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Abstract A new, fast and efficient method was developed for
the separation and simultaneous quantification of acesulfame-K,
aspartame, cyclamate, neotame and saccharin in food by ultra-
performance liquid chromatography (UPLC) and diode array
detector (DAD). Univariate strategies were applied for the opti-
misation of mobile phase pH, proportion of solvents in the
mobile phase, flow rate and column temperature. Multivariate
techniques were used for the simultaneous optimisation of 13
responses applying the Derringer and Suich desirability function.
Many of the models presented lack of fit. However, it was
possible to optimise the method using strategies for the restriction
of the region to be investigated by the algorithm used in the
desirability function. The optimised method was validated and
applied to nine food matrices (soft drink, nectar, juice, ready-to-
drink tea, jam, barbecue sauce, tomato sauce, instant juice and
instant pudding), presenting good resolution, rapid analysis
(11 min) and low use of reagents. This indicates that the UPLC
is an excellent alternative for the simultaneous analysis of artifi-
cial sweeteners in foods.

Keywords Arttificial sweeteners - UPLC - Derringer and
Suich - Method validation - Diet - Light
Introduction

By the end of the twentieth century, the consumption of low-
sugar and low-calorie foods had tripled (Nabors 2001), due to
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the increasing indices of obesity and diabetes, and the concern
about physical appearance. Consequently, the food industry
has been producing a great variety of products containing
artificial sweeteners as a replacement for sugar. Artificial
sweeteners are usually used as blends, combining different
sweeteners in small amounts to replicate the texture and
flavours of products containing sucrose and without an unde-
sirable aftertaste (Zygler et al. 2009). The blends contain
mixed artificial sweeteners in low concentrations when com-
pared with single artificial sweetener use. However, it is
extremely important to investigate whether their concentration
follows the established food and drug regulations and is
declared correctly on the label. Regulatory agencies such as
‘Agéncia Nacional de Vigilancia Sanitaria’, Anvisa (National
Agency of Health Surveillance from Brazil), US Food and
Drugs Administration, FDA, European Food Safety
Authority, EFSA, and Food Standards Australia New
Zealand, FSANZ, establish the maximum limits for the use
of these substances due to their toxicity when in high concen-
trations in foods and medications (Abhilash et al. 2011; Prasad
and Rai 1987).

Among the methods used for separation and analysis of
artificial sweeteners, the most commonly used are high-
performance liquid chromatography (Chen et al. 1997;
Demiralay et al. 2006; Dossi et al. 2006; Wasik et al. 2007;
Yang and Chen 2009; Zhao et al. 2012; Zhu et al. 2005) and
capillary electrophoresis (Bergamo et al. 2011; Horie et al.
2007). Most of the methods which allow the determination of
artificial sweeteners simultaneously combine different detec-
tors and also present long time of analysis and increasing cost
and waste. Only the use of mass spectrometry allows the
determination of eight to nine sweeteners (Wasik et al. 2007;
Yang and Chen 2009); however, this technique is expensive
and requires more specialised analysts.

More advanced techniques of separation and determination
of different substances simultaneously have been developed
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with the aim to make sample analysis faster and more effi-
cient. The ultra-performance liquid chromatography (UPLC),
based in the principles of the high-performance liquid chro-
matography (HPLC), is one of the most recent advances in
separation technique. The UPLC allows the use of columns
with small particle size, enabling an increase in resolution.
The use of particles smaller than 2 pm associated with high
linear speed of mobile phase increases separation efficiency
and detectability and reduces analysis time (Chesnut and
Salisbury 2007; Gumustas et al. 2013). As UPLC is a recent
and still evolving technique, only a few methods have been
developed and validated for food analysis and, among them,
none for the simultaneous determination of artificial sweet-
eners with detection by diode array, the most commonly used
detector in laboratories. This makes the UPLC coupled to
diode array detector (DAD) a potential object of research for
the analysis of artificial sweeteners.

Many factors can significantly affect the interactions be-
tween analyte and column, during the development and
optimisation of chromatographic methods, modulating the
resolution among analytes. When the aim is the
simultaneous separation of many analytes, the number of
responses to be observed is high, as it is necessary to obtain
a good resolution among all the target analytes and the
interferences in the matrix. For this reason, multivariate
experimental designs are being increasingly used for the
optimisation of chromatographic methods, assisting in the
interpretation of the effects of interaction among the
variables and allowing optimisation with a small number of
experiments. The Derringer and Suich (1980) desirability
function enables the analysis of several responses simulta-
neously, assisting the selection of the most appropriate condi-
tion to obtain the desired values for all responses analysed
(Breitkreitz et al. 2009; Zecevic et al. 2008).

