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ABSTRACT

The present study was making to produce highly nutrients extracts from stevia, mint and lemon samples. The
physical and chemical properties, sugar profile, bioactive substances (Vit. C, total polyphenol, total chlorophylls,
chlorophylls A and B, total carotenoids, antioxidant activity (DPPH), and sensory quality of the extracts were all eval-
uated. There were slight variations in the values of total soluble solids to acidity ratios, pH, acidity, and TSS. Increas-
ing the concentration of total polyphenol and antioxidant activity (DPPH) in stevia and lemon extracts led to a notable
improvement in the sugar profile, bioactive compounds (vitamin C, total polyphenol, total chlorophylls, chlorophylls
A and B and total carotenoids), as well as sensory evaluation. The concentrations of total carotenoids increased in
lemon extract, but the contents of total chlorophylls, specifically chlorophylls A and B, increased in stevia and mint
extract. Lemon and mint extracts have higher vitamin C contents. All quality criteria, including colour attributes, sugar
profiles, physical-chemical properties, bioactive components, and sensory evaluation tests, demonstrated that the ex-
tracts of stevia, mint, and lemon had good quality and may be suggested for ingestion as dietary supplements. These
findings can be used on an industrial basis in the future. Furthermore, stevia has additional health advantages, such as

reducing the risk of tooth decay and controlling blood sugar levels, leading to a decrease in calorie intake.
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INTRODUCTION

Individuals diagnosed with diabetes often con-
front the challenges posed by medication side effects,
contributing to the growing global burden of diabe-
tes. Consequently, a substantial number of diabetics
resort to herbal remedies as an alternative solution.
The stevia plant has gained considerable recognition
for its potential of managing blood sugar levels and
addressing various health concerns because of its
beneficial health effects, especially its ability to reg-
ulate blood sugar levels. This is related to its natural
sweetness, which has no caloric content. The stevia
plant, scientifically known as Stevia rebaudiana, has
attracted considerable interest in recent times.

Stevia sweetener is a natural sweetener de-
rived from the steviol glycosides present in its
leaves, possesses a sweetness level that is 200 to
300 times higher than that of sugar. Furthermore,
the Food Safety and Health Organization (EFSA,
2010) have deemed stevia safe for consumption,
making it an attractive option for diabetics who re-
quire a calorie-free sweetener.

Egypt is among the countries that have re-
cently started cultivating stevia. Nonetheless, the

raw extract of stevia contains bitter substances that
necessitate purification to isolate the steviol glyco-
sides. These compounds are the foundation of ste-
via sweeteners, providing a healthy and safe alter-
native to sugar (Hellfritsch et al., 2012, Well et al.,
2013, Philippaert et al., 2017).

The prevalence of excessive sugar consump-
tion on a global scale has given rise to various nu-
tritional and medical issues, including obesity. As
a potential solution, low-calorie sugar alternatives
like stevia have gained popularity due to their 200-
300 times sweeter taste compared to sucrose, cat-
egorizing them as high-intensity sweeteners. How-
ever, the widespread use of artificial sweeteners,
such as saccharin, has raised concerns about po-
tential health risks. For instance, repeated use has
been linked to the potential development of bladder
cancer (Jaroslav ef al., 2006).

Lemon (Citrus lemon), a medicinal plant be-
longing to the Rutaceae family, has demonstrated
antibacterial activity and is rich in alkaloids. Vari-
ous parts of the plant, such as its leaves, stems,
juice, flowers, and peels, contain antioxidants and
anticancer substances that are effective against
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bacterial strains (Kawaii et al., 2000). Citrus flavo-
noids, which are found in lemons, exhibit a range of
biological activities, including antifungal, antidia-
betic, 9nd anticancer properties, and have imme-
diate antimicrobial effects upon extraction (Burt,
2004, Ortuno et al., 2006, Nada & Zainab, 2013).

