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Stevia (Stevia rebaudiana) is a small plant. Its leaves contain stevioside, a sweet compound that is
250-300 times sweeter than sucrose. Stevioside is a natural sweetener that is used as a sugar
alternative and, hence, is a suitable choice for the diabetic patient. Some artificial sweeteners are
used as sugar alternatives, which have more side effects than natural sweeteners. The present study
was conducted to evaluate the effects of stevioside-supplemented biscuits on liver function in
rabbits and to compare these effects with those of sugar- and saccharin-supplemented biscuits. For
this purpose, three types of biscuits were prepared: stevioside-supplemented, sugar-supplemented,
and saccharin-supplemented biscuits. Then, these biscuits were fed to rabbits to check their effects
on the liver functions of rabbits. Therefore, four experimental groups, namely control (T1), stevioside
(T2), sugar (T3), and saccharin (T4), were established, each containing three rabbits. Blood samples
were collected on days 0, 7, 14, and 21 to determine the haematobiochemical profiles, including
SGPT (serum glutamate pyruvate transaminase), SGOT (serum glutamate oxaloacetate
transaminase), ALP (alkaline phosphatase), and RBS (random blood sugar). The results showed that
the SGPT (22.35 U/L), SGOT (25.50 U/L), ALP (145.34 U/L), and RBS (4.8 mmol/L) levels in rabbits
were lower in response to stevioside-supplemented biscuits. In contrast, the rabbits fed with sugar-
supplemented biscuits had higher values (SGPT = 36.18 U/L, SGOT = 41.0 U/L, ALP = 292.22 U/L, and
RBS = 6.31 mmol/L). Similarly, saccharin-supplemented biscuits also resulted in higher levels of SGPT
= 50.08 U/L, SGOT = 56.0 U/L, ALP = 264.65 U/L, and RBS = 6.52 mmol/L) compared to stevioside-
supplemented biscuits. Moreover, histological observations of the rabbits’ livers revealed that
cytoplasmic glycogen storage in hepatic cells was higher in the stevioside-treated group than in the
sugar- and saccharin-supplemented groups. Altogether, these results suggest that stevioside reduces
SGPT, SGOT, ALP, and RBS levels than those of sugar and saccharin. It may serve as a suitable
alternative to sugar.

Copyright ©2025 by authors and BAURES. This work is licensed under the Creative Commons Attribution International License (CC By 4.0).

Introduction

Stevioside is a popular natural sweetener and used as a

dietary supplement. It

medicinal importance. Recently, it has been introduced
as a crop in a number of countries including Bangladesh
(Ahmad et al.,, 2011). The increasing demand for low-
sugar food alternatives has brought Stevia into the
spotlight. Therefore, it is an attractive source of natural
for diabetic
China,

sweetener
countries i.e., Japan,

and India are
stevioside-supplemented foods such as jam, jelly,

yogurt, sauces, ice cream, etc (Mali et al., 2015). In
Bangladesh, some artificial sweeteners such as
saccharin, aspartame, cyclamate, etc. are being used in
diabetic foods though these have serious side effects.
The potential toxic effects for saccharin are bladder
carcinoma, hepatotoxicity, low birth weight; for
aspartame are migraine, lymphoma, leukemia,
chromosomal aberration (Mandal et al., 2018).

both economic and

patients. Many

using Stevioside influences insulin secretion, lowering blood

pressure, and decreasing blood sugar (Gregersen and

Cite This Article

Kumar, U., Hossain, M.M., Zaman, M.M.U., Alam, M.S, Nahar, M.A., Islam, M.N. and Prodhan, M.Y. 2025. Quality Assessment of Stevioside-
Supplemented Biscuit by Analysing Its Effects on Liver Functions and Histomorphology of Rabbit. Journal of Bangladesh Agricultural
University, 23(3): 410-418. https://doi.org/10.3329/jbau.v23i3.84459


https://doi.org/10.3329/jbau.v23i1..
https://doi.org/10.3329/jbau.v23i3.
http://baures.bau.edu.bd/jbau
mailto:yprodhan@gmail.com

Jeppesen, 2004; Wang et al., 2012). Stevia is abundant
in beta carotene, ascorbic acid, protein, calcium, iron,
magnesium,  phosphorus, and various other
phytochemicals (Lemus-Mondaca et al., 2012). Its
versatile applications include serving as an anti-
inflammatory, anti-mutagenic, antitumor, diuretic,
digestive aid, food additive, immune-modulator, and a
remedy for obesity (Chatsudthipong, 2009). In Japan,
stevia and its derivatives are employed in the
production of baked goods, processed foods,
beverages, fruit juices, pastries, chewing gum, and
sherbets (Sairkar et al.,, 2009). Unlike most artificial
sweeteners, stevia can withstand high temperatures
and low temperatures. Therefore, it remains unchanged
in cooking and freezing.

