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Introduction 
aturally bone under goes a process called 

remodeling (bone formation and resorption), 

this process is mediated by activities of bone 

cells, osteoblast for the synthesis of new bone and 

osteoclast for bone resorption (Vijayan et al., 2013). 

Imbalance of remodeling process in which the activities 

of osteoclast for breaking down bone outweigh the 

formation of new bone by osteoblast trigger a disease 

called osteoporosis (Bidwell et al., 2013), when this 

disease is as a result of estrogen deficiency, its refers to 

as postmenopausal osteoporosis which is 

characterized as low bone mineral density, 

deterioration of bone microarchitecture and increase 

fracture risk (Fouad-Elhady et al., 2020). Estrogen plays 

a crucial role in the preservation of bone homeostasis 

(Clauley, 2015). Its deficiency increases the lifespan of 

osteoclasts and decreases the longevity of osteoblasts, 

which function to build bone tissue (Lane, 2006). 

Increased age in women has long been associated with  
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reduced bone mass which is largely due to estrogen deficiency during 

menopause (Figueira et al., 2016).  
Postmenopausal osteoporosis is a major public health problem associated with 

significant morbidity and mortality in elderly people (Akarirmak, 2018). It is 

estimated that more than 200 million people are affected by osteoporosis 

worldwide with nine million fractures occurring annually (Weske et al., 2019; 

Kuo and Chen 2017).  

which trigger a disease called postmenopausal osteoporosis, estrogen 

replacement therapy was the first line of action as its deficiency lead to the 

disease however this therapy comes with several side effects such as 

breast, ovarian, and endometrial cancers which is inadvisable due to these 

side effect. The current antiresorptive therapies drugs such as 

bisphosphonates, denosumab and strontium, showed desirable 

therapeutic effectiveness, however, semi-permanent use of them brought 

about many adverse events in the long run, like gastrointestinal problems 

and some drug-specific infections. Aged women with traditional soy-based 

diet, suffer less from the effects of menopause related disease including 

postmenopausal osteoporosis which was later found is due to the 

isoflavones attributed to the soy beans. Therefore, fruits, vegetables and 

their components attract more attention to the researchers as they have 

less side effects when compared to the current treatments. Several 

functional foods shown their potentials in the prevention and treatment of 

postmenopausal osteoporosis by acting as phytoestrogens which binds to 

estrogen receptors in the osteoblast and play important role in bone 

formation, also acting as anti-inflammatory by reducing the level of pro-

inflammatory cytokines which play important role in bone resorption or as 

an antioxidant which fight against oxidative stress as it has effect on 

osteoclast maturation to resorb bone. 

 

Keywords: osteoporosis, remodeling process, functional foods/ 

nutraceuticals 
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Estrogen replacement therapy (ERT) was the first line of action in the 

treatment of post-menopausal osteoporosis but its risks such as breast, 

ovarian, and endometrial cancers exceed its benefits in older women (Lee et 

al., 2011; Sjkodt et al., 2019). Current antiresorptive therapies comprises the use 

of drugs which reduce the level of bone resorption, despite therapeutic 

effectiveness of these drugs, there are many adverse effects associated to 

these medications in a long run (Qaseem et al., 2017, and Lagari et al., 2018).  

Epidemiological evidence has indicated a link between dietary intake of 

antioxidants and bone health (Mackinnon et al., 2011). Fruits and vegetables are 

important sources of antioxidant phytochemicals that have been shown to 

play an important role in the bone metabolism (Sa´nchez et al., 2007). There 

are several other medicinal and nutritional plants containing many active 

ingredients and which have complementary or synergistic therapeutic 

activities capable of relieving the menopausal disorders including 

postmenopausal osteoporosis, this is due to the active component in the plant. 

Higher consumption of fruits and vegetables has been correlated with a 

reduction in the risk for the development of osteoporosis (Bitto et al., 2009).  