Mint, a herb with origins in both Asia and the
Mediterranean, is highly nutritious and possesses a
pleasant, aromatic aroma. Varieties such as Spear-
mint and Peppermint have medicinal, culinary, and
cosmetic uses. Known for its refreshing and sweet
taste, mint is rich in antioxidant properties and has
been shown to be resistant to harmful bacteria such
as E. coli, Staphylococcus aureus, and Staphylo-
coccus purogens (Minica Dukik et al., 2003, Elan-
sary and Mahmoud, 2015, Eman, 2017). This study
aimed to evaluate the quality of extracts from ste-
via, lemon, and mint by determination of physical
and chemical properties, sugar profile, bioactive
substances (Vit. C, total polyphenol, total chloro-
phylls, chlorophylls A and B, total carotenoids, an-
tioxidant activity (DPPH), and sensory properties.
It also to explore potential applications for each.

MATERIAL AND METHODS

Materials

Stevia leaves, mint leaves, or entire lemon seg-
ments acquired from field experiments conducted at

the Agricultural Research Institute in Giza, Egypt’s
Institute of Agronomy. Samples of stevia leaves,
mint leaves, or entire lemon slices were utilized in
all processing studies. After being received, the sam-
ples were kept at 4°C and processed within a day.

Methods

Preparation and extraction of stevia, mint
and lemon extracts:

Stevia leaves, mint leaves and whole lemon
extracts were prepared according to Shaaban et al.,
(2024) as illustrated in Figure (1). The bottled ex-
tracts of stevia, mint, and lemon were kept at room
temperature.

Determination of some Physico-chemical
properties:

The pH of stevia, mint, and lemon extracts was
measured using a digital pH meter (HANNA, HI
902 meter, Germany).. Using a hand refractometer
(A TAGO, Japan), to determine the percentage of
total soluble solids (TSS), represented as °Brix (0-
32). Titratable acidity was assessed using the tech-
nique described by Tung-Sun et al. (1995).

Sugars Determination:

The determination of sugar acids using high-
performance liquid chromatography (HPLC) was
achieved by stirring 3.0g of each sample (stevia,
mint, and lemon extracts) with 20 mL of distilled

Stevia leaves, mint leaves and whole lemon pieces

Immersed in 1% SO, for 15 miniutes

Rinse with water

Homogenized of stevia leaves, mint leaves or whole lemon pieces

Stevia, mint and lemon extraction

Strained with double-layer cheesecloth

Packing (filled the stevia, mint and lemon extracts into clean, dry sterilized bottles)

Cooling, capping and storage (at temperature 24°C) for analysis

Fig 1: Flow chart for the preparation stevia, mint and lemon extracts
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water, followed by centrifugation at 10,000 g for IO
min at 30°C. The residues were washed four times
with the same amount of water in order to remove
all sugar, and the supernatants were combined. An
aliquot of each sample was filtered through 0.22
pm Millipore membranes.

For the determining sugars, an Agilent model
1100 Series (Agilent, USA) high-performance lig-
uid chromatography equipped with a quaternary
pump, refractive index detector, and Shimpack
SCR-10IN (300 mm L. X 7.9 mm L.D., 10um). The
mobile phase was deionized water, degassed under
vacuum in an ultrasonic bath. The flow rate was 0.7
mL min—1 at a temperature of 40°C. The quantifi-
cation was achieved by comparison with analytical
curves using glucose, fructose, and sucrose stand-
ards.

Colour Characteristics:

The colour of the samples was measured using
the HunterLab a*, b*, and L* colorimeters. Using a
spectra-colorimeter (Tristimulus Colour Machine)
in the reflection mode and the CIE lab colour scale
(Hunter, Lab Scan XE - Reston VA, USA), param-
eters were measured, very time using the instru-
ment was standardized by the white Hunter Lab
Colour Standard tile (LX No. 16379), with the fol-
lowing values: Z=88.14, Y =81.94, and X =72.26
(L=92.46, a* =-0.86, b*=-0.16).