Serum Glutamic Pyruvic Transaminase (SGPT) is an
enzyme primarily found in the liver, but also present in
smaller amounts in other tissues like the kidneys and
heart. SGPT is a test that measures the level of the
enzyme Alanine Aminotransferase in the
blood. Elevated SGPT levels may indicate liver damage,
such as hepatitis, cirrhosis, or fatty liver disease. Serum
Glutamic-Oxaloacetic Transaminase (SGOT) is also a
blood test used to assess liver function. It measures the
levels of the enzyme Aspartate Aminotransferase (AST)
in the blood, which is found in the liver, heart, and
other tissues. Elevated SGOT levels can indicate liver
damage or injury, as well as damage to other
organs. Alkaline phosphatase (ALP) is produced mainly
by the liver and bones, but also by the intestines and
kidneys. ALP test is often used to help monitor
conditions affecting the liver, bones, or bile
ducts. Abnormal ALP levels can also be associated with
conditions like hyperparathyroidism, vitamin D
deficiency, and certain cancers. Stevioside plays a
preventive role in acute inflammation of the liver
induced by CCls and prevents necrosis by blocking NF-
kB and proinflammatory cytokines (Ramos-Tovar et
al., 2018). Stevioside modulates oxidative damage in
the liver and kidney of high fat streptozocin-diabetic
rats (Rotimi et al., 2018).

Sugar-free products are very important nowadays
(Cross, 2007). Some bakery products, such as cake
(Schirmer et al., 2012), yogurt (Abdel-Salam et al.,
2009), and bread (Parimalavalli, 2007), have been
prepared using stevioside; however, biscuits have not
yet been prepared with it. Many people are looking for
biscuits that exert fewer effects on blood glucose levels.
Although some types of biscuits containing artificial
sweeteners are available in Bangladesh, biscuits made
with natural sweeteners such as stevioside are not
available in the country. Therefore, the aim of this study
was to prepare biscuits using stevioside as a natural
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sweetener and to compare them with biscuits prepared
using sugar and saccharin. To select the best biscuits,
we fed these biscuits to rabbits and investigated the
effects of these biscuits on some biochemical
parameters e.g., liver functions and blood sugar. The
stevioside contained biscuits will create a new option
for the diabetic patient and they can consume this
biscuit as a sugar alternative instead of artificial
sweetener.

Materials and Methods

Preparation of biscuits

There were three types of biscuits such as stevioside,
sugar and saccharin supplemented biscuits were
prepared. Each kilogram of biscuits was prepared using
550 g of wheat flour, 3 g of salt, 30 g of milk powder, a
small amount of vanilla, 10 g of baking powder, and 220
g of food-grade oil. First, the dry ingredients were
thoroughly mixed, after which the liquid ingredients
were added and blended well. The dough was then
shaped into biscuits by cutting and stamping. Finally,
the shaped biscuits were baked at a controlled
temperature, cooled, and packaged.

The stevioside was collected from Morita Kagaku Kogyo
Co., Ltd, Osaka 577-0002, Japan. In our studied location,
many local bakeries prepared different biscuits which
were available in the markets. Generally, biochemical
compositions of those biscuits were not mentioned in
such types of local biscuits but people buy these
biscuits. In this study, we selected one bakery that
prepared biscuits for many years. We used stevioside,
saccharin, and sugar into those commercially available
biscuits. Therefore, biochemical compositions of those
biscuits were not studied as our target was to compare
the effects of those biscuits while their other
ingredients remain the same. The representative
samples of the biscuits are shown in figure 1. The
concentration of sugar in biscuits was 250 g per kg of
biscuit. Saccharin and stevioside are significantly
sweeter than table sugar (sucrose). It was reported that
stevioside is 250 to 300 times sweeter (Brandle 2004
and Ashwell 2015) and saccharin is 300 to 500 times
sweeter (Chattopadhyay, 2014; and PubChem, 2023)
than sucrose. Therefore, we needed a much smaller
amount of saccharin and stevioside to achieve the same
level of sweetness as sugar. We used 1.0 g stevioside
and 0.9 g saccharin per Kg of biscuit preparation. The
control group was fed biscuits without any added
sweetener. These control biscuits contained
approximately half the amount of sucrose present in
the sugar-supplemented biscuits, as a minimal amount
of sugar was necessary to facilitate the coagulation of
wheat flour during biscuit preparation.
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Evaluation of potentials of stevioside
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Figure 1: Representative images of different types of biscuits. Stevia biscuit (a), sugar biscuit (b), and saccharin

