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Abstract: One potential solution to enhance the nutritional value of food while addressing envi-
ronmental concerns is to use bioactive extracts from agro-waste in the food industry. This study
aimed to investigate the effects of replacing sucrose with powders made from Stevia leaves (SLP),
banana peels (BPP), and carrot leaves (CLP), as well as their mixtures, in cupcakes. Additionally,
the study aimed to determine the impact of these substitutes on alloxan-induced diabetic rats fed
the cupcakes. Sensory evaluation revealed that up to 60% of sucrose in the cupcake formula could
be replaced without significant changes in sensory attributes. Substituting agro-wastes and SLP
increased the protein content from 12.86% to 14.26% and the dietary fiber content from 3.65% to
5.60% compared to the control sample. The treated diabetic groups, particularly those fed cupcakes
containing SLP-CLP mixture, showed increased body weight gain % and feed intake, reducing serum
glucose levels from 427.5 to 180.8 mg/dL after 28 days. The mix of CLP-SLP had the highest additive
effect, indicating a significant reduction in various biochemical parameters, including ALT, AST,
albumin, urea, uric acid, creatinine, total cholesterol, triglyceride, and LDL, compared to the positive
control. No histopathological alterations were detected in the pancreas and liver of diabetic rats
fed cupcakes supplemented with SLP-CLP. However, moderate degenerations were observed in the
hepatocytes of diabetic rats fed cupcakes fortified with SLP-BPP.

Keywords: Stevia leaves; banana peels; carrot leaves; diabetic; biochemical parameters; histology

1. Introduction

Consuming functional foods can provide a range of health benefits, particularly
for preventing and managing chronic diseases such as type 2 diabetes mellitus (T2DM).
These foods are enriched with bioactive ingredients that may improve antioxidant, anti-
inflammatory, insulin sensitivity, and anticholesterol activities. Regular consumption of
functional foods can therefore be instrumental in managing and preventing T2DM [1].

Fruit and vegetable by-products contain nutraceuticals, such as polyphenols, ter-
penoids, flavonoids, alkaloids, sterols, pigments, and unsaturated fatty acids, which make
them excellent sources of functional foods [2,3]. Studies have shown that agri-food wastes
such as peels and leaf extracts have high amounts of flavonoids, which have positive effects
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on metabolic disorders, such as cardiovascular disease, cancer, obesity, and diabetes [3,4].
These bioactive compounds have been found to reduce fasting blood glucose levels and im-
prove lipid profiles. Furthermore, research by Salwe et al. [5] and Narghare and Dawdle [6]
suggests that fruit peels have antibiotic, hypolipidemic, and antioxidant properties. Hence,
using postharvest and food processing wastes opens perspectives to use as value-added
ingredients and overcome the environmental pollution caused by these wastes.

According to Rebello et al. [7] and Vu et al. [8], banana peels, which are often dis-
carded as agri-food waste, contain antioxidant phenolic compounds that may be beneficial
in industrial applications for diabetic food. These compounds have been shown to pre-
vent damage to liver and pancreas tissues associated with hyperglycemia in experiments
conducted on Streptozotocin (STZ)-induced diabetic rats [9]. Costa et al. [10] also found
that banana peels can impact lipid profile dysfunction in rats by slowing down glucose
absorption in the gastrointestinal tract. Additionally, the soluble fiber found in banana
peels has been linked to lowered cholesterol levels and a decrease in LDL cholesterol. This
effect is mainly due to the ability of banana peels to restore the function of pancreatic tissues
by increasing insulin output or inhibiting glucose absorption [11]. Furthermore, cakes
enriched with banana fibers have demonstrated a therapeutic protective effect against
diabetes [12] and can improve the quality and nutritional properties of butter cake by
increasing fiber content [13].

In a study conducted by Goneim et al. [14], it was discovered that carrot leaves’ extract
can serve as an excellent natural antioxidant for edible oils. These leaves are a great source
of antioxidants that can help combat hyperglycemia and regulate glucose levels and lipids
profile. This is because the phenolic compounds present in carrot leaves have a high
antioxidant capacity that can prevent damage caused by reactive species [15]. Additionally,
carrot leaves contain six times more vitamin C than the root, which can help boost the
immune system [16].

Stevia products have a higher sweetening potency and greater customer acceptability
than other sugar alternatives due to their antihyperglycemic, antihypertensive, anticaries,
anti-inflammatory, and anticancer properties [17]. Stevia is a suitable ingredient for baking
as it remains stable even at high temperatures of up to 200 ◦C [18]. Its versatility is
demonstrated in the formulation of low-calorie orange nectar and juice, which was added
as a sweetener [19]. Stevia also created mango nectar and passion fruit juice, replacing
some sucrose content. These drinks were tested for both sensory and physicochemical
properties [20,21].

The current study aims to reveal the additive effect of replacement sugar in cupcake
formulas with Stevia leaves, banana peels, and carrot leaves on alloxan-induced diabetic
rats. Based on the gradual replacement of sucrose, the highest amounts of agro-wastes
and Stevia leaves that could be used with the lowest changes in sensory attributes were
submitted for further analysis. Different blood biochemical parameters such as serum
blood sugar, liver function parameters, kidney function parameters, and lipid profile
parameters, in addition to the histological of diabetic rats’ alterations, occurred in the
pancreas and liver of diabetic male albino rats were also studied. Applying food and
agro-wastes as a functional additive mixture with Stevia opens perspectives to overcome
T2DM consequences and environmental problems due to vast waste masses.

2. Materials and Methods
2.1. Materials

Ripe bananas (Musa Cavendish), a variety of (Williams) and carrot (Daucus carota,
Chantene variety), and other ingredients used for preparing cupcake dough are sucrose,
butter, fresh eggs, skim milk powder, baking powder, vanilla powder, and cocoa, used in
preparing the cupcake dough were purchased from local markets in Cairo, Egypt. Stevia
leaves (Stevia rebaudiana) were bought from Sugar Crops Research Institute, Agriculture
Research Center, Giza, Egypt. Wheat flour (72% extraction) was obtained from the South
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Cairo Mills Company, Cairo, Egypt. All chemicals used in this study were purchased from
El-Gamhouria Trading Chemicals and Drugs Company, Cairo, Egypt.

2.2. Preparation of Peels and Leaves Powder

Ripe bananas and carrots (20 kg each) were washed to remove dirt and left to drainage
at room temperature for 30 min. The banana peels and carrot leaves were separated from
the pulp and roots and weighed to determine their weight. Banana peels account for
about 37% of fresh bananas, while carrot leaves represent about 45% of the total weight
of the whole fresh plant. Both the peels and leaves were cut into small pieces and then
dried at 50 ◦C ± 5 ◦C for 24 h using a hot air dryer. The dried banana peels and carrot
leaves were ground to produce powders in a grinder (Braun JB3060 Tribute Collection
Blender, Neu-Isenburg, Germany) and then packed in plastic bags and kept at −18 ◦C in
a deep freezer until further utilization. The Stevia green fresh leaves were cleaned and
dried at 50 ◦C ± 5 ◦C for 24 h using a hot air dryer. Once dried, it was milled, then sieved
(60 meshes), and kept in closed plastic bags in the laboratory until analyzed.