Using black and white reference tiles, the de-
vice (65°/0° geometry, D25 optical sensor, 10°
observer) was calibrated. The color values were
written as follows: b* (yellowness/blueness), a*
(redness/greenness), and L (lightness or brightness/
darkness) according to Sapers and Douglas (1987)
and Hunter (1975). The Hue (H), Chroma (C)*,
and Browning Index (BI) was calculated using the
Palou et al., (1999) method:

H* = tan™! [b*a*]. oo )]
C* = square root of [a2*+ b2*]. ......... 2)
BI= [100 (x-0.31)] 10.72 cccoeeierinee 3)
Where:- X= (a+1.75L)/(5.645L*+a-3.012b)

AE=(Aa+tAb2+AL2)1/2 .o “4)

All values were recorded as the mean of trip-
licate readings.

Total phenolic content determination:

Total phenolic content of the stevia, mint, and
lemon extract samples was performed following
the methods of Igual ef al., (2012) and Amerine &

Ough (1980), with slight modifications 0.25 mL of
methanolic extracts were vortexed (WiseMix VM-
10, Daihan, Korea) for 15 seconds after 1.25 mL
of Folin-Ciocalteu reagent (Sigma-Aldrich, Ger-
many) and 15 mL of distilled water were added.
3.75 mL of 7.5% Na, CO was added to the mixture
after it had been incubated in the dark for 8 min-
utes, and the volume was then adjusted to 25 mL
using distilled water. Sample absorbance values
were measured at 765 nm using an Optizen 3220
UV, Mecasys, Korea. The samples were kept at
room temperature for two hours in the dark. Gallic
acid (GA) (Sigma-Aldrich, Germany) was used to
produce the calibration curve, and the results were
represented as mg GA/100 g on dry weight (d.w.).
Extracts were analyzed in triplicates.

Antioxidant capacity (DPPH) determination

The antioxidant potential of samples was de-
termined using the DPPH (2,2-Diphenyl-Ipicrylhy-
drazyl) free radical scavenging method of Aloth-
man et al. (2009). 0.1 mL of diluted extracts was
added to 3.9 mL of'a 25 mM methanolic solution of
DPPH radical. After giving the mixture a thorough
vortex (Wise Mix VM-10, Daihan, Korea), it was
allowed to kept at room temperature for 30 minutes
in the dark. Measuring each sample’s absorbance at
515 nm was done using an Optizen 3220 UV from
Mecasys in Korea. The findings were presented in
terms of pmol Trolox equivalents (TE) per 1 g dry
weight of sample (Merck, Germany). Three dupli-
cates of each extract were tested.

Sensory Evaluation

Twelve panelists and employees from the
National Research Center’s Nutrition Research
Institute and Food Industries Department of Food
Technology made up the panel. Panelists worked
together to create standards and descriptors for fra-
grance and flavour in eleven training sessions. A
ten-point scale (10 = great and I = awful) was used
to assess the colour, flavour, acceptability, taste,
and appearance of the stevia, mint, and lemon ex-
tract samples, following the guidelines provided by
Garcia et al., (2001) and Bertolini et al., (2008).
Samples were provided in a randomized full block
design, and each panelist assessed every sample at
once. There were four replications finished.

Statistical Analysis

The acquired results were subjected to statisti-
cal analysis utilizing the Least Significant Differ-
ence (LSD) and Analysis of Variance (ANOVA
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with two methods) as stated by Richard & Gouri
(1987).

RESULTS AND DISCUSSIONS

Physicochemical properties of the stevia,
mint, and lemon extracts

The pH values recorded for the stevia, mint,
and lemon extracts samples were 5.71, 6.72, and
2.01, respectively (Table 1). The increase in pH
observed in the stevia and mint extracts resulted in
a decrease in total acidity, whereas the decrease in
pH in the lemon extract samples correlated with an
increase in total acidity.

The Total Soluble Solids (TSS) levels were 0.7,
0.5, and 7 °Brix in the samples of stevia, mint, and
lemon extracts, respectively, as detailed in Table (1).
The higher TSS in lemon extracts can be attributed
to their higher sugar content (glucose, fructose, and
sucrose) compared to that in stevia and mint extracts,
as shown in Table (3).

It was observed that the titratable acidi-

appeal. They also noted the stability of the pH, total
soluble solids, and total acidity of the juice. Simi-
larly, Sohail e al. (2013) emphasized that TSS, pH,
and acidity are essential factors in the production
of high-value processed products like extracts or
beverage drinks.