biscuit (c).

Rearing and treatments of rabbits

A total of 12 apparently healthy mature male rabbits
were brought from the market with an average weight
of 850 g and then categorized into 4 experimental
groups (T1, Control; T2, Stevioside; T3, Sugar, and T,
Saccharin) with three replications. The cages for rearing
rabbits were constructed using 5 mm diameter rods.
Each rearing chamber, designed for a single rabbit, was
measured 1.5 square feet. The experiment was

conducted following a Randomized Complete Block
Design (RCBD), with each chamber considered as a
block. The research methodology was reviewed and
approved by the Institutional Ethical Committee (IEC) of
Hajee Mohammad Danesh Science and Technology
University, Dinajpur  (IEC  approval  number:
BS/2024/04). Each rabbit was served with 20 grams of
biscuit per day besides the usual foods except the
control group (Figure 2).

= T —

Saccharin-R1

% Sugar- Rl

Control-R2 Stevioside - R2

A Control-R3 Stevioside-R3

Figure 2: Rearing of rabbits.

Measurement of biochemical parameters

The Serum Glutamate Pyruvate Transaminase (SGPT),
Serum Glutamate Oxaloacetate Transaminase (SGOT),
Alkaline Phosphatase (ALP), and Random Blood Sugar
(RBS) of rabbits were estimated. Blood samples were
collected from rabbits on day O (the day before starting
the treatment), day 7, day 14, and day 21. The samples
were collected from rabbits two hours after the meal.
Then the tests were performed following the Reitman-
Frankel Colorimetric method (manufacturer: Linear
Chemicals-Chromatest; Spain) using blood sample. The
absorbance of all biochemical parameters in serum was
measured by spectrophotometer (Shimadzu, UV-1900i;
Serial No.-A12536184199; Japan).

Ml

TR

Saccharine-R2

Sugar- R2

Sugar- R3 Saccharine-R3

Determination of SGPT and SGOT

Serum Glutamate Pyruvate Transaminase (SGPT) and
Serum Glutamate Oxaloacetate Transaminase (SGOT)
are both liver enzymes that are commonly measured in
blood tests to evaluate liver function. They help
metabolize amino acids. The SGOT and SGPT tests are
usually done together and are part of a liver function
test panel. There was no difference in the procedure of
the SGOT and SGPT tests done. The only difference
between the two tests was the enzyme they measured.
SGOT measured the levels of the enzyme in the blood,
which is normally found in the liver, heart, muscle, and
other tissues. SGPT measured the levels of the enzyme
in the blood, which is primarily found in the liver.

The substrates, standard and colour developer were
ready-to-use. By means of a funnel, the contents of the
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10x concentrate 4N NaOH preparation were poured
into a 2-litre volumetric flask. The bottle was rinsed
with distilled water, completed to the mark and mixed.
The solution was warmed up. The reagents and samples
were brought at room temperature before use. L-
aspartate, lactate dehydrogenase, malate
dehydrogenase, a coenzyme (NADH), a-ketoglutarate
were used as reagents. 1 mL of working reagent was
mixed with the 100 pL sample and incubated at 37°C for
1 minute. The absorbance (A) of the sample was taken
at 1 minute interval for 3 minutes. Then the average
absorbance differences per minutes (AA/min) were
calculated using following formulae:
SGPT = (AA /min) x1768.

