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Abstrak 

Obesitas merupakan kondisi medis seseorang mengalami penumpukan lemak secara abnormal yang melebihi batas 

normal, sehingga dapat berdampak negatif pada kesehatan. penderita obesitas mengalami peningkatan terutama di 

negara maju dan di negara berkembang. Prevalensi obesitas diperkirakan sebanyak 42% di tahun 2030. Faktor 

resiko yang dapat menyebabkan obesitas salah satunya pola hidup tidak sehat serta kurangnya aktivitas fisik. ketika 

terjadi kelebihan akumulasi lemak di dalam tubuh akan terjadi Peningkatan kadar leptin di dalam tubuh 

mengakibatkan munculnya stres oksidatif yang memicu timbulnya radikal bebas yang dapat menghambat 

pertumbuhan folikel di ovarium. Untuk menetralisir radikal bebas dalam tubuh membutuhkan antioksidan, Salah 

satu jenis buah yang kaya akan kandungan antioksidan yaitu jeruk sunkist (Citrus sinensis (L) Osbeck), penelitian 

ini membahas tentang pengaruh pemberian pemberian ekstrak granul jeruk sunkist (Citrus sinensis (L) Osbeck) 

terhadap morfologi folikel ovarium pada tikus wistar (Ratus norvegicus) betina dengan obesitas. Menggunakan 

desain penelitian eksperimental laboratorium dengan rancangan post-test only control group design, memakai 25 

tikus betina yang terbagi dalam 5 kelompok yaitu Kelompok Kontrol Negatif, Kelompok Kontrol Positif (Aloksan 

dan Tinggi lemak), dan Kelompok Perlakuan dengan diberi aloksan dan Ekstrak granul jeruk Sunkist dosis 50 

mg/kgBB/hari , 100 mg/kgBB/hari, 150 mg/kgBB/hari. Hasil : Ekstrak Granul Jeruk Sunkist (Citrus sinensis (l.) 

osbeck) memberikan pengaruh yang signifikan terhadap Gambaran histomorfologi folikel ovarium dengan induksi 

obesitas pada tikus betina (Rattus norvegicus). 

Kata kunci: obesitas, folikel ovarium, antioksidan, post-test only control group design, eksperimental laboratorium 

Abstract  

Obesity is a medical condition in which a person experiences abnormal fat accumulation that exceeds normal limits, 

which can have a negative impact on health. Obesity sufferers are increasing, especially in developed and 

developing countries. The prevalence of obesity is estimated to be 42% in 2030. Risk factors that can cause obesity 

include unhealthy lifestyles and lack of physical activity. When there is excess fat accumulation in the body, there 

will be an increase in leptin levels in the body resulting in oxidative stress that triggers the emergence of free 

radicals that can inhibit the growth of follicles in the ovaries. To neutralize free radicals in the body, antioxidants 

are needed. One type of fruit that is rich in antioxidants is sunkist oranges (Citrus sinensis (L) Osbeck), this study 

discusses the effect of giving sunkist orange granule extract (Citrus sinensis (L) Osbeck) on the morphology of 

ovarian follicles in obese female wistar rats (Ratus norvegicus). Using a laboratory experimental research design 

with a post-test only control group design, using 25 female rats divided into 5 groups, namely the Negative Control 

Group, the Positive Control Group (Alloxan and High Fat), and the Treatment Group given alloxan and Sunkist 

orange granule extract at a dose of 50 mg / kgBW / day, 100 mg / kgBW / day, 150 mg / kgBW / day. Results: 

Sunkist Orange Granule Extract (Citrus sinensis (L.) Osbeck) has a significant effect on the histomorphology of 

ovarian follicles with obesity induction in female rats (Rattus norvegicus). 
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Introduction  

Obesity or obesity comes from Latin, namely 'ob' which means 'result of' and esam 

means 'eat'. so, obesity can be interpreted as a result of irregular eating patterns (1). Body weight 

is a pile of excess saturated fat that arises due to an imbalance between energy intake and energy 

used (energy consumption) over a long period of time. Several physiological tools play an 

important role in a person's body to maintain the balance of energy intake and overall energy 

use, and maintain stable body weight. Obesity is common in all age ranges, there are more than 

1.4 billion adults recorded as being overweight and more than 500 million adults in the world 

are obese (2). 