Colour characteristics, parameters, and
non-enzymatic browning of the stevia,
mint, and lemon extracts.

In this study, the colour characteristics of ste-
via extract were quantified using parameters such
as ‘a*’ (redness), ‘L’ (lightness), ‘b’ (yellowness),
H (Hue angle), C* (chroma), BI (browning in-
dex), and Delta AE values, which were measured
at -11.18, 24.38, 28.30, 68.44, 25.15, 48.82, and
79.36, respectively (Table 2). Notably, these val-
ues exhibited a consistent reduction in both mint
and lemon extract samples as compared to the ste-
via extract.

Table 2: Colour characteristics and non-enzymatic

between of stevia, mint and lemon extracts

ties as citric acid (%) in the stevia, mint, and

lemon extract samples were 0.016, 0.012 Properties Stevia Mint Lemon
and 0.907, respectively (Table I). Addition- L¥-value 24.38 - 19.0416.19
ally, the TSS/total acidity ratios, showed 2 -Value LIS -12.73-12.17
higher values of 44.27 and 41. 73 for stevia b*-value 2830 3033 25.30
and mint extracts, respectively, but only 7.72 C*-value 25.15 2778 24.82
for lemon extracts (Table 1). A higher TSS/ {*_yvalue 68.44 6724 64.30
tQtal acidity 'ra‘uo typically indicates supe- Blvalue 4880 55.03 4260
rior flavour in the extracts. Consequently,

the higher ratios in stevia and mint extracts A E*-value 7936 8113 8170
(44.27 and 41.73, respectively) suggest their Non-enzymatic browning (0.D.420nm) 44.27 41.73 7.72

potential for fresh applications, while the
lower ratio in lemon extracts (7.72) may indicate
that further processing would be necessary to en-
hance the quality of the extract. Fellers et al. (1988)
reported favorable consumer preference scores for
grapefruit juice with TSS/acidity ratios above I 1.0
compared to ratios of 7.0, underlining the signifi-
cance of TSS/acidity ratios in assessing consumer

Table 1: Physicochemical properties of stevia,
mint and lemon extracts

Properties Stevia Mint Lemon
pH 571 672 2.01
TSS 0.700 0.500 7.00
Titratable acidity (as citric acid) 0.016 0.012 0907

4427 41.73 7.72

TSS: Total acidity ratio

40

The chromatic attributes of stevia, mint, and
lemon extracts displayed a combination of nega-
tive and positive values for ‘a*’ and ‘b*’, where
yellow and red colours are associated with total
chlorophylls and total carotenoids. However, it was
observed that the intensity of the red component
‘a*’ was lower than the green or yellow component
‘b*’, indicating a green coloration, especially evi-
dent in stevia and mint extract samples compared
to the lemon extract sample.

The values for ‘L *’, ‘b*’, ‘C*’, and ‘H*’ in-
creased in stevia extract and decreased in lemon
extract samples, (Table 2). However, the Delta AE
values showed an opposite trend, decreasing in the
stevia extract (79.36) and increasing in the mint
and lemon extracts (81.13 and 81.70%, respective-
ly), as outlined in Table (2).
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Moreover, the non-enzymatic browning (420
nm) values were higher in the stevia extract sample
(0.16) than in the mint and lemon extract samples
(0.01-0.01), respectively (Table 2). This increase in
the stevia extract sample aligns with the heightened
potential of browning observed in the present study.

These findings collectively provide insights
into the colour characteristics and non-enzymatic
browning tendencies of the extracts, highlighting
the distinctions between the stevia, mint, and lem-
on samples.

Glucose, Fructose and Sucrose Content
(mg/ml) of extract samples:

The sugar content of widely consumed ex-
tracts, including stevia, mint, and lemon, was ana-
lyzed using high-performance liquid chromatog-
raphy (HPLC). Notably, the glucose content was
found to be lower than the fructose and sucrose
contents in all extract samples, as presented in Ta-
ble (3). This observation accords with the results of
Sungur & Kllboz (2016).