Determination of ALP

Alkaline phosphatase (ALP) is an enzyme that helps
break down proteins and is found in the liver. Elevated
ALP levels can indicate liver disorder or other health
issues. To measure ALP, magnesium chloride,
diethanolamine (pH 10.4), p-nitrophenyl phosphate
were used as reagents. 1 mL of working reagent was
mixed with the 20 pL sample and incubated at 37°C for
1 minute. The absorbance (A) of the sample was taken
at 1 minute interval for 3 minutes. Then the average
absorbance difference per minutes (AA /min) was
calculated following the formulae:

ALP = (AA /min) x3300.

Determination of RBS

Random blood sugar test measures blood glucose levels
at any time of day, regardless of when the last meal was
eaten. It's a quick and convenient way to assess blood
sugar levels. An enzymatic colorimetric assay was
followed to measure the glucose concentration in the
blood sample. One millilitre of working reagent was
mixed with the 10 pL sample and incubated for 5
minutes at 37°C. The absorbance (A) of the sample was
taken and calibrated against the blank. The colour was
stable for at least 60 minutes. Calculation was done
using the following formulae:

Glucose (mg/dL) =

% x100(calibratorconc.)
i

Conversion factor. mg/dL. x 0.0555 = mmol/L.
Histomorphological Analysis of Liver

Sample collection and fixation: On day 21 of the
experiment, rabbits were sacrificed, and liver samples
were carefully collected during necropsy. Tissues were
immediately fixed in 10% neutral buffered formalin to
preserve structural integrity.
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Dehydration and paraffin embedding: Fixed tissues
were rinsed under tap water overnight, and then
dehydrated through a graded ethanol series (50%, 70%,
80%, 90%, 95%, 100%) followed by clearing in
chloroform for 90 minutes. Dehydrated tissues were
infiltrated with molten paraffin wax at 60°C and allowed
to solidify in cassettes to form paraffin blocks.

Sectioning: Paraffin blocks were mounted in a
microtome and sectioned at 4 um thickness. Ribbons of
tissue sections were transferred to APES-coated glass
slides to enhance adhesion and dried in an oven at 60°C
for 10 minutes. Sections were cleared with xylene prior
to staining.

Staining: Liver sections were stained with Haematoxylin
and Eosin (H&E) following standard protocols. Staining
steps included: xylene, ethanol series, haematoxylin,
differentiation, bluing, eosin, and final dehydration
before mounting with coverslips.

Microscopy and evaluation: Stained sections were
examined wunder a light microscope at 40x
maghnification. Multiple fields per section were
evaluated for hepatocyte organization, cytoplasmic
glycogen deposition, and any signs of necrosis.
Comparisons were made across the control, stevioside-,
sugar-, and saccharin-treated groups to assess the
effects of different biscuits on liver histology.

Statistical analysis

All data are presented as mean * standard deviation
(SD) for each group (n = 3). The data were assumed to
be approximately normally distributed based on
biological rationale, and no data transformations were
applied. Differences between groups were analysed
using one-way Analysis of Variance (ANOVA), followed
by Tukey’s post-hoc test to determine significant
pairwise differences. A p-value < 0.05 was considered
statistically significant. All statistical analyses were
performed using R software. A replication number of
three (n = 3) was used due to practical limitations in
rearing rabbits and the volume of blood samples
available for biochemical assays.

Results and Discussion

The levels of Serum Glutamate Pyruvate Transaminase
(SGPT), Serum Glutamate Oxaloacetate Transaminase
(SGOT), and Alkaline Phosphatase (ALP) in blood
samples were measured to evaluate the effects of
stevioside-, sugar- and saccharin-supplemented biscuits
on the liver functions of Rabbits. Blood collection was
performed on day 0, day 7, day 14 and day 21 for each
group to determine the haematobiochemical profiles.
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Evaluation of potentials of stevioside

Figure 3 shows that the SGPT level of the stevioside-
treated group was the same as the control group on day
7 but lower than saccharin-treated group. At day 14 and
day 21, the SGPT levels of stevioside-treated groups

saccharin-treated groups. This figure also shows that on
day 7, day 14 and day 21, the SGPT levels of saccharin
treated group were increased compared to control,
stevioside and sugar-treated groups.

were significantly lower than control, sugar and
60 r DO0day m7day Sl4day @21 day
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Figure 3: Effects of stevioside-, sugar- and saccharin-supplemented biscuits on Serum Glutamate Pyruvate
Transaminase (SGPT) levels in rabbit’s blood. Error bars represent standard errors. Values indicated by the same

letter do not differ significantly at 5% level

The SGPT levels were found to be 22.39 U/L on day 14
and 22.59 U/L on day 21 in response to the stevioside-
treated group and these values were minimum
compared to the control and other groups. These
results suggest that stevioside-supplemented biscuits
showed the best SGPT level compared to sugar and
saccharin-supplemented biscuits. It is reported that
stevia lowered SGPT by 62% in diabetic rats
(AbdElwahab et al., 2017) and the co-treatment of
stevia with amlodipine and losartan led to a reduction

of significance as determined by Tukey test

in SGPT in rats (Yesmine et al., 2013), which is consisted
with our decreasing pattern of SGPT level.

