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Introduction
As a woman transitions through life, changes in the hormone 

profiles of estrogen, progesterone, cortisol and testosterone occur [1]. 
Paralleling these changes is a decline in nocturnal melatonin levels, 
likely contributing to the sleep disturbances commonly associated with 
menopause. In addition to the sleep disturbances, some women note a 
decline in their health status and quality of life (QOL) and, as such, seek 
medical attention. The costs associated with treating menopause-related 
health issues are high and include physician visits, follow-up visits and 
telephone calls for the management of medication-related side effects 
and changes in medication, over-the counter remedies, laboratory 
tests; lost productivity at work; and others. Many menopausal women 
are seeking symptomatic relief from hot flushes, irritability, sleep 
disturbances, anxiety and depression, and to prevent bone loss. Many 
women are using alternative modalities such as yoga, meditation and 
natural products instead of pharmaceutical approaches. The focus of 
this mini-review is to highlight the novel use of melatonin on managing 
menopausal symptoms and menopausal bone loss and describe food 
sources that are rich in melatonin.

Menopause, Symptoms and Treatment Options
Menopause is defined as the final menstrual period, and post 

menopause is confirmed when a woman has been amenorrheic for 12 
consecutive months. Menopause is associated with reduced functioning 
of the ovaries due to aging, resulting in lower levels of estrogen and 
other hormones. It marks the permanent end of fertility. Menopause 
occurs, on average, at age 51 [2]. The most common symptoms are 
vasomotor symptoms such as hot flushes and night sweats, sleep 
disruption, mood changes including depression and anxiety, and 
vaginal dryness [3,4]. During the menopause transition, which is 
defined as the period between pre-menopause and menopause, the main 
ovarian hormones, estrogen and progesterone, become dysregulated 
and no longer follow a regular pattern. The menopause transition is 
characterized by hypoestrogenism and hypoprogesteronism [5,6]. The 
exact cause of vasomotor symptoms is not known, but it is thought to 
be due to rapid declines in estrogen concentrations. Once a woman has 

completed menopause, vasomotor symptoms tend to resolve. Women 
most commonly seek medical treatment for vasomotor symptoms. 
Night sweats often lead to sleep disruption, but even in the absence of 
night sweats, sleep disruption is common. Women also seek medical 
treatment for vaginal dryness, because it can lead to dyspareunia 
and even inability to participate in sexual activity. Women also may 
seek treatment for mood problems such as anxiety, depression, and 
irritability.

Of the pharmaceutical options, hormone therapy is most efficacious. 
Other pharmaceutical options used include selective serotonin reuptake 
inhibitors (SSRIs), serotonin norepinephrine reuptake inhibitors 
(SNRIs), gabapentin, and clonidine [7]. Hormone therapy’s risks and 
benefits are controversial; the Women’s Health Initiative (WHI) found 
increased risks of breast cancer, stroke, myocardial infarction, and 
thromboembolic disorders with oral combined hormone therapy [8]. 
However, the WHI may not be generalizable to all women and to other 
forms of hormone therapy. The other pharmaceutical options are also 
limited by side effects including sexual dysfunction and dizziness. Also, 
many women are not comfortable with the perceived stigma of taking 
antidepressants. Women are seeking alternatives like Complementary 
and Alternative Medicine (CAM) to pharmaceutical options for 
management of menopausal symptoms.

Use of CAM to Manage Menopause-Related Symptoms 
and Disease

The results of both cross-sectional and longitudinal cohort studies 
have reported the prevalence of CAM use in menopausal aged women 
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ranging from 45.2%-91% depending on the population surveyed [9-12]. 
Many women are seeking alternative methods like yoga, meditation, 
and herbal therapies for relief of menopausal symptoms because, for 
many women, current drug therapy is not desirable, or not an option 
due to drug-associated side effects or their medical risk factors. In fact, 
the number of menopausal women using CAM therapies for relief of 
menopausal symptoms is great with some studies reporting numbers 
as high as 91% [10]. For most women, their use of CAM is for stress 
management or to manage menopause symptoms [9], specifically hot 
flashes and to promote long-term health and well-being [13].

