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Abstract

Stevia, a non-caloric natural sweetener with beneficial properties and considerable antioxidants and
amino acids, is increasingly consumed as an infusion. This work evaluates the influence of the
conditions (temperature: 50, 70 or 90°C and time: 1, 5, 20 or 40 min) applied to obtain Stevia infusions,
on antioxidants (total phenols, flavonoids and antioxidant activity) and amino acids. The total
concentration of the eleven amino acids found was 11.70 mg/g in dried leaves and from 6.84 to 9.11
mg/g per gram of Stevia in infusions. However, infusions showed higher levels of certain amino acids
(alanine, asparagine, leucine and proline), and greater values of the three antioxidant parameters in
comparison with dry leaves. Temperature had more influence (minimum values at 50 °C and maximum
at 90 °C) than time in the case of antioxidants. At 90°C there were no important increases in the
extraction of antioxidant compounds after 5 min; each gram of Stevia havingl17 mg trolox (Total
antioxidant activity), 90 mg gallic acid (total phenols) and 56 mg catechin equivalents (flavonoids).
Varying the temperature and time conditions no notable differences were observed in the
concentrations of the majority of amino acids. However, the infusion treatment 90°C for 5 minutes was
the best, as it gave the highest yield of 8 of the 11 amino acids. Therefore, with respect to the
compounds analyzed in this study, the best way to obtain Stevia leaf infusions is the same as the
domestic process, almost boiling water for a short time.

Keywords: antioxidant activity, total phenols, flavonoids, amino acids, Stevia.
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Stevia rebaudiana Bertoni, (Asteraceae family) is a perennial plant from Brazil and Paraguay [1]. The
main characteristic of Stevia leaves is high sweetness (250-300 times sweeter than sucrose) due to the
diterpene compounds, called steviol glycosides [2]. The most common use of Stevia leaves is the
extraction and purification of steviosides to obtain a non-caloric natural sweetener, as a sugar
substitute, or as an alternative to artificial sweeteners [3]. Other authors have demonstrated that Stevia
leaves also have beneficial properties, showing them to be: anti-inflammatory, diuretic,
antihypertensive, antihyperglycemic, antidiarrehic, antitumoral and antioxidant [4]. These antioxidant
effects, as in other plants, are in part due to the presence of flavonoids and phenolic compounds [5, 6].
Although several authors have studied the antioxidant capacity of extracts from different plant leaves
such as tea [7], mate [8] or mint [9], there are fewer works related specifically to infusions, except for
the results given by Atuoi et al. [10] and Gorjanovic et al. [11] for tea and herbal teas [12,13], and by
Samaniego et al. [14] for green tea.

In addition to the before mentioned properties, Stevia leaves, like other herbs such as Chinese tea [15]
and black tea [16], have considerable amino acid content. In fact, Rafiq et al. [17] and Abou-Arab et al.
[18] identified seventeen amino acids in Stevia leaves (glutamic acid, aspartic acid, lysine, serine,
isoleucine, alanine, proline, tyrosine, arginine, histidine, methionine, phenylalanine, leucine, valine,
threonine, glycine, cystine). Stevia leaves contain all the indispensable amino acids [19] with the
exception of tryptophan.

Due to these therapeutic properties, Stevia leaves are consumed more and more as an aqueous extract of
dried leaves. These extracts are drunk as a simple infusions or incorporated in different food
formulations: juices, biscuits, jams, sweets, etc. This has become an option for the European industry as
EFSA (European Food Safety Authority) recognized the safety of Stevia leaf extracts for alimentary
use in November 2011 [20]. However, the use of Stevia was authorized in different Asian and
American countries one decade ago.

As far as the authors know, there is no research related to the antioxidant properties and the free amino

acid content of Stevia leaf infusions. For this reason, the aim of this study was to evaluate how the
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conditions (time and temperature) used to obtain infusions (from dehydrated Stevia leaves), affect
amino acids, antioxidant capacity, total phenolic content, and total flavonoid content.

Material and Methods

Plant material and infusion preparation

Organically produced (based on minimizing the use of external inputs, avoiding the use of synthetic
fertilizers and pesticides) dried leaves of Stevia rebaudiana (Raab, Vitalfood, Rohrbach, Germany)
were used in this study. Aqueous extracts of dried Stevia leaves were obtained at atmospheric pressure
and different temperatures using a thermostatic bath (JPSelecta Precisdig, Spain). 1g of dried Stevia
leaf powder (ground in a grinding mill, A11 Basic, IKA, Germany) was dispersed in 100 mL of water.
Different temperatures (50, 70 and 90 °C) and times (1, 5, 20 and 40 minutes) were applied to obtain
the infusions. It was decided to use these combinations of time and temperature in order to cover a wide
range of possible treatment conditions, from less aggressive (low temperatures and short time) to more
aggressive (high temperatures and long time). Subsequently, the aqueous extracts were filtered through
filter paper and cooled before the analytical determinations. Although treatment at 50°C and 70°C is not
really infusion, in this work in order to facilitate the terminology, all the thermal treatments are called
“infusions”. All the analyses were performed in triplicate.