2.3. Preparation of Cupcake Samples

The cupcake was prepared according to the method described by Bedoya-Perales and
Steel [22] with slight modifications using the formulas presented in Table 1. The control
cupcake sample was prepared; the sugar was mixed with homogenate eggs and butter
containing vanilla for 20 min using a standard hand mixer (MK-H4-W, Panasonic Co,
Petaling Jaya, Malaysia). Wheat flour and baking powder were added in small portions
and mixed for 5 min, then baked at 180 ◦C ± 5 ◦C in an electrical oven (Vipinho 0448,
Perfecta, Curitiba, Brazil) for 30–35 min. The produced cupcake samples were left at room
temperature for 2 h. To cool, store in a refrigerator at 4 ◦C until further analysis. To prepare
the supplemented cupcake samples, sugar was replaced by BPP, CLP, SLP, and mixed
SLP-BPP and SLP-CLP (1:1 w/w) at different levels (20, 40, 60, and 80%), which represented
4, 8, 12, and 16% from the total formula of the cupcake. Table 1 presents the formulations of
the cupcake samples supplemented with 12% agro-wastes and Stevia powder, representing
the highest amount that could be added with the lowest changes in sensory attributes.

Table 1. The formulations of cupcake samples.

Ingredients * (g)
Cupcake Treatments **

Cupcake (Control) 12% BPP 12% CLP 12% SLP 12% BPP and SLP 12% CLP and SLP

WF 72% 35 35 35 35 35 35

BPP 0 12 0 0 6 0

CLP 0 0 12 0 0 6

SLP 0 0 0 12 6 6

Sugar (sucrose) 20 8 8 8 8 8

Butter 19 19 19 19 19 19

Fresh eggs 10 10 10 10 10 10

Skim milk powder 4 4 4 4 4 4

Crude cocoa 1.3 1.3 1.3 1.3 1.3 1.3

Baking powder 0.5 0.5 0.5 0.5 0.5 0.5

Vanilla 0.2 0.2 0.2 0.2 0.2 0.2

Water (mL) 10 10 10 10 10 10

Total ingredients 100 100 100 100 100 100

* WF, wheat flour; BPP, banana peels powder; CLP, carrot leaves powder; SLP, Stevia leaves powder. ** Mixed SLP,
BPP, or CLP in equal proportions (1:1 w/w).
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2.4. Sensory Properties of Cupcake Samples

The sensory properties of cupcakes were evaluated after cooling by well-trained
26 panelists from the Food Science and Technology Department, Faculty of Agriculture, Al-
Azhar University, and the Flavor and Aroma Chemistry Department, Food Industries and
Nutrition Division, National Research Centre, Cairo, Egypt, using a 9-point hedonic scale
(9 = like immensely, 5 = neither like nor a dislike, and 1 = dislike extremely). Six sensory
attributes were evaluated (appearance, crust color, crumb color, taste, aroma, and overall
acceptability) according to the method described by Lee [23]. Randomly coded samples
were served to panelists individually. Between samples, participants were instructed to
rinse their palates. There was enough room to handle the samples and questionnaire, and
the evaluation time was not limited.

2.5. Chemical Analysis of the Cupcake Samples

The moisture, protein, fat, ash, and fiber of the best samples evaluated by the sensory
analysis were determined [24]. The total carbohydrates were calculated by difference.
Reducing sugars were estimated by 3, 5-dinitrosalicylic acid (DNS) method using D (-)
fructose as standard. To determine the total sugars, the phenolsulphoric acid method was
used. The nonreducing sugars were calculated by subtracting the reducing sugars from the
total soluble sugars [25].

2.6. Animals

Forty-eight male albino rats averaging 120–140 g and aged 1–2 months were sourced
from the Animal House Colony of the Egyptian Organization for Biological and Vaccines,
Giza, Egypt. Before the experiment, the animals were given a standard laboratory diet of
food and water for a week to help them to acclimate and confirm appropriate development
and behavior. Solid-bottomed cages were used to distribute and house the animals in
a chemical-free, temperature-controlled at 21 ± 2 ◦C, 60 ± 5 ◦C relative humidity, and
artificially lit (12 h dark/light cycle) room. All animals were handled humanely and used
following the national law, the UK’s Animals (Scientific Procedures) Act, 1986 and its
supporting guidelines, and EU Directive 2010/63/EU for animal research (Publication No.
85-23, revised 1985).

2.7. Diabetes Induction

Diabetic rats were induced by intraperitoneal injection after fasting for 12 h with
alloxan solution at a rate of 0.12 mL/100 g body weight according to the method described
by Desia and Bhide [26]. Alloxan buffer was prepared by adding 7.5 mL of 5.7% glacial
acetic acid to 92.5 mL of 8.2% sodium acetate solution, according to Malaisse [27] and
Mostafavinia et al. [28]. After 2 h of injection, all rats were fed a normal basal diet for 1 week
before starting the experimental feed on cupcake diet samples (to induce hyperglycemia).

2.8. Diet Composition

The synthetic base diet was formulated as casein (150 g/kg diet), unsaturated fat
(100 g/kg diet), sucrose (220 g/kg diet), maize starch (440 g/kg diet), cellulose (40 g/kg diet),
salt mixture (40 g/kg diet), and vitamin mixture (10 g/kg diet) as stated by AOAC [24] and
Mohammed et al. [29]. The AIN-93M diet was a reference for formulating salt and vitamin
mixtures [30].

2.9. Experimental Design

During 28 days of the experimental period, 48 rats were organized into eight groups
of six, each of which was characterized as follows based on the best sensory formula:

â Group 1: Negative control (−) fed on basal diet.
â Group 2: Positive diabetic rats’ control (+) fed on basal diet.
â Group 3: Diabetic rats fed on a cupcake control diet (100% sugar).
â Group 4: Diabetic rats fed on a cupcake diet containing 12% BPP.
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â Group 5: Diabetic rats fed on a cupcake diet containing 12% CLP.
â Group 6: Diabetic rats fed on a cupcake diet containing 12% SLP.
â Group 7: Diabetic rats fed on a cupcake diet containing 12% mixed SLP and BPP

(1:1 w/w).
â Group 8: Diabetic rats fed on a cupcake diet containing 12% mixed SLP and CLP

(1:1 w/w).

2.10. Blood Samples Collection

At the end of the experimental period (28 days) and under ether anesthesia, blood
samples were collected from the retro-orbital sinus plexus from all rats after being fasted
for 12 h. The samples were placed in dry and clean centrifuge tubes and allowed to clot
for 1–2 h at 37 ◦C. The samples were separated by centrifugation at 5000 rpm for 10 min to
separate the serum and determine blood parameters.