The current trend in the treatment and prevention of post-menopausal 

osteoporosis, is thus converging towards functional food because of their 

apparent lack of the adverse effects commonly associated with ERT and 

several phytonutrients such as flavonoid as well as some carotenoids as shown 

potentials on their effects in the treatment of post-menopausal osteoporosis 

in and animal model. 

 

Types of Osteoporosis 

Osteoporosis is a multi-factorial bone disorder associated with risk factors such 

as genetic predisposition, impaired endocrine function, poor exercise and 

nutritional habits (Kim et al., 2018). Osteoporosis is broadly categorized into 

primary and secondary.  

 

Primary Osteoporosis   

Primary osteoporosis is age related and typically occurs in postmenopausal 

women or younger women with estrogen deficiency after oophorectomy 
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(Aaseth et al., 2012). This is attributed to lack or deficiency of estrogen leading 

to accelerated bone resorption (Roblin et al., 2006; Miyamoto, 2015). 

 

Secondary Osteoporosis 

Secondary osteoporosis is caused by any factor other than aging or 

postmenopausal status (Emkey and Epstein 2014). This occurs in both men and 

women older than 75 years, but may be induced in younger individuals by poor 

diet and exercise, chronic diseases or certain medications, such as 

corticosteroids (Aaseth et al., 2012; Emkey and Epstein, 2014). 

 

Osteoporosis Risk Factors 

Risk factors are characteristics that increase the chances of developing a 

certain condition or disease. Risk factors or osteoporotic factors include age, 

gender, race, geographical region, diet, lifestyle, hormonal status, bone 

density, bone quality, body mass index and medical co morbidities. Some of 

the risk factors for osteoporosis (Stetzer, 2011). 

 

Table 1 Risk Factors for Osteoporosis 

Unmodifiable Modifiable 

Race Chronic inactivity 

Sex Low body weight 

Age Low lifetime calcium intake 

Genetics Medication used 

Body size Oxidative stress-related factors 

Family History Smoking 

Previous Fractures Alcohol intake 

 Low antioxidant status 

 Nutrition deficiency 

 Excessive sports activity 

 Excessive caffeine intake 

Source: (Rao, 2005). 

 

Estrogen Deficiency and Postmenopausal Osteoporosis 

Estrogens are steroidal hormones that act most importantly on the female 

reproductive system, but they also act on other organ systems such as 
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cardiovascular, skeletal, immune, gastrointestinal and neural sites (Deroo and 

Korach 2006). It plays a major role in bone homeostasis; it reduces the rate of 

bone remodeling and protect against bone loss directly through estrogen 

receptor and indirectly through its effect on collagen (Noorafshan et al., 2015). 

The decline in estrogen level during onset of menopause results in the loss of 

transcriptional effect on the lifespan of matured osteoclasts leading to 

imbalance in bone resorption and formation (Khedgikar et al., 2015).  This age-

linked estrogen cessation in elderly women has been linked to production of 

reactive oxygen species (ROS) which act on bone cells (Sendur et al., 2009) to 

stimulate reduction in osteoblasts activity (Altindag et al., 2008) and increased 

expression of bone-resorbing cytokines known to promote osteoclastogenesis 

and osteoclastic activity (Nicole and Clarke, 2015).  

 

 
Figure 1: Role of Estrogen Deficiency in Bone Resorption.   Source: (R and D 

Systems, 2017).               

 

Bone Remodeling Markers  

Bone remodeling markers are widely used to monitor the therapeutic efficacy 

of potential anti-resorptive and/or osteoanabolic agents (Bhattacharyya et al., 
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2008). These markers are either osteoblastic enzymes or by-products of active 

osteoblasts expressed during the various phases of their development, and are 

measured in serum or plasma (Bhattacharyya et al., 2008). They include bone-

type alkaline phosphatase (BALP), osteocalcin (OC), and the carboxy- and 

amino-terminal propeptides of type 1 collagen (P1CP, P1NP). OC is secreted 

exclusively by osteoblasts to play a role in the body’s metabolic regulation and 

bone building. Plasma activity of alkaline phosphatase is an indicator of bone 

formation and a major index of osteoblastic activity (He and Shen, 2014). Also, 

calcium and phosphorus concentration in the bone matrix vary independently 

and their co-dependence is evident for bone growth and development 

(Shapiro and Heaney, 2003). A number of experimental and epidemiological 

studies have linked calcium phosphorus ratio to bone health (Lee et al., 2014). 