There has been very little well designed research on assessing the 
efficacy of CAM therapies for relief of menopausal symptoms [14]. 
There have been a number of review articles published that have 
generally concluded that individual trials may suggest a benefit for 
certain CAM therapies; however long term well designed larger studies 
are still needed [15-17]. The majority of these studies have included 
phytoestrogens and other biologically based agents which have shown 
mixed results related to menopausal vasomotor symptoms, lipid 
profiles and bone mineral density [16,17]. Other alternatives, like 
melatonin, should be tested because, unlike many of the previously 
tested therapies, melatonin may provide relief from a multitude of 
symptoms rather than one.

Use of Melatonin to Manage Menopausal Symptoms
Melatonin is known most for its beneficial effects on sleep through 

its resynchronization of circadian rhythms to align more with the 
light/dark cycle in middle aged to elderly patients without harmful 
side effects [18-20], making it a safe alternative for use in an aging 
population [21-25]. Besides having positive effects on sleep, melatonin 
has also been shown to be closely linked with reproductive functioning 
in women [26-29], which has led some to speculate that melatonin may 
play a role in the menopausal transition [22,30,31]. Melatonin levels 
decrease with age, particularly during the peri-menopausal period 
[32,33] coincident with the appearance of menstrual irregularities, sleep 
disturbances, bone loss, elevated estrogen and reduced progesterone 
levels. Melatonin is inversely correlated with FSH [34] and estrogen 
[35-38] and positively correlated with progesterone [39-43] so the loss 
of melatonin that occurs with age may be contributing to menopause-
related symptoms due to dysregulated FSH, estrogen and progesterone 
levels. Melatonin may be acting to rebalance disrupted hormonal 
rhythms through its actions on the ovary to lower FSH and estrogen 
levels and raise progesterone levels improving menopausal symptoms 
and reducing the risk of menopausal bone loss (Figure 1). Previous 
studies have shown that women aged 43-49 yr taking melatonin have a 
restoration of their pituitary functions back to juvenile (premenopausal) 
patterns of regulation [30,44], improvement in the physical aspects of 
menopause (i.e., flatulence or gas pains, aching in muscles and joints, 
feeling tired or worn out, difficulty sleeping, aches in back of neck or 
head, decrease in physical strength, decrease in stamina, lack of energy, 
dry skin, weight gain, increased facial hair, changes in appearance, 
texture or tone of skin, feeling bloated, low backache, frequent 
urination, involuntary urination when laughing or coughing, breast 
tenderness, vaginal bleeding or spotting, and leg pains or cramps) [28], 
decreases in the number of menstrual cycles [28] and a normalization 
of bone markers to resemble the premenopausal state [28].

Menopause and Osteoporosis
Throughout the menopause transition, women may experience 

menstrual irregularities, vasomotor symptoms, and sleep disturbances; 
however, what most women do not know is that they will also begin 

experiencing bone loss [45-47]. In the US, adults over the age of 50 
have either osteopenia (48 million) or osteoporosis (9 million), which 
increases their risk for developing bone fracture. If the prevalence of 
bone disease in the US population is not reduced, it is predicted that 
by 2030, 64.3 million adults will have osteopenia and 11.9 million will 
have osteoporosis [48]. A greater prevalence of bone loss and related 
fractures occurs in postmenopausal women and this is attributed, 
in part, to hormonal imbalances that occur during the menopausal 
transition [49]. Thirty percent of all post menopausal women have 
osteoporosis and of these women, 40% of them are anticipated to have 
one or more fractures during their lifetime [50], which could lead 
to morbidity and mortality [51]. According to the North American 
Menopause Society (NAMS), pharmacotherapy is recommended for 
all post menopausal women who have had an osteoporotic vertebral 
fracture, postmenopausal women who have BMD values consistent 
with osteoporosis, and all postmenopausal women with BMD T-scores 
from -2 to -2.5 and at least one risk factor (i.e., thinness, low body mass 
index, history of fragility fractures since menopause, or history of hip 
fracture in a parent) [52].

