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ABSTRACT
The current study used RP-HPLC to compare phytochemicals and estimate the bioactive constituents found in
Stevia rebaudiana Bert. (SRB) leaves collected from two different geographical sources. SRB leaves were collected
from Bangalore, Karnataka, India, and Reduit, Mauritius. Extracts were prepared using ethanol and aqueous solvents. Proximate analysis was used to evaluate moisture content, ash values, crude ﬁbers, and extractive values.
Following that, preliminary phytochemical screening was done on both ethanol leaves extracts, and subsequently
total ﬂavonoid content was determined. In addition, TLC chromatograms and RP-HPLC studies were performed
on both plant extracts to determine the presence of ﬂavonoid components in both leaves extracts, followed by in
vitro anti-diabetic activity was performed with alpha amylase and alpha glucosidase enzymes against Acarbose as
standard. Results revealed that both the extracts from two different geographical sources varied signiﬁcantly with
the yield, content of chemicals, and presence of quercetin (ﬂavonoid) content when estimated through the
RP-HPLC standardized method. Glycosides, ﬂavonoids, proteins, steroids, saponins, terpenoids, and phenols were
found in various concentrations during phytochemical screening. Among both zones, the ethanol leaves extract of
SRB taken from Mauritius had a greater content of phytochemicals and a higher yield than other extracts due to
the soil nature. The Mauritius sample had greater total ﬂavonoid levels as well as more quercetin (0.92 ± 0.011)
than the other extracts. Following that, ethanol extract inhibited enzymes (alpha amylase, alpha glucosidases)
more than aqueous extract, and this inhibition was dose dependent. Among them, the Mauritius ethanol sample
showed higher anti-diabetic efﬁcacy than the Indian sample, but this difference was not signiﬁcant. Overall, SRB
ethanol leaves extracts outperformed other leaves extracts in terms of yield, phytoconstituents, and total ﬂavonoids. Overall, both SRB samples had high quercetin levels and possessed anti-diabetic potential, but they were
greater in the Mauritius sample, demonstrating that plant traits are inﬂuenced by geographic location.

This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

2350

Phyton, 2022, vol.91, no.10

KEYWORDS
Antidiabetic activity; Stevia rebaudiana; phytochemicals; proximate analysis; TLC; RP-HPLC

