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Abstract 

 

Osteoporosis is a decrease in bone mass experienced by many menopausal women and becomes a "silent killer" or a silent 

disease for them. The green bean extract may be able to act as a phytoestrogen and a source of calcium to prevent 

osteoporosis caused by estrogen deficiency and a lack of calcium intake. However, it has been explored deeply. This study is 

aimed to know the effect of green bean extract on serum and mandibular bone calcium levels of the menopausal model. This 

study is an experimental laboratory study with Post Test Only Control Group Design, using female Wistar rats and divided into 

5 (five) groups: baseline (C1); without ovariectomy and green bean extract (C2); ovariectomy without green bean extract (T1); 

ovariectomy and green bean extract (T2); ovariectomy and treated with bisphosphonates (T3). Serum and bone calcium levels 

were analyzed using atomic absorbance spectrophotometric (AAS). The results show that the control (C) and treatment (T3) 

groups had significant differences in bone calcium levels in the treatment group (T1 and T2) (p<0.05). The T1 group had a 

significant difference from T2. The results also show that the treatment had a weak relationship with serum calcium levels 

(r=0.376; p=0.064) but strongly correlated with bone calcium (r=0.438; p=0.029). Meanwhile, bone calcium had a negative 

correlation with serum calcium levels; the higher the serum calcium level, the lower the bone calcium (r=-0.437; p=0.029). 
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Green bean extract reduces serum calcium levels and increased mandibular bone calcium levels in experimental menopausal 

models. 

Keywords: green bean, serum calcium level, mandibular bone calcium 

   Introduction 

Osteoporosis is a decrease in bone mass due to an imbalance in the bone remodeling process when bone 

resorption activity is higher than bone apposition. Osteoporosis is experienced by many menopausal women 

and is a "silent killer" or silent disease for them. This is because most women are not aware of suffering 

from this disease until serious bone pain and fractures occur (Jahan, 2015; Szamatowicz, 2016). 1 in 3 women 

in the world over 50 years of age will experience a fracture due to osteoporosis where this fracture 

incidence occurs 1 case per 3 seconds. This case is expected to increase every year, including in Indonesia. In 

2050, 1/3 of Indonesia's population is at risk of experiencing osteoporotic fractures due to the growth of the 

50-70 year age group which is estimated to be 135% (Kemenkes, 2020). This osteoporotic fracture will cause 

limited ambulation, chronic pain, loss of independence, even reduce the quality of life, and increase the risk 

of death (Tai et al., 2021) 

However, not only osteoporotic fractures that cause a decrease in the quality of life of menopausal 

women, but osteoporosis in the jawbone that triggers tooth loss causes the same thing as well (Pavlesen et 

al., 2016). This tooth loss will cause masticatory dysfunction which can affect the decrease in nutritional 

intake (Kusumawardani et al., 2021). Decreased nutrition due to tooth loss will eventually trigger 

malnutrition for the elderly, weakness, and ultimately susceptible to disease and death. 

Treating osteoporosis in menopausal women isa very important matter. Not only treating the 

effects caused by osteoporosis, but also by determining how to balance the bones, at least reducing 

resorption activity while increasing bone apposition. This treatment must be able to regulate the 

estrogen hormone which is closely related to osteoporosis in menopausal women, as well as calcium 

metabolism. So far, the therapy used for treating osteoporosis is hormone replacement therapy and 

bisphosphonates. Hormone (estrogen) replacement (HRT) is commonly used to treat osteoporosis in 

perimenopausewomen by increasing the estrogen hormone. However, long-term estrogen therapy 

increases the risk of breast and endometrial cancer, stroke, coronary atherosclerosis, pulmonary 

embolism, and deep vein thrombosis. Likewise, monoclonal antibody therapy against sclerostin causes 

various types of adverse reactions or even endangers the patient's life. (Ana-Maria et al., 2021), 

Meanwhile, bisphosphonates are osteoporosis therapy which is done by increasing bone mineral density 

and reducing the risk of fractures. Bisphosphonates, which are inorganic pyrophosphate analogs, are 
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found in bone over a long period of time and are released in very small amounts during bone 

remodeling. Bisphosphonates work by inhibiting bone resorption activity. However, bisphosphonates 

can trigger osteonecrosis of the jawbone (Chamizo Carmona et al., 2013). 