Life Style Approaches to Managing Bone Loss
As stated previously, women are using CAM during menopause, 

in part, to promote long-term health and well-being [13]. As it relates 
to preventing bone loss, women are making lifestyle adjustments to 
prevent bone loss like increasing weight-bearing exercise (i.e., walking, 
running, and step aerobics), and by increasing calcium/vitamin D 
consumption. These lifestyle adjustments may provide some benefit on 
bone mass as a meta-analysis found that spinal bone mineral density 
(BMD) increased 2% in women who exercise [53] and, through its 
positive effects on muscle mass, strength and balance, exercise has 
been associated with a reduction in fall-related injuries and fractures. 
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Figure 1: Schematic showing melatonin’s proposed actions to normalize 
estrogen and progesterone levels improving symptoms associated with 
perimenopause. Melatonin, via its actions on the ovary, is proposed to normalize 
estrogen and progesterone levels through its actions on the ovary. Melatonin, 
by enhancing inhibin B release to lower FSH levels as well as through its 
inhibitory actions on aromatases and 17β-hydroxysteroid dehydrogenase type 
1 [136] is proposed to lower estrogen levels. Melatonin is proposed to decrease 
FSH levels via increases in inhibin B levels [137]; inhibin B is known to suppress 
the gonadotropic axis [6,138]. Melatonin is also proposed to raise progesterone 
levels as shown [40,42,43,139,140] Melatonin-mediated increases in 
progesterone and decreases in FSH and estrogen are proposed to improve 
health in perimenopausal symptoms (i.e., menorrhagia, uterine fibroids, bone 
loss), attributed to disrupted hormonal profiles.
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Research has also been done on the effects of passive stress (high-
frequency vibration systems) on bone mass with promising results [54].

Vitamin D is essential for calcium absorption and also has been 
found to improve muscle strength, balance and reduce the risk of 
falling. While randomized controlled trials of calcium with vitamin D 
in doses of 400 units and 800 units have not been shown to significantly 
reduce fracture risk, a meta-analysis of these trials in postmenopausal 
women revealed that 700 to 800 units of vitamin D was associated with 
a reduced risk of hip and non-vertebral fractures [55]. The NAMS 
currently recommends 700 to 800 units of vitamin D daily in women at 
risk for deficiency due to inadequate sun exposure [52].

The primary management goals for patients with osteoporosis 
are to prevent fracture, decrease further bone loss, decrease pain, 
and maintain function. The current therapeutic approaches are listed 
in Table 1. Even with treatment, morbidity and mortality are still on 
the rise [51,56]. A woman’s health condition, her risk factors and the 
adverse effects of the drug therapy may preclude her from using the 
current therapies to manage her bone loss. So, many women are seeking 
alternative therapies to manage their health including bone loss [9-12] 
that include phytoestrogens and other biologically based agents [16,17]. 
Most studies to date are treatment-focused attempting to reverse the 
bone loss that has already occurred rather than preventing the bone 
loss from occurring at all. Melatonin should be another therapy to 

Drugs Effects on BMD Notes
Bisphosphonates MOA: 
osteoclast inhibitor
Drugs:
Alendronate
Risedronate
Ibandronate
Zoledronic Acid

Bisphosphonates ↓incidence of fractures 40-50% 
(vertebral) and 27% (non-vertebral) in women with 
osteoporosis.

Fracture Intervention Trial (FIT) Longterm Extension 
(FLEX) showed BMD was maintained by continued 
use of alendronate and reduced rates of spinal 
fracture; but, with discontinuation, it decreased to a 
level that was still significantly higher than baseline.

7 yrs taking risedronate, BMD ↑in the lumbar spine 
but ↓to a level below baseline one year following 
discontinuation. No fracture data or effects on 
BMD more than one-year post-discontinuation are 
available for risedronate.

Zoldedronic acid ↓bone turnover (median decrease 
50-83%) and significantly ↑bone density in the spine 
and hip.