1 Introduction
Recently, the value of leading a healthy lifestyle has been recognized as a means of improving one’s
quality of life and reducing physical and emotional suffering. Research and medication guidelines have
emphasized the need of limiting sugar, salt, and fatty foods, as well as encouraging exercise and avoiding a
sedentary lifestyle. Reduced sucrose intake in meals decreases the relative amount of carbohydrates, which
may be advantageous for a well-balanced diet and human health [1]. There are many natural plant-based
sweeteners available that have caloric content, but a miracle Stevia, which is a genus that has around
240 species and is in the Asteraceae family, has its identity with non-caloric natural sweeteners [2]. Botanist
Moises Santiago Bertoni was the one who ﬁrst brought the plant to the attention of the world in 1887 [3].
The plant originated from South America, especially from Brazil and Peru. The Stevia rebaudiana Bert. (SRB)
plant is also known as the honey plant or candy plant in India and is commercially cultivated due to its lowcalorie leaves (extremely sweet) throughout the world. The plant is cultivated for the commercialization of
the sweet leaves, and although some of its extracts may have a bitter or licorice-like aftertaste at high
concentrations with its steviol glycoside extracts, Stevia’s taste has a delayed start and longer persistence
than that of sugar, notably as a sweetener and sugar substitute. Stevia has gained popularity as a lowcarbohydrate, low-sugar food substitute since it contains up to 300 times the sweetness of sugar. As a
natural sweetener, SRB appeals to people on carbohydrate-restricted diets as a Stevia was allowed for use
in the European Union beginning in early December 2011 [4,5]. The leaves of SRB were found to
contain 95% glycosylated Steviol derivatives, notably Stevioside, Rebaudiosides, and Dulcoside A, with
lesser levels of Rubausoside, Steviolbioside, and Rebuiosides [6]. SRB leaves extract also contains
alkaloids, ﬂavonoids, caffeic and chlorogenic acids, some free sugars, amino acids, lipids, and oils [7].
Different novel techniques have been applied to improve the extraction of the various phytoconstituents
from SRB viz., microwave-assisted extraction, pressurized liquid extraction, and pressurized hot water
extraction applied to obtain higher concentrations of stevioside [8]. Recent literature revealed the
analytical method for steviol extraction and determination of phytochemicals through ohmic heated water
extraction [9]. Because of the presence of these constituents, the plant shows versatile medicinal and
therapeutic efﬁcacy. Stevioside is used in the treatment of diabetic conditions (type 2) through the
reduction of the level of postprandial blood glucose in patients and helps in glucose metabolism [10]. It
acts as an antioxidant due to its ability to neutralize free radicals [11]. Apart from that, it protects
gastrointestinal ulcers, serves as an antihypertensive, anti-diabetic, treats depression, possesses
antibacterial, anti-inﬂammatory, wound-healing, lipid lowering and hepatoprotective properties [12–17].
All pharmacological activities outlined above, as well as the presence of bioactive constituents, vary
greatly with geographical location. As a result, scientists are becoming increasingly concerned about the
impact of plant geographical distributions on chemical composition, physical properties, and biological
activities. According to several scientiﬁc studies [18], the efﬁciency of medicinal plants is inﬂuenced by the
bioactive constituents present in individual species, plant sections, and even environmental factors including
climate, geographical location, season, soil type, and growth circumstances. Plants’ bioactive phytochemical
concentrations have also been found to vary, and that showed the impact on the changed therapeutic
efﬁcacy even changed quantitatively with season [19]. The variance in phytochemicals and activity of the
same plant sections from the same plant harvested at different geographical locations is even more dramatic.
Therefore, medicinal plants grown in different locations may not consistently generate the same compounds
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in the same amounts. All the above constituents were already isolated and reported but there was a scanty report
on presence of quercetin in the leaves of SRB. Hence, it was worthwhile to investigate the impact of
geographical location on the SRB plant on phytochemicals and the content of speciﬁc bioactive constituent
quercetin. Thereafter, in vitro antidiabetic activity was evaluated for both the extracts based on the reported
therapeutic activities and the results were compared. The study compared and reported the variations in the
percentage yield, the phytochemicals, and quercetin present in the two different extracts (ethanol and
aqueous) of the SRB leaves collected from two different countries (Bangalore, India and Reduit, Mauritius)
and its impact on in vitro determined antidiabetic potentiality.
2 Materials and Method
2.1 Materials
Instruments such as HPLC (Shimadzu, India) for quantitative estimation, Mufﬂe furnace (Lab India,
India) for ash determination, UV spectrophotometer (Shimadzu, India) for estimation of in vitro
antidiabetic assay, borosil desiccator (H.L Scientiﬁc Industries, Amballa Cantt., India) for moisture
content determination, precoated TLC plates (Merck Company, Gujarat, India) rotating vacuum
evaporator (Bedford, MA, USA) were used in the present study.
All chemicals and kits employed in this study were procured form standard suppliers and distributers
located in India. Assay kits (Mumbai, India) for alpha amylase and alpha glucosidase enzymes, standard
rutin (Sigma Aldrich chemicals, India) for determination of total ﬂavonoids, tris buffer, Aluminium
chloride (AlCl3), Sodium hydroxide (NaOH), Sodium nitrite (NaNO2), Hydrochloric acid (HCl),
Quercetin standard (Sigma Aldrich chemicals, India) were used in the study.
2.2 Collection of Plant Material
The SRB leaves were obtained from the Indian Institute of Horticultural Research, Bengaluru, and Réduit,
Mauritius. The cultivated SRB leaves were collected in June–July, 2021, harvested in afternoon at 4 PM. The
plant leaves were identiﬁed and authenticated by a plant taxonomist, Dr. P. E. Rajshekharan, IIHR, Bengaluru,
and Dr. Suman Seeruttun, Research Manager in charge of Crop ManagementProgramme, Mauritius Sugarcane
Industry Research Institute, Réduit, Mauritius. Both the samples were preserved with the voucher specimens
(KCP-PCOG/Stevia/338/2021 and KCP-PCOG/Stevia/339/2021) separately in the department of
Pharmacognosy, Krupanidhi College of Pharmacy, Bengaluru, in the herbarium (Fig. 1).
2.3 Preparation of Plant Crude Extracts
The leaves were cleaned with running water and shade dried for 15 days at room temperature. Then the
leaves were separated and coarsely powdered. They were labeled separately and kept in a plastic sealed cover
to prevent moisture or microbial contamination until they were needed for the experiment.
For the preparation of the extract, ethanol and aqueous solvents were used. Each 250 g of powdered
drugs was extracted for 6 h at 40°C using the Soxhlet and reﬂux methods. Separately, the ﬁltration of the
extract was done using Whatman ﬁlter paper No. 42. To get semi-solid crude extracts, the extracts were
concentrated into a thick viscous form using a rotary evaporator and stored in glass bottle in refrigeration
condition at 4–5 C.
2.4 Proximate Analysis
2.4.1 Moisture Content
The crucible was placed in the drying oven for 2 h at 105°C. The crucible was then placed in desiccators
to cool. 5 g of powder was added to the beaker after it was weighed. The sample was dried for 3 h in a 105°C
oven and then weighed. Finally, the moisture content was estimated as per the following formula [20]:
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Percent moisture content ¼