In addition, increased bone turnover rate after menopause is associated with 

high expression of pro-inflammatory cytokines such as tumor necrosis factor-

α (TNF-α), interleukin-6 (IL-6) etc. and the bone resorbing cytokine, receptor 

activator of nuclear factor-κB ligand (RANKL) (Charatcharoenwitthaya et al., 

2007). 

 

Functional Food and Post-Menopausal Osteoporosis 

Functional food has been defined as a food that delivers health or other 

functional benefit beyond providing energy and nutrients that help people 

meet their basic requirements for growth and development and prevent 

deficiency-related disorders (Denis and Robert, 2019). 

The current trend in the treatment of post-menopausal osteoporosis, is thus 

converging towards health food.  Indeed, many studies have proved the 

efficiency of functional foods or their components (nutraceuticals) which are 

defined as foods whose specific properties go beyond the simple nutritive 

effect associated with the nutrients they contain (Bouyahya, 2016; Ramde-

Tiendrebeogo et al., 2017). Furthermore, diet is now recognized as an 

important life-style factor in the management of bone diseases. Moreover, 

many natural bioactive compounds have demonstrated interesting estrogenic 

activity by their ability to bind estrogen receptors (ERs) (Palacious, 2006). 

Previous studies have shown that women with traditional soy-based diet, 

suffer less   from the effects of menopause (Vergne and Sauvant, 2006).   There 
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are several other medicinal and nutritional plants containing many active 

ingredients and which have complementary or synergistic therapeutic 

activities capable of relieving the menopausal disorders. 

 

Classification of Functional Foods  

Functional food can be classified as either Anticancer, Antioxidant, Anti-

inflammatory, Osteogenic (Daidzein, Soy protein, Genestein, and Creatine), 

based on their proven or purported physiologic actions on humans, (Denis and 

Robert, 2019), another classification of functional food is based on the purpose 

they served as either those that improved life or used as disease treatment 

(Ndife, 2016). 

 

Functional Foods Mechanism of Action in Post-Menopausal Osteoporosis 

Functional foods have more than one mechanism of action, they can act as 

phytoestrogens by binding to estrogen receptor in the osteoblast which play 

important role in bone formation, it also reduces the level of pro-inflammatory 

cytokines which play important role in bone resorption (Noorafshan et al., 2015; 

Triutomo, et al., 2017). Functional foods with high antioxidant activities act on 

reactive oxygen species which increases bone resorption.     

 

Effects of Some Flavonoids and Flavonoid-Rich Diets on Bone 

Due the adverse effects of current post-menopausal osteoporosis medications 

and to meet the global demand of the growing aging population, natural 

products in the form of herbal medicine, phytochemicals or dietary 

supplements might be an alternative in the management of bone health (Wong 

et al., 2019). Natural compounds with antioxidant and anti-inflammatory 

activities may enhance bone health via inhibition of osteoclasts differentiation 

and function; a therapeutic value for preventing or treating bone metabolic 

disorders (Wu et al., 2012). Interestingly, oxidative stress and excessive 

production of pro-inflammatory cytokines play a key pathogenic role in post-

menopausal osteoporosis (Luo et al., 2017).  

