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A simple analytical procedure is proposed for the direct analysis of guarana-based beverages in
order to determine nutrient elements by inductively coupled plasma optical emission spectrometry
(ICP OES). A Box-Behnken design, combined with Derringer’s desirability function, was applied
to the simultaneous optimization of the ICP OES radiofrequency (RF), sample volume and nitric
acid concentration. Using this approach, optimal conditions were established as RF power of
1.40 kW, and 5.0 mL of sample diluted twice with 0.5 mol L' HNO,. The optimized procedure
allowed the determination of Cu, Fe, Mn, Zn, K, Ca, S, P and Mg with limits of quantification of
10.0, 2.0, 0.6, 6.0, 66.0, 65.0, 235, 40.0 and 20.0 pg L'}, respectively. Accuracy of the method was
evaluated through analysis of water standard reference material (SRM NIST 1643f) and by addition-
recovery experiments, in which satisfactory recoveries were obtained. The procedure was applied
for the analysis of guarana-based soft and energy drinks. The concentration ranges (mg L) were:
0.36-43.3 (Ca), 4.04-192 (K), 0.36-44.8 (Mg), 10.1-1,073 (S), 0.04-92.4 (P), < 0.010-0.0174 (Cu),
<0.002-0.294 (Fe), < 0.006-0.06 (Zn) and < 0.0006-0.168 (Mn).
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Introduction

Guarana (Paullinia cupana Kunth) is a plant
originally from the Amazon and its fruit is widely
consumed worldwide since guarana extract is one of
the raw materials used for the production of soft and
energy drinks.! According to the Brazilian Institute of
Geography and Statistics (IBGE), Brazil is the world’s
leading producer and consumer of guarana. The State of
Bahia is the largest national producer, accounting for 60%
of the annual production of 2,644 tons.? It is estimated
that approximately 70% of all guarana seed production
is purchased by the beverage industry, in which guarana
soft drinks are some of the most consumed.**

*e-mail: rmota@uesc.br

Guarana-based beverages are consumed by people
of all age groups. Per capita consumption in Brazil
is 0.47 L per person per year for energy drinks and
61.82 L per person per year for soft drinks.’ It is known
that soft and energy drinks are sources of macro and
microelements essential to the human organism.58
However, the intake of large amounts of these elements
may cause health risks, especially in children, whose
deleterious effects may be more critical.” Therefore, the
concentration of such elements in guarana-based beverages
must be monitored to ensure food safety according to
recommendations of regulatory agencies.

The analytical methods usually applied for elemental
determination in beverage samples are based on
spectroanalytical techniques such as inductively coupled
plasma optical emission spectrometry (ICP OES),'*!! energy
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dispersive X-ray fluorescence (ED-XRF),'>!* inductively
coupled plasma mass spectrometry (ICP-MS),'*!5 and flame
atomic absorption spectrometry (F AAS).!*!7 Elemental
determination via these instruments commonly involves a
sample pre-treatment step before analysis. For this purpose,
the samples are frequently acid-digested in a digester
block or in a closed system employing Teflon bombs or
microwave irradiation.!s

Microwave-assisted digestion is considered state of the
art for sample preparation procedures, offering advantages
such as high digestion efficiency, minimization of external
contamination and reduction of volatile analyte losses. The
use of microwave irradiation has been recently reported
for acid digestion of beverage samples such as isotonic
and energy drinks® and fruit juices'*! for multi-element
determination by ICP-based techniques. However, the cost
of purchase and maintenance of microwave furnaces as well
as the limited number of digested samples per run are some
drawbacks of the microwave system.? In this sense, direct
analysis using simple dilution and acidification of samples
is a feasible strategy for some liquid samples.

The optimization of procedures for beverage analysis
has been performed by applying multivariate strategies.?!
In recent work,”> a Box-Benhken design was used to
establish the optimal conditions for the determination
of Ca, Fe, K, Mg and Na in industrialized apple
juices. Samples were diluted (1:1) and acidified with
0.8 mol L' HNO,, before analysis by high-resolution
continuum source flame atomic absorption spectrometry
(HR-CS-F AAS). The proposed method was compared
with acid digestion and acceptable agreement was
obtained for the results.