Figure 4 displays that the SGOT level of the stevioside
treated group was significantly lower than other groups
on day 7. On day 14 and day 21, the SGOT levels of the
stevioside-treated group also displayed similar results
compared to the control. The minimum level of SGOT
(25.50 U/L) was found on day 21 in the stevioside
treated group and the maximum level of SGOT (56.0
U/L) was found on day 14 in the saccharin group.
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Figure 4: Effect of stevioside-, sugar- and saccharin-supplemented biscuits on Serum Glutamate Oxaloacetate
Transaminase (SGOT) levels in rabbit’s blood. Error bars represent standard errors. Values indicated by the same
letter do not differ significantly at 5% level of significance as determined by Tukey test.
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The results suggested that stevioside-supplemented
biscuits showed the best SGOT level as compared to
sugar and saccharin-supplemented biscuits. It has been
reported that when stevia was applied with amlodipine
and losartan then this co-treatment led to a decrease in
SGOT levels in rats (Yesmineet al, 2013).
AbdElwahab et al., (2017) also reported that stevia
lowered SGOT by 57% in diabetic rats.
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Figure 5 represents that at 7, 14, and 21*" days, the ALP
level of stevioside-treated groups was significantly
lower than control, sugar, and saccharin-treated
groups. At 7 and 21 days, the ALP levels showed similar
results in response to stevioside. The maximum level of
ALP (292.22 U/L) was found in sugar-treated rabbits at
14 days and the minimum level of ALP (145.34 U/L) was
found in stevioside-treated rabbits at 7 days. It has
been reported that stevia reduced ALP levels by 41% in
diabetic rats. (AbdElwahab et al., 2017).

021 day

Figure 5: Effect of stevioside, sugar and saccharin supplemented biscuits on, alkaline phosphatase (ALP) levels in
rabbit’s blood. Error bars represent standard errors. Values indicated by the same letter do not differ significantly

at 5% level of significance as determined by Tukey test.

Figure 6 shows that on day 7 and day 14, the Random
Blood Sugar (RBS) levels of the stevioside treated group
were lower than sugar and saccharin-treated groups.
However, on day 21, the results of stevioside-treated
groups were significantly lower than other groups. This

00 day

RBS (mmol/L)

m7 day

figure also shows that on days 7, day 14, and day 21 the
RBS levels of stevioside-treated groups were gradually
decreased and in the case of sugar and saccharin-
treated groups they were gradually increased.

14 day ™21 day

)
e ]

Stevioside
TREATMENT

Figure 6: Effect of stevioside-, sugar- and saccharin-supplemented biscuits on Random Blood Sugar (RBS) levels in
rabbit’s blood. Error bars represent standard errors. Values indicated by the same letter do not differ significantly

at 5% level of significance as determined by Tukey test.
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Evaluation of potentials of stevioside

The minimum level of RBS (4.86 mmol/L) was found on
day 21 in the stevioside treated group and the
maximum level of RBS (6.52 mmol/L) was found on day
21 in saccharin treated group. The results suggest that
stevioside-supplemented biscuits can control blood
glucose levels but not show any negative effects in
rabbits. Oral administration of a high concentration of
stevioside increased insulin sensitivity of the whole

(a) Control

(c) Sugar

body and low concentrations of stevioside (0.01 to 0.1
mmol/L) slightly improved in vitro insulin action on
skeletal muscle glucose transport (Lailerd et al., 2004).

In addition to the above experiments, Histo-
morphological staining was performed to observe the
effects of different biscuits on the liver functions of
Rabbits (Figure 7).

(b) Stevioside

(d) Saccharine

Figure 7: Effects of stevioside-, sugar- and saccharin-supplemented biscuits on the morphology of Rabbit’s liver. A
cross section view of liver (Hematoxylin and Eosin stain and X10). Control (7a); Stevioside (7b); Sugar (7c);

Saccharin (7d).