Currently, high nutritional drinks are being developed to improve the quality of life of the elderly, 

including menopausal women. One of which is green bean extract. Green beans are a relatively inexpensive 

source of protein and carbohydrates. These green beans have a lot of mineral content, especially calcium 

and flavonoids as well as isoflavones(Ganesan&Xu, 2018). Calcium is an essential mineral that is important 

for bones (Cho et al., 2012). Meanwhile, isoflavones are phytoestrogens that have antioxidant activity and 

can be crossed with estradiol receptors, so this activity is good for osteoporosis in menopausal 

women(Lagari & Levis, 2014). This green bean extract drink is expected to be not only as a phytoestrogen 

but also as an increase in 

calcium intake, considering that osteoporosis is not only caused by estrogen deficiency but also lack of 

calcium intake. In that case, a study on the benefits of green beans on mandibular bone calcium levels 

and serum in menopausal model animals suspected of having osteoporosis is conducted. 

Method of The Research 

This research is a laboratory experimental research with Post Test Only Control Group Design. This study 

used experimental animals, which are 25 female Wistar rats aged 12-16 weeks with a weight of 300-350 

grams. Experimental animals were divided into 5 groups: the group without ovariectomy and not 

receiving green bean extract (C1); the group without ovariectomy and given intake of green bean extract 

(C2); the ovariectomy group without green bean juice intake (T1); the ovariectomy group and given 

green bean juice intake (T2); and the ovariectomy group and given bisphosphonate therapy (T3). 

Before the experimental animals were given treatment, all of them were adapted to the 

laboratory environment by paying attention to humidity and lighting. Experimental animals were fed and 

watered ad libitum. After 2 weeks of adaptation, the treatment group underwent ovariectomy as a
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mimicking of menopausal conditions which were expected to have an impact on bone. 

Ovariectomy is performed by bilaterally removing the ovaries using the dorsal (back) surgical method 

to minimize injury and speed up the healing process. Before surgery and ovarian retrieval, experimental 

animals were anesthetized using ketamine/xyzaline at a dose of 80/10 mg/kgBW intramuscularly. The 

incision was made bilaterally (0.5-1 cm) using a scalpel blade no.11. The ovaries were retracted from the 

surrounding fat with a silk ligature thread and then were cut using surgical scissors. The wound was sutured 

using a sterile cut gutand was sprinkled with powdered antibiotics (Dharmayanti et al., 2019). Experimental 

animals were evaluated daily to observe wounds. After 30 days after ovariectomy, experimental animals in 

the treatment group were given green bean extract in their diet. After 20 days, bone loss was observed in 

ovariectomized mice. (Yeyen et al., 2016) 

The Making of Green Bean Extract 

 

Green beans are selected by looking at the seeds that are intact and good. Green beans whose 

seeds are cracked, wrinkled, and moldy were not used because they affect the taste. In addition, gravel, 

green bean 

shells, and dirt must also be separated. Then green beans (1kg) were soaked in 3 liters of water for 4 

hours. After being soaked, the green beans were drained and cleaned with water until clean and then 

boiled until soft so that they are easy to pound. Green beans that have been cleaned and pounded then 

mixed 18 liters of warm water and filtered until separated from the waste. 

Green bean extract was given based on the conversion dose of milk needs per day, which is 2 

times a day each as much as 

200 mL. This intake was converted to experimental animals using a dose conversion from humans (with 

a bodyweight of 70 kg) to mouse (with a bodyweight of 200 g) which was 0.018 times the dose in 

humans. The conversion results obtained 

0.87 mL/gram BW. In the treatment group, green bean extract was given after 30 days for 1 week. 

On the 8th day, all experimental animals were euthanized using a ketamine overdose. Blood was 

taken intracardially and the mandible was taken. In the examination of blood calcium levels, intracardial 

blood is inserted into a tube that already contains ethylene diaminetetraacetic 

/ EDTA. A total of 0.1 ml of the serum sample   was    added    with    5000    μg/ml potassium until the 

volume of the solution became 5 ml. The solution was then pipetted and sprayed onto an atomic 
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absorption spectrophotometer (AAS) to read the concentration of the sample. Calcium levels were 

obtained by entering the absorbance of the sample in the standard linear regression equation obtained 

from the standard calcium data. Calcium standard solutions standard used is 200 ppm and the blank 

uses distilled water. (Tangalayuk et al., 2015) 

Data were analyzed by Kruskall- Walls test, Mann Whitney U, and Pearson correlation test with 

significance (p<0.05). 

Results 

Table 1. blood and bone calcium levels of experimental animals

were made with concentrations of 0, 1, 2, 3   and 4 μg/ml Ca. (Yeyen et al., 2016) 

 

Variable Kelompok N    Calcium 

Levels 

P 

value

The mandible bone is cleaned and cut. One gram of mandibular bone sample was added with five ml of 

concentrated nitric acid and left for one hour at room temperature. Then, it was heated on a hot plate at a 

low temperature for 4-6 hours and also left for one night. Next, 0.4 ml of concentrated sulphuric acid was 

added and heated on a hot plate for one hour. Add 2-3 drops of a mixed solution of HClO4:HNO3 

(2:1) until the color changes to light yellow. 