According to the Indonesian dictionary, obesity is the accumulation of excessive fat in 

the body or is interpreted as excessive obesity (3). Meanwhile, according to the Centers for 

Disease Control and Prevention (CDC), obesity is a body weight that is higher than the weight 

considered healthy for a certain height. Body Mass Index or BMI is used as a screening tool for 

overweight or obesity (4). Obesity can affect women's reproductive health due to increased 

leptin and insulin levels. Increased leptin concentrations affect the production of steroid 

hormones in the ovaries. Leptin inhibits the effects of follicle-stimulating hormone (FSH) and 

insulin-like growth factor-1 (IGF-I) on follicles, thereby disrupting estrogen production in the 

ovaries/follicles, and progesterone synthesis is not affected (5). In addition, obesity can cause 

oxidative stress that causes inflammation, insulin resistance, and hormonal imbalances that can 

interfere with follicle development. Therefore, antioxidants are essential to prevent or reduce 

oxidative stress, obesity can trigger several diseases, one of which is diabetes mellitus and 

increased cholesterol levels (6). 

Diabetes mellitus is a condition in which a person experiences impaired glucose 

tolerance due to impaired insulin sensitivity, insulin deficiency and insulin resistance (7). In 

general, diabetes is classified into 4 types, namely, type 1 diabetes or T1DM, type 2 diabetes or 

T2DM, gestational diabetes, and other types of diabetes (8). One is a macromolecular metabolic 

disorder characterized by impaired body ability to supply or respond to endocrine and thus 

maintain correct blood sugar (glucose) levels. Endocrine is an endocrine made by ductal glands 

that act like keys to allow aldohexoses from the food we eat to pass from the bloodstream into 

cells in the body to supply energy. Endocrine moves sugar from the blood into your cells to be 

stored or used as energy (9). Cholesterol is a component of cells in fat that is very important for 

health and has several benefits for physiological functions in humans, one of which is for the 
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formation of bile salts, hormones, cell walls and vitamin D and as an energy producer. 

Cholesterol needs in humans are obtained from 80% produced by the body and 20% comes 

from food. Cholesterol is normally produced by the body itself in the right amount, but can 

increase in amount due to food intake from animal fats (10). Although cholesterol is important 

for body function, too high cholesterol levels in the body to exceed normal limits can have 

negative impacts on health, especially in the long term in this condition can inhibit the growth 

and development of ovarian follicles (11). 

The ovary is considered to be within the secretory organs because of the secretion and 

mixture of steroid hormones, and outside the secretory organs because of the formation of germ 

cells. Its surface is covered by cuboidal epithelium or straight columnar epithelium called the 

germinal epithelium (12). At the bottom of the germinal epithelium, there is a sporadic 

connectivum densum tissue called the tunica albuginea. Underneath is usually a cortex 

containing ovarian follicles. The follicles are embedded in connective tissue in the cortex. The 

spindle-shaped cells in the stroma are called fibroblasts (4). Sunkist orange (Citrus sinensis (L) 

Osbeck) is a round and fairly large fruit, with a prominent and clearly visible tip, and seedless 

and very thick skin with orange stripes. This fruit also contains a lot of water, so it can be 

consumed directly and is often used as the main ingredient for food and drinks by the 

community (13). Known to contain various substances such as bioactive compounds that are 

beneficial for body health because they have a source of vitamin C, flavonoids, phenolic 

compounds, carotenoids, sugar, minerals, high fiber, and pectin (14). Many members of the 

citrus genus act as cancer inhibitors, antimicrobials, antioxidants, and lower blood sugar levels 

(15). This study was conducted to determine the effect of sunkist orange granule extract (Citrus 

sinensis (L) Osbeck) on ovarian follicle morphology and blood sugar and cholesterol levels in 

obese female Wistar rats (Rattus norvegicus). By conducting experimental research using 

female white rats (Rattus norvegicus) as test animals. 