Histomorphological observation of control rabbit’s liver
(Fig. 7a) showed that the cells were histologically
organized and no apparent histological lesions were
focused. The level of sugar deposition in cell cytoplasm
was almost uniform. The hepatic cords were well
organized without any reactive cell infiltration in the
hepatic parenchyma. The stevioside-treated group (Fig.
7b) of rabbit’s liver depicted that cells were highly
organized with comparatively higher degree of glycogen
deposition in their cytoplasm. No obliterations of cells
or hepatic parenchyma on focus. No reactive cell
infiltration in hepatic parenchyma. Stevioside possessed
the capability to activate peripheral mu opioid
receptors, leading to a reduction in plasma glucose
levels and an increase in glycogen synthesis in the liver.
The activation of peripheral mu opioid receptors is
accountable for stevioside's role in regulating glucose
homeostasis (Yang et al., 2009). The sugar-treated
group (Fig. 7c) of rabbit’'s liver noticed that the
cytoplasmic storage of glycogen was comparatively
lower as characterized by the clear or transparent
cytoplasmic image. A minimal level of glycogen storage
was also evident in some cells within the same focus.
The saccharin-treated group (Fig. 7d) of rabbit’s liver
showed that the cells were well focused with or without

containing nucleus. Majority of the hepatic cells did not
contain any substrates in their cytoplasm. The reactive
cells infiltrations were not evident.Altogether, in
histological observations of rabbit’s liver showed the
cytoplasmic storage of glycogen in hepatic cells of
stevioside-treated group was relatively similar to the
control group, but distinctly higher than those treated
with sugar followed by saccharin supplemented one.

The findings of the present study in rabbits are
consistent with previous investigations in rats, further
supporting the beneficial role of stevioside in
maintaining liver health and glucose homeostasis.
Similar to our results, AbdElwahab et al. (2017)
reported that stevioside lowered SGPT, SGOT, and ALP
levels in diabetic rats, while Yesmine et al. (2013)
observed improved liver enzyme profiles in rats treated
with stevioside and antihypertensive drugs. In addition,
Lailerd et al. (2004) demonstrated enhanced insulin
sensitivity and glucose transport, and Yang et al. (2009)
confirmed stevioside’s role in regulating glucose
homeostasis. Stevioside has also been shown to
prevent necrosis, inflammation, and oxidative damage
in rat liver tissue (Ramos-Tovar et al., 2018; Rotimi et
al., 2018). Altogether, evidence from both rabbit and
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rat models highlights stevioside as a promising natural
sweetener.

This study had some limitations. First, the sample size
was small (n = 3 per group), which may limit the
statistical power and generalizability of the findings.
Second, the study was conducted only on a single
animal species (rabbits), and therefore the results may
not fully reflect the responses in other animals or
humans. Third, the experimental duration was relatively
short (21 days), which may not capture the long-term
effects of stevioside consumption on liver function and
histomorphology. Finally, only selected biochemical and
histological parameters were assessed. Additional
molecular or metabolic markers could provide deeper
insights into the mechanisms involved. These
limitations highlight the need for further studies with
larger sample sizes, extended experimental durations,
multiple species, and a broader range of physiological
and molecular endpoints to validate and expand upon
the present findings.

Conclusion

Compared to sugar- and saccharin-, stevioside-
supplemented biscuit showed a decrease level of Serum
Glutamate Pyruvate Transaminase (SGPT), Glutamate
Oxaloacetate Transaminase (SGOT), Alkaline
Phosphatase (ALP) and Random Blood Sugar (RBS)
levels. Moreover, the histomorphological observation
showed no adverse effects on hepatic cells. So,
stevioside-supplemented biscuits may be a safer
alternative than sugar and saccharin.

Ackowledgements

Thanks to the Institute of Research and Training of the
Hajee Mohammad Danesh

Science and Technology University for the financial
support of the research.

Conflict of Interests
The authors declare that there is no conflict of interest
regarding the publication of this paper.