The aim of this study was to optimise and validate a
method for the determination of artificial sweeteners by
UPLC-DAD. Univariate and multivariate optimisation strate-
gies were used in this study to optimise the separation of five
artificial sweeteners by UPLC-DAD. In the multivariate meth-
od, matrix interferents were taken into account and alterna-
tives for the methods with lack of fit were suggested. After
that, the optimised method was validated and applied for the
analysis of 25 food and beverage samples.

Methods
Reagents
Acetonitrile (J. T. Baker, USA), monobasic monohydrate
sodium phosphate (Merck, Germany), sodium hydroxide

(Carlos Herba, Italy) and orthophosphoric acid (Merck,
Germany) were used. All the chemicals were of

chromatographic grade with high purity. The water for prep-
aration of all solutions was purified by the Millipore system
(Millipore, USA) and presented resistivity of 18.2 MQ-cm .
The standards used were aspartame, sodium cyclamate and
hydrated sodium saccharin (Sigma, USA), acesulfame-K
(Fluka, USA) and neotame (donated by the company
Sweetmix). The sodium phosphate buffer (5 mmol L") was
filtered in hydrophilic membrane polyvinylidene difluoride
(PVDF) 0.22-pm pore (Millipore, USA). The acetonitrile
was filtered in universal membrane GHP 0.22-pum pore (Pall
Corporation, USA).

The stock standard solutions were prepared in water and
stored at —18 °C. All solutions used in the optimisation meth-
od were filtered in membrane PVDF 0.22-um pore (Millipore,
USA).

Apparatus

The artificial sweeteners were separated using an UPLC sys-
tem Acquity Waters, model UPA, series JOSUPA 905 M,
equipped with binary pump model UPB, series KOSUPB
444 M, using a reverse phase column C18 Hypersil Gold
(Thermo, USA) 50x2.1 mm and particle size of 1.9 pm.
Flow rate, temperature, mobile phase composition and buffer
solution composition were optimised. Detection was per-
formed by diode array detector Acquity (Waters, USA), with
wavelength reading capacity from 190 to 500 nm, resolution
of 1.2 nm and sampling band of 20 points per second. The
monitored wavelengths were 192 nm (for sodium cyclamate,
aspartame and neotame), 201 nm (for sodium saccharin) and
227 nm (for acesulfame-K). Constant filter time was normal
and exposition time was automatic. Data acquisition was
performed by the software Empower Pro (Waters, USA).

Method Optimisation
Univariate Study for the Selection of Variables

From methods described in the literature for determination of
artificial sweeteners by HPLC (Dossi et al. 2006; Lawrence
and Charboneau 1988; Wasik et al. 2007; Yang and Chen
2009), calculations for the transference of methods to UPLC
were done, followed by univariate experiments assessing the
effects of flow rate variation (0.3 and 0.7 mL min "), aceto-
nitrile initial concentration (0 and 4 %), mobile phase pH (3.0
and 7.0) and column temperature (25 and 45 °C). On this
experiment, the concentration of the buffer solution sodium
phosphate was 5 mmol L. Before each new chromatograph-
ic condition, the column was conditioned for 15 min. Between
runs in the same condition, the re-equilibration was obtained
by conditioning for 1 min. Each test was performed in tripli-
cate. The separation was performed in gradient as follows:
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acetonitrile test concentration (0 and 4 %) for 3 min, 14 %

acetonitrile for 2 min followed by 30 % acetonitrile for 2 min.

Each condition was evaluated injecting a standard mix
containing 20.5 pg mL™" acesulfame-K, 1.55 pug mL ™" sodi-
um saccharin, 326.27 pg mL™' sodium cyclamate,
3.24 pg mL™" aspartame and 10.41 pg mL ™' neotame.

When the best condition was found, matrices of interest
were tested to evaluate the presence of substances which could
interfere in the analysis. From these studies, the conditions for
amultivariate study as well as the test matrix were determined.

A sample of tea ready to drink was then chosen to evaluate
the effects of the matrix, because the tea presented the most
common interferents found among the matrices studied during
the univariate studies. The matrix chosen contained saccharin
and cyclamate and was added with acesulfame-K, aspartame
and neotame standard solutions. The final concentrations ob-
tained were 20.5 ug mL " acesulfame-K, 6.0 pg mL ' sodium
saccharin, 50.0 ug mL ™' sodium cyclamate, 3.24 pg mL ™"
aspartame and 10.41 pg mL ™' neotame.