Health Outcomes and Reduced Incidence with 
Zoledronic Acid Once Yearly (HORIZON) Pivotal 
Fracture Trail shows a once-yearly infusion of 
zoledronic acid 5 mg during a 3-year period reduces 
the risk of new vertebral fractures and hip fractures 
by 70% and 41%, respectively.

HORIZON Recurrent Fracture Trial, shows once-
yearly zoledronic acid, administered to patients 
within 90 days of surgical repair of hip fracture, 
significantly ↓the risk of new clinical fracure.

First line drugs for treating postmenopausal women with osteoporosis unless 
contraindications exist (i.e., hypocalcemia, severe renal insufficiency or 
gastrointestinal intolerance due to stricture, ulceration, or severe symptoms).

Adverse effects:Nausea, abdominal pain, and dyspepsia (most common); 
musculoskeletal pain and flu-like symptoms have also been reported; ONJ has 
been reported with bisphosphonates, primarily in patients receiving chemotherapy, 
corticosteroids, or those who have undergone dental procedures (i.e., tooth 
extractions, dental surgery, or infection).

Injectable bisphosphonates (ibandronate or zoledronic acid) might be preferred over 
oral dosage forms in patients who are unable to stand upright for at least 30 to 60 
minutes or those with conditions that might affect oral bioavailability or significant 
gastrointestinal disorders.

Adherence to oral treatment has been described as 50% after one year; the 
extended dosing intervals available with injectable bisphosphonates might be an 
option to improve adherence.

FLEX adverse event rates of clinical and nonvertebral fractures in the last 5 yrs of 
the study were similar for both groups,

SERMs MOA: Osteoclast 
inhibitor
Drug:Raloxifene

Multiple Outcomes of Raloxifene Evaluation trial 
(MORE), raloxifene, improves BMD in the spine 
and femoral neck and reduces the risk of vertebral 
fracture, but its effectiveness in reducing other 
fractures is uncertain.

Raloxifene is often considered in women with low bone mass or younger 
postmenopausal women whose risk of vertebral fracture is greater than hip fracture. 
Benefits of raloxifene on breast cancer prevention and risk of thromboembolism and 
hot flushes.

MORE and Continuing Outcomes Relevant to Evista (CORE) trials show a 
reduced risk of invasive breast cancer by 76% after 3 years and 59% after 8 years, 
respectively. An increase in thromboembolic events was reported in the MORE 
trials, but subsequent analyses found no difference in coronary events or stroke 
between the groups. Similar to HT, bone loss will resume if raloxifene therapy is 
stopped. Recent approval of raloxifene for breast cancer prevention is a potential 
benefit for women with osteoporosis; however, side effects of hot flushes might be 
problematic for women who experience vasomotor symptoms.
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consider for preventing bone loss starting at peri-menopause and 
continuing throughout life.

Melatonin Effects on Hormone Rhythms and Bone
Melatonin levels decrease with age, particularly during the peri-

menopausal period [32,33] coincident with the appearance of bone 
loss. An increase risk of hip and wrist fracture occurs in shift workers 
who have worked for greater than 20 years [57]; a decrease in BMD 
also occurs in those who work shifts other than the daytime shift 
[58]; shift workers experience light exposure at night suppressing the 
nocturnal surge in melatonin, thus, removing melatonin’s known 
bone-protective actions [59-66]. Melatonin is inversely correlated 
with FSH [34] and estrogen [35-38] and positively correlated with 
progesterone [39-43] so the loss of melatonin that occurs with age 
may be contributing to menopause-related bone loss because FSH is 
involved in bone resorption [67] and progesterone is involved in bone 
formation [47]. In support of this, peri-menopausal women taking 3 
mg melatonin nightly for 6 months show improvement in markers of 
bone turnover (decreased bone resorption, increased bone formation) 

resembling the more balanced bone marker turnover (1:1 bone 
resorption: bone absorption) seen in pre-menopausal women [28]. It is 
hypothesized that melatonin may be resynchronizing these disrupted 
hormonal rhythms through its actions on the ovary decreasing FSH 
mediated bone resorption while increasing progesterone-mediated 
bone formation (Figure 1).