2.11. Determination of Biochemical Parameters

The enzymatic colorimetric technique determined glucose [31], total cholesterol, HDL,
LDL, and triglycerides [32–35]. Colorimetric methods were used to assess aspartate amino-
transferase (AST), alanine aminotransferase (ALT) activities [36,37], and plasma albumin
A [38] as indices of liver function. As indications of renal function, colorimetric methods
measured creatinine, urea, and uric acid [39–41].

2.12. Histological Examination

Autopsy samples were taken from the liver and pancreas of rats in different groups
and fixed in 10% formal saline for 24 h. Washing was carried out in tap water, and then
serial dilutions of alcohol (methyl, ethyl, and absolute ethyl) were used for dehydration.
Specimens were cleared in xylene and embedded in paraffin at 56 ◦C in a hot air oven for
24 h. Paraffin beeswax tissue blocks were prepared for sectioning at 4 microns thickness by
a sledge microtome. The obtained tissue sections were collected on glass slides, deparaf-
finized, and stained by hematoxylin and eosin stain for examination through the electric
light microscope [42].

2.13. Statistical Analysis

The data were statistically analyzed using SPSS (version 16.0 software Inc., Chicago,
IL, USA). Treatment means were compared using the least significant differences (LSD) at
0.05 probability and standard error levels.

3. Results and Discussion
3.1. Chemical Analysis of Cupcake Samples

Table 2 displays the chemical composition results of various samples, including BPP,
CLP, SLP, cupcake control, and cupcake-supplemented samples. These samples contained
12% of wastes and Stevia powders, with the highest added amount, resulting in minimal
changes in sensory properties. The crude protein content in SLP was significantly the
highest (16.25%), while BPP was the lowest (13.19%). Meanwhile, CLP showed increased
dietary fiber (16.42%) and ash content (15.97%). It is noteworthy that BPP had the lowest
dietary fiber (14.29%) and highest fat contents (19.11%), as given in Table 2. By using
agro-wastes and SLP as substitutes for sucrose in cupcake recipes, there was a noticeable
decrease in the overall amount of sugars, including reducing and nonreducing sugars (as
given in Table 2). The previous results agreed with the available literature [25,43,44].
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Table 2. Proximate chemical composition of raw materials and cupcake samples on a dry weight basis.

Chemical
Composition

(%)

Raw Materials ** Proximate Chemical Composition % of Cupcake Samples (M ± SE) *

BPP CLP SLP Cupcake
Control

Cupcake
with 12%

BPP

Cupcake
with 12%

CLP

Cupcake
with 12%

SLP

Cupcake
with 12%
BPP and
SLP ***

Cupcake
with 12%
CLP and

SLP

Moisture 9.13 ± 0.19 A 8.87 ± 0.23 A 8.95 ± 0.20 A 22.61 ± 0.33 a 22.59 ± 0.37 a 22.51 ± 0.29 a 22.55 ± 0.27 a 22.63 ± 0.37 a 22.67 ± 0.33 a

Crude protein 13.19 ± 0.23 A 15.34 ± 0.22 B 16.25 ± 0.20 C 12.86 ± 0.17 a 13.45 ± 0.23 ab 13.52 ± 0.22 b 14.26 ± 0.23 c 13.85 ± 0.19 bc 13.90 ± 0.20 bc

Ether extract 19.11 ± 0.18 C 15.26 ± 0.13 B 4.59 ± 0.15 A 13.89 ± 0.11 a 16.19 ± 0.13 d 15.69 ± 0.10 c 14.31 ± 0.12 a 15.35 ± 0.11 bc 14.91 ± 0.10 b

Ash 13.40 ± 0.13 B 15.97 ± 0.14 C 8.28 ± 0.11 A 1.39 ± 0.03 a 2.99 ± 0.05 e 3.31 ± 0.06 f 2.33 ± 0.05 b 2.64 ± 0.04 c 2.79 ± 0.03 d

Dietary fiber 14.29 ± 0.17 A 16.42 ± 0.19 C 15.22 ± 0.18 B 3.65 ± 0.08 a 5.35 ± 0.09 b 5.60 ± 0.10 b 5.46 ± 0.09 b 5.39 ± 0.08 b 5.52 ± 0.10 b

Total sugars 15.71 ± 0.19 A 3.67 ± 0.11 C 14.78 ± 0.16 B 20.19 ± 0.33 a 9.82 ± 0.09 b 8.45 ± 0.13 d 9.75 ± 0.09 b 9.79 ± 0.09 b 9.08 ± 0.23 c

Reducing 5.46 ± 0.14 A 1.19 ± 0.07 C 4.65 ± 0.10 B 0.09 ± 0.03 f 0.67 ± 0.13 a 0.14 ± 0.04 e 0.51 ± 0.04 c 0.60 ± 0.12 b 0.34 ± 0.09 d

Nonreducing 10.25 ± 0.15 A 2.48 ± 0.09 C 10.13 ± 0.12 B 20.10 ± 0.33 a 9.15 ± 0.09 bc 8.31 ± 0.19 d 9.24 ± 0.10 b 9.19 ± 0.09 bc 8.74 ± 0.14 cd

Other total
carbohydrates 24.30 ± 0.13 C 33.34 ± 0.17 B 40.88 ± 0.20 A 48.02 ± 0.25 b 52.20 ± 0.23 a 53.43 ± 0.22 a 53.89 ± 0.23 a 52.98 ± 0.21 a 53.80 ± 0.23 a

M ± SE *, means ± standard error for chemical composition; the means within the same row having different
superscripts are significantly varied (p < 0.05). ** BPP, banana peels powder; CLP, carrot leaves powder; SLP,
Stevia leaves powder. *** Mixed SLP, BPP, or CLP in equal proportions (1:1 w/w).

The addition of agro-wastes (BPP and CLP) and SLP to the cupcakes resulted in
significant increases in crude protein, ash, and crude fiber contents, compared to the
control. However, the supplemented cupcakes had lower levels of total carbohydrates,
which improved their caloric value, especially when sucrose was partially replaced with a
mixture of BPP, CLP, and SLP (60%). These findings suggest that the use of these alternative
ingredients can enhance the nutritional quality of baked goods. To our knowledge, the aim
of using BPP and CLP in food products in the literature was to enhance fiber by replacing
flour in bakeries. Therefore, replacing sugar in the current study is a potential goal for
T2DM patients in addition to increasing fiber content. In their study, Erukainure et al. [12],
Ahmed et al. [45], and dos Santos et al. [46] incorporated BPP and CLP in cakes as a
replacement for wheat flour. This was performed to enhance the fiber content, while
still maintaining sucrose as the primary sweetener, which accounted for 20–30% of the
recipe. The effect of agro-wastes and Stevia powders on the chemical composition of the
final product agrees with Bin Mohd Zaini et al. [47], Leite et al. [48], and Marcinek and
Krejpcio [49], who reported the proximate compositions of the above-dried agro-wastes
and leaves. Consequently, cupcakes supplemented with 12% of CLP showed a higher ash
content (3.31%) and dietary fiber (5.60%), followed by CLP-SLP (1:1 w/w) mixture 2.79
and 5.52%, respectively. On the other hand, cupcake samples containing 12% SLP had the
highest crude protein and fat content (14.26 and 14.31%), followed by the CLP-SLP mixture
(13.90 and 14.91%).