Blood Calcium 

 

 

 

 

 

Mandibul ar calcium 

Baseline (C1) 

5 

 

w/o   ovx   with 
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5 

green bean (C2) 

ovx w/o green 

5 

bean (T1) 

ovx with green 

5 

bean (T2) 

ovx with BSP 

5 

(T3) 

Baseline (C1) 

5 

 

 

w/o   ovx   with 

5 

green bean (C2) 

9.28 

±0.49b,c,d 9.67 

±0.59b,c,d 14.76 

±3.96a,b 12.02 

±0.84a,b 

11.53 ± 0.72a,b 

14.44 

±4.92b,c 

 

13.23 

±1.66b,c,  
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0.001 

*

    0.001

The sample was transferred and cooled then added two ml of distilled water and 0.6 ml of HCl. Then, it was 

reheated for 15 minutes and filtered with glass wool into a 100 ml volumetric flask. The ash results were 

analyzed using atomic absorbance 

ovx w/o green 

5 

bean (T1) 

ovx with green 

5 

bean (T2) 

ovx with BSP 

5 

(T3) 

9.61 

* 

±0.44a,b,d 

10.55 

±0.34a,b,d 11.54 

±0.53c,d 

 

spectrophotometric (AAS). The calcium 

Calcium is an important mineral in the body and is the most abundant in the body. This study shows 

that good calcium levels in the blood are influenced by calcium intake and menopausal conditions. The 

highest blood calcium level is in the experimental animal group that undergoesovariectomy and without 

green beans among all treatment groups (14.76 ± 3.96). However, calcium levels in this group were not 

significantly different from the other treatment groups (p>0.05), only significantly different from the 

control group (p<0.05). Likewise, there was no significant difference between the control groups in the 

average serum calcium level (p>0.05). 
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In contrast to serum calcium levels, the control group has higher bone calcium levels than the 

treatment group. However, the control group and the treatment group (T3) have the same bone calcium 

levels (p>0.05). The control group (C) and the treatment group (T3) have significant differences in bone 

calcium levels in the treatment group (T1 and T2) (p<0.05). The ovariectomy group without green beans (T1) 

has a significant difference from the ovariectomized group given green beans (T2). 

Table 2. Pearson correlation coefficient of serum calcium and bone calcium levels in animal models 

 

 Serum 

calciu 

m 

 Bone 

calciu 

m 

 

 r P 

value 

r P 

value 

Groups 0.376b 0.06 

4 

0.438a 0.029 

* 

Serum 

calciu 

m 

 -0.437a 0.029 

* 

 

Table 2 shows the relationship between serum calcium, bone, and treatment groups. The treatment 

group, the condition without ovariectomy, ovariectomy, and the given green bean extract. The results 

show that the treatment has a weak relationship with serum calcium levels (r=0.376; p=0.064), but has a 

strong correlation with bone calcium (r=0.438; p=0.029). Bone calcium has a negative correlation with 

serum calcium levels; the higher the serum calcium level, the lower the bone calcium (r=-0.437; 

p=0.029). 

Discussion 

Calcium is an important mineral for bone growth and mineralization by regulating bone turnover and 

bone mass. In addition, calcium is needed to regulate muscle contraction and relaxation, is involved in 

nerve transmission, helps blood clotting, and regulates hormones in the body and growth factors 

(Peacock, 2010). The results of this study indicated that blood calcium levels in the treatment group were 

higher than in the control group. In 
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addition, there was no significant difference between the treatment groups. This also indicated that the 

ovariectomy condition caused the release of calcium in the serum. The ovariectomy condition in the 

treatment group was thought to trigger bone resorption, which was characterized by an increase in serum 

calcium levels. Ovariectomy as a mimicking of menopausal conditions would trigger high bone turnover 

where the osteoclastogenic activity was higher than the osteoblast activity. This caused the release of 

calcium in the blood or an increase in calcium levels (Kalavathy et al., 2020; Limawan et al., 2015). 

In addition, the administration of green bean extract and bisphosphonates within 7 days might not be 

able to stabilize serum calcium levels. This was probably caused by the amount of calcium in green bean 

extract and its administration was not accompanied by the administration of vitamin D. The bone 

remodeling process requires calcium 300-500 mg and calcium from the diet which ranged from 1000 to 

1500 mg (Parinduri et al., 2017), so serum calcium was in a homeostatic (balanced) state, while the 

calcium in green bean extract was only around 80-135 mg (Hou et al., 2019). In addition, calcium 

absorption in the duodenum requires active vitamin D and protein because the calcium absorption 

process is active diffusion that requires calcium-binding protein (CaBP) or calbindin. Vitamin D is very 

important for calcium metabolism because vitamin D controls the absorption, excretion, and 

mobilization of calcium in the blood, resulting in serum calcium homeostasis (Peacock, 2010; Prasetya et 

al., 2015; Setyorini et al., 2016). 