Weight of sample  Weight of dried sample
100
Weight of sample

Figure 1: SRB sample from two different geographical location
2.4.2 Total Ash Content
Total ash was estimated based on the method described in earlier literature [21]. For 2 h, 1 g of dried
leaves was maintained in a silica crucible at 450°C in a mufﬂe furnace. After ash, it was weighed and
cooled in a desiccator. It was reheated in the mufﬂe furnace for another half-hour, then cooled and
weighed. Finally, the total ash was calculated with the below given formula:
Percent ash content ¼

Weight of sample taken
100
Weight of ashed sample

2.4.3 Alcohol Soluble Ash
The ash was digested for 30 min in a boiling water bath with 25 mL of alcohol as a solvent. Filter paper
with less ash was used to ﬁlter the contents of the silica crucible. The residue-covered ﬁlter paper was
removed with care and deposited in the same crucible. It was then dried in a hot air oven before being
burnt at 600°C for an hour in a mufﬂe furnace, cooled in a desiccator, and weighed. The soluble ash
content was calculated, the formula given below [20]:
Percent alcohol soluble ash ¼

Total weight taken of ash
100
Weight taken of soluble ash

2.4.4 Acid Insoluble Ash
The ash further was heated for 5 to 10 min in 25 ml of 2N HCl. The insoluble materials were then
collected after the solution was ﬁltered using an ash-free ﬁlter paper. This insoluble substance was then
rinsed with hot water, burned, and weighed. The proportion of acid insoluble ash was estimated using the
air-dried medication as per the details given in the literature [20].
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2.4.5 Crude Fiber
The crude ﬁber was calculated with the standard method [22]. The 2 g samples were digested in 150 ml
of hot 0.2N H2SO4 for 30 min. After draining the acid, the sample was washed in hot deionized water.
Finally, the ﬁber was removed and dried by soaking it in a small amount of acetone and letting it drain.
The sample was burned for 3 h at 550°C. Until all the carbonaceous stuff has been consumed. The
crucible containing the ash was weighed after cooling in the desiccators. The following equation was
used to compute the crude ﬁber percentage:
% Crude fiber ¼ w2  w3 =w1  100
where:
w1 = Weight of sample used;
w2 = Weight of sample and crucible before ash form;
w3 = Together weight of crucible and ash.
2.5 Extractive Values
5.0 g of leaves were coarsely powdered and then macerated in a closed iodine ﬂask for overnight using
100 ml of alcohol and distilled water, respectively. During the ﬁrst three hours, the ﬂask was repeatedly
shaken, and then it was left to stand overnight (24 h). After 24 h, the contents of the ﬂask were ﬁltered
using Whatman No. 42 ﬁlter paper and put 20 ml into a petri plate, which was then dried in a hot air
oven at 105°C and weighed. The following formula was used to compute the percentage of soluble
extractive:
Percent extracting value ¼