3.2. Sensory Analysis of Cupcake Samples

Samples of cupcakes were tested with different combinations of SLP, BPP, and CLP
as a substitute for the main sweetener sucrose. These substitutes were added in varying
percentages of 4–16% of the basic formula. The samples were then evaluated for their
sensory attributes. It was found that the best activity against T2DM with the least changes in
sensory attributes was achieved with a 60% replacement of sucrose, representing 12% of the
total formula (Table 3). The fortified samples showed significant changes compared to the
control. However, the samples fortified with 12% BPP followed by a 12% CLP-SLP mixture
were the most preferred after the control. In the literature, the acceptability of sponge cake
fortified with carrot leaves decreased to 79.2% compared to the control [46]. Along the
same line, supplementation cake with BPP reduced its acceptability from excellent to very
good [45]. Elsebaie and Mostafa [50] also revealed a significant decrease in cake sensory
properties when adding Stevia from 10 to 30%. The aforementioned published studies
agreed with the results of the present study, which aimed to use the highest amounts of
agro-wastes and Stevia with the minimum changes in sensory attributes to exploit their
bioactivity against T2DM, add fibers, and successfully replace sucrose.
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Table 3. Sensory evaluation of cupcake samples supplemented with agro-wastes and Stevia.

Sensory Properties

Sensory Properties of Cupcake Samples (M ± SE) *

Cupcake
Control

Cupcake with
12% BPP

Cupcake with
12% CLP

Cupcake with
12% SLP

Cupcake
with 12%

BPP and SLP

Cupcake
with 12%

CLP and SLP

Appearance 9.06 ± 0.33 c 8.24 ± 0.37 b 7.86 ± 0.29 a 7.71 ± 0.27 a 8.04 ± 0.37 ab 7.97 ± 0.33 ab

Crust color 8.79 ± 0.17 c 8.11 ± 0.23 b 7.80 ± 0.22 ab 7.60 ± 0.23 a 7.75 ± 0.19 ab 7.90 ± 0.20 ab

Crumb color 8.55 ± 0.11 c 8. 17 ± 0.13 c 7.35 ± 0.10 ab 7.25 ± 0.12 a 7.15 ± 0.11 a 7.61 ± 0.10 b

Taste 8.86 ± 0.13 c 8.18 ± 0.15 b 7.15 ± 0.16 a 7.10 ± 0.15 a 7.81 ± 0.14 b 7.89 ± 0.13 b

Aroma 9.11 ± 0.08 d 8.10 ± 0.09 c 7.75 ± 0.10 ab 7.46 ± 0.09 a 7.89 ± 0.08 bc 7.95 ± 0.10 bc

Overall acceptability 8.84 ± 0.25 d 8.18 ± 0.23 c 7.60 ± 0.22 ab 7.39 ± 0.23 a 7.81 ± 0.21 bc 7.89 ± 0.23 bc

M ± SE *, means ± standard error for sensory properties; the means within the same row having different
superscripts are significantly varied (p < 0.05).

3.3. Effect of Supplemented Cupcakes on the Body Weight Gain and Feed Intake Parameters

Compared to the positive control group fed on a standard basal diet or fed on control
cupcake, a significant increase (p < 0.05) in body weight gain (BGW%) of all the rat groups
fed on cupcake samples containing BPP, CLP, SLP, and their mixtures, while a significant
decrease (p < 0.05) as compared to the negative group (Table 4). The positive control group
fed on a standard basal diet or a control cupcake showed a lower BGW% (−7.56 and
−8.77%, respectively) than the negative group (+27.29%). Despite the increase in BGW% in
groups supplemented with BPP (+7.25%), CLP (+8.18%), and SLP (+11.67%), as compared
to the positive control group fed on a standard basal diet or fed on control cupcake, but
still lower than the negative control (Table 4). An interesting additive effect could be
noted for BWG% in the groups treated with BPP-SLP and CLP-SLP mixtures (1:1 w/w).
However, the diabetic groups fed with CLP-SLP (+16.13%) and BPP-SLP (+14.36%) had a
more significant increase in BGW% than the positive diabetic control group, which agreed
with the differences in the proximate analysis of agro-wastes, where CLP has the highest
fiber content as provided in Table 1.

Table 4. The impact of cupcake samples containing agro-wastes and Stevia on the body gain (g).

Groups

Body Weight (g) through 4 Weeks *
BWG ** (g/Rat)

through 4 Weeks BWG (%)Initial Body
Weight (g) After 1 week After 2 weeks After 3 weeks Final Body Weight

Control (−) 138.10 ± 1.50 a 149.90 ± 2.10 c 158.40 ± 2.40 e 167.35 ± 2.40 e 175.80 ± 2.40 e 37.70 ± 1.12 h +27.29

Control (+) 136.10 ± 1.50 a 134.66 ± 2.60 a 131.20 ± 2.40 a 127.20 ± 2.40 a 125.80 ± 2.60 a −10.30 ± 1.11 b −7.56

Cupcake (Control)
100% sugar 139.10 ± 1.80 a 136.00 ± 2.40 a 132.50 ± 2.30 a 130.20 ± 2.30 a 126.90 ± 2.20 a −12.20 ± 1.09 a −8.77

Cupcake with 12% BPP 138.95 ± 1.51 a 140.70 ± 2.30 b 142.60 ± 2.20 b 146.75 ± 2.20 b 149.10 ± 2.40 b +10.15 ± 1.13 c +7.25

Cupcake with 12% CLP 139.20 ± 1.20 a 141.60 ± 2.40 b 143.50 ± 2.30 b 147.70 ± 2.30 b 150.60 ± 2.40 b +11.40 ± 1.10 d +8.18

Cupcake with 12% SLP 138.80 ± 1.10 a 142.15 ± 2.50 b 147.10 ± 2.30 bc 151.55 ± 2.30 bc 155.00 ± 2.30 bc +16.20 ± 1.12 e +11.67

Cupcake with 12% BPP
and SLP 139.90 ± 1.20 a 144.00 ± 2.40 b 150.50 ± 2.30 c 156.50± 2.30c 160.00 ± 2.40 c +20.10 ± 1.10 f +14.36

Cupcake with 12% CLP
and SLP 138.80 ± 1.51 a 143.00 ± 2.30 b 150.80 ± 2.20 c 156.10 ± 2.20 c 161.20 ± 2.40 c +22.40 ± 1.13 g +16.13

M ± SE *, means ± standard error for the value of body weight gain (g/rat); the means within the same column
having different superscripts are significantly varied (p < 0.05). ** BWG, body weight gain.