 

Methods  

This study used a laboratory experimental design with a post-test only control group 

design. The study aims to evaluate the effect of Sunkist orange granule extract on 

histomorphological changes in ovarian follicles in obese female rats. Female white rats (Rattus 

norvegicus) Wistar strain, 8–10 weeks old, initial body weight 150–200 g. The research sample 

to be used is female Wistar rats (Rattus Norvegicus). The research sample used was a white rat 

(Rattus norvegicus) that had met the inclusion and exclusion criteria. The inclusion criteria in 
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this study were male, 2-3 months old. The criteria for healthy rats are seen from the normal 

anatomical structure, agile movement, not aggressive, smooth skin and fur, no wounds, bright 

eyes and no abnormal discharge. 

In this study, the sample calculation used the Federer Formula, where the mice used as 

samples were 25 female mice divided into 5 different treatment groups, namely: 

Group 1: Negative Control 

Group 2: Positive Control (Alloxan and High Fat). 

Group 3: Treatment with alloxan and low dose Sunkist orange granule extract (50 

mg/kgBW/day). 

Group 4: Treatment with alloxan and medium dose Sunkist orange granule extract (100 

mg/kgBW/day). 

Group 5: Treatment with alloxan and high dose Sunkist orange granule extract (150 

mg/kgBW/day). 

The tools used in this process include a blender, 12 and 14 mesh sieves, a rotary 

evaporator, a water bath, a drying cabinet, a stopwatch, a scale, an oven, and various other 

glassware. The ingredients used in this production include Sunkist orange peel, citric acid, 

tartaric acid, sodium bicarbonate, mannitol, aspartame, flavorings, PVP, and 96% ethanol (15). 

Using the extraction method to separate or extract one or more components or 

compounds (analytes) from a sample by utilizing a suitable solvent. This process is usually 

carried out on dry materials that have been crushed, generally in the form of powder or simplicia. 

Dried simplicia from Sunkist orange peel is ground and then sieved using a 14mesh sieve. 

Furthermore, extraction is carried out using the maceration method using 96% ethanol for 4 

days. The maceration filtrate is then filtered using a Buchner vacuum, and the solvent used is 

evaporated with a rotary evaporator at a rotation speed of 60 rpm, a temperature of 50°C, and a 

pressure of 100 mbar for 2 hours. The liquid extract from Sunkist orange peel is then solidified 

using a water bath to produce a thick extract. Remaceration is carried out twice (13). Following 

the termination of mice on the 14th day of the study, their ovaries were extracted and prepared 

for histological examination using the Hematoxylin-Eosin (HE) staining method. Microscopic 

observations were then conducted to quantify the number of follicles present at specific 

developmental stages: Primordial, Primary, Secondary, and De Graaf. Furthermore, the quality 

of these follicles was assessed based on their size and the structural integrity of their walls. 

Quantitative data, including the number of follicles, MDA, FSH, and IGF-1 levels, 

underwent statistical analysis using a one-way ANOVA test to compare different groups. 
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Subsequently, Tukey's post-hoc test was applied to pinpoint any significant differences 

observed between these groups. A level of significance was predetermined at p<0.05 for all 

analyses, which were conducted using statistical software such as SPSS. 

 

Results 

The body weight of rats in each group was measured to determine the effect of body 

weight on increasing blood sugar in Wistar rats (Rattus norvegicus). 