Multivariate optimization has been successfully used in
the development of analytical procedures for the analysis
of several food and beverage samples.”® Jalbani et al.**
used a 2° factorial and central composite design for the
optimization of a method based on ultrasound-assisted
pseudo-digestion, for Al determination in soft drinks by
electrothermal atomic absorption spectrometry (ET AAS).
Castro and Baccan® applied a 2*! fractional factorial design
in the optimization of a pre-concentration procedure for
subsequent Cu determination in soft drinks by F AAS.
Froes et al.?® optimized the ICP OES instrument conditions
(radiofrequency power, nebulization gas flow and sample
flow rate) for determination of Al, Ba, Ca, Cd, Cr, Cu, K,
Mg, Na, Ni, Pb, Sn and Zn in soft drink samples by applying
a 23 factorial and central composite design. Milani et al.”’
also optimized the instrument conditions of the ICP OES
for the determination of 16 trace elements (Al, As, Cd, Co,
Cr, Cu, Fe, Li, Mn, Ni, Pb, Sb, Se, Sr, Sn, and Zn) in tea
drinks, soy-based beverages, and whole fruit juices.

J. Braz. Chem. Soc.

Unlike the univariate methods, multivariate optimization
approaches by using surface response methodologies need
a lower number of experiments. In addition, it is possible
to evaluate synergistic or antagonistic effects among
the studied factors such as instrumental parameters and
sample preparation conditions.?® Thus, this work aimed to
develop an analytical procedure based on dilution and direct
analysis of guarana-based beverages for the simultaneous
determination of K, Ca, Mg, S, P, Fe, Cu, Mn, and Zn by
ICP OES. In this way, it is expected to contribute to data
acquisition about the nutritional value and to ensure the
food safety of these beverages.

Experimental
Instrumentation

The measurements were performed using a 10-ES
axially viewed ICP OES (Varian, Mulgrave, Australia). A
Meinhard concentric nebulizer and a single pass cyclonic
spray chamber were used as a sample introduction system.
Argon 99.998% (White Martins-Praxair, Bahia, Brazil) was
used for plasma generation and in a nebulization system.
The ICP OES instrument conditions were adjusted to a
radio-frequency power of 1.40 kW, nebulization pressure
of 150 kPa, plasma and auxiliary gas flow rate of 15.0
and 1.50 L min', respectively. The following emission
lines (with the indication of I for atomic lines and II for
ionic lines) were selected for the analytes: Cu (I) 327.395;
Fe (II) 238.204; Mn (II) 257.610; Zn (I) 213.857; Ca (1)
373.690; K (I) 766.491; P (I) 213.618; S (I) 181.972;
Mg (II) 279.800; Mg (II) 280.270; Mg (I) 285.213. An
Elmasonic® ultrasonic bath (Elma, Singen, Germany)
operating at 350 W power was used to degas the samples.
For the measurement of dissolved solid contents, a RM
732 refractometer (Lorben, Sdo Paulo, Brazil) with Brix
scale 0-32° was used.

Reagents, solutions, and samples

All working solutions were prepared using ultrapure
water with resistivity 18.2 MQ cm obtained from a
Milli-Q® system (Milipore, Bedford, USA) and analytical
grade reagents. Nitric acid 65% (m m') EMSURE®
(Merck, Darmstadt, Germany), hydrogen peroxide 30%
(m m') EMSURE® (Merck, Darmstadt, Germany) and
hydrochloric acid 37% (m m') EMSURE® (Merck,
Darmstadt, Germany) were used for sample digestion.
Standard solutions used for analytical calibration curves
and addition-recovery experiments were prepared by
appropriate dilutions of mono-element stock solutions of
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1,000 or 10,000 mg L' (Specsol, Sdo Paulo, Brazil). All
glassware was decontaminated in 10% (v v') nitric acid
for 24 h and rinsed with ultrapure water.

A total of twenty-eight samples of guarana-based soft
(n = 14) and energy drinks (n = 14) of different brands in
metal or plastic packaging were purchased in supermarkets
from Itabuna and I1héus cities (Bahia, Brazil). The samples
were stored in a freezer at 5 °C until analysis.