The effect of feeding on cupcake samples containing agro-wastes and Stevia on
feed intake was recorded and listed in Table 5. The obtained results cleared a signifi-
cant decrease (p < 0.05) in feed intake of the diabetic control group (+) fed on a stan-
dard basal diet (74.03 g/rat/28 days) and the diabetic rats’ group fed on cupcake control
(75.35 g/rat/28 days) as compared with the negative group control (91.56 g/rat/28 days).
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The feed intake of treated groups with supplemented agro-wastes and Stevia powders
(79.9, 80.61, and 79.70 g/rat/28 days) was significantly lower than the negative group but
higher than the positive diabetic control and the diabetic rats fed on cupcake control (100%
sugar) groups (Table 5). The results above agreed with the BWG% discussed above, with
the lowest feed intake amount for the CLP-SLP mixture (78.23 g/rat/28 days), followed by
the BPP-SLP mixture (78.90 g/rat/28 days).

Table 5. The impact of cupcake treatments containing agro-wastes and Stevia on the feed intake (g).

Groups
Feed Intake (g/6 rats)

After 1 Week After 2 Weeks After 3 Weeks After 4 Weeks Total Feed Intake
(g/6 Rats/28 Days)

Total Feed Intake
(g/Rat/28 Days)

Control (−) 123.7 * ± 0.58 b 134.1 ± 0.58 c 141.4 ± 0.58 c 150.2 ± 0.58 c 549.4 ± 0.58 c 91.56 ± 0.58 c

Control (+) 114.1 ± 0.48 a 112.6 ± 0.58 a 110.7 ± 0.58 a 106.8 ± 0.58 a 444.2 ± 0.58 a 74.03 ± 0.58 a

Cupcake Control
(100% sugar) 116.9 ± 0.50 a 114.2 ± 0.58 ab 111.6 ± 0.58 a 109.4 ± 0.58 a 452.1 ± 0.58 a 75.35 ± 0.58 a

Cupcake with
12% BPP 116.7 ± 0.58 a 118.8 ± 0.58 b 120.4 ± 0.58 b 123.5 ± 0.79 b 479.4 ± 0.58 b 79.90 ± 0.58 b

Cupcake with
12% CLP 117.8 ± 0.47 a 119.6 ± 0.58 b 121.9 ± 0.58 b 124.4 ± 0.58 b 483.7 ± 0.58 b 80.61 ± 0.58 b

Cupcake with
12% SLP 116.1 ± 0.79 a 119.2 ± 0.58 ab 120.3 ± 0.58 b 122.6 ± 0.58 b 478.2 ± 0.58 b 79.70 ± 0.58 b

Cupcake with
12% BPP and SLP 116.1 ± 0.58 a 117.2 ± 0.58 ab 119.0 ± 0.58 b 121.1 ± 0.51 b 473.4 ± 0.58 b 78.90 ± 0.58 b

Cupcake with
12% CLP and SLP 114.1 ± 0.85 a 116.0 ± 0.58 ab 118.2 ± 0.58 b 121.1 ± 0.58 b 469.4 ± 0.58 b 78.23 ± 0.58 b

M ± SE *, means ± standard error for the value of body weight gain (g/rat); the means within the same column
having different superscripts are significantly varied (p < 0.05).

According to Meliala et al. [51], the results align with our findings, showing an increase
in weight gain for the normal control group and a decrease for the diabetic group after
3 weeks of treatment. Interestingly, the diabetic groups that were fed with banana peel
flakes gained more weight significantly than the diabetic control group (p < 0.05). Moreover,
there was no significant difference (p > 0.05) in food intake between the normal and diabetic
groups [51]. The same pattern was observed in STZ-induced diabetic rats treated with
total and soluble banana peel fibers, where the diabetic control group had the lowest body
weight, while the normal group had the highest. Additionally, the diabetic groups that
consumed different types of fibers had less food intake daily than the diabetic control
group, indicating that dietary fiber intake may help reduce the symptoms of polyphagia in
T2DM mice [52]. Along the same line, carrot supplementation induced a time-dependent
body weight gain-fed high-fat diet in different groups [53]. To our knowledge, nothing
was reported in the literature concerning the effect of dried carrot leaves on nutritional
or biochemical parameters. Consistent with the results of the present study, Ahmad and
Ahmad [54] indicated that aqueous extract from leaves of Stevia rebaudiana produced a
significant (p < 0.05) reduction in body weight and body weight gain of the rats compared
to the negative control. Additionally, Stevia sweetener delivery decreased the amount of
feed and water consumed by diabetic rats compared to control groups.

Rats’ bodies may weigh less due to less glucose in the diet being metabolized or
consuming less food overall [55]. This decrease in weight in the rats receiving Stevia extract
may be attributable to the high concentration of stevioside, which decreased the rats’ food
consumption [56]. This result concurs with earlier studies that demonstrated a beneficial
relationship between the drop in feed intake and the dose of stevioside administered to the
rats and the body weight growth percentage [57].

The effect of feeding cupcake samples containing Stevia and agro-wastes on the fasting
glucose level (mg/dL) of diabetic rats was determined weekly through the experimental
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period (28 days), and the results are listed in Table 6. Compared to the positive diabetic
control group (427.5 mg/dL) and diabetic control cupcake (374.7 mg/dL), a significant
decrease (p < 0.05) in glucose levels of all diabetic groups fed on the supplemented cupcake
with Stevia and agro-wastes, ranging from 195.1 to 180.9 mg/dL at the end of the exper-
imental period. However, as expected, the negative control group had the least glucose
level (91.8 mg/dL) at the end of the testing period, as given in Table 6. After 4 weeks of
the experiment, the lowest glucose level was recorded for the CL-SLP mixture due to the
additive effect compared to using SLP or CLP separately in the cupcakes formula (Table 6).

Table 6. The effect of supplemented cupcake on serum blood glucose level (mg/dL).

Groups

Glucose Level (mg/dL)

Initial After 1 Week After 2 Weeks After 3 Weeks Final After
4 Weeks

A Rate Change
of Glucose

(mg/dL)

Percentage
Change of

Glucose (%)

Control (−) 80.7 ± 2.32 a 85.6 ± 1.12 a 88.8 ± 1.41 a 90.6 ± 1.52 a 91.8 ± 1.52 a +11.10 +13.75

Control (+) 310.6 ± 3.43 bc 353.3 ± 2.31 g 398.6 ± 2.37 e 409.5 ± 2.44 e 427.5 ± 2.44 e +116.9 +37.63

Cupcake Control
(100% sugar) 318.7 ± 3.11 cd 336.4 ± 2.44 f 354.9 ± 2.45 d 366.7 ± 2.30 d 374.7 ± 2.30 d +56 +17.57

Cupcake with
12% BPP 302.9 ± 2.51 b 229.6 ± 2.03 bc 208.5 ± 2.12 b 199.7 ± 1.99 bc 195.1 ± 1.99 c −107.8 −35.58

Cupcake with
12% CLP 326.1 ± 3.08 d 293.6 ± 1.99 e 212.3 ± 1.90 b 200.1 ± 1.87 c 189.9 ± 1.87 bc −136.20 −41.76

Cupcake with
12% SLP 325.8 ± 2.89 d 265.7 ± 1.81 d 224.5 ± 1.79 c 201.2 ± 1.97 c 186.9 ± 1.97 bc −138.9 −42.63

Cupcake with
12% BPP and SLP 312.2 ± 2.37 bc 230.5 ± 1.67 bc 207.7 ± 1.84 b 197.5 ± 1.92 bc 190.8 ± 1.92 c −121.4 −38.88

Cupcake with
12% CLP
and SLP

325.7 ± 3.24 d 240.5 ± 2.05 cd 208.6 ± 2.39 b 190.9 ± 2.09 b 180.8 ± 2.09 b −144.9 −44.48

M ± SE, means ± standard error for serum glucose level; the means within the same column having different
superscripts are significantly varied (p < 0.05).