The results also showed that the control group had higher mandibular bone calcium levels than 

the treatment group. This indicated that in the treatment group bone resorption was likely to occur. 

However, bisphosphonates were able to reduce the process of mandibular bone resorption (Arlt et al., 

2020; Ezekiel et al., 2017), which in this group had the same bone calcium levels as the control group. 

Although the calcium content contained in green bean extract was small, green bean extract might be 

able to increase bone calcium levels and reduce bone resorption (Fu et al., 2014; Ganesan&Xu, 2018; 

Yeyenet al., 2016). This was proved by the 

significant difference between the ovariectomized group with and without green bean extract. 

Low calcium intake and low estrogen deficiency can be risk factors in the development of

 osteoporosis. Supplementation with vitamin D and calcium slightly increase bone mineral density. 

Calcitriol, the active form of vitamin D, circulates as a hormone in the blood, regulating the concentration of 

calcium and phosphate in the bloodstream and promoting healthy bone growth and remodeling. (Cho et al., 

2012; Kim et al., 2012; Qin et al., 2021) 
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Ninety-nine percent of extracellular calcium is present in bone in the form of hydroxyapatite, which 

reflects the balance between the processes of bone formation and resorption. The process of bone 

resorption by osteoclasts will cause the release of calcium stored in bone into the systemic circulation. 

This happens to regulate the balance of calcium in the body. Likewise, in the process of bone formation, 

there will be an improvement in serum calcium levels to become levels that remain within normal limits. 

While bone resorption will not improve serum calcium within normal limits, serum calcium levels will 

continue to increase (Cho et al., 2012; Kalavathy et al., 2020; Sakoh et al., 2019). 

The increaseof blood calcium concentration due to bone resorption will stimulate parafollicular 

cells of the thyroid gland to secrete calcitonin into the blood. At the same time, the parathyroid glands 

reduce the secretion of parathyroid hormone into the blood. High levels of calcitonin in the blood 

stimulate the bones to remove calcium from the blood plasma and store it as bone. In addition, the 

release of calcium from bones is also triggered by blood calcium levels that are too low, resulting in 

inhibition of calcitonin secretion and stimulation of PTH secretion. This process is carried out in a 

balanced manner to maintain blood calcium levels (Ana-Maria et al., 2021; Asfur et al., 2018; Thent et 

al., 2018). 

Low calcium levels can be corrected by giving calcium intake. The body's main sources of 

calcium from the diet include milk and its products, green vegetables, fish, nuts, and calcium-fortified 

processed foods such as juices and cereals. Green beans contain nutrients, including amylum, protein, 

iron, sulfur, calcium, fatty oils, manganese, magnesium, niacin, vitamins. Green beans are also rich in 

minerals such as potassium, phosphorus, manganese, calcium, 

magnesium, iron, zinc, selenium. Calcium in green beans is an external intake of calcium in serum which is 

expected to be deposited in bones (Asfur et al., 2018; Ganesan&Xu, 2018; Prasetya et al., 2015). 

In addition, green beans also contain isoflavones that play a role in the process of bone formation. 

These isoflavones have activities like estrogen; they are known as phytoestrogens. Phytoestrogens that can 

function like estrogen for women can increase bone density and structure, and prevent bone fragility 

(osteoporosis), especially for women who are in menopause. In addition, it can also reduce postmenopausal 

syndrome (Ganesan & Xu, 2018; Kim et al., 2012; Yu et al., 2015). 

An ovariectomy is an act of removing the female reproductive organs, causing post-menopausal 

conditions. In post-menopause, there will be a decrease in estrogen production which triggers osteoporosis. 

Calcium and Isoflavones stimulate osteoblastic activity (formation of bone cells) through the activity of 
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estrogen receptors and increase the production of growth hormone: insulin-like growth factor - 1 (IGF-1) 

thereby helping bone formation. Isoflavones have an osteoprotective 

function, which can prevent osteoporosis or bone loss (Zheng et al., 2016) 

Conclusion 

Green bean extract was able to reduce serum calcium levels and increase mandibular bone calcium levels 

in experimental menopausal models suspected of having osteoporosis. Further research on the 

effectiveness of green bean extract in the bone remodeling process with various bone remodeling 

indicators is still being carried out so that green bean extract can be used as the main diet of 

postmenopausal women without side effects. 
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