Optimization strategy for the direct analysis procedure

The analytical procedure based on the direct analysis
of beverages for determination of Ca, K, Mg, P, S, Cu,
Fe, Mn, and Zn by ICP OES was optimized applying a
Box-Behnken design and response surface methodology.
Sample volume (5.0, 6.5 and 8.0 mL) was used as one of
the investigated variables. For this, the samples were 2.0-,
1.54- and 1.25-fold diluted, respectively, after adjusting the
sample volume to 10.0-mL volumetric flasks. The other
two variables were the nitric acid concentration in the final
solution (0.50, 1.25 and 2.00 mol L") and the RF power
applied in the ICP OES (1.20, 1.30 and 1.40 kW). The Box-
Behnken design consisted of a set of 15 experiments (run
at random order) including 3 central points for evaluation
of the experimental error, which can be seen in Table 1.

The emission intensities obtained for the analytes were
established as analytical responses in each experimental
point (Table S1, in the Supplementary Information (SI)
section). A chemometric approach based on Derringer’s
desirability function® was explored for simultaneous
optimization, in which the evaluation criterion was
to maximize the analytical response for each analyte.
Equation 1 was applied to combine all responses in overall
desirability (OD) from individual desirability values (d,).
The statistical data analysis was performed by using
Statistica version 12.0°° (Statsoft, USA) and Design Expert
version 6.0.4%' (Minneapolis, MN, USA) software.

OD=yddd,...d, M
Direct analysis of guarana-based beverage samples

A sample volume of 5.0 mL was previously degasified
for 15 min in an ultrasonic bath operating at 100% power
and 80 Hz frequency. Then, an aliquot of 357 pL of
HNO, (65% m m™') was added as well as ultrapure water
until reaching a volume of 10.0 mL, resulting in a final
concentration of 0.5 mol L' HNO,. After the procedure,
the sample solutions were analyzed by ICP OES for
multi-element determination using an external calibration
technique. The same analytical procedure was also applied
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for the analysis of standard reference material of water
(SRM NIST 1643f). All samples were prepared and
analyzed in triplicate.

Microwave-assisted digestion

As a comparative method, a microwave-assisted
digestion was performed. For this purpose, a sample
volume of 10.0 mL previously degasified in an ultrasonic
bath was transferred to the perfluoroalkoxy (PFA) vessels,
and a digesting solution, consisting of 2.60 mL of HNO,
(65% v v'), 0.60 mL of HC1 (37% v v') and 1.80 mL
of H,0,, were added. Subsequently, the samples were
acid digested in a microwave system applying a heating
program of 4 stages (time (in min)/power (in W)/
temperature (in °C)): (i) 2/1,600/120, (ii) 8/1,600/120;
(iit) 5/1,600/180, (iv) 15/1,600/180, and followed by
cool-down for 15 min. The final digests were diluted up to
20 mL with ultrapure water and analyzed by ICP OES. All
samples were prepared and analyzed in triplicate.

Verification of the proposed procedure

The proposed procedure was verified according to
the following analytical parameters: limits of detection
(LOD), limits of quantification (LOQ), matrix effects,
plasma robustness, precision, and accuracy. Matrix effects
were evaluated through statistical comparison between the
slopes of calibration curves (n = 3) built by using external
calibration (EC) in 2% (v v'') HNO, medium and standard
addition method (SA). In addition, the determination
coefficients were also analyzed.®

Limits of detection and quantification

LOD and LOQ values were calculated using
the relative standard deviation from ten consecutive
measurements of the analytical blank (RSD,,) and
the background equivalent concentration (BEC),
as follows: LOD = (RSD,;, x BEC x 3)/100; and
LOQ=(RSD,, x BEC x 10)/100. The background equivalent
concentration was obtained by BEC = C,,,,,/SBR,
where C,,,,, is the analyte concentration in the standard
solution and SBR is the signal-to-background ratio. The
latter is derived from the equation SBR = (I, — Tpian ) Toankc
(Lpatyee and I, for analyte and blank signals, respectively).”