Alternative Sources of Melatonin
As stated previously, use of herbal medicines for management of 

one’s health has dramatically increased [68,69] perhaps because many 
find natural products to be more desirable than synthetic versions, for 
personal reasons. Melatonin, a highly evolutionary conserved molecule, 
is present in nearly all forms of life including: unicellular algae, 
Gonyaulax polyedra [70,71], invertebrates [72,73], and vertebrates. It is 
considered to have a functional role in plants, protecting them against 
internal and environmental oxidative stressors, and a means of coping 
with harsh environments [74]. Because of this, the wide variety of 
plants and plant products rich in melatonin can be expected to provide 
therapeutic efficacy even though levels have been shown to vary widely 

Calcitonin receptor agonist 
MOA: osteoclast inhibitor
Drug: Calcitonin

Prevent Recurrence of Osteoporotic Fracture 
(PROOF) trial shows that calcitonin reduces the risk 
of new vertebral fracture in postmenopausal women 
with osteoporosis.

While not a first line option for postmenopausal osteoporosis, calcitonin is approved 
for treatment in women who are at least 5 years beyond menopause, but not for 
prevention since data supporting efficacy in early postmenopausal women are 
lacking.

Calcitonin should be considered an alternative for women who cannot or choose 
not to take the other osteoporosis treatments. Calcitonin might also reduce pain 
associated with spinal fractures.

PROOF trial showed a lack of a dose response and a high dropout rate so its 
efficacy is still in question.

Calcitonin has been shown to reduce acute and chronic bone pain associated with 
vertebral fracture; however, it has not been shown to decrease bone pain in other 
situations.
The preferred delivery system of calcitonin is a nasal spray; an oral formulation is 
being investigated. Injectable forms of calcitonin are also available.

Recombinant human 
PTH 1-34 MOA: osteoblast 
activator
Drug: Teriparatide

Daily use of subcutaneous teriparatide for 18 to 24 
months has resulted in significant increase in BMD 
in the spine and femoral neck and has reduced 
the incidence of vertebral fractures by 65% and 
nonvertebral fractures by 53%.

Teriparitide is usually reserved for treating women at high risk of fracture such as 
those with BMD T-score of less than -3 with previous fracture.

Therapy should be continued for no longer that 2 years and bone loss will occur 
when therapy is stopped.

Concomitant use of teriparatide and bisphosphonates is not recommended; 
however, subsequent use of alendronate once teriparatide is discontinued has been 
shown to maintain or improve bone density.

Combination therapy of bisphosphonates or teriparatide and HT has demonstrated 
increased BMD compared to either treatment alone; however, reduction of fracture 
risk with combination therapy is not known. Combination of two antiresorptive agents 
is generally not recommended due to concern about oversuppression of bone 
turnover and resultant effects on bone quality. Data are insufficient to recommend 
combination therapy with antiresorptive and anabolic treatment.

RANKL inhibitor 
monoclonal antibody to 
receptor activator of NFkB 
ligand (RANKL)
MOA: inhibits 
osteoclastogenesis by 
preventing the interaction of 
RANKL with RANK
Drug: Denosumab

In the FREEDOM trials, denosumab reduced the 
incidence of vertebral fractures by 68%, hip fracture 
by 40%, and nonspine fractures by 20% compared 
to placebo.

Denosumab is dosed as a subcutaneous injection every 6 months and increases 
BMD of the spine and hip for up to 6 years of treatment.

Denosumab can be administered in patients with kidney disease, gastrointestinal 
disorders, history of thromboembolism, stroke, or myocardial infarction, which are 
limitations to older therapies.

Strontium ranelate MOA: 
inhibits bone resorption 
and stimulates new bone 
formation

Reduces risk of vertebral fractures by 49% after one 
year and by 41% over three years.

This option is available in Europe as a 2g dose of granules that is administered 
orally daily (bedtime) as a suspension in water; however, it not currently approved in 
the United States.

Side effects of strontium ranelate include nausea, diarrhea, and headache.