Multivariate Study

The multivariate study was performed using a central com-
posite design 2%, with axial points and three true replicates on
the central point, resulting in 11 experiments, performed in
random order. Based on the results obtained from the univar-
iate experiments, the effects of mobile phase pH (3.0-8.0) and
column temperature (30-60 °C)—values corresponding to
codified levels —1.41 to 1.41 from the central composite—
were investigated.

Separation was performed, maintaining unchanged the var-
iables: mobile phase, consisting in monobasic sodium phos-
phate buffer 5 mmol L™ (pH adjusted with orthophosphoric
acid or sodium hydroxide solutions) (A) and acetonitrile (B),
under flow rate of 0.4 mL min". The gradient was carried out
as follows: 100 % A for 5 min, 14 % B for 2 min, followed by
25 % B for 3 min. The initial condition was then restored and
the column was reconditioned for 1 min between runs. Before
each new experimental condition, the column was conditioned
for 15 min. Each condition was performed in triplicate.

Processing of Data for Optimisation

Thirteen responses were analysed from the experiments per-
formed on the central composite design, including resolutions
between pairs of sweeteners which presented co-elution and
sweeteners which co-eluted with interferents from the matrix.
The responses analysed were as follows: resolution between
saccharin and cyclamate measured at 192- and 201-nm wave-
length (Sac-Cyc 192 nm and Sac-Cyc 201 nm, respectively),
resolution between interferent 1 and saccharin (I1-Sac), be-
tween interferent 2 and saccharin (I12-Sac), interferent 3 and
saccharin (I3-Sac), interferent 4 and saccharin (I4-Sac),
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between saccharin and interferent 4 (Sac-14), between
interferent 5 and saccharin (I5-Sac), between saccharin and
interferent 5 (Sac-15), between acesulfame-K and interferent 4
(Ace-14), between acesulfame-K and interferent 5 (Ace-I5),
between acesulfame-K and interferent-1(Ace-I1) and between
interferent 1 and acesulfame-K (I1-Ace).
The resolution was calculated as follows:
R, = 2E70) (1)

wy + Wy

where Ry represents the resolution, #; and #, represent the
retention time of each substance in the pair analysed and w,
and w, represent the base width for each substance (Siouffi 2000).

The models were evaluated using analysis of variance
(ANOVA) with 95 % confidence level, and the best separation
conditions for the analytes were optimised using Derringer
and Suich desirability function (Ballus et al. 2011; Breitkreitz
etal. 2009). The desirability function was defined to maximise
the resolutions between pairs of peaks. Hence, the following
formula was used:

di — () lf ...... Ri < Rimin (2)
R—R™ \
di= [ ——— | if Ri™ <R <Ryes 3
(Rdes_Rimm> f ‘ ( )
di = 1-if "Ry > Ryes (4)
where

d; Desirability i between 0 and 1

R Predicted value by the statistic model for the i
resolutions

R4.s  Desired values for the resolution

R™™  Minimum value for the resolution

Desirability criteria were established for the optimisation
and the data treatment was performed using the software
Design Expert 6.0.10 (Minneapolis, EUA). The condition
obtained mathematically was evaluated experimentally to
confirm the separation of the substances of interest.

Validation of the Optimised Method

Validation was performed according to the Harmonized
Guidelines for Single Laboratory Validation of Methods of
Analysis (Thompson et al. 2002). Linearity, limits of detec-
tion, limits of quantification and precision were performed on
the matrix jam, acquired free from artificial sweeteners and
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added with standards. This matrix was chosen due to its
complexity, both in relation to the number of interferents
and to the difficulty in its preparation due to its high viscosity.
Concentrations equidistant from each other were used to
assess linearity and the analysis was done in true triplicate.

The limits of detection were determined with the serial
dilution of the matrix-standard solution and defined as the
concentration necessary to produce a signal three times greater
than the amplitude of the noise, while the limits of quantifi-
cation were defined as two times the limit of detection.
Precision intra-day was evaluated by successive measure-
ments (n=10) on the same day using samples added with
standard concentrations of 1.79 ug mL™' acesulfame-K,
2.02 pg mL™" saccharin, 10.07 pg mL™' cyclamate,
430 ug mL™" aspartame and 1.20 pg mL™' neotame.
Precision inter-day was evaluated on 3 different days using
the same conditions and standard concentrations.

For accuracy (recovery), different matrices were studied
(soft drink, nectar, juice, tea ready to drink, jam, barbecue
sauce, tomato sauce, instant pudding and instant juice).
Samples were acquired free from artificial sweeteners and
added with standards.