Precision, accuracy, and plasma robustness

The precision of the proposed method was verified
by the relative standard deviation obtained from seven
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measurements of the same beverage sample. For evaluation
of the method’s accuracy, the analyses of a standard
reference material of water (SRM NIST 1643f) and
addition-recovery experiments were performed. Plasma
robustness was evaluated by the ratio between emission
intensities generated for magnesium ionic (280.270)
and atomic (285.213) lines, Mg II/Mg I, and subsequent
multiplication by the correction factor 1.8.3*

Results and Discussion

Optimization of experimental conditions for direct analysis
of beverages

The optimum values for the studied variables (sample
volume, HNO, concentration, and radiofrequency (RF)
power) were obtained by using a Box-Behnken design, in
which the emission intensity for each analyte was employed
as an analytical response. To establish a compromise
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condition, the overall desirability function was applied for
simultaneous optimization. The experimental matrix and
obtained results are shown in Table 1.

A quadratic model was suitable to describe the
experimental data. According to results of the analysis of
variance (ANOVA) shown in Table 2, the ratio between
mean square of regression (MSR) and mean square of
residue (MSRes) was approximately 3 times higher than
the tabulated Fisher’s F-test value at the 95% confidence
level (F yeuaess 1449 > F s 4-77), indicating that the
regression of the quadratic model is highly significant. In
addition, the mathematical model did not show lack-of-fit
taking into account that the ratio between mean square of
lack-of-fit (MSlof) and mean square of pure error (MSpe)
(F eutatea = 0.83) was less than F,eq (19.16).

The quality of the obtained model was also evaluated
by analyzing the plot of predicted versus observed values
and the residual plot (Figure 1). An excellent correlation
(> 0.900) between the experimental and predicted values

Table 1. Experimental matrix from a Box-Behnken design for multivariate optimization of the procedure for direct analysis of guarana-based beverages

Factors

Random execution Standard Overall
order order HNO, concer?tration / Volume / mL RF power / kW desirability
(mol L)

6 1 0.50 (-1) 5.00 (1) 1.3 (0) 0.896
142 2 2.00 (1) 5.00 (1) 1.3 (0) 0.803
9 3 0.50 (-1) 8.00 (1) 1.3 (0) 0.752
10 4 2.00 (1) 8.00 (1) 1.3 (0) 0.734
7 5 0.50 (-1) 6.50 (0) 1.2 (-1) 0.721
2 6 2.00 (1) 6.50 (0) 1.2 (-1) 0.686
11 7 0.50 (-1) 6.50 (0) 1.4 (1) 0.950
5 8 2.00 (1) 6.50 (0) 1.4 (1) 0.815
8 9 1.25 (0) 5.00 (1) 1.2 (-1) 0.768
3 10 1.25 (0) 8.00 (1) 1.2 (-1) 0.670
4 11 1.25 (0) 5.00 (-1) 1.4 (1) 0.905
152 12 1.25(0) 8.00 (1) 1.4 (1) 0.786
1 13 1.25 (0) 6.5 (0) 1.3 (0) 0.783
12 14 1.25 (0) 6.5 (0) 1.3 (0) 0.774
132 15 1.25 (0) 6.5 (0) 1.3 (0) 0.732

*Central point. RF: ICP OES radiofrequency; ICP OES: inductively coupled plasma optical emission spectrometry; the coded values are indicated in

parentheses.

Table 2. Analysis of variance of the quadratic model fitted to overall desirability from Box-Behnken design

Source of variation SS df F e Value Fpuraea Value R?
Regression 0.086 9 9.53x 107 14.49 4.77 0.963
Residual 3.29 x 10° 5 6.57 x 10

Lack-of-fit 1.83 x 10° 3 6.09 x 10 0.83 19.16

Pure error 1.46 x 10° 2 7.29 x 10*

Total 0.089 14

SS: sum of squares; df: degree of freedom; MS: mean squares; R?: determination coefficient; Fisher’s F-test: F. e a0 Fypuaeq Values.
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was found. Moreover, a random residual distribution was
observed in the residues plot, confirming the good quality
of the fitted model.

