £0.25 97
0 1.40 £ 0.15 -
Mn 0.5 1.86 £ 0.24 92
2.0 3.42+0.21 101
0 3.02+0.11 -
Zn 0.5 3.54+0.08 104
2.0 494 £0.12 96

A certified reference material sample of skimmed
milk powder (Trace Elements in Skimmed Powered Milk,
ERM-BD150) was analyzed and the results for Fe and Mn
are presented in Table 6. The values found by analyzing
the milk sample are very close to those reported in its
certificate.

J. Braz. Chem. Soc. 2026, 37, e-20260071
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Table 4. Results (mean + standard deviation) for the determination of Fe,
Mn and Zn (n = 3) in liquid soy milk samples using two methodologies

Metal Sample TMAH method / Acid digestion r-value
p (mg L) method / (mg L)
- 1 123 +2.1 11.1+1.8 1.52
e

2 786+ 1.4 7.46 £0.57 -

1 142 £0.18 1.58 +£0.24 -
Mn

2 1.38 £0.28 1.48 £ 0.67 -

1 8.24 £0.12 835+1.0 -
Zn

2 4.05+0.51 3.00+ 1.3 -

t-critical: 2.57. TMAH: tetramethylammonium hydroxide.

Table 5. Results (mean + standard deviation) for the determination of
Fe, Mn and Zn (n = 3) in pulverized soybean extract samples using two
methodologies

Metal Sample TMAH metl{?d / Acﬁe(gl%)edst/lon t-value
(mg 100 g) (mg 100 g)

3 1.86 £0.014 1.93 +0.083 0.340
e 4 2.30 £0.021 2.25+0.048 -
M 3 2.14 £ 0.088 2.02 +0.085 -

4 2.05 +0.067 1.97 £ 0.050 -
7 3 4.99+0.010 5.25+0.058 -

4 5.54+0.014 5.32+0.013 -

t-critical: 2.57. TMAH: tetramethylammonium hydroxide.

The results presented in Table 4 for the soy beverage
samples show that the average concentrations for Fe, Zn,
and Mn were 10.1, 6.15, and 1.40 mg L, respectively.
Metal concentrations in soy milk can vary significantly
depending on whether the product is fortified or not,
generally ranging between 4 and 15 mg L' (Fe); 2.5 and
3.8 mg L' (Zn); and 0.5 to 5.0 mg L' (Mn).?** In the
research carried out by Ribeiro et al.,” the concentration
levels of some metals, including Mn, in cow and soybeans
milk were evaluated. The concentrations in the analyzed
samples ranged from 0.86 to 1.3 mg L.

The results for the dry and powdered soy extract
samples show that the average concentrations found were
2.08, 2.10, and 5.27 mg per 100 g for Fe, Mn, and Zn,
respectively. The following average values were found in
the literature: 7.0 mg per 100 g (Fe), 2.7 mg per 100 g (Mn),
and 5.8 mg per 100 g.% The concentration values found in
the soy extract samples were very close to, or, as was the
case with Fe, within the same order of magnitude as the
values indicated in the consulted nutritional table.

Fe, Mn and Zn concentrations found in this study are
consistent with data available in the literature, confirming
that soy products are relevant sources of these metals in the
diet. The Food and Nutrition Board, Institute of Medicine,
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Table 6. Determination (mean + standard deviation) of Fe and Mn
(n =3) in a sample of certified skimmed milk powder reference material
(ERM-BD150)

Analyte Certified value / (mg kg™')
Fe 449+23
Mn 18.0+ 1.8

Observed value / (mg kg™")
453 +32
19.1 £2.1

National Academies, Washington, DC, USA,? defined
Recommended Dietary Intake (RDI) values for some
elements such as Mn, 5 mg daily, and Fe and Zn, both
15 mg. In resolution-RDC No. 269, the Agéncia Nacional
de Vigilancia Sanitdria (Anvisa) recommends a daily
manganese intake of 2.3 mg, iron 14 mg, and zinc 7 mg.”

Conclusions

The application of Doehlert design combined with multi-
response optimization by desirability function allowed the
efficient, fast and low-cost development of a procedure
for treating soymilk samples using TMAH and ultrasound
energy. The developed procedure allows the determination
of Fe, Mn and Zn in soymilk samples and soybean extract
using FAAS with limits of quantification of 0.18; 0.061 and
0.0092 mg L', precision (as repeatability, RSD) of 5.3; 2.3
and 1.3%. The evaluation of accuracy by three different
techniques demonstrated satisfactory analytical performance
under the evaluated conditions. The occurrence of matrix
effects, assessed by comparing the slopes of the analytical
curves, was not statistically significant, showing that
external standardization, which is faster and more practical
for laboratory routines, can be adopted without determined
errors. The average concentrations in the soy milk samples
were 10.1, 6.15, and 1.40 mg L' and, in the powdered soy
extract samples, they were 2.08, 2.10, and 5.27 mg per
100 g for Fe, Mn, and Zn, respectively. These results were
consistent with values found in the literature.
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