Sample Analysis

The method was applied to nine different food matrices.
Samples of products labelled as diet, light and zero were
acquired at supermarkets in Campinas and Sao Paulo (SP,
Brazil). Three lots from 25 samples were analysed in tripli-
cate: nectar (6), juice (1), soft drink (6), tea ready to drink (2),

instant juice (4), instant pudding (2), jam (2), barbecue sauce
(1) and tomato sauce (1).

All samples were diluted in Mili-Q water to concentrations
within the linear range. Soft drinks were degassed using a bath
with ultrasound for 5 min before dilution. Instant products were
solubilised in water using a bath with ultrasound for 15 min.
After dissolution in water, some samples (nectars, juice, instant
pudding, barbecue sauce, tomato sauce and jam) were centri-
fuged at 2415 g s ! for 5 min to precipitate solids and facilitate
the filtration. All samples were filtered using PVDF membrane
0.22-um pore (Millipore, USA) and VS cellulose ester mem-
brane (VSWP) 0.025-um pore (Millipore, USA).

Results and Discussion
Method Optimisation
Univariate Study

The variables pH of the buffer solution and column tempera-
ture were shown to affect the separation of analytes and
interferents during preliminary tests the most. The pH varia-
tion caused the most significant change in the retention time
for the interferents. The temperature increase caused an in-
crease in the resolution of the compounds, due to an alteration
in the mobile phase density and the interaction of the com-
pounds with the mobile phase and the stationary phase.
However, it was not possible to obtain a satisfactory resolution
for all compounds with the levels studied univariately. An

Table 1  Levels investigated in the central composite design and the obtained responses

Variables and Resolution (R;)

levels®

pH T Sac-Cyc 192 nm Sac-Cyc 201 nm I1-Sac 12-Sac 13-Sac 14-Sac Sac-I14 15-Sac Sac-I5 Ace-l4 Ace-I5 Ace-Il Il1-Ace
-1 -1 1.91 1.74 8.18 4.44 414 -16.73 1673 —17.04 17.04 3459 3464 122 -122
1 -1 1.97 1.95 10.84 3.50 1.80 5.56 —5.56 455 —455 000 146 -1.15 115
-1 1 344 2.98 333 1.61 1.15 -10.86 10.86 —13.03 13.03 2238 2580 098 —0.98
1 1 5.02 4.06 6.52 1.61 0.68 338 —3.38 195 -195 055 206 -210 210
—1.41 0 2.88 2.81 098 3.56 279 -14.03 14.03 -15.41 1541 2603 20.68 584 —584
1.41 0 3.18 2.86 741 1.83 1.04 425 —4.25 284 —2.84 028 212 -450 450
0 -141 085 0.81 10.66 3.83 1.50 1.68 -1.68 —0.04 004 449 1538 -1.00 1.00
0 141 274 597 1543 238 -052 052 052 852 852 422 917 0.01 -0.01
0 0 2.81 275 824 227 0.00 027 -027 -1349 1349 446 1386 -135 135
0 0 293 2.76 8.11 227 0.00 027 -027 -11.03 11.03 494 1243 -153 153
0 0 2.69 2.93 938 213 0.00 037 -037 -14.21 1421 526 17.66 -1.70 1.70

T temperature, Sac sodium saccharin, Cyc sodium cyclamate, /92 nm wavelength 192 nm, 20/ nm wavelength 201 nm, // interfering compound 1, /2
interfering compound 2, /3 interfering compound 3, /4 interfering compound 4, /5 interfering compound 5 and Ace acesulfame-K

 Codified values of experimental factors: x;=5.5+pH (2.5/1.41); x,=45+T (15/1.41)
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Table 2  Coefficients of the models and their standard errors for the responses analysed