References

Abdel-Salam, A.M., Ammar, A.S. and Gala, W.K., 2009. Evaluation and
properties of Formulated Low Calories Functional Yoghurt
Cake. Journal of Food, Agriculture and Environment, 7(2): 218-
21.https://www.cabidigitallibrary.org/doi/full/10.5555/20093
155794

AbdElwahab, A.H., Yousuf, A.F., Ramadan, B. K. and Elimam, H., 2017.
Comparative Effects of Stevia rebaudiana and Aspartame on
Hepato-renal Function of Diabetic Rats: Biochemical and
Histological Approaches. Journal of Applied Pharmaceutical
Science, 7(8), 34-42. doi: 10.7324/JAPS.2017.70806

Ahmad, N., Fazal, H., Abbasi, B.H., Rahman, I.U., Anwar, S., Khan,
M.A., and Khalil, S.A., 2011. DPPH-scavenging Antioxidant
Potential in Regenerated Tissues of Stevia rebaudiana, Citrus

Kumar et al.

sinensis and Saccharum officinarum. Journal of Medicinal
Plants Research, 5(14), 3293-3297.
https://www.cabidigitallibrary.org/doi/full/10.5555/20113289
836

Ashwell, M. 2015. Stevia, Nature's Zero-Calorie Sustainable
Sweetener: A New Player in the Fight Against Obesity.
Nutrition Today.50(3):129-134. doi:
10.1097/NT.0000000000000094.

Brandle, J. 2004. Nature's natural low calorie sweetener. Agriculture
and Agri-Food Canada.
http://res2.agr.ca/London/faq/stevia_e.htm.

Chattopadhyay, S., Raychaudhuri, U., and Chakraborty, R. 2014.
Artificial Sweeteners - a Review. Journal of Food Science and
Technology . 51(4):611-21. doi: 10.1007/s13197-011-0571-1.

Chatsudthipong, V. and Muanprasat, C. 2009. Stevioside and Related
Compounds: Therapeutic Benefits beyond Sweetness.
PharmacologyTherapeutic, 121: 41-54.
doi.org/10.1016/j.pharmthera.2008.09.007

Cross, N. 2007. Muffins and bagels. In: Hui, Y.H. (ed.) Handbook of
food products manufacturing: principles, bakery, beverages,
cereals, cheese, confectionary, fats, fruits, and functional
foods, Volume 1. Wiley, Hoboken, NJ, USA, pp. 280-282.
https://cir.nii.ac.jp/crid/1130000794187951872

Gregersen, S., Jeppesen, P.B., Holst, J.J. and Hermansen, K. 2004. Anti
Hyperglycemic Effects of Stevioside in Type 2 Subjects.
Metabol ism, 53.73-76. DOI: 10.1016/j.metabol.2003.07.013

Hasan, H.M., Alkass, S.Y., and de Oliveira, D.S.P. 2023. Impact of
Long-Term Cyclamate and Saccharin Consumption on
Biochemical Parameters in Healthy Individuals and Type 2
Diabetes Mellitus Patients. Medicinal. 3;59(4):698. doi:
10.3390/medicina59040698.

Lailerd, N., Saengsirisuwan, V., Sloniger J.A., Toskulkao, C., and
Henriksen, E.J. 2004. Effects of Stevioside on Glucose
Transport Activity in Insulin-sensitive and Insulin-resistant Rat
Skeletal ~ Muscle. Metabolism, 53(1),  101-107. doi:
10.1016/j.metabol.2003.07.014.

Lemus-Mondaca, R., Vega-Galvez, A., Zura-Bravo, L., and Ah-Hen, K.
2012. Stevia rebaudiana Bertoni, Source of a High-Potency

Natural Sweetener: A Comprehensive Review on the
Biochemical, Nutritional and Functional Aspects. Food
chemistry, 132(3): 1121-1132. doi:

10.1016/j.foodchem.2011.11.140.

Mali, A.B., Meenal, J., and Versha, K. 2015. Phytochemical Screening
and Antimicrobial Activity of Stevia rebaudiana Leaves.
International Journal of Current Microbiology and Applied
Sciences,  4(10),  678-685.https://www.ijcmas.com/vol-4-
10/Akash%20B%20Mali,%20et%20al.pdf

Mandal, P., Rai, A., Mishra, S., Tripathi, A., and Das, M. 2018.
Mutagens in Food. In: A. Kumar, V.N. Dobrovolsky, A. Dhawan,
R. Shanker, (Eds), Mutagenicity: Assays and Applications,
Academic Press, pp. 133-160, doi.org/10.1016/B978-0-12-
809252-1.00007-9.