Flavonoids are large family of polyphenolic compounds synthesized as 

secondary metabolites by plants and have wide range of pharmacological 

properties (Siddiqui et al., 2018). They express a wide range of biological 
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activities which includes but are not limited to antioxidant and anti-

inflammatory effects (Samarghandian et al., 2016), whereas oxidative stress 

and increase in pro-inflammatory cytokine level have been implicated in the 

pathogenesis of post-menopausal osteoporosis. Currently, flavonoids that act 

as phytoestrogens are receiving considerable interest as previous studies have 

demonstrated their ability to stimulate bone formation and inhibit bone 

resorption (Liu et al., 2015; Zhao et al., 2019). Conversely, in vivo and in vitro 

studies have shown that flavonoids have both antioxidant and anti-

inflammatory effects (Yuan et al., 2016).  

Flavonoids such as phytoestrogens with agonist/antagonist effects on ERs, 

have been reported to exert protective effect against retinoic acid-induced 

bone loss in rats (Orsˇolic´ et al., 2013). Previous scientific works have shown 

that functional foods such as isoflavones the dominant flavonoid found in 

legumes which is recognized as phytoestrogens, are able to reduce the bone 

resorption (Lecerf, 2007; Taku et al., 2010). Ibrahim et al., (2020) demonstrated 

that a flavonoid (chrysin) exhibits potential anti-bone resorption effects in OVX 

rats through enhanced bone mineral contents and preventing excessive 

elevation of bone-remodeling markers and bone-resorbing cytokine. Genistein 

and icariin are two well-known phytoestrogen flavonoids that demonstrated 

therapeutic potential against osteoporosis in a number of preclinical and 

clinical studies (Yang et al., 2014). Citrus fruits contain Kaempferol (a flavonol), 

that exert therapeutic effect on bone by inhibits osteoclast differentiation and 

promotes its apoptosis (Wattel et al., 2003; Adhikary et al., 2018). Also, previous 

study demonstrated that Another dietary flavonoid naringenin, extracted from 

citrus fruicts was reported to have effects on bone formation due to its 

estrogen-like effect on osteogenesis which its shows in OVX animal model 

(Swarnkar et al., 2012; Adhikary et al., 2018), its treatment enhanced both 

transcriptional and translational levels of β-catenin signaling of UMR-106 cells 

and improved bone development in OVX mice (Wang et al., 2015). Another, 

flavonoid hesperidin extracted from citrus inhibited bone loss in OVX mice 

(Chiba et al., 2003). In addition, increased bone strength and fracture risk 

reduction capacity of orange and grape fruit juices in OVX rats was attributed 

to their flavonoid content (Deyhim et al., 2006). Oršolić et al., (2017) reported 

that the beneficial effect of quercetin on bone weight, levels of osteocalcin, 
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calcium and phosphorous can be attributed to its antioxidant and estrogenic 

activities. In a related study, it was reported that curculigoside (a bioactive 

phenolic component) manifests anti-osteoporosis activity due to its potent 

antioxidant property (Wang et al., 2012). Hispidulin (flavonoid isolated from 

Artemisia spp.) and Ginsenoside Rb1 (main active component of ginseng) 

individually suppressed RANKL-induced activation of JNK and p38 MAPKs in 

addition to NF-κB pathways, and consequently down-regulated the expression 

of osteoclast-specific genes thus, inhibiting bone resorption (Cheng et al., 2012; 

Nepal et al., 2013). 

 

Effects of Some Carotenoids and Carotenoids-Rich Diets on Bone 

Fruits and vegetables such as carrots and tomatoes contained Carotenoids 

(lutein, zeaxanthin, β-cryptoxanthin, lycopene, carotene and β-carotene), 

which shows some direct beneficial effect on bone in vitro by modulating both 

osteoclastic and osteoblastic activity (Kim et al., 2003; Rao et al., 2003). 

Lycopene a dominant carotenoid in tomatoes inhibits bone loss and increased 

bone strength by raising the level of serum Ca, P and ALP, and IL-6 levels in 

ovariectomized rats (Liang, 2012). Previous study also reported a high level of 

β-cryptoxanthin another carotenoid in oranges of Satsuma mandarin, which 

has potential in reducing the risk of osteoporosis in postmenopausal women 

(Sugiura, et al., 2012; Maeda-Yamamoto, 2017). 