Table 1. Initial Body Weight Data of Wistar Rats (Rattus norvegicus) 

Treatment Group Body Weight (grams) P Value 

K1 158 ± 3,60 0,92 

K2 157,8 ± 1,92 0,928 

K3 161,2 ± 2,77 0,656 

K4 161,4 ± 3,78 0,019 

K5 162,8 ± 4,14 0,39 

Abbreviations: K1: Negative Group; K2: Positive Group; K3: Low Dose Sunkist Orange Granule 

Extract 50 mg/kgBW; K4: Medium Dose Sunkist Orange Granule Extract 100 mg/kgBW; K5: High 

Dose Sunkist Orange Granule Extract 150 mg/kgBW. 

 

From the results of the normality test found in the weight of each group of wistar rats 

showed a value of p> 0.05 which means that the rat weight data has a normal distribution. There 

was no significant difference in weight between all treatment groups, with the range of wistar 

rat weight used in this study being 150 - 200 grams. 

Table 2 Blood sugar level normality test Wistar rats (Rattus norvegicus) 

Goup 
P Value 

Before Induction Day 7 Treatment Day 14 Treatment 

K1 0.900 0.509 0.325 

K2 0.043 0.365 0.875 

K3 0.433 0.095 0.460 

K4 0.896 0.068 0.887 

K5 0.911 0.207 0.0002 

Abbreviations: K1: Negative Group; K2: Positive Group; K3: Low Dose Sunkist Orange Granule 

Extract 50 mg/kgBW; K4: Medium Dose Sunkist Orange Granule Extract 100 mg/kgBW; K5: HIgh 

Dose Sunkist Orange Granule Extract 150 mg/kgBW. 

 

From the results of the Normality Test found blood sugar levels there is a group of wistar 

rats that show a p value <0.05 which means that the blood sugar level data of rats has an 

abnormal distribution. While the remaining groups show a p value> 0.05 which means that the 

blood sugar level data of rats has a normal distribution. So based on these results, it is continued 

with a non-parametric test, namely using the Kruskal-Wallis test to find out whether there is a 

difference in each treatment group in the blood sugar levels of wistar rats. 
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Table 3 Test Results on Total Blood Sugar Levels of Wistar Rats (Rattus norvegicus) 

Observation Time P Value Median of Each Group (K1–K5) 

Before Induction 0.419 
K1=101, K2=99, K3=87, K4=102, 

K5=95 

Day 7 Treatment 0.001 
K1=90, K2=195, K3=172, K4=552, 

K5=500 

Day 14 Treatment 0.005 
K1=102, K2=500, K3=110, K4=100, 

K5=110 

Abbreviations: K1: Negative Group; K2: Positive Group; K3: Low Dose Sunkist Orange Granule 

Extract 50 mg/kgBW; K4: Medium Dose Sunkist Orange Granule Extract 100 mg/kgBW; K5: High 

Dose Sunkist Orange Granule Extract 150 mg/kgBW. 

 

Based on the results of the Kruskal-Wallis Test on Wistar rats before induction 

treatment, there was no significant difference between groups. This indicates that the initial 

conditions of each group were relatively homogeneous, and this is ideal as a starting point for 

the experiment. The results of the Kruskal-Wallis test also showed no significance (p = 0.419). 

Meanwhile, in Wistar rats with treatment after 7 days of induction, blood sugar levels increased 

sharply in groups 4 and 5, while group 1 remained low. This indicates that certain inductions 

or treatments cause significant hyperglycemia in some groups. group 2 remained high (median 

= 500), but other groups began to show a decrease or stabilization. Which means that the group 

of Wistar rats before induction had equivalent blood sugar levels (no significant difference, 

while in the group of Wistar rats after induction on days 7 and 14, there was an increase and 

significant difference between groups, indicating that the effects of treatment or induction were 

successfully distinguished. 

Table 4 Results of Cholesterol Normality Test in Wistar Rats (Rattus norvegicus) 

Group P value 

K1 0,000 

K2 0,046 

K3 0,025 

K4 0,248 

K5 0,272 

 

Abbreviations: K1: Negative Group; K2: Positive Group; K3: Low Dose Sunkist Orange Granule Extract 50 

mg/kgBW; K4: Medium Dose Sunkist Orange Granule Extract 100 mg/kgBW; K5: Medium Dose Sunkist 

Orange Granule Extract 150 mg/kgBW. 