Standard compounds and Reagents

A EZ-Faast amino acid kit (Phenomenex, Torrance, CA, USA) was used to carry out the amino acid
analyses. This kit, in addition to chloroform, hydrochloric acid, isooctane, n-propanol, sodium
carbonate and sodium hydroxide, contains the following amino acid standards: alanine (Ala),
asparagine (Asn), aspartic acid (Asp), cistine (C-C), glutamic acid (Glu), glycine (Gly), histidine (His),
isoleucine (Ile), leucine (Leu), lysine (Lys), methionine (Met), phenylalanine (Phe), proline (Pro),
serine (Ser), threonine (Thr), tryptophan (Trp), tyrosine (Tyr), valine (Val) and norvaline (Nor) ; all
99+% purity.

6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (Sigma-Aldrich) were used to determine the total antioxidant activity. Sodium nitrite, (+)-
catechin, sodium hydroxide (Sigma-Aldrich) and aluminum chloride hexahydrate (Fluka) were used for

3
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flavonoid analysis. Sodium carbonate, gallic acid and Folin-Ciocalteu reagent (all purchased from
Sigma-Aldrich) were utilized for phenolic determination.

Determination of Free Amino Acids.

The free amino acid content of the Stevia infusion was measured using the derivatization technique for
GC-MS [21] with the before mentioned EZ-Faast amino acid kit. The derivatized amino acids were
extracted with isooctane/chloroform (100 uL) and analyzed using the 6890 GC-MS Agilent system. An
aliquot of the derivatized amino acid solution (10 uL) was injected into a 10 m x 0.25 mm Zebron ZB-
AAA capillary column (250 °C in split mode, 5:1).The oven temperature was 110 °C for 1 min, then
increased at 30 °C/min to 320 °C, and held at 320 °C for 2 min. The transfer line was held at 320 °C,
and the carrier gas flow rate was kept constant throughout the run at 1.1 mL/min. The ion source was
maintained at 220 °C and the electron impact mode was 70 eV.

In order to calculate the amount of each amino acid in the infusions, a calibration curve (50, 100, 200,
350, 500, 700 nmol/mL) was plotted for each amino acid using the amino acid standard mixtures
solution (200 nmol/mL). The area of each amino acid was measured relative to the area of internal
standard, norvaline (m/z 158 ion).

Determination of total phenolic content

The total phenolic content was determined spectrophotometrically by the modified Folin-Ciocalteu
method [22]. Absorbance was measured at 760 nm using a spectrophotometer (JASCO V-630). The
quantification was made considering a standard curve of gallic acid and the results were expressed as
mg of gallic acid equivalent per gram of Stevia (dry matter).

Determination of total flavonoid content

Total flavonoid content was determined using the modified colorimetric method described by Dewanto
et al. [23]. Absorbance was measured at 510 nm. The quantification was made considering a standard
curve of of (+)-catechin and the results were expressed as mg of (+)-catechin equivalent per gram of
Stevia (dry matter).

Determination of total antioxidant activity
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The antioxidant activity (AA) of the extract was analyzed on the basis of the scavenging activities of
the stable 2,2-diphenyl-1-picrylhydrazyl free radical as described by Shahidi et al. [24] with some
modifications. Absorbance of the sample was measured at 515 nm using methanol as a blank. The
quantification was made considering a standard curve of Trolox (6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) and the results were expressed as mg of Trolox equivalent per
gram of Stevia (dry matter).

Statistical analysis

A multifactor ANOVA (with LSD test and a= 0.05), using the Statgraphics Centurion program, was
applied to study the effect of temperature and time on the amino acids, total phenols, flavonoids and
antioxidant activity. The interaction between both factors was also considered. A Principal Component
Analysis (PCA), with the software Unscrambler X.10., was also applied to describe the relationships
between the treatments and the variables analysed.

Results and Discussion

Free amino acids in Stevia infusions: Influence of time and temperature conditions.