Weight of flask with extract  Weight of empty flask
100
Weight of sample

2.6 Phytochemical Screening
Screening for the presence of bioactive compounds in MP plant extracts was identiﬁed separately using
the method described in the literature [23].
2.7 In Vitro Anti Diabetic Activity
2.7.1 Inhibition of Alpha Amylase
At various concentrations, from 50–250 g/ml, the alpha amylase enzyme was mixed with the extracts at
1.0 mg/ml. In the same solution, 1% of starch and 0.3 mm of phosphate buffer (50 µl) were added and pH was
maintained at 6.9. The reaction was kept for 5 min at 37°C, and the reaction was then stopped with the
addition of 2 ml of 3, 5-dinitrosalicylic acid. The ﬁnal mixture sample was heated for 15 minutes at 100°C.
In an ice bath, 10 mL of water was added and diluted. A color intensity determination at 540 nm was used
to record the inhibitory activity of the α-amylase enzyme using a UV spectrophotometric reading [24].
2.7.2 Alpha Glucosidases Inhibitory Activity
Incubation of 1 ml of starch solution (2% w/v maltose) was added in 0.2 M tris buffer at pH 8. The mixed
reaction was incubated for 10 min at 37°C. 1 ml of α-glucosidase enzyme (1 U/ml) was added into the sample
and further incubated for 45 min at 35°C after adding 4 ml of 6N HCl. The color intensity was recorded at the
same level as in the above procedure [25].
In both cases (Sections 2.5.1 and 2.5.2), the inhibitory concentration (IC50) values were determined. It
was carried out to know the inhibition of the enzyme activity of 50%. It was calculated from plots of percent
inhibition vs. log inhibitor concentration.
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2.8 Total Flavonoid Content (TFC)
The TFC of both the leaves extracts was estimated based on the method of Ayoola et al. [26]. The
extracts (1 mg/mL) were mixed with 1.25 mL of distilled water and 0.75 µL 5% NaNO2 and incubated
for 6 min. Then 150 µL 10% AlCl3 solution was added and further incubated for 5 min. Finally, 1 mL of
NaOH was added and, for the ﬁnal solution, the absorbance was recorded using a UV-visible
spectrophotometer, with an absorbance of 510 nm. The result was determined using standard rutin
calibration curves. The results were given in milligrams of rutin equivalents per gram of dry extract
(mg rutin/g).
2.9 TLC Chromatography
Based on the total ﬂavonoids, and a preliminary chemical test, further extracts were performed with
various standard ﬂavonoids. Various ratios of mobile phase were prepared and observed for the presence
of phytoconstituents. After standardization, toluene, ethyl acetate, and formic acid with a 5:4:0.2 ratio
were selected.
2.10 HPLC Study
2.10.1 RP-HPLC Instrumentation
The external calibration method was used to achieve quantitative estimation with the Empower 2
software applications. A Milli-Q academic water puriﬁcation system with a 0.22 m Millipak express ﬁlter
and a rotating vacuum evaporator (Bedford, MA, USA) was used. The mobile phase was ﬁltered using
Millipore membrane ﬁlters with a pore size of 0.45 m, and the sample was ﬁltered using Whatman’s
syringe ﬁlters (NYL 0.45 m). Finally, they detected the peak at 203 nm.
2.10.2 Preparation of Standard and Sample
In ethanol, a standard solution of quercetin (1 mg/ml) was produced. Calibration samples weighing
5–100 g/mL were manufactured. Dissolving 10 mg of extract in 1 mL of ethanol was also used to make
the sample solution. A Whatman NYL 0.45 m syringe ﬁlter was used to ﬁlter both the standard and
sample solutions. Peak regions vs. concentration were used to evaluate the responses.
2.10.3 Mobile Phase
The mobile phase was made with a 95:5 (v/v) mixture of ethanol and water. After adjusting the pH of the
water to 3.2 with 1% (v/v) glacial acetic acid, both solvents were ﬁltered through a 0.45 mm Millipore
membrane ﬁlter and ﬁnally ultra-sonicated to de-gas and resist the interference of any air bubbles in the
column system.
2.10.4 Method Validation
According to ICH criteria, the method was validated for linearity, speciﬁcity, limit of detection (LOD),
limit of quantiﬁcation (LOQ), accuracy, and precision [27].
2.10.5 Linearity
The range of linearity of quercetin was investigated (n = 6) in the optimum chromatographic conditions
using standard solutions containing quercetin. A linear regression was used to ﬁt triplicate values obtained at
various concentrations (5 to 100 g/ml) to create the standard response curve for quercetin. The peak regions
of 20l of each solution were measured after chromatography. The linear range of quercetin was determined
by plotting peak regions against corresponding concentrations.
2.10.6 Speciﬁcity
The method’s speciﬁcity was evaluated by comparing with the standard’s retention time and test samples
for identity and determination of purity.
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2.10.7 Limit of Detection (LOD) and Limit of Quantiﬁcation (LOQ)
Based on the ICH guidelines, the LOD and LOQ were computed by estimating the SD of the response
and the slope of the linear equation (S). The following equation was used to compute the LOD and LOQ.
LOD = 3.3/S, LOQ = 10/S, where S is the slope of the calibration curve and SD is the standard deviation
of the response.
2.10.8 Accuracy and Precision
Low quality control (LQC), medium quality control (MQC), and high-quality control (HQC) were used
to determine the accuracy and precision of each analyte (HQC). Both sets of data were evaluated by
comparing them within a single run (n = 6). The method’s accuracy was determined using a typical
addition methodology and represented as a percent RSD. The method’s precision was tested by injecting
six replicates at three different concentrations of the reference substances and measuring intra-day and
inter-day ﬂuctuations. The percentage RSD was used to represent the values.
2.11 Statistical Analysis
To determine the proximate analysis for all leaves samples, the mean and SEM (standard error of the
mean) of total phenolics and total ﬂavonoids contents were used. GraphPad Prism Version 5.0 was used
to do statistical analysis for HPLC, and the ﬁndings are provided as the mean percent RSD. Thereafter,
by using regression analysis, the IC50 was determined for the extracts.