 

From the results of the Normality Test found in cholesterol there is a p value <0.05 

which means that the rat cholesterol data has an abnormal distribution. Based on these results, 

it is continued with a non-parametric test, namely using the Kruskal-Wallis test to determine 

whether there is a difference in each treatment group in wistar rat cholesterol. 
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Table 5 Test Results on Total Cholesterol of Wistar Rats (Rattus norvegicus) 

Group 
cholesterol (Mean ± SD) 

 

P value 

Day 0 (mg/dL) Day 7 (mg/dL) Day 14 (mg/dL) 
 

K1 95.00 ± 7.07 90.00 ± 0.00 90.00 ± 0.00 0,000 

K2 95.00 ± 7.07 143.50 ± 4.95 151.00 ± 1.41 0,046 

K3 95.00 ± 7.07 149.50 ± 0.71 101.00 ± 1.41 0,025 

K4 95.00 ± 7.07 145.50 ± 3.54 107.50 ± 4.95 0,248 

K5 95.00 ± 7.07 136.00 ± 2.83 105.00 ± 7.07 0,272 

Abbreviations: K1: Negative Group; K2: Positive Group; K3: Low Dose Sunkist 

Orange Granule Extract 50 mg/kgBW; K4: Medium Dose Sunkist Orange Granule 

Extract 100 mg/kgBW; K5: High Dose Sunkist Orange Granule Extract 150 mg/kgBW. 

 

Based on the results of the Kruskal-Wallis Test on Wistar rats, the Kruskal-Wallis 

statistical value was 26.384 with a degree of freedom (df) of 14, and a significance value 

(Asymp. Sig.) of 0.023. Because the significance value is less than 0.05 (p <0.05), it can be 

concluded that there is a significant difference in cholesterol levels between different treatment 

groups and times in the test rats. Thus, the combination of treatment and time affects the 

measured cholesterol levels. This shows that the treatment given to the group of rats, as well as 

observations of cholesterol levels on days 0, 7, and 14, resulted in statistical differences in the 

distribution of cholesterol levels. 

Based on the results of this study on histomorphology, there was a significant effect on 

ovarian follicle degeneration in the 5th experimental group which was given fat induction 

treatment and High Dose Sunkist Orange Granule Extract 150 mg/kgBW) which was given fat 

induction treatment and given Sunkist Orange Granule Extract (Citrus sinensis (l.) osbeck). 

 

Image 1 Group K5 

Description: ZP: Zona Pellucida; SG: Granulosa Cells; OP: Primary Oocytes; OS: Secondary 

Oocytes; LG: Granulosa Layer. 
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Discussion 

Based on the discussion of the theory above which states that it has been proven that 

sunkist oranges contain bioactive compounds such as vitamin C, flavonoids, phenolics, 

keratinoids which function as antioxidants and anti-inflammatories for the body. This affects 

the growth and development conditions of the histomorphology of obese ovarian follicles 

accompanied by increased blood sugar levels and increased cholesterol levels. based on the 

results of the study it was proven that sunkist orange granule extract with a high dose of 150 

mg / kgBW / day can significantly increase ovarian follicle degeneration. 

Conclusions and Suggestions 

The results of this study were that there was no significant difference in body weight, 

and sunkist orange peel extract was effective in lowering blood sugar levels and good 

cholesterol levels on days 0, 7, 14, statistically. While the examination of the histomorphology 

of ovarian follicles gave a significant effect on treatment with a high dose of 150 mg/kgBW/day. 

Further researchers are expected to be able to conduct research development using different 

parameters regarding the efficacy of Sunkist Orange Granule Extract (Citrus Sinensis (L.) 

Osbeck). 
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