The average values and the standard deviations of the eleven free amino acids (Ala, Asn, Asp, Glu, Ile,
Leu, Phe, Pro, Ser, Tyr and Val) quantified in dried Stevia leaves are shown in Table 1. The data
corresponding to these compounds in the infusions (obtained at different temperatures: 50, 70, 90°C
and times: 1, 5, 20, 40 minutes) are available in Online Resource 1. In addition, Table 1 shows the
multifactor ANOVA results (homogenous groups, F-ratios for time and temperature factors and the
interactions of both factors) for each of the analyzed compounds.

Of the eleven amino acids found in this study, four of them (Ile, Leu, Phe and Val) are recognized by
the FAO as indispensable. The total amino acid concentration, considering the sum of all the
compounds, was higher in the dried leaves (11.70 mg/g) than in infusions; in which the maximum
values for the majority of the compounds analyzed was achieved with the treatment 90 °C, 5 minutes.
Compounds such as Glu, Phe, Ser and Tyr showed greater concentration in the dried leaves (0.95, 0.30,
8.10 and 0.12 mg/g, respectively) than in infusions, as the average values obtained for these compounds
considering all treatments were: 0.38, 0.06, 4.43 and 0.05 mg/g, respectively.

5
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The amount of Ala, Asp, Leu and Pro in dried leaves (0.34, 0.38, 0.08 and 0.55 mg/g, respectively) was
lower than in infusions (average values considering all treatments: 0.56, 0.43, 0.11 and 0.97 mg/g,
respectively). However, the values obtained for Leu in the less aggressive treatments (50°C during 1
and 5 minutes) were almost identical to those for the dried leaves. Other compounds such as Asn, Ile
and Val showed practically no differences between the concentration obtained for the dried leaves
(0.36, 0.26 and 0.29, respectively) and for the infusions (average values: 0.37, 0.22 and 0.26,
respectively).

Considering the abundance of the different compounds, Serine on its own accounts for 68.8% of the
total amino acids quantified in dry leaves and 56.4 % of the total amino acids quantified in infusions
(average value of those obtained in all the treatments). In addition to Serine, other amino acids were
also quite abundant in dried leaves: Asp (3.2%), Glu (8.1%) and Pro (4.7%), which represented 16.1%
of the total. Likewise, with respect to the infusions, after Serine the next three most abundant
compounds were Ala (7.1%), Asp (5.5%) and Pro (12.4%), accounting for 25.1% of total.

With respect to the influence of temperature and time on the evolution of the different compounds, the
ANOVA showed that both factors had practically no influence on the concentration of the compounds.
Of the 11 compounds quantified, only three of them presented significant differences for temperature
(Val, Leu and Ile) and four of them for time (Val, Leu, Ser and Asn). However, it is important to note
that although the statistical analysis revealed significant differences, the observation of the values
shows that actually these were very small.

There is little information relating to free amino acids in Stevia. Rafiq et al. [17] only identified eight of
them in Stevia leaves (Ala, Ile, Ser, Pro, Asp, Glu, Tyr and Lys). All of these amino acids were found
in this study, with the exception of Lys. However, Val, Leu, Phe, and Asn, found in this study, were not
found by the above authors. Li et al. [25] and Abou-Arab et al. [18] identified 15 amino acids (Glu,
Asp, Lys, Ser, Ile, Ala, Pro, Tyr, Arg, His, Phe, Leu, Val, Thr and Gly) in Stevia leaves previously
subjected to protein hydrolysis. Besides these, the latter authors found Met and Cys, as well. All the
amino acids present in Stevia in this study (with the exception of Val), are also found in green and
black tea [15] with the total quantity ranging between 1.19 and 6.98 mg/g, depending on the tea variety.
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These data were somewhat lower than those found in this work for Stevia infusions (6.84 and 9.11
mg/g). However, for other varieties of green tea, Ding et al. [26] reported higher values, between 24.70
and 33.50 mg/g.

Antioxidant activity, total phenols and flavonoids in Stevia infusions: Influence of time and temperature
conditions.

Table 2 shows the average values and the standard deviations of total phenols, flavonoids and
antioxidant activity found in dried Sfevia leaves, as well as the multifactor ANOVA results
(homogenous groups, F-ratios for the factors time and temperature, and the interactions of both
factors). Higher concentrations of the three parameters were found in the infusions than in the dried
leaves.