Yield

3 Result
3.1 Crude Extract
All the plant leaves were extracted with an ethanol solvent and calculated for the yield of the crude
extracts (w/w). The results revealed the yield was higher in both the ethanol sample than the aqueous
sample but was much higher with Mauritian SRB leaves (40.6 g) than Indian SRB leaves (32.8 g). The
same was less in the aqueous sample but still greater with Mauritian SRB leaves (34.6 g) than with
Indian SRB leaves (27.3 g). The percentage yield of the extracts was tabulated in Fig. 2.
45
40
35
30
25
20
15
10
5
0

40.6
34.6

32.8

% yield

27.3
16.24

13.12

Ethanol ext

13.84

10.92

Aqu ext

Indian SRB

Yield in g

Ethanol ext

Aqu ext

Mauritian SRB

Different geographical location

Figure 2: Percentage yield and amount of crude extracts of SRB leaves samples
3.2 Proximate Analysis
For both powdered samples, various characteristics such as moisture content, total ash, alcohol
soluble and acid insoluble ash, extractive value, and crude ﬁber were determined, and the result was
tabulated in Table 1.
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Table 1: Proximate analysis for various leaves samples
Proximate analysis (n = 3)

Indian SRB sample

Mauritian SRB sample

Moisture content (%)
Total Ash content (% w/w)
Alcohol soluble ash
Acid insoluble ash
Extractive value
Alcohol soluble extractive
Water soluble extractive
Crude ﬁbre (%)

12.10 ± 0.21
7.24 ± 0.31
2.46 ± 0.22
4.41 ± 0.02

8.23 ± 0.10
4.16 ± 0.21
1.51 ± 0.12
3.12 ± 0.11

34.16 ± 0.22
9.10 ± 0.14
10.51 ± 0.12

41.25 ± 0.40
6.18 ± 0.31
7.34 ± 0.22

Note: Mean ± SEM, n = No. of trial conducted. SRB = Stevia rebaudiana Bert.

3.3 Total Flavonoids Content
Total ﬂavonoids were estimated for all the said leaves and the result was tabulated in Table 2.
Table 2: Total ﬂavonoids content for various leaves samples
Parameters (n = 3)

Indian SRB sample

Total ﬂavonoids content (mg rutin/g)

Mauritian SRB sample

Ethanol ext

Aqueous Ext

Ethanol ext

Aqueous Ext

48.261 ± 0.06

39.501 ± 0.23

64.614 ± 0.11

49.211 ± 0.20

Note: Mean ± SEM; n = No. of trial conducted. SRB = Stevia rebaudiana Bert.

3.4 Phytochemical Screening
Various chemical tests for the plant extracts were performed and revealed the presence of various groups
of constituents namely, alkaloids, glycosides, ﬂavonoids, proteins, saponins, steroids, phenols, and tannins.
The result was tabulated in Table 3.
Table 3: Phytochemical screening of various extracts of SRB
Phytochemicals