Resolution Model Coefficients+standard error * Regression Lack of fit
Intercept A, pH B, AA B.B AB MSg/ Fs. MS,/ Fio,
Temperature MS,— 5,95% MSpc 95%
Sac-Cyc Linear 28402  0.3+0.2 0.9+0.29 ok ok ok 7.8 5.05 41.1°  19.16
192 nm
Sac-Cyc Linear 29402  02+02 1.3+0.2¢ ok ok ok 19.0 45.7°
201 nm
I1-Sac Quadratic  8.6+1.6  19+1.0 -03+1.0 25412  19+12 0.1+14 29® 25.1°
I12-Sac Linear 27402 -04+02 -0.85+0.2¢ ok ok ok 11.7 198.3¢
I3-Sac Quadratic  0.0+03 —0.7£0.2¢ -0.9+0.2¢ 1.1£029  04+02  05+03 13.8 e
I4-Sac Quadratic ~ 0.3+1.5  7.8+0.9¢  0.1+0.9 -32+1.19 —0.5+1.1 —2.0+1.3 17.2 3584.1°
Sac-I4 Quadratic —0.3+1.5 -7.8+0.9¢ —-0.1+0.9 324119 05+1.1  2.0+13 17.2 3584.1°
15-Sac Quadratic —12.9+1.7  7.8+1.0¢ -13+1.0 32412  42+129 -1.7+15 147 45
Sac-I5 Quadratic 12.9+1.7 -7.8+1.0¢ 13+1.0 —32+12 -42+12% 17+15 147 45
Ace-14 Linear 9.8+2.0 —11.6423% -15+23 ok ok ok 12.7 1109.0°
Ace-15 Linear 14.1£1.5 —104+1.7¢ -2.1%1.7 ok ok ok 18.9 4.0
Ace-11 Linear —0.5£0.5 -2.5+05% 0.03+0.5 ok ok ok 114 100.6°
1-Ace Linear 0.5+0.5  2.5+0.5% -0.03+0.5 ok ok ok 114 100.6°

MSy mean square regression, MS, mean square residue, MS;-mean square lack of fit, MS,,, mean square pure error, Sac sodium saccharin, Cyc sodium

cyclamate, // interferent 1, 2 interferent 2, /3 interferent 3, /4 interferent 4. /5 interferent 5 and Ace acesulfame-K

%95% confidence

°® Models with regression not significative

€ Models with lack of fit

4 Significative influence from variable

¢Lack of fit not calculated due to absence of error on central point (there was complete co-elution)

**Coefficients do not express the model which explains better the condition

increase in acetonitrile concentration and flow rate caused a
reduction in the resolution between pairs of peaks, due to a
lesser time of interaction between compounds and stationary

phase; thus, both parameters were maintained at minimum
levels during the central composite design. When the flow rate
was lower than 0.4 mL min ', all peaks were enlarged, which

Table 3  Desirability conditions, responses predicted by the models and responses observed experimentally

Variables and responses Criteria and desirability for the variables and responses Predicted conditions (de-  Predicted Observed

codified) responses responses
Goal Lower limit  Upper limit Importance 1 1 2 1 2

pH Between —1.41 0 3 34 3

Temperature (°C) Between 0 1 3 45 55.6

Res Sac-Cyc 192 nm  Maximize 2 30 3 2.46 331 4.23 3.28

Res Sac-Cyc 201 nm  Maximize 2 30 3 2.67 3.97 2.74 3.76

Res I1-Sac Maximize 2 30 3 2.80 2.29 2.56 0.71

Res I3—Sac Maximize 2 30 3 2.39 2.10 1.39 2.01

Res I5-Sac Minimize —30 2 3 -17.71 -1245 -11.24 -11.03

Res Sac-15 Maximize 2 30 3 17.71 12.45 11.23 11.03

Res Ace-15 Maximize 30 3 2643  26.65 18.55 19.14

Res Ace-11 Maximize 30 3 2.49 3.08 1.40 3.51

Res I1-Ace Minimize —30 2 3 -249 308 -140 351

Desirability 0.09 0.09

Res resolution, Sac sodium saccharin, Cyc sodium cyclamate, /7 interferent 1, /3 interferent 3, 15 interferent 5 and Ace acesulfame-K
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caused co-elution between peaks. Therefore, acetonitrile ini-
tial concentration was set to 0 % and flow rate was set to
0.4 mL min '. Among the samples analysed, ready-to-drink
tea presented the most common interferents found among the
matrices studied in the univariate studies and was thus chosen
as test sample for the central composite design.

Multivariate Study

Table 1 contains the codified experimental conditions for the
central composite design as well as the 13 responses investi-
gated. The responses correspond to pairs of peaks which co-
eluted in one or more experiment.

Table 2 contains the coefficients to the mathematic models
established after the variance analysis, as well as their standard
errors, study of the evidence of lack of fit of the models and
the regression significance. There was lack of fit of the model
of several responses, indicating the great complexity of the
effects of the variables for the studied compounds. There was

fit of the model for only three responses (Sac-15, I5-Sac and
Ace-I5). Only three models among the 13 studied explained
the variance of the data.