The time/temperature interaction (95% LSD interval), obtained from the ANOVA, is included in Fig. 1
in order to facilitate the comparison of variability patterns between factors. Fig. 1 shows that the
evolution of these parameters depends on the temperature and the time conditions applied to obtain the
infusions. For the three parameters analyzed, the higher the temperature the greater the aqueous
extraction. Although both factors had a significant influence, temperature had greater impact than time,
which is reflected by the F-ratio values (F ratio of temperature ranged from 323.74 to 490.57 and F
ratio of time ranged from 2.52 to 21.97) on the three parameters analyzed.

Considering treatment time, it can be stated that, practically, it does not influence the result of the total
phenol content and flavonoids. However, time had a greater influence in the case of total antioxidant
activity when compared to the other two parameters. For antioxidant activity, there was a significant
increase in concentration from minute 5 (52 mg trolox/g) to minute 40 (82 mg trolox/g) at 50 °C. For
the other two temperatures (70 and 90°C), the behavior with time was similar, with a maximum value at
20 min, and without significant differences with respect to 40 min. The difference with time for total
antioxidant activity with respect to phenols and flavonoids could be due to the presence of other
compounds with antioxidant capacity, which can contribute to total antioxidant activity [31].

Regarding the total phenol content, Tadhani et al. [27] reported lower average values (25.18 mg gallic
acid/g) in dried Stevia leaf extracts (obtained with HCI 0.3N and methanol) than those obtained in this

7
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paper (63.80 mg gallic acid/g). Shukla et al. [5, 27] reported a total phenol content of 56.74 and 61.50
mg of gallic acid/g in ethanolic and aqueous Stevia extracts respectively (obtained by a maceration
process at room temperature). These values are similar to those obtained in this paper at 50 °C (average
values: 65.20 mg gallic acid/g Stevia) but below those obtained at 70°C and 90°C (average values
considering all treatments: 71.02 and 92.07 mg gallic acid/g), respectively.

With respect to the total flavonoids (Table 2), a level of 22.20 mg catechin/g dried leaves of Stevia was
found in this study. Muanda et al. [6] obtained similar values (20.68 mg catechin/g) in dried Stevia leaf
aqueous extracts, as well. Other authors reported values for the total flavonoids in this matrix but
expressed in terms of other compounds: 21.73 mg gallic acid/g [27], and 0.83 mg quercetin/g [29]. In
addition, the extracts were obtained using different solvents: HCl 0.3N and methanol by the first
authors and ethyl acetate extract and methanol by the second ones. Kim et al. [30] obtained values of
15.64 mg quercetin per gram of Stevia in infusions (3 hour at 100 °C).

In relation to antioxidant activity, the average value obtained in this study was 48.17 mg trolox/g of
dried Stevia leaves (aqueous extraction). This value was higher than reported by Tadhani et al. [27]
(38.24 mg trolox/g).

The evolution of antioxidant activity, with temperature and time, observed in this study was similar to
that described by other authors for tea infusions. Specifically, Samaniego et al. [14] reported that at 90
°C, the extraction of polyphenol was faster and more effective than at lower temperatures, as long as
time does not exceed 5 minutes. These authors highlight that higher times at this temperature may
cause the loss of polyphenol compounds and, consequently, of antioxidant capacity.

Global behavior of antioxidant properties and amino acid composition

Once the individual behavior of amino acids and antioxidant compounds were analyzed, a PCA was
used to assess the overall effect of the conditions (time and temperature) used to obtain the Stevia
infusions. Fig. 2 shows the PCA biplot (scores “treatments” and loading “variables’) obtained. The first
two components explained 65 % of the total variance (PC1, 39 % and PC2, 26 %). The proximity
between infusion treatments implies similar behaviour, while the proximity between variables implies
the degree of correlation between them. Taking this into consideration, the infusion “90°C for 5

8
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minutes” (90_5) placed at the far end of the right axis had the most amino acids (except Asp, Ser and
Tyr) and antioxidants. On the contrary, the samples (50 1 and 50 5) situated on the opposite side (left
axis), had the lowest level of the majority of the analyzed variables.

Conclusions

Infusions of Stevia leaves have higher levels of both antioxidants (total phenols, flavonoids and
antioxidant activity) and certain amino acids such as Ala, Asp, Leu and Pro, in comparison with dry
Stevia leaves. Temperature has a greater effect than time in the case of the three antioxidant
parameters, so the higher the temperature, the greater the aqueous extraction. Minimum values for these
parameters were obtained at 50 °C and maximum at 90 °C. At this last temperature there were no
important improvements in the extraction of these compounds after 5 min. With respect to the majority
of amino acids, no important differences were observed in their concentrations as a consequence of
varying the temperature and time conditions. However, the infusion treatment 90°C for 5 min can be
considered the most appropriate since it promoted a small increment in the concentration of 8 of the 11
compounds. Therefore, with respect to the compounds analyzed in this study, the best conditions for
obtaining Stevia leaf infusions are the most similar to the domestic culinary process, very hot water
(slightly below boiling) for a short time. Given that infusions have been shown to be efficacious in the
extraction of antioxidants, it would be interesting to investigate the profile of specific antioxidants
further.
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Figure Caption