Interestingly, the results revealed that glucose,
fructose, and sucrose were the predominant com-
ponents of total sugar in lemon extracts, surpass-
ing the concentrations found in the mint extracts.
However, none of the stevia extract samples ex-
hibited detectable levels of glucose, fructose, or

and 0.799 in the stevia, mint, and lemon extract
samples, respectively. It is crucial to highlight that
HPLC analysis revealed the absence of glucose,
fructose, and sucrose in the stevia extract samples
(Table 3). The determination of sucrose, glucose,
and fructose contents, along with the glucose: fruc-
tose ratio is essential for understanding the sugar
profiles of stevia, mint, and lemon extract samples.

Bioactive compounds in stevia, mint, and
lemon extracts

The analysis of the total phenols content (TPC)
is shown in Table ( 4).It in the stevia and lemon ex-
tract samples was comparable to that in the mint ex-
tract, with TPC values recorded at 133.19, 134.21,
and 117.73 ng/100 gm of gallic acid equivalents
(GAE)/liter for stevia, lemon, and mint extracts, re-
spectively. These findings align with those of pre-
vious studies that identified stevia rebaudiana as
an excellent source of phenolic compounds. Stevia
rebaudiana has been reported to contain phenolic
and flavonoid compounds, emphasizing its anti-
oxidant properties (Tadhani et al., 2007, Kim et al.,
2011,Mwanda et al., 2011, Carbonel-Kabila et al.,
2019).

Table 4: Bioactive compounds content in stevia, mint

and lemon extracts

Sucrose. Nutrients Stevia Mint Lemon
In lemon extracts, the mean glucose, fruc- Vitamin C (mg/100gm) 1.88  0.563 0.810

tose, and sucrose levels were higher than those Total polyphenols (ug/100gm) 133.19 117.73 13421

i)n9gq3int e/xtrlagt Tamples, ;gluctose content (‘;V?S Total Carotenoids (ug/100gm) 0418 0.536 2.677

. mg/ml in lemon extract as compared to

0.565 mgg/ml in mint extracts. Simil:frly, the Chlorophyls A (1g/100gm) 0914 1715 0.357

fructose content in the lemon extract was 1.243 Chlorophyls B (ug/100gm) 1.849 1215 0.687

mg/ml, whereas it was 0.703 mg/ml in the mint Total Chlorophyls AB (ug/100gm) 2.763 2931 1.044

extract. Notably, the sucrose content in lemon DPPH (Scavenging) (%)

30.986 15.660 39.842

extract was 8.71 mg/ml, whereas it was 0.616
mg/ml in mint extract.

The glucose: fructose ratios, determined under
the applied HPLC conditions, were 0.00, 0.804,

Table 3: Glucose, fructose and sources content (mg/ml) in

stevia, mint and lemon extracts

Stevia leaves, which are known for their gly-
cosides as non-nutritive substitutes to sugar, also
exhibit antioxidant properties, in addition to their
sweetening attributes. The results in Table (4)
highlight that the concentration of vitamin C
in fresh stevia extract exceeded that in mint
and lemon extracts, recording values of 1.88,

Glucose Fructose Sucrose (mg/ Glucose: Fructose () 563 and 0.81 mg/100 g for stevia, lemon,

_ (mg/ml) (mg/ml) ml) Ratio and mint extracts, respectively. This aligns
Stevia 0.00 0.00 0.00 0.00 with previous research emphasizing the sig-
Mint 0.565 0.703 0.616 0.804 nificant concentration of vitamin C in stevia
Lemon  0.993 1.243 8.71 0.799 leaves (Khiraoui, 2017).
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Regarding carotenoid content, the results Table 5: Sensory evaluation of stevia, mint and lemon ex-

in Table (4) show that lemon extract had the tracts

highest carotenoid content as compared to the

other two extracts, with values 0f 2.677,0.536, Samples Colour Taste Odour Texture Overa!l.
. . . acceptability

and 0.418 pg/ IOQ g in lemon, mint, anq stevia Stevia ™ 967 s Tor Tos

extracts, respectively. The concentrations of

chlorophyll A, chlorophyll B, and chlorophyll LSD 0 0.5 0 0 0

AB in the mint extract were 1.715, 1.215, and Mint 102 8.674 10 10 10

2.931 png/100g, respectively, compared to LSD 0 1.32 0 0 0

those in the stevia extract (0.914, 1,849, and 2. | ¢mon 9.33b 9.0b 108 9.0¢ 9.0

763 ng/100g) and lemon extract (0.357, 0.687, LSD 0.5 0 0 0 0

and 1.044 ng/100g, respectively) (Table 4).