To fulfil the aim of predicting the optimised condition, it
was necessary to use two fundamental strategies. The first was
accepting the models with slight lack of fit to perform the
prediction. The models with F calculated values up to 10 times
the F critical value were accepted. Some authors cited this
procedure as a useful tool to avoid loss of experimental data,
although it may introduce some prediction errors (Ballus et al.
2014). Thus, nine models (Sac-Cyc 192 nm, Sac-Cyc 201 nm,
I1-Sac, 12-Sac, 15-Sac, Sac-15, Ace-15, Ace-I1 and I1-Ace)
were included in the simultaneous optimisation process. Three
other models could not be used due to the high lack of fit, and
the fit for one of the models could not be calculated due to the
absence of error in the central point (the pair of compounds
co-eluted completely in the central point). The second strategy
included the delimitation of the experimental region for the
optimisation. Initially, the experimental responses were

Fig. 1 Chromatograms of the 040 SAC A
best condition for the separation 03
of five artificial sweeteners in
black tea, ready to drink, at o NG
wavelengths 192 nm (a), 201 nm 025
(b) and 227 nm (c). ACE
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CYC cyclamate, ASP aspartame,
NEO neotame, /] interferent
compound 1, /3 interferent U\
compound 3, 5 interferent
compound 5 x x x r T v y
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Table 5 Amount of sweetener in milligrams per 100 mL of ready to drink tea, soft drink, nectar, juice ready to drink, instant juice reconstituted and
instant pudding reconstituted, and in milligrams per 100 g for jam, tomato sauce and barbecue sauce

Sample Brand Acesulfame-K Saccharin Cyclamate Aspartame
Tea, ready to drink, light peach flavour A 10.86+0.54* - - 24.12+5.44
Declared 72 22
Confidence interval 9.53t0 12.19 10.60 to 37.64
Tea, ready to drink, zero peach flavour B - 8.48+0.03" 112.49+2 48" -
Declared 6.5 45
Confidence interval 8.39 to 8.57 111.82 to 113.15
Low-calorie soft drink lemon flavour A 6.02+0.9* - — 20.74+0.59
Declared 5 21
Confidence interval 5.79 to 6.24 19.29 to 21.24
Low-calorie soft drink lemon flavour B 6.28+0.75 - - 21.52+1.08
Declared 5 21
Confidence interval 442 t08.14 18.85 to 24.20
Zero soft drink guarana flavour B - 6.72+0.22° 37.46+3.17* 11.07+0.93
Declared 5 31 12
Confidence interval 6.19 to 7.26 32.84 to 42.07 9.78 to 12.35
Zero soft drink guarana flavour C - 16.020.63° 79.48+2.34%° -
Declared 16 69.7
Confidence interval 14.46 to 17.58 73.66 to 85.30
Light cola soft drink A 12.81+0.21* - - 34.18+1.43
Declared 8.99 34.69
Confidence interval 12.29 to 13.32 30.63 to 37.74
Light plus cola soft drink B 18.76+0.46% - - 26.74+1.07*
Declared 13 24
Confidence interval 17.62 to 19.89 24.08 to 29.39
Light grape nectar D - 3.79+0.19 36.15+1.55 -
Declared 4 40
Confidence interval 331t04.26 32.30 to 40.01
Light grape nectar B 3.04+0.21 - - -
Declared 3
Confidence interval 2.51t03.56
Light peach nectar D 2.73+£0.38 - - -
Declared 3
Confidence interval 1.78 to 3.68
Light peach nectar B 3.51+0.37 - - -
Declared 3
Confidence interval 2.60 to 4.42
Light guava nectar B 2.18+0.10* - - -
Declared 3
Confidence interval 1.93 t0 2.43
Light passion fruit nectar B 10.66+0.44 - - 13.30+1.42°
Declared 10 17
Confidence interval 9.57 to 11.75 9.78 to 16.83
Light orange juice B 2.99+0.05 - - -
Declared 3
Confidence interval 2.88 to 3.11
Instant juice apple flavour E 6.65+1.60 - - 30.29+3.67
Declared 4.5 28.8
Confidence interval 2.66 to 10.63 20.43 to 40.15
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Table 5 (continued)