 

Effects of other Functional Foods on Bone Health 

Corn hair ethanolic extract which contains a phytosterol called stigmasterol 

bind to estrogen receptor which act as phytoestrogen and also able to repair 

the histological profile of ovariectomized rat bone (Triutomo, et al., 2017). The 

elaeagnus angustifolia fruit extract were reported to exerted effects, on 

osteoblastogenesis in the OVX rats (Dabbaghmanesh et al., 2017). Shalaby et 

al., (2011) reported the efficacy of Citrus extracts on trabecular bone mineral 

content and bone mineral density of tibia, improved the levels of phosphorus 

and calcium in ovariectomized rats. Anise Fruit (Pimpinella anisum) 

supplementation increased level of bone formation markers (alkaline 

phosphatase and osteocalcin) which play critical role in mineralization and 

calcification of bone, hence Anise fruit shown its potential of preventing the 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
FEB., 2023 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJARBT 
 

AGRICULTURAL RES. & BIOTECHOLOGY VOL. 12 

10 
ISSN: 3438-2901 

estrogen deficiency-induced osteoporosis in rats (Hassan and Saed 2011). A 

peptides derived from milk with high anti-oxidative activities was reported to 

increased bone strength, reduced serum bone turnover makers, inhibits bone 

resorbing cytokines in OVX rats (Mada et al., 2017). 

 

Table 2. The effects of several functional foods on postmenopausal 

osteoporosis 

S/N Functional Food Source  Notified Bone Health Claims (Functions).  

1 Flavonoids  
 

 Isoflavones  Soy beans Phytoestrogenic activity (Lecerf, 2007). 

 Chrysin Mushrooms  Phytoestrogenic activity (Ibrahim et al., 2020) 

 Genistein  Ginseng  Phytoestrogenic activity (Yang et al., 2014). 

 Icariin Barrenwort  Phytoestrogenic activity (Yang et al., 2014). 

 Naringenin  Citrus  estrogen-like effect (Swarnkar et al., 2012; 

Adhikary et al., 2018). 

 Kaempferol  Citrus Anti-bone resorption effect  (Adhikary et al., 

2018). 

 Hesperidin Citrus (Chiba et al., 2003).  

 Quercetin Onion Estrogenic and antioxidant activities (Oršolić et 

al., 2017) 

 Curculigoside  antioxidant property (Wang et al., 2012). 

 Hispidulin  Artemisia spp Anti-inflammatory effect  (Cheng et al., 2012; 

Nepal et al., 2013). 

 Ginsenoside Ginseng Anti-inflammatory effect 

2 Carotenoids    

 Lycopene Tomatoes  Anti-oxidative stress effect (Liang, 2012). 

 β-cryptoxanthin Papaya  Bone formation effects (Sugiura, et al., 2012; 

Maeda-Yamamoto, 2017). 

3 Other foods   

 Stigmasterol  corn silk  Estrogen like effects (Triutomo, et al., 2017). 

 Elaeagnus angustifolia   (Dabbaghmanesh et al., 2017).  

 Citrus extracts Citrus Shalaby et al., (2011) 

 Aniseed  Anise Fruit  Mineralization and Calcification (Hassan and Saed 

2011). 
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 Milk peptides Buffalo Milk  anti-oxidative activities (Mada et al., 2017). 

 

Conclusion 

In conclusion fruits and vegetables contains a phytonutrient with health 

benefits which shows potentials for prevention and treatment of menopause 

disorders including post-menopausal osteoporosis. Several Functional foods 

and their components (nutraceuticals) were reported to demonstrated anti-

osteopenic   effects and increase bone strength in OVX rats which will serves 

as substitutes to the current antiresorptive therapies reported with many 

adverse events in the long run, and estrogen replacement therapy which is 

inadvisable as its risks exceed its benefits in older women.  
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