Carbonell-Capella et al. (2019) reported no
carotenoids in Stevia-derived products, our results
are consistent to those of Muanda et al. (2011), in-
dicating the presence of carotenoids in Stevia re-
baudiana water extracts. Discrepancies in results
may stem from variations in the extraction methods
or other experimental conditions.

There was variation in the antioxidant capacity
of stevia, mint, and lemon extracts as determined
by the DPPH technique (Table 4). Lemon and ste-
via extracts exhibited higher antioxidant capacities
(39.842 and 30.986 pug/100 g, respectively) than
the mint extract (15.660 pg/100 g), with no differ-
ence between the antioxidant activities of lemon
and stevia extracts.

This study suggests a positive correlation be-
tween Total Phenols Content (TPC) and antioxidant
activity influenced by stevia content. This trend
aligns with that reported by Carbonell-Capella et al.
(2019), who observed increased, antioxidant activ-
ity in different beverage types with added stevia.
Additionally, this study provides insights into the
phenolic compounds present in stevia leaves, which
contribute to hydrophilic antioxidant activity and
therapeutic properties (Kim, 2009 & Myint, 2020).

In conclusion, the use of stevia rebaudiana as a
natural, non-caloric sweetener and vegetable based
sweetening additive in health drinks and various
food products is a promising source of bioactive
compounds.

Sensory evaluation of stevia, mint, and
lemon extracts

As presented in Table (5), the sensory accept-
ance of all tested extracts was notably influenced
by the processing or extraction methods employed.
The stevia and mint extract samples consistently
received superior sensory scores for colour, odour,
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texture, and overall acceptability, earning perfect
scores of 1 0 across these attributes. However, the
taste score for the stevia extract and mint extract
were slightly lower at 9.67, and 8.67, respectively.
In contrast, the lemon extract samples received
commendable scores for colour (9.33), odour (9),
texture (10), and overall acceptability (9) (Table 5).

The initial assessment at time zero revealed that
both stevia and mint extract samples achieved the
highest sensory scores, surpassing the scores of lem-
on extract samples at the same time point (Table 5).

Surprisingly, despite the absence of glucose,
fructose, and sucrose in the stevia extract samples,
as determined by HPLC (Table 3), the sensory taste
of stevia extracts was considerably better than that
of mint or lemon extracts. This suggests that fac-
tors beyond simple sugar composition, such as the
presence of bioactive compounds and specific fla-
vour profiles in stevia, contribute to its enhanced
sensory appeal.

In summary, the sensory evaluation results
highlight the favorable taste profile of stevia ex-
tracts as compared to mint and lemon extracts, em-
phasizing the complex interplay of various com-
pounds influencing overall sensory perception.

CONCLUSION

In conclusion, the stevia, mint, and lemon
extract samples exhibited superior performance
across various parameters, including the maximum
TSS/acidity ratio, pH, TSS, colour characteris-
tics, sugar profile (glucose, fructose, and sucrose),
bioactive compound contents (vitamin C, total
polyphenols, total carotenoids, total chlorophylls,
and antioxidant activity), and sensory evaluation.
These extracts not only demonstrated enhanced
nutritional qualities but also met consumer taste
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preferences. As a result, the utilization of stevia,
mint, and lemon extracts holds promising potential
for addressing malnutrition challenges in both de-
veloping and developed countries, such as Egypt,
offering a source of comprehensive and affordable
nutrition. The positive outcomes observed in this
study suggest that these extracts can be applied on
an industrial scale in the future.
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