Equation 2 presents the quadratic model calculated
as a function of the overall desirability. The significant
coefficients are shown in bold. The sample volume and RF
power were statistically significant at the 95% confidence
level, however only the second variable had a positive effect
on analytical response. The increase of RF power in ICP
OES (at a low nebulization flow rate) favors the formation
of a more energetic plasma (robust conditions), resulting
in a higher energy transfer to the samples. Although this
condition leads to more background interference, the
increase of the analytical signal can be compensated.?®
On the other hand, dilution of sample volume leads to a
greater Mg I[I/Mg I ratio, ensuring values higher than 8 and
providing, therefore, greater plasma robustness.?

OD =(0.7910 + 0.007)- (0.0351 + 0.009) [HNO;] -

(0.0536 + 0.009) [vol] + (0.0761 + 0.009) [RF] +

(0.0187 = 0.0135) [HNO;][vol] — (0.0248 + 0.0135) [HNO,][RF]
—(0.0052 +0.0135) [vol][RF] — (0.0110 = 0.0070) [HNO,]*
—(0.0536 £ 0.0095) [vol]2—(0.0761 + 0.0095) [RF]? ()
(significant coefficients in bold)

To determine the optimal conditions, the overall
desirability function was applied using Statistica 12.0
software.*® Figure 2 shows the response surface generated
from the quadratic model to describe the OD behavior by
ranging the levels, factors, and interactions. As can be
observed, the optimum analytical response (higher OD) was
obtained when sample volume and nitric acid concentration
were kept at the lower levels and by increasing the RF
power to the upper level in the Box-Behnken design. The
best theoretical conditions suggested by the software were
RF power at 1.40 kW, a sample volume of 5.0 mL, and
0.5 mol L' HNO,. Although the response surface indicates
a trend for higher values of RF power and lower values
for the sample volume, we chose not to extrapolate these
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values since the increase in RF power may decrease the
useful life of ICP OES components. In addition, smaller
sample volumes can generate results below the limit of
quantification for some elements.

For assessment of the model’s predictability, an
analysis was performed in triplicate by using the suggested
experimental conditions. The results show that there was
no significant difference between the OD value obtained
experimentally (0.95 + 0.05) and the theoretical OD value
(0.94), proving the good prediction capacity of the proposed
model. Therefore, we chose to work under the optimized
conditions for direct analysis of guarana-based beverage
samples by ICP OES. Considering that all analyzed
beverages had a degree Brix value less than 10% (m v'), the
total dissolved solids (TDS) do not influence the nebulization
of the sample, considering, in this case, the dilution of the
sample and the adequate capacity of concentric functioning
(Meinhard) nebulizers at 5% (m v''") for TDS.!! These results
were very consistent with other studies that employed direct
analysis for determination of metals in beverage samples
by spectrometric techniques.?>?5%¢ In these studies, only a
simple dilution and acidification of the samples to obtain
a 2% (v v'') HNO, solution were performed.

Comparison between microwave-assisted digestion and
the proposed procedure

A statistical paired Student’s t-test was applied to
compare the results obtained by the proposed procedure
using the optimized conditions and from microwave-assisted
digestion. For this purpose, ten guarana-based beverage
samples were randomly selected. The results in Table 3
show that there was no statistically significant difference
(95% confidence level) between the concentrations found
for the analytes after sample acid digestion in a microwave
system or by using the optimized direct analysis procedure,
since that the calculated 7-values were less than the #-critical
value (t.; = 2.77) for all analyzed samples.
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0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
Observed Values

Figure 1. Plot of (a) observed vs. predicted values, and (b) predicted vs. residual values.
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Figure 2. Response surfaces generated from Box-Behnken design for overall desirability for: (a) sample volume x HNO, concentration, (b) RF power x
HNO; concentration and (c) RF power x sample volume; OD: overall desirability.

Verification of the analytical procedure

Evaluation of matrix effects

The matrix effects were evaluated through the
preparation of an aqueous calibration curve ina 2% (v v!)
HNO,; solution (external calibration) and by using the
standard addition method. For this purpose, the slopes
and determination coefficients obtained in each calibration
curve were compared statistically. All results are shown in
Table S2 (see SI section).