In line with Meliala et al. [51], standard diets containing banana peel flakes have
been found to significantly reduce blood glucose levels in comparison to a diabetic control
group. Additionally, Louis et al. [4] observed a similar trend in diabetic rats fed with a
diet supplemented with carrot powder, which resulted in lower blood glucose levels in
comparison to the diabetic control group. In a study involving diabetic rats, Stevia aqueous
extract significantly restored fasting blood glucose levels towards normal from the 1st week
to the 8th-week experiment [54]. Previous research has shown that stevioside is effective in
controlling blood sugar levels by improving insulin secretion, sensitivity, and utilization in
insulin-deficient rats [58]. Moreover, another study suggests that Stevia extract contains
certain biomolecules that could potentially make the insulin receptor more sensitive to the
hormone or stimulate the islets of Langerhans beta cells to release insulin. Both of these
actions could help improve the body’s enzymes that break down carbohydrates and restore
normal blood glucose levels [59]. Stevia rebaudiana leaves’ extract has been found to reduce
random and fasting blood glucose levels in rats by reviving the β-cells of the pancreas,
reactivating the glycogen synthase system, enhancing insulin secretion, and increasing
liver glycogen level [60].

Table 7 presents the results of a study on the effects of cupcake samples containing
Stevia and agro-wastes on serum liver functions, ALT, AST, and albumin of alloxan-induced
diabetic rats. The study found that the positive control group, which consisted of diabetic
rats fed on a standard diet or cupcake control, had significantly higher levels (p < 0.05) of
ALT and AST (64.1 and 65.5 mg/dL, respectively, for the standard diet group and 61.9 and
62.7 mg/dL, respectively, for the cupcake control group) compared to the negative control
group (34.7 and 32.9 mg/dL, respectively). However, supplementing the cupcake with
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Stevia and agro-wastes and Stevia led to reduced AST and ALT concentrations compared
to the positive control group, but they were still higher than the negative control group
(Table 7). Among the supplemented groups examined, SLP alone or in an additive mixture
with CLP showed the lowest ALT and AST concentrations. The study also found a signifi-
cant decrease (p < 0.05) in the albumin level of the positive control group (4.5 mg/dL) and
cupcake control group (4.7 mg/dL) compared to the negative control group (6.9 mg/dL).
The supplemented cupcake samples had a lower albumin content than the negative control
group (5.0, 5.4, 5.6, 5.3, and 5.8 mg/dL) but higher than the positive control group. The
highest albumin level was observed in the additive effect of the SLP-CLP mixture, which
was higher than the cupcake control, the positive control, or the samples supplemented
with Stevia or other separate agro-wastes.

Table 7. The effect of supplemented cupcake on liver function parameters.

Group Liver Function Parameters

ALT (mg/dL) AST (mg/dL) Albumin (g/dL)

Control (−) 34.7 ± 2.10 a 32.9 ± 2.30 a 6.9 ± 0.40 e

Control (+) 64.1 ± 2.20 e 65.5 ± 2.32 e 4.5 ± 0.30 a

Cupcake Control (100% sugar) 61.9 ± 2.35 e 62.7 ± 2.30 e 4.7 ± 0.50 a

Cupcake with 12%BPP 46.1 ± 2.20 d 48.5 ± 2.25 d 5.0 ± 0.30 b

Cupcake with 12%CLP 43.7 ± 2.30 bc 42.4 ± 2.35 bc 5.4 ± 0.20 c

Cupcake with 12%SLP 42.3 ± 2.10 bc 41.6 ± 2.05 bc 5.6 ± 0.25 cd

Cupcake with 12% BPP and SLP 44.8 ± 2.15 cd 43.2 ± 2.15 cd 5.3 ± 0.30 c

Cupcake with 12% CLP and SLP 41.9 ± 2.40 b 39.9 ± 2.35 b 5.8 ± 0.25 d

Normal level Up to 41 Up to 37 6–8

M ± SE, means ± standard error for serum ALT, AST, and albumin; the means within the same column having
different superscripts are significantly varied (p < 0.05).

In line with the above results, Assi et al. [61] showed that the administration of Stevia
extract for STZ-induced diabetic rats significantly reduced hepatic parameters (ALT and
AST). Increased levels of these biomarkers point to increased tissue permeability, injury,
or necrosis brought on by the production of free radicals in all tissues due to protein
glycosylation and glucose autooxidation [62]. The unaltered food intake and plasma ALT
and AST levels during the fortification of a high-fructose diet with carrot juice imply that
the oral gavage administration did not cause stress to experimental animals [63]. The
impact of banana fruit and peel on liver function enzymes of diabetic rats with induced
hepato-toxicity was discovered by Zakaria et al. [64]. Comparing the diabetic hepatotoxic
group’s serum ALT, AST and ALP activities to the corresponding value in the normal
control group revealed a substantial increase (p < 0.05) in each enzyme activity. The fast
release of these enzymes from the cytoplasm into the blood circulation following plasma
membrane rupture and cellular injury may cause increased serum AST and ALT levels.
Elevated ALT is seen as a more sensitive signal and is typically accompanied by increased
AST. High serum transaminases are thought to be a sign of hepatic damage [65]. The
mean value of ALT, AST, and ALP levels significantly decreased (p < 0.05) when diabetic
hepatotoxic rats were given dried banana fruit and its dried peel compared to the positive
control group. According to the research by Mosa and Kkalil [66], eating dried or fresh
banana peels may change a patient’s risk of developing acute liver failure.

The significant reduction in albumin in the diabetic control (positive) compared to the
negative control or treated groups with supplemented cupcakes is due to the glycation of
renal matrix proteins causing alterations in kidney architecture and increased basement
membrane permeability, resulting in nephropathy [67]. These gradual alterations build
up over time, eventually leading to renal failure. Preventing protein glycation can be very
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helpful in preventing the formation of such alterations. Microproteinuria and albuminuria,
vital clinical indicators of diabetic nephropathy, and/or enhanced protein catabolism could
explain the decrease in total protein and albumin percentage [68].