Indian SRB sample

Mauritian SRB sample

Ethanol ext

Aqueous ext

Ethanol ext

Aqueous ext

Protein

–

Present ①

–

Present ①

Lipid

–

–

–

–

Carbohydrate

–

Present ①

–

Present ①

Alkaloids

–

–

–

–

Glycoside

Moderately present ②

Present ①

Present prominently ③

Moderately present ②

Phenolics

Moderately present ②

Present ①

Present prominently ③

Moderately present ②

Saponins

Moderately present ②

Moderately present ②

Present prominently ③

Moderately present ②

Flavonoids

Moderately present ②

Moderately present ②

Present prominently ③

Moderately present ②

Terpenoids

Present ①

Present ①

Moderately present ②

Present ①

Steroids

Moderately present ②

Present ①

Present prominently ③

Present ①

Tannins

–

–

–

–

Resins

–

–

–

–

Phyton, 2022, vol.91, no.10

2357

3.5 In Vitro Anti Diabetic Activity
3.5.1 Inhibition of Alpha Amylase and Alpha Glucosidase Enzymes
Both the ethanol and aqueous SRB extracts inhibited the α-amylase enzyme signiﬁcantly when tested at
different concentrations. The same trend also occurred with the alpha glucosidase enzymes. The results are
depicted in Fig. 3 (inhibition activity of alpha amylase) and Fig. 4 (inhibition activity of alpha glucosidase).
100

Per cent inhibition

90
80
70
60

Conc 50 µg/ml

50

Conc 100 µg/ml

40

Conc 150 µg/ml

30

Conc 200 µg/ml

20

Conc 250 µg/ml

10
0
ethanol
SRB-IND

Aqu SRBIND

ethanol
SRB-M

Aqu SRB-M Acarbose

Different extracts

Figure 3: In vitro alpha amylase inhibitory activity of different extracts against standard
In the case of inhibition of alpha amylase, standard acarbose showed signiﬁcant inhibition with 86.41%
at a concentration of 250 µg/ml and in the same concentration, Mauritius ethanol SRB sample showed
inhibition of 68.23% and the Indian ethanol sample showed 65.89%, which was signiﬁcant (P < 0.05%).
The results of the activities between the two ethanol samples (India and Mauritius) were closely
associated, which were non-signiﬁcant. Thereafter, the IC50 value for the standard showed 87.23 ±
2.35 against alpha amylase and 76.12 ± 4.01 against alpha glucosidase (Fig. 4).
An ethanol sample from Mauritius gave 165.23 ± 3.60 against alpha amylase and 193.42 ± 5.21 against
alpha glucosidase, whereas the same resulted in a higher IC50 in the Indian sample (234.20 ± 1.38 and
253.42 ± 5.21 for alpha amylase and alpha glucosidase, respectively).

Figure 4: In vitro alpha glucosidase inhibitory activity of different extracts against standard
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3.6 Thin Layer Chromatography of Samples
Various ﬂavonoids such as rutin, quercetin, kampherol are tried with the extracts and result revealed
presence of quercetin in both the samples when run with the standardized mobile phase along with the
standard Quercetin and found the Rf of 0.47.
3.7 High Performance Liquid Chromatographic Study
3.7.1 Validation of the Method
All validation studies were carried out by injecting standard and sample solutions in duplicate.
Calibration plots were created by plotting mean areas against corresponding concentrations using standard
solutions at ﬁve different concentrations. Table 4 showed the correlation coefﬁcient and intercept values
that were used to evaluate the approach. Quercetin linearity was measured in the range of 10 to 60 g/ml.
The quantiﬁcation limit was 4.61 g/ml, with a detection limit of 0.91 g/ml. A recovery study was carried
out to ensure that the developed approach was accurate. The recovery of the chemical was calculated
using a standard solution (10 g/ml) added to three distinct pre-analyzed sample solutions. Table 5 shows
the results of the accuracy assessments. According to the current accuracy test, all the samples had
recovery levels of 96.88, 97.38, 99.59, and 96.21 percent, respectively. It was also demonstrated that the
current approach allows for precise quantiﬁcation of quercetin in three distinct leaves extracts. The
average recovery level for all spiked quercetin standards in all samples was 98.24%. Replicate analysis
was used to assess the precision features by assessing the intra- and inter-day retention times and peak
area for the quercetin standard. The R.S.D. (relative standard deviation) was used to express it (Table 6).
The present ﬁndings revealed that the intra- and inter-day R.S.D. for retention time and peak area were
both low, with acceptable precision. The intra-day R.S.D. for retention time was 0.12%, while the intraday R.S.D. for peak area was 1.63 percent.In the meantime, the inter-day R.S.D. for retention time was
0.32 percent, while the R.S.D. for peak area was 2.14 percent. The resolution between the standards’
peaks was used to determine the method’s selectivity for the standards. The peak of quercetin is entirely
separated under chromatographic conditions, with no interference, indicating that the technique is
selective. As shown in Figs. 5a–5e, the speciﬁcity was determined by comparing the chromatograms
obtained from extracts (ethanol extracts from both geographical sites) and the standard. The method was
speciﬁcally for the quantitative determination of quercetin in SRB leaves since the retention periods of
standard solution and leaves extracts from both geographical sites were almost identical.
Table 4: Calibration curve of quercetin
Retention
time (min)