After the application of the Fisher’s F- and paired

Student’s t-tests, it was observed that the calculated
t-values were less than ¢-critical (2.78) at the 95%
confidence level. These results indicate a non-significant
difference between the slopes of the analytical calibration
curves prepared by EC or SA method, showing that there
was no evidence of critical matrix effects. Additionally,
satisfactory determination coefficients were observed
for all analytes by using both calibration methods (R* >
0.9990, determination coefficient). Therefore, the external
calibration was selected for the direct analysis procedure,
as it is simpler and faster.

Table 3. Concentration of macro and microelements in some guarana-based soft and energy drinks by applying the optimized direct analysis procedure

(DA) and after microwave-assisted digestion (MW)

Drink code Procedure Cu/ Fe/ Zn/ Mn / Ca/ K/ Mg/ S/ P/
el  (ugLH  (ugL) (gl  (mgl)  (mgL)  (mgL)  (mgL)  (mgL?)
MW <10.0 129 +7 11510 713+x67 383x04 513+x50 247=x1.8 157+14 0.45+0.05
GRT DA <10.0 124+ 6 10413 663+17 364=x1.1 439+x24 237x05 166 =3 0.55+0.02
MW 11.2+0.2 133 +4 <6.0 10214 17213 37.8+26 397+054 556+20 0.43+0.04
MGT DA 109 +1.7 127 £ 8 <6.0 87+046 18.7+x04 325+0.7 3.27+0.11 553 +4 0.45+0.12
MW 139+06 27.7x34 19.6+28 102 1.5 548 +1.36 154 +£8 095+0.10 105547 0.64+0.03
FUS DA 153+0.8 203+0.5 18140 11404 557x0.50 158 = 1 1.00£0.05 107343 0.63+0.09
MW 11.1x£02 134+1.7 <6.0 08402 145007 18816 230x031 1015+17 0.18+0.03
Eup DA 10.7£0.5 10.8 £ 1.0 <6.0 1.00£0.03 1.56x0.18 17.7+09 2.14+0.12 10068 0.16+0.01
MW 13.8+£29 504+28 <6.0 13.1x£25 172+ 1.8 1055 226+1.2 973+79 0.85+0.09
BIV DA 11.7£25 47.0=x2.1 <6.0 12207 15814 110+ 1 235+04 100722 0.73x0.04
MW < 10.0 72012 <6.0 760120 595+1.08 16112 190004 154=+1.1 0.39+0.09
GA DA < 10.0 54012 <6.0 598+054 637+0.72 15702 1.82+0.07 152+13 0.41=+0.12
MW < 10.0 29.1+44 <6.0 216+084 16117 40808 7.70+x120 494+94 1.58+0.08
kTP DA <10.0 33752 <6.0 245051 162=x1.1 415+x06 7.92+021 502+15 1.49=+0.16
MW 10713 <20 <6.0 140040 6.33+0.73 16.8+x17 230+x0.20 21.1x1.8 0.35+0.02
GoB DA 122+1.6 <20 <6.0 140122 729+0.85 186+x24 235+040 227x25 0.31+0.04
MW <10.0 5.65 +£0.02 <6.0 411x1.10 9.89+1.04 10.1x05 230x040 11313 0.19x0.09
IND DA < 10.0 5.80+0.10 <6.0 357051 927+0.17 11.1+0.7 2.68+0.10 121 +2 0.15+0.02
i MW 10220 5.15+0.10 245+32 3.60x035 268+029 332+x40 690+x090 225+26 226+0.18
DA 12.0+22 442+120 282=+1.3 325+078 2.15+0.01 37210 6.64+0.09 24.6+x0.7 2.28+0.09
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Despite the high content of organic matter due to the
presence of carbohydrates in guarana-based beverages, the
introduction of 2-fold diluted samples under the selected
plasma-operating conditions did not cause analytical
signal suppression or enhancement for the elements
determined. This means that the eventual presence of
carbon species or easily ionizable elements such as Na
and K in the plasma did not cause severe non-spectral
interferences in ICP OES measurements. Grindlay et al.’
reported that carbon-containing solutions around 5.0 g !
caused more severe matrix effects for atomic lines in an
analysis by ICP OES when high sample uptake rates were
employed.