Sample Brand Acesulfame-K Saccharin Cyclamate Aspartame
Zero instant juice apple flavour E 6.75+0.21% - - 38.11+1.39%
Declared 4.6 29.6
Confidence interval 6.22t0 7.28 34.65 to 41.56
Instant juice orange flavour E 10.37+3.48 - - 23.76+0.50"
Declared 9.4 21.9
Confidence interval 1.72 to 19.03 22.51 to 25.00
Zero instant juice orange flavour E 5.43+0.79 - - 38.26+2.49
Declared 39 349
Confidence interval 3.45to 7.40 30.69 to 45.83
Diet instant pudding vanilla flavour F - 6.87+0.81 35.80+12.56 6.43+0.41
Zero instant pudding vanilla flavour G 1.00£0.79 4.05+0.42 29.51+1.09 14.14+0.71
Diet strawberry jam H 0.63+0.08 - - -
Diet strawberry jam I 42.46+1.43° - - 47.84+10.96
Light tomato sauce H 116.94+1.82° - - -
Light barbecue sauce H 134.78+6.39° - - -
Legal regulation (Brasil 2008) Diet 35 15 40 75
Light 26 10 30¢ 56
Zero 35 15 40¢ 75

Amount of sweetener is presented as mean+standard deviation (n=3). (—) Not detected

#Not in accordance with the value declared on the label
® Values were above Brazilian legal regulation limits

° Different values apply for beverages light and zero, 56 and 75 mg 100 mL™" respectively

assessed for the resolutions in which the lack of fit was high or
could not be evaluated (I3-Sac, 14-Sac, Sac-14 and Ace-14).
This assessment identified the variable levels in which those
four pairs of peaks presented a resolution greater than 1. The
variable levels were then limited in a way that the algorithm
would select responses in the region where the compounds
presented acceptable resolutions, during the simultaneous op-
timisation of responses. In this way, due to the low resolution
between 14 and Sac and between Sac and 14 in the central
point region (0,0) and in the axial points for temperature
(0,1.41 and —1.41,0), the algorithm was limited to search for
optimal responses only in the other experimental conditions.
Likewise, due to a low resolution between I3 and Sac on the
experiments with maximum pH and temperature (1,1), this
condition was also limited. Also, high pH levels were restrict-
ed, due to co-elution between Ace and 14.

Considering the restrictions of the fit of the models and the
experimental results, the variables temperature and pH were
allowed to range between the levels in which there would be
no co-clution between pairs of peaks (resolution greater than
1.0) with excessive lack of fit. Therefore, the experimental
region for algorithm prediction was limited to pH between
central point and negative axial (0 and —1.41) and temperature
from the lowest levels to the highest except for the maximum
axil (—1.41 and 1). Considering that the levels —1.41 and —1

@ Springer

for temperature increased the analysis time, the levels between
0 and 1 were chosen.

Despite the limitations, the algorithms predicted two ana-
lytical conditions which fulfilled the desirability of obtaining
resolutions greater than 2.0 for all pairs of peaks. Table 3
contains the criteria established to achieve the optimised con-
ditions and the optimal condition predicted by the models, as
well as the predicted responses. The two conditions were
evaluated experimentally and their responses are also present-
ed in Table 3. The majority of the values obtained were similar
to those predicted by the statistical model, although some
models presented lack of fit.

Based on those values and observing the chromatograms,
the second algorithm prevision was chosen. The chromato-
grams for the method chosen can be seen in Fig. 1. In this
method, the cyclamate presented a better resolution, while the
other artificial sweeteners were distributed in a similar way in
both methods. Cyclamate was a recurring problem for the
artificial sweetener separation in this study. It presents a low
signal and, due to its own characteristics, tends to have a
posterior tail, which was observed in all the tests performed.
Indeed, other authors used different methods of detection and
confirmation of the compound identity, such as the mass
spectrometer (Wasik et al. 2007; Yang and Chen 2009) or
co-chromatography (Lawrence and Charboneau 1988),
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among other methods, or simply did not identify the cycla-
mate (Dossi et al. 2006; Ji et al. 2009).

The analytical condition optimised consisted of gradient
elution, with acetonitrile and buffer solution monobasic sodi-
um phosphate/orthophosphoric acid (pH=3.0) as mobile
phase, flow rate of 0.4 mL min ' and temperature of 56 °C,
using a reversed phase C18 column (50 mmx2.1 mmx
1.9 um). Using the Derringer and Suich desirability function
allowed us to correlate several responses to obtain the most
appropriate methodology, performing only few experiments.

Validation

The limits of detection and quantification, as well as the
linearity range, precision and accuracy are presented in
Table 4. The limits of detection varied between
0.008 ug mL™" (sodium saccharin) and 0.609 pg mL ™" (sodi-
um cyclamate). The highest limit of detection was observed
for sodium cyclamate due to its lower absorptivity at 192 nm.
The results for repeatability and intermediate precision were
lower than 5 and 10 % respectively and therefore satisfactory.