Based on the findings given in Table 8, the diabetic groups that consumed cupcake
samples containing agro-wastes and Stevia powders demonstrated a significant reduction
(p < 0.05) in urea, uric acid, and creatinine compared to the positive control group and
the diabetic rats that consumed regular cupcakes. The SLP-CLP mixture added to the
cupcakes showed the best results, with urea, uric acid, and creatinine levels of 47.65, 4.94,
and 1.16 mg/dL, respectively, due to the additive effect of the ingredients. The negative
group had the lowest kidney function parameters among all the tested groups (as shown in
Table 8).

Table 8. The effect of supplemented cupcakes on kidney function parameters.

Groups Kidney Function Parameters (mg/dL)

Urea Uric Acid Creatinine

Control (−) 29.51 ± 1.44 a 3.11 ± 0.14 a 0.50 ± 0.02 a

Control (+) 67.98 ± 2.33 e 7.92 ± 0.12 f 1.97 ± 0.08 g

Cupcake Control (100% sugar) 65.66 ± 2.65 e 7.51 ± 0.17 e 1.89 ± 0.07 f

Cupcake with 12%BPP 53.72 ± 1.20 d 5.81 ± 0.18 d 1.39 ± 0.09 e

Cupcake with 12%CLP 50.23 ± 1.31 c 5.32 ± 0.12 c 1.31 ± 0.08 d

Cupcake with 12%SLP 49.81 ± 1.11 bc 5.09 ± 0.13 bc 1.25 ± 0.07 c

Cupcake with 12%BPP and SLP 51.84 ± 1.11 c 5.54 ± 0.17 cd 1.27 ± 0.09 cd

Cupcake with 12% CLP and SLP 47.65 ± 1.12 b 4.94 ± 0.19 b 1.16 ± 0.06 b

Normal value 15–45 2.5–4.5 0.3–1.2

M ± SE, means ± standard error for serum urea, uric acid, and creatinine; the means within the same column
with different superscripts significantly varied (p < 0.05).

In agreement with the above results, treatment of diabetic rats with Stevia extract
ex-pressed a significant decrease in renal indicators (urea and creatinine), as Assi et al. [61]
reported. When diabetic rats were fed a diet supplemented with banana fruit and its
peel, the mean values of uric acid, creatinine, and urea decreased significantly (p < 0.05)
compared to the positive control group. Furthermore, neither the banana fruit nor its peel
caused any discernible alterations in renal functioning among the treatment groups [64].
Rats exposed to gentamicin consistently had higher serum urea, uric acid, and creati-
nine levels. It was discovered that these levels (p ≤ 0.01) considerably decreased in a
dose-dependent way in the groups receiving carrot extract, which was also supported
by histological observations [69]. It was revealed that circulating lipids bind to and be-
come trapped by the extracellular matrix, where they are oxidized, increasing the reactive
oxygen species generation, which could damage the structure and function of diabetic
kidneys [70]. Therefore, treatment with flavorings in nano-encapsulated and nonencap-
sulated forms inhibited lipid alterations, which could be one explanation for its possible
renoprotective activity.

The results presented in Table 9 show that diabetic groups who consumed cupcakes
fortified with agro-wastes and Stevia powders experienced a significant decrease (p < 0.05)
in total cholesterol, triglyceride, and LDL levels. This decrease was particularly noticeable
in cupcakes that were supplemented with the CLP-SLP additive mixture. In comparison to
the positive diabetic control and cupcake control groups, the total cholesterol, triglyceride,
and LDL levels of the positive control group decreased from 197.5, 115.1, and 70.8 mg/dL
to 130.5, 60.9, and 47.6 mg/dL, respectively, for the diabetic group fed on cupcakes sup-
plemented with CLP-SLP mixture. In contrast, there was a significant increase (p < 0.05)
in HDL levels for diabetic groups treated with BPP, CLP, SLP, and their mixtures (27.6,
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31.2, 32.9, 30.2, and 36.7 mg/dL, respectively) compared to the positive diabetic control
and cupcake control groups (17.9 and 19.7 mg/dL, respectively). This lipid-lowering effect
could potentially prevent cardiovascular disease in diabetes, which is also supported by
the decreased glucose levels in the treated groups, as discussed in Table 6.

Table 9. The effect of supplemented cupcakes on lipid profile parameters.

Group Lipid Profile Parameters (mg/dL)

Total Cholesterol Triglyceride HDL LDL

Control (−) 95.7 ± 3.12 a 55.8 ± 1.32 a 29.6 ± 1.11 d 47.3 ± 1.10 a

Control (+) 197.5 ± 3.11 f 115.1 ± 3.13 f 17.9 ± 2.15 a 70.8 ± 2.13 d

Cupcake Control (100% sugar) 185.1 ± 3.15 e 110.8 ± 2.76 f 19.7 ± 2.13 b 68.4 ± 2.90 d

Cupcake with 12% BPP 148.2 ± 2.52 d 80.4 ± 3.12 e 27.6 ± 1.45 c 54.7 ± 1.06 c

Cupcake with 12% CLP 139.7 ± 2.44 c 63.7 ± 2.23 bc 31.2 ± 1.71 de 50.8 ± 1.47 b

Cupcake with 12% SLP 135.9 ± 2.33 b 65.4 ± 2.11 c 32.9 ± 1.44 e 49.5 ± 1.65 b

Cupcake with 12% BPP and SLP 141.1 ± 2.31 c 70.4 ± 2.12 d 30.2 ± 0.33 d 52.6 ± 1.62 bc

Cupcake with 12% CLP and SLP 130.5 ± 1.11 b 60.9 ± 2.23 b 36.7 ± 0.90 f 47.6 ± 1.48 ab

Normal value Up to 140 Up to 100 Up to 40 Up to 60

M ± SE, means ± standard error for serum total cholesterol, triglyceride, HDL, and LDL; the means within the
same column with different superscripts significantly varied (p < 0.05).

The previous findings agreed with Soleti et al. [53], where a high-fat diet with carrot
supplement showed antihyperglycemic and lipid-lowering activities due to its effect on
improving pancreatic β-cells function. It has been established that various metabolic and
regulatory abnormalities that occur during diabetes lead to hyperlipidemic conditions in
people with diabetes, while increased TC, LDL-C, and TG levels in the blood cause diabetic
dyslipidemia [71]. Moreover, Wang et al. [49] revealed that the serum TC, TG, LDL-C, and
HDL-C levels of the diabetic mice were significantly increased compared with the negative
control group. After supplementing banana fibers, the lipid profile parameters decreased
significantly. Treatment of diabetic rats with Stevia extract caused a significant decrease
in serum cholesterol and TG compared to untreated rats. In contrast, diabetic rats treated
with Stevia extract showed a significant elevation in the HDL level compared to control
diabetic rats [61].