Analytical performance

Table S3 in the SI section shows the analytical
parameters evaluated for direct analysis of guarana-based
beverages by ICP OES, including limits of detection and
quantification, precision (% RSD), and working linear
range. In general, the LOD and LOQ values obtained
in this work were similar to other studies reported in
the scientific literature, which used a minimum sample
preparation for the multi-element determination in
commercial carbonated beverage samples.'3¢3® The low
values demonstrate the good sensitivity of the proposed
procedure and may be associated with small amounts of
reagents employed for the sample preparation. In addition,
the relative standard deviation was less than 10% for all
measured analytes, suggesting an adequate precision for
the proposed method.*

Accuracy

The accuracy of the proposed analytical procedure was
evaluated by analyzing the standard reference material
trace elements in water (SRM NIST 1643f) and by
addition-recovery experiments in a pool of the guarana-
based beverages. The results are shown in Table S4 and
S5 (see SI section). A statistical comparison between the
certified and found values using the proposed procedure
did not show a significant difference at the 95% confidence
level for all elements except iron, which can be justified
because the standard reference material is from a different
matrix from the one analyzed. For the recovery tests,
three different concentration levels were evaluated: 0.2,
0.4, and 0.6 mg L' for the analytes Fe, Cu, Zn, and Mn;
1.0, 2.0, and 3.0 mg L' for P; 2.0. 4.0 and 6.0 mg L'
for S; and 4.0, 8.0, and 12.0 mg L' for Ca, Mg, and K.
The recovery values ranged from 82 to 117% and were
considered acceptable according to National Institute
of Metrology, Quality and Technology (INMETRO),
appropriate recovery between 80 to 120%.32 Based on all
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these results, it is possible to conclude that the proposed
procedure showed good accuracy.

Application of the procedure for direct analysis of guarana-
based beverages

The proposed procedure was applied for the determination
of Cu, Fe, Mn, Zn, K, Ca, S, P and Mg in 28 guarana-based
beverage samples (soft and energy drinks) from Itabuna
and Ilhéus cities, Bahia, Brazil. The results are shown in
Table 4. The found concentration ranges were (in mg L)
0.36-43.3 (Ca), 4.04-192 (K), 0.36-44.8 (Mg), 10.1-1,073 (S),
0.04-92.4 (P), < 0.010-0.0174 (Cu), < 0.002-0.294 (Fe),
< 0.006-0.06 (Zn) and < 0.0006-0.168 (Mn) for soft drink
samples. These values were like those found by Silva et al.'°
for energy drink samples, in which the ranges were
0.51-43.3 (Ca), 4.0-192 (K), 0.36-44.8 (Mg), 10.1-1,073 (S),
0.04-92.4 (P), < 0.010-0.02 (Cu), 0.002-0.03 (Fe), < 0.006-
0.09 (Zn) and < 0.0006-0.17 (Mn). Similar concentrations
were also reported by Martins et al.,” after analysis of several
energy drink samples.

As can be observed in Table 4, high potassium
concentrations (>33 mg L') were found in guarana-based
soft drinks. This may be associated with the high potassium
contents in guarana seed extract ** and also by the addition
of potassium sorbate as a food preservative in these
beverages.!>*! In general, the concentration of essential
macro and microelements in energy drinks were higher
than in soft drinks, in which sulfur was the element in
major abundance. Most energy drinks contain taurine
(C,H;NO,S), which acts on the central nervous system and
contains sulfur in its chemical composition, contributing to
the high concentrations of sulfur in these samples. For all
guarana-based beverages analyzed in this work, we found
that no sample had levels of essential elements above limits
allowed by current legislation.*

Conclusions

The use of a Box-Behnken design combined with the
desirability function for multi-response optimization was
effective in the development of a simple analytical procedure
based on direct analysis for the determination of Ca, K,
Mg, P, S, Cu, Fe, Mn, and Zn in guarana-based beverage
samples. The optimized procedure showed good precision,
accuracy, and adequate limits for the quantification of all
analytes. In addition, it meets one of the Green Chemistry
concerns regarding the minimization of using concentrated
reagents. The analytical procedure was successfully applied
for the analysis of 28 guarana-based soft and energy drink
samples from distinct brands, showing a difference between
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Table 4. Mean values of elements concentration in guarana-based beverage samples analyzed by ICP OES (mean + standard deviation)*