Recovery was analysed in two levels and ranged between
83.5 % (cyclamate in nectar) and 113.5 % (neotame in barbe-
cue sauce). Cyclamate was an exception presenting recovery
of 73.9 % in barbecue sauce.

Application in Samples

The method developed and optimised was applied for ready-
to-drink tea, soft drink, nectar, juice, instant juice, instant
pudding, jam, tomato sauce and barbecue sauce. Table 5
contains the means and standard deviations for all samples
analysed and Fig. 2 presents chromatograms for some of the
samples. Among the analysed samples, tea, soft drinks, nec-
tars, juice and instant juice presented reference to the quanti-
ties of artificial sweeteners on their label. Up to four artificial
sweeteners combined were found in some samples, and
acesulfame-K was the most commonly used artificial sweet-
ener, especially in instant juice, instant pudding, jam, sauces
and nectars. Aspartame was the most commonly used artificial
sweetener in the soft drinks analysed.
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The concentration levels of artificial sweeteners were
analysed according to the ‘Regulamento Técnico Referente a
Alimentos para Fins Especiais’ (Technical Regulation on
Food for Special Purposes) (Brasil 1998) and the
‘Regulamento Técnico que autoriza o uso de aditivos
edulcorantes em alimentos, com seus respectivos limites
maximos’ (Technical regulation authorising use of artificial
sweeteners in foods, and their maximum levels) (Brasil 2008).
Comparison with studies in the literature is difficult due to
great variation among different studies, few studies on
Brazilian products and lack of comparison between experi-
mental data, legislation and value declared by manufacturers.

The homogeneity among lots from the same product was
evaluated using the coefficient of variation among the three
lots analysed for each product. The variation among lots for
acesulfame ranged from 1.5 % (low-calorie soft drink lemon
flavour) to 79.3 % (zero instant pudding vanilla flavour),
while for saccharin, it ranged from 0.4 % (zero ready-to-
drink tea peach flavour) to 10.4 % (zero instant pudding
vanilla flavour). The amount of cyclamate ranged from
0.2 % (zero ready-to-drink tea peach flavour) to 35.1 % (diet
instant pudding vanilla flavour), and the aspartame ranged
from 2.1 % (instant juice orange flavour) to 22.9 % (diet
strawberry jam). The greater variation was observed for arti-
ficial sweeteners in instant products, suggesting a lack of
standardisation. The lack of standardisation on powder-like
products was discussed by Cugq et al. (2011). The variation in
quantity of artificial sweeteners among different lots for the
same manufacturer and brand highlights the difficulty in
maintaining the same concentrations in the final product.

Among the 25 samples analysed, 5 presented one or more
artificial sweeteners above the legal limit and 11 presented one
or more artificial sweeteners above the values declared by the
manufacturer.

The results obtained clearly indicate the need for a greater
supervision regarding the amount of artificial sweeteners
used, as well as the amount declared by the manufacturers
and standardisation processes. This also highlights the impor-
tance for the use of a faster, less expensive and more efficient
method for simultaneous determination of sweeteners to allow
the analysis of a greater number of samples in a shorter period
of time. The analytical method developed presented lower
analytical time (11 min), use of reagents and waste generation
than the existing methods by HPLC-DAD. The method de-
veloped also is a less expensive technique and requires less
specialised analysts, when compared with mass spectrometry
methods. Therefore, the method developed would permit an
efficient control of artificial sweeteners in foods produced in
Brazil and imported from other countries, as limits can be
different for different countries.

Neotame was not found in any of the samples analysed
possibly due to its relatively recent discovery and appearance
in the market. However, it may have its use increased in the
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future, due to its very high sweetness compared to other
sweeteners which allows its use in very small amounts (Witt
1999).

Conclusion

The central composite design and the Derringer and Suich
desirability function were successfully applied for the optimi-
sation of a method for the determination of five artificial
sweeteners by ultra-performance liquid chromatography and
diode array detector, resulting in a method with good resolu-
tion among sweeteners and matrix interferents. The method
was validated and presented consistent results for quantifica-
tion of artificial sweeteners in 25 samples from nine food
matrices (soft drink, nectar, juice, ready to drink tea, jam,
barbecue sauce, tomato sauce, instant pudding and instant
juice), as well as good resolution, low analysis time
(11 min), low use of reagents and low waste. Among the 25
samples analysed, 5 presented one or more artificial sweet-
eners above the legal limit and 11 presented one or more
artificial sweeteners above the amounts declared by the man-
ufactures. These results indicate the need for greater supervi-
sion over the amount of artificial sweeteners used and declared
by the manufacturers.
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