Fig. 1 Time-temperature interaction (95% LSD interval) of the antioxidant parameters: total phenols

(a), total flavonoids (b) and antioxidant activity (c), obtained from the ANOVA
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19  Fig. 2 Bi-plot of Principal Component Analysis for the infusion treatments (white diamond ¢) and the
20 analysed variables: amino acids and antioxidant parameters (total phenols, total flavonoids and

21  antioxidant activity) (black diamond #).
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Table 1. Amino acids (mg /g stevia) in dried leaves (mean and standard deviation) and multifactor

ANOVA results for these amino acids in stevia infusions obtained at different temperatures and

treatment times. F-ratios for each of the two factors (temperature and time) and their interactions are

included.

Dried ANOVA INFUSIONS
Aal:iiinso Leaves Temperature (T) Time (t) Interaction

mean(SD) 50 70 90  F-ratio 1 5 20 40 F-ratio T*t
Ala 0.34(0.02) 0.54* 055 0.57° 121" 0.53" 0.56™ 0.58° 0.54% 1.81™ 3497
Asn 0.36(0.14) 035" 0.35® 0.38° 3.05™ 0.33 0.39° 0.38° 0.33 57" 2.19™
Asp 0.38(0.04) 0.42°  0.44*  0.42° 0.49™ 0.44* 0.44 0.41° 0.42° 0.51™ 1527
Glu 0.95(0.12) 0.34* 038" 042" 1.59™ 0.40° 0.34* 0.38* 0.39° 0.41™ 0.73™
Ile 0.26(0.03) 020 021™ 022° 3727 0.20° 0.20° 0.22° 0.21° 0.89™ 1.75™
Leu 0.082(0.006) 0.11° 0.11° 0.10° 17.517 0.09* 0.10° 0.12¢ 0.12¢ 27.92" 28.47"
Phe 0.30(0.06) 0.06* 0.06° 0.07* 0.56™ 0.06 0.06" 0.06 0.07* 0.89™ 09™
Pro 0.55(0.04) 0.96* 0.95° 1.00° 0.26™ 0.92° 1.00° 1.03* 0.91° 0.98™ 0.52™
Ser 8.1(0.7) 448 444" 436° 0.06™ 417" 5.08° 4.55% 3.92° 33" 0.93 ™
Tyr 0.12(0.08) 0.05*  0.05° 0.06* 2.3™ 0.05 0.05 0.05 0.05 0.7 09™
Val 0.29(0.02) 025* 026" 026° 5577 0.25" 0.25% 0.27° 0.27° 4.47" 569"
Total  11.7 779 785  7.80 - 7.49 8.53 7.97 7.28 - -

For each factor. different letters in each row indicate homogeneous groups (significant differences at 95% confidence level

as obtained by the LSD test). ns=Not significant; *p<0. 05, **p<0.()]

14



31

32

33

34

35

36
37
38

39

Table 1. Total phenols (mg gallic acid equivalent/g stevia), flavonoids (mg catechin equivalent/g

stevia) and antioxidant activity (mg Trolox equivalent/g stevia) in dried leaves (mean and standard

deviation) and multifactor ANOVA results for these compounds in stevia infusions obtained at

different temperatures and treatment times. F-ratios for each of the two factors (temperature and time)

and their interactions are included.

I Dried ANOVA INFUSIONS
Antioxidant Leav.
parameters neleafls Temperature (T) Time (t) Interaction
(SD) 50 70 90 F-ratio 1 5 20 40  F-ratio T*t
Phenols 63.8(1.3) 6520 71.02° 92.07° 323747 71.70° 75.71° 77.34°  79.63° 9.38" 2.16™
Flavonoids  22.2(0.9) 3247 47.53% 56.72° 490.577"  44.64° 4593° 4577 4426* 2.52° 1.74"™
Antioxidants 48(2) 62.45% 106.68° 119.12° 344717  87.96" 89.26* 102.64° 104.48° 2197 567"

For each factor, different letters in each row indicate homogeneous groups (significant differences at 95% confidence level
as obtained by the LSD test). ns=Not significant; p<0.05; p<0.01; p<0.001
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