Beverage  Sample code Cu/ Fe/ Zn/ Mn / Ca/ K/ Mg/ S/ P/
(pg L) (gL (gL (pg L) (mgL") (mgL™) (mgL™) (mgL") (mgL™)
KTP <10.0 33.7+52 <6.0 245051 162x1.1 415+06 7.92+021 502+15 149x0.16
KT® <10.0 21618 19113 122+12 162+09 515%3.1 815061 523x44 155004
FTP 102+15 258+081 <600 656046 183+02 59.8+45 820+025 16401 146=0.14
FT® 108+1.1 270+0.57 402£21 243+12 208%22 51431 844037 166+0.7 431028
GA <10.0 61.5+26 <6.0 332+053 208+0.12 167+04 199008 10504 0.54+0.04
GA® <10.0 540%12 <6.0 598+0.54 637072 157+02 1.82+0.07 152+13 041£0.12
Soft drink GAZ> 134+05 20.1+0.1 305%26 577072 427+0.12 203006 1.69+031 29.0+40 0.04x0.01
IND <100 580%0.10 <6.0 357+051 927+0.17 11107 268010 1212  0.15+0.02
SHN 12022 442+120 282x13 325%0.78 215001 37210 664009 246+07 2.28+0.09
TUB 11304 852+3.7 <6.0 45420 624%22 738x015 448+20 650%22 924=x41
GOB 122+16 <20 <6.0 140+022 729+085 18.6+24 235040 227+25 031004
GRO 13510 66289 <6.0 200+18 239x06 20909 382015 238x08 0.930.03
IT 115220 152%29 <6.0 261+054 036+009 278+14 263+065 101x1.0 024001
SMB 10.5+0.8 <20 216+0.5 2212046 870+078 457+1.0 3.11+0.12 364=19 1.69=0.08
MGT 10917  127+8 <6.0 877+0.46 187+04 325+07 327+0.11 5534 045+0.12
FUS® 153+0.8 203+05 18140 114+04 557050 1581 1.00x0.05 107343 0.63 +0.09
MNT® 165+1.2 545+43 273%31 677053 051%0.13 404020 036001 105664 1.88+0.09
BIV 11.7+25 47021 <6.0 122+07 158+14  110x1  235+04 100722 0.73+0.04
EUP 107+0.5 10.8+1.0 <6.0 10008 156018 17.7+09 214+0.12 10068 0.16 = 0.01
FTB 11113 49.1+24 21.0+04 41503 197+1.1 28507 259%0.09 655+1.9 0.73+0.05
Energy drink GRT <10.0 12426  104x13 66317 364106 439+24 237+05 1663  0.55=0.02
GRM 112+1.8 1135 972+058 207+04 13910 192+5 195+0.10 1374 0.88+0.05
GNT 174+2.0 26630 272+18 308%27 135+10 6604 383+023 15717 047+0.01
GFT <10.0 31.1%2.0 <6.0 1043 107206 58545 10.0+0.1 1911 047 £0.04
GRX <10.0 158 +2 60+35 261=x15 585058 69.6+2.0 442+0.10 1417  0.40x0.01
FTZ 144+1.0 235%£5 945+025 340+09 139+035 87.8+56 232+0.13 80.0+02 0.25+0.01
GRH 11206 290 +4 <6.0 1684  433%13 42311 30706 1684 0.39+0.14
ICE 12113  294%12 262+17 205+0.01 450+0.62 386x04 238x001 70.0+20 0.73+0.06
Average soft drink 10.0 22.0 17.0 11.0 14.9 33.3 7.87 372 1.23
energy drink ~ 11.0 113.0 29.0 36.0 13.2 58.8 7.30 402.2 0.60

sStandard deviation from ICP OES measurements (n = 3); "metal packaging. ICP OES: inductively coupled plasma optical emission spectrometry.

the concentration of the analytes in investigated beverage
samples, especially for the macro elements K, Mg, S, and
P. However, no difference was noted between the beverage
samples from plastic or metallic packaging.

Supplementary Information

Supplementary information (intensity results obtained
for each analyte from ICP OES measurements, and
analytical performance data) is available free of charge at
http://jbcs.sbq.org.br as PDF file.
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