Parimalavalli, R., Roxana, G. and Sri, S.R. 2007. Organoleptic Quality
and Nutrient Content of Stevia (Stevia rebaudiana)
Incorporated  Bakery  Products. Biomed 2:  123-
130.https://www.cabidigitallibrary.org/doi/full/10.5555/2009
3181625

Ramos-Tovar, E., Hernandez-Aquino, E., Casas-Grajales, S., Buendia-
Montafio, L. D., Galindo-Gémez, S., Camacho, J. and Muriel, P.
2018. Stevia Prevent Acute and Chronic Liver Injury Induced by
Carbon Tetrachloride by Blocking Oxidative Stress through
Nrf2  Upregulation. Oxidative Medicine and Cellular
Longevity,Apr 19:2018:3823426. doi:10.1155/2018/3823426.

Rotimi, S.0., Rotimi, O. A., Adelani, |. B.,Onuzulu, C., Patience, P.,
-and Okungbaye, R. 2018,Stevioside Modulates Oxidative
Damage in the Liver and Kidney of High Fat/low Streptozocin

417


https://www.cabidigitallibrary.org/doi/full/10.5555/20093155794
https://www.cabidigitallibrary.org/doi/full/10.5555/20093155794
https://www.cabidigitallibrary.org/doi/full/10.5555/20113289836
https://www.cabidigitallibrary.org/doi/full/10.5555/20113289836
http://res2.agr.ca/London/faq/stevia_e.htm
http://en.wikipedia.org/wiki/Agriculture_and_Agri-Food_Canada
http://en.wikipedia.org/wiki/Agriculture_and_Agri-Food_Canada
https://cir.nii.ac.jp/crid/1130000794187951872
https://doi.org/10.1016/j.metabol.2003.07.013
https://www.cell.com/heliyon/fulltext/S2405-8440(18)30182-8
https://www.cell.com/heliyon/fulltext/S2405-8440(18)30182-8
https://www.cell.com/heliyon/fulltext/S2405-8440(18)30182-8
https://www.cell.com/heliyon/fulltext/S2405-8440(18)30182-8
https://www.cell.com/heliyon/fulltext/S2405-8440(18)30182-8

Evaluation of potentials of stevioside

Diabetic Rats.4 (5),
DOI: 10.1016/j.heliyon.2018.e00640

Saccharin. PubChem, US National Library of Medicine. 13 June 2023.
https://pubchem.ncbi.nim.nih.gov/compound/Saccharin

Sairkar, P., Chandravanshi, M.K., Shukla, N.P., and Mehrotra, N.N.
2009. Mass Production of an Economically Important
Medicinal Plant Stevia rebaudianaUsing in-vitroPropagation
Techniques. Journal of Medicinal Plants Research, 3(4), 266-
270. http://www.academicjournals.org/JMPR

Schirmer, M., Jekle, M., Arendt, E. and Becker, T. 2012.
Physicochemical Interactions of Polydextrose for Sucrose
Replacement in Pound Cake. Food Research International,48:
291-298. doi:10.1016/J.foodres.2012.05.003130.

€00640.

418

Wang, Z., Xue, L., Guo, C., Han, B., Pan, C., Zhao, S. and Ma, Q. 2012.
Stevioside Ameliorates High-Fat  Diet-Induced Insulin
Resistance And Adipose Tissue Inflammation by Down
Regulating the Nf-Kb Pathway. Biochemical and Biophysical
Research Communications. 417 (4): 1280-1285. doi:
10.1016/j.bbrc.2011.12.

Yang, P.S., Lee, JJ., Tsao, C.W., Wu, H.T. and Cheng, J.T. (2009)
Stimulatory effect of stevioside on peripheral mu opioid
receptors in animals. Neuroscience Letters, 454(1): 72 — 75.
doi.org/10.1016/j.neulet.2009.02.055

Yesmine, S., Connolly, K., Hill, N., Coulson, F.R. and Fenning, A.S. 2013.
Electrophysiological, Vasoactive, and Gastromodulatory
Effects of Stevia in Healthy Wistar Rats. Planta Med; 79: 909—
915. https://doi.org/10.1055/s-0032-1328706.


https://doi.org/10.1016/j.heliyon.2018.e00640
https://doi.org/10.1016/J.FOODRES.2012.05.003