3.4. Effect of Cupcakes Supplementation on the Liver and Pancreas Histopathology

The negative control group displayed normal pancreas and liver structures, with no
histological alterations, as indicated by Figure 1A,B and Table 10. On the other hand,
severe alterations were observed in the positive control group, with degenerations in both
pancreas and liver structures, as shown in Figure 1C–E and Table 10. When diabetic rats
were fed on the cupcake control sample, moderate alterations were found in pancreas
structures due to degenerations. However, normal hepatic structures were observed, as
displayed in Figure 1F–J and Table 10. In the case of cupcakes supplemented with BPP,
moderate changes were detected in the structure of the pancreas islet of Langerhans, but
no degenerations were noted in hepatocytes (Figure 1K,L and Table 10). Likewise, feeding
diabetic rats with cupcakes containing CLP revealed mild to moderate changes in the liver,
but no effects were observed in the pancreas islet of Langerhans, as detected in Figure 1M–P
and Table 10. Additionally, no significant histopathological changes were detected in the
pancreas, and only moderate changes were observed in the liver in diabetic rats fed on
cupcakes containing SLP (Figure 1Q–S and Table 10). Interestingly, a mixture of SLP and
BPP in cupcakes caused no histopathological alteration in the pancreas, while moderate
degenerations were detected in the hepatocytes (Figure 1T,U and Table 10). The most
exciting finding was that diabetic rats fed on cupcakes supplemented with a mixture of SLP
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and CLP showed no histopathological alterations in the pancreas and liver, as shown in
Figure 1V–X and Table 10. These results suggest that the additive effect of the supplements
reduces T2DM complications.

Figure 1. Cont.
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Figure 1. Effect of replacement sugar in cupcake formula with stevia leaves and agro-wastes (banana
peels and carrot leaves) on the liver and pancreas histopathology in T2DM mice. (A) The pancreas
of the rats in group 1 displayed a typical histological structure, with the islet of Langerhans cells
(L) functioning as the endocrine portion and the surrounding akin (a) serving as the exocrine.
(B) In group 1, the rat liver exhibits a normal histological structure with the central vein (cv) and
surrounding hepatocytes (H) in the parenchyma. (C) In group 2, there were areas of rat tissue that
displayed atrophy and a decrease in the size of Langerhans cells in the islets. (D) In group 2, the rat’s
liver displays hepatocyte degeneration (d) throughout the parenchyma. (E) In group 2, the rat liver
displays severe dilatation of the portal vein (pv) accompanied by edema (o) in the portal area. (F) In
group 3, the rat’s pancreas exhibits atrophy and necrobiotic changes in the islet of Langerhans cells
(nL), along with the dilation of the pancreatic duct (d). (G) In group 3, the rat’s pancreas exhibited
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atrophy of the islet of Langerhans (aL), which can be identified through magnification. (H) In group 3,
the rat’s liver displays portal vein dilatation alongside bile duct dilatation and hyperplasia (hbd),
edema (o), and a small number of inflammatory cells (arrow) infiltrating the portal area. (I) In group 3,
the rat liver exhibits a concentration of inflammatory cells in the parenchyma, as indicated by an
arrow. (J) In group 3, there are some individual hepatocytes showing fatty change, as indicated by an
arrow. (K) In group 4, the rat’s pancreas indicates necrobiotic changes (pointed by an arrow) in a few
islets of Langerhans cells, along with the expansion of pancreatic (d) ducts. (L) In group 4, there is
evidence of liver damage with a dilated portal vein (PV) and edema (O) in the portal area. (M) In
group 5, the rat’s pancreas displays duct dilation (d). (N) In group 5, the rat’s pancreas is magnified
to identify the fatty change in the acinar lining epithelium, as indicated by the arrow. (O) The rat’s
pancreas from group 5 exhibits congestion in its stromal blood vessels. (P) In group 5, the rat’s liver
exhibits dilatation of both the central vein (cv) and portal vein (pv). (Q) In group 6, the rat’s pancreas
displays intact islets of Langerhans cells, as indicated by the arrow. (R) In group 6, the rat’s liver
exhibits hepatocyte degeneration, as the arrow indicates. (S) In the sixth group, the rat’s liver displays
portal vein (pv) congestion and edema, along with a small number of inflammatory cells in the portal
area. (T) In group 7, the rat’s pancreas exhibits a histological structure that appears normal and intact,
as indicated by the arrow. (U) In group 7, the rat’s liver displays hepatocyte degeneration around
the central vein, as indicated by the arrow. (V) The pancreas from group 8 rats displays a typical
histological structure of Langerhans cells (L) in the islets. (W) The liver sample from group 8 exhibits
a normal histological structure. (X) In group 8, the rat’s liver exhibits dilatation and congestion in
both the central vein (cv) and portal vein (pv).

Table 10. The severity of histopathological alterations in the liver and pancreas of different experi-
mental groups *.

Organ Histopathological Alteration
Group

1 2 3 4 5 6 7 8

Pancreas

Atrophy in islet of Langerhans - +++ ++ ++ - - - -

Ductal cystic alteration - - ++ + + - - -

Acinar degeneration - - - - ++ - - -

Congestion in blood vessels - - - - ++ - - -

Liver

Degeneration in hepatocytes - +++ - - - ++ ++ -

Portal reaction - + ++ ++ ++ ++ - -

Congestion in veins - ++ ++ ++ - ++ - +

Focal inflammatory cells
aggregation in the parenchyma - - - - - - - -

Hyperplasia - - + - - - - -

* +++ severe, 75→ 100%; ++ moderate, 50→ 75%; + mild, 25→ 50%; —nil, 0→ 25%.

The above findings agreed with Wang et al. [52], where feeding diabetic rats with
banana fibers noticeably reduced hepatocellular steatosis, fewer lipid droplets, relatively
less inflammatory cell infiltration, and ameliorative effects on liver histopathology in
diabetic mice. On the other hand, the number and volume of pancreatic islets in groups
fed on banana fibers increased, and the pancreatic tissue lesions were improved. Along
the same line, the histologic evaluation of the hepatic tissues performed by Assi et al. [61]
showed a significant decrease (p < 0.05) in liver injuries in the diabetic group treated with
Stevia compared to the diabetic control rats.

4. Conclusions

Using agro-wastes (CLP and BPP) and SLP as the main sweetener in cupcakes in-
stead of sucrose, can solve an environmental issue and improve various nutritional and
biochemical parameters in diabetic rats. When diabetic rats consumed cupcakes with these
supplements, they experienced a significant increase in body weight gain and feed intake.
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Additionally, the CLP-SLP mixture resulted in a significant reduction in all biochemical
parameters studied. No histopathological alterations were detected in the pancreas when
consuming SLP-BPP and CLP-SLP. However, the hepatocytes of diabetic rats that consumed
cupcakes with a BPP-SLP mixture showed moderate degeneration. This approach of replac-
ing sugar with agro-wastes and Stevia can enhance the nutritional values of food products,
prevent complications for T2DM patients, and solve potential environmental problems.
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