Regression equation Correlation
coefﬁcient (R)

Linear range Detection limit Quantiﬁcation
(μg/mL)
(μg/mL)
limit (μg/mL)

10.012

Y = 47120 × –42162 0.9999

10.0 to 60

0.91

4.61

Table 5: Recoveries of quercetin in the SRB samples
Various SRB extracts

Amount added (μg/mL)

Recovery (%)

Average of recovery (%)

Ethanol (Mauritian)
Ethanol
(Indian)
Aqueous (Mauritian)
Aqueous
(Indian)

10
10

99.59
96.88

97.52

10
10

97.38
96.21
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Table 6: Precision for intra-day and inter-day relative standard deviation of quercetin (n = 3)
Intra-day R.S.D. for
retention time (%)

Intra-day R.S.D. for
peak area (%)

Inter-day R.S.D. for
retention time (%)

Inter-day R.S.D. for
peak area (%)

0.12

1.63

0.32

2.14

Figure 5: (Continued)
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Figure 5: (a) HPLC of Standard quercetin (b) HPLC study of SRB ethanol sample (Mauritian) (c) HPLC
study of SRB ethanol sample (Indian) (d) HPLC study of SRB aqueous sample (Mauritian) (e) HPLC
study of SRB aqueous sample (Indian)
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3.7.2 Amount of Quercetin
The present result showed that SRB ethanolic leaves extract recorded the highest quercetin
concentration at 0.92 mg/g (Mauritian) followed by Indian sample as shown in Table 7.
Table 7: Concentration of quercetin recovered from SRB leaves
Extracts

Concentration of quercetin (mg/g)

Mauritian ethanol sample
Indian ethanol sample
Mauritian aqueous sample
Indian aqueous sample

0.92 ± 0.011
0.74 ± 0.022
0.80 ± 0.042
0.71 ± 0.061

Note: The mean and SEM (±) were calculated where n = 3.

4 Discussion
Indian and Mauritius Stevia leaves were selected in the present study because of the easy availability and
based on the soil nature. Mauritius soil (Place: Réduit) is more acidic (pH: 4.89) than Indian soil (pH: 5.18)
from where Stevia leaves were collected (Place: Bangalore) and it was reported that acidic soil is much more
favourable for the SRB growth and phytochemical contents [28]. Ethanol and aqueous leaves extract of SRB
were carried out for two different geographically located samples, viz. India and Mauritius. The ethanol SRB
leaves sample from Mauritius had a higher percentage of crude extract at 16.24%, followed by the ethanolic
SRB sample from India, which had 13.12%. This increased percentage of leaves extract is due to less ash
content in the SRN leaves sample of Mauritian origin. An earlier report also showed that ethanol leaves
extract gave more yield than other solvent extracts [29]. Our present investigation also followed the same
trend as the higher yield shown by the leaves extract from the Mauritius sample.
Moisture content and total ash content were estimated for powdered leaves separately for all the SRB
samples. Results revealed that both the moisture and ash content were higher in leaves for the Indian
SRB sample. This is due to more ﬁbers, veins, and vein islets being present in the leaves which enhanced
these contents. The earlier research evidence also proved the same [30,31], where leaves powder showed
more moisture and ash content than any other plant part. Not only that, but all the proximate parameters
also depend on the age of the leaves, the dimension of the leaves size, and the climatic conditions [32].
In the present investigation, Mauritian SRB leaves showed less ash content, moisture content, and crude
ﬁber content than Indian ones. The main consequences of this discovery are that plant medications with a
high moisture content will have a shorter shelf life. Following that, the ash values for each leaves of the
SRB samples were examined independently to rule out the existence of any foreign materials such as
soil, sand, or water-soluble salt adhesion to the drug’s surface. Because silica is commonly found in acid
insoluble ash, a high level of acid insoluble ash is a sign of contamination with earthy materials. In the
present investigation, the Indian SRB leaves showed more acid insoluble ash (4.41 ± 0.02%) than the
Mauritian ones. It indicated the lowest content of bioactive compounds in the extract [29], which was
also below the limits. The same result followed in the present study.
The study indicated that leaves of SRB collected from both geographical locations, showed the presence
of glycosides, phenolics, ﬂavonoids, steroids, saponins, proteins, and terpenoids when conﬁrmed with
chemical tests. But the concentration of the samples was higher with the Mauritian sample because of the
fewer inorganic compounds present in the SRB sample. Similarly, an Indian SRB sample also showed the
presence of these constituents but not prominently. It was reported that any medicinal or therapeutic
activities mainly depend on the active constituents present in the plant parts [31]. Earlier research
reported that solvent extracts also have effects on phytochemicals present in plants as well as on various
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therapeutic activities [33,34]. Our experiment also showed maximum constituents in ethanol solvent for
leaves of SRB from the geographically located zones.
In vitro anti-diabetic activity was performed for the conﬁrmation of its efﬁcacy as an anti-diabetic plant
because diabetic conditions lead to multiple complications in the human body, i.e., atherosclerosis-related
myocardial infarction and stroke [35]. This is possible to reduce by decreasing uptake of carbohydrate
related foods and requires breaking down complex forms of carbohydrates into simple forms of
carbohydrates (monosaccharides) by α-amylase and α-glucosidases before absorption in the duodenum
and upper jejunum [36]. Therefore, interesting results were found in this experiment, where an ethanolic
sample showed higher inhibition than an aqueous extract. The earlier literature also reported a similar
result with the high efﬁciency of ethanol extract as compared to aqueous extract towards the said
enzymatic activities [24]. The activity was higher due to the presence of ﬂavonoids (quercetin being one
of them) in the Mauritian SRB sample. It was also reported that quercetin is one of the ﬂavonoids that
inhibits intestinal glucose absorption, insulin secretory and insulin-sensitizing activities and
simultaneously improves utilization of glucose in peripheral tissues, which results in regulation of
diabetic conditions [37].
Total ﬂavonoid content was estimated higher in leaves ethanol extract of SRB from Mauritius. A similar
trend followed for the Indian ethanol SRB extract. An ethanol solvent was used for the extraction, which
increased the solubility of ﬂavonoids. Flavonoids are also responsible for the bioactivity of the crude
extracts. They also show antioxidant activity and a radical scavenging effect due to their hydroxyl groups
[38]. In the present experiment, ﬂavonoid content was estimated higher in Mauritian leaves than in Indian
samples and showed a similar trend to the previous reports [39]. Following that, ash value has a
correlation with the content of bioactive components in plants, with higher ash values indicating fewer
bioactive components present in the leaves sample.
Based on the present phytochemical and proximate analysis investigations, further quercetin was
identiﬁed by TLC for both the samples and identiﬁed the presence of quercetin in both the SRB leaves.
Further quercetin content was estimated for both the SRB samples through a RP-HPLC study and
resulted in a higher ethanolic SRB sample followed by the aqueous sample collected from both the
geographical locations (India and Mauritius).
SRB leaves contain high level of ﬂavonoids which are already reported as powerful antioxidant
properties [40] and further antioxidant activity has correlation with the antidiabetic activity. Especially
quercetin helps in inhibition of intestinal glucose absorption, insulin secretory and insulin-sensitizing
activities and these actions improve glucose utilization in peripheral tissues and reveals antidiabetic action
[40]. Further, in vitro model was selected for the above said study to minimize the animal
experimentation and avoidance of animal killing. The outcome was also correlated with the proximate
analysis and was consistent with previous ﬁndings [24,37].
5 Conclusion
To summarize, SRB leaves from both origins contain a signiﬁcant amount of phytochemicals including
ﬂavonoids, particularly quercetin, and are likely to have a variety of pharmacological effects. In addition, we
discovered anti-diabetic action in vitro, which could be attributable to the presence of quercetin and other
ﬂavonoids. Overall, the Mauritius sample had a high level of biologically active content and antidiabetic
potential due to the soil nature especially acidic pH (4.89), demonstrating that geographic location has an
impact on plant materials including the therapeutic efﬁcacy especially antidiabetic potentiality. However,
more research is required to determine the impact of geographical origin on speciﬁc pharmacological
activities of the plant to conﬁrm the ﬁndings of our study.
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