Abbreviations: SERM = selective estrogen receptor modulator; BMD= bone mineral density; MOA = mechanism of action; HT = hormone therapy; ONJ = osteonecrosis 
of the jaw. References for data on bisphosphonates [121-127]; raloxifene [128,129]; calcitonin [130]; parathyroid hormone [131]; denosumab [132]; strontium ranelate [133]

Table 1: Pharmacotherapy for Osteoporosis.
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in concentration and sub-cellular localization [75]. Another reason 
for this variation in melatonin content in plants and plant products 
could be due to the method by which melatonin is extracted and 
analyzed. Thus, the levels reported in the literature for the same plant 
or plant product may be different dependent on the solvents and 
conditions used for extraction, maceration, sonication and purification 
as well as on the type of analysis used [e.g. high-performance liquid 
chromatography (HPLC), gas chromatography mass spectrometry 
(GC-MS) and immunoassay [76]. Variations are also likely to be due 
to species varieties, ripeness, and part of the plant analyzed. For this 
review, selected plant materials frequently consumed and/or that 
contain substantial amounts of melatonin were chosen for analysis 
and discussion. For a more comprehensive review of the literature, the 
reader is referred to other excellent reviews [75,77].

Food Sources Rich in Melatonin
Primary sources of dietary melatonin are likely to come from 

herbs, seeds and grains, vegetables, and fruits. However, secondary 
sources, rich in melatonin, can be derived from plants like coffee, wine, 
oil, and beer. For a listing of these food sources and their melatonin 
levels, please refer to Table 2. Many herbs are consumed for relief 
from inflammation, sleep disturbances and dementia most likely due 
to their anti-oxidant properties and their high levels of melatonin. 
High levels of melatonin were identified in fever few fresh green 
leaves (Tanacetum parthenium), St. Johns Wort flowers (Hypericum 
perforatum), and Huang-qin (Scutellaria blacalensis) [78]. Melatonin 
was also investigated in more than 100 Chinese medicinal herbs as 
dried powders derived from flowers, seeds, leaves, roots or stems [79] 
and, of the 100 tested, 64 contained melatonin in excess of 10 ng/g dry 
mass and 10 contained more than 1,000 ng/g dry mass. Traditionally, it 
is those herbs containing the highest levels of melatonin that are used 
to treat ailments related to oxidative stress. In Thai traditional medicine 
and for use as a sleep aid, a remedy using leaves of seven edible herbs 
showed significant levels of melatonin [black pepper (Piper nigrum, 
1,093 ng/g of dry sample weight), Burmese grape (Baccaurea ramiflora, 
43.2 ng/g of dry sample weight), humming bird tree/scarlet wisteria 
(Sesbania glandiflora, 26.3 ng/g of dry sample weight), bitter gourd 
(Moringa charantia, 21.4 ng/g of dry sample weight), Sesbania tora 
(10.5 ng/g of dry sample weight) and Sesbania sesban (8.7 ng/g of dry 
sample weight)] [80]. Likewise, other Thai herbs used for inflammation, 
antibacterial and glucose control were screened and showed melatonin 
content ranging from 0.5 to 146 ng/g dry weight [81].

Seeds are thought to contain high levels of melatonin to protect 
themselves against UV-radiation and oxidative stress during 
germination and early growth [74]. High levels of melatonin (2-200 
ng/g) were detected in the seeds of 15 edible plants, with the highest 
concentrations observed in white (Brassica hirta) and black mustard 
(Brassica nigra) seeds [82]. None of these plants are primary foodstuffs 
consumed in appreciable quantities. However, levels of approximately 
1 ng/g have been reported in oat, sweet corn, and rice [83] and a variety 
of Chinese corn seeds contained amounts of melatonin ranging from 
0-2, 034 ng/g and Chinese rice seeds 0-264 ng/g dry weight [84].

Melatonin has also been detected in vegetables, leaves and fruit 
where the concentration of melatonin varies with the plant’s degree 
of maturation [85]. Unlike dry herbs or seeds, the majority of fresh 
vegetables and fruits contain high water content so when levels of 
melatonin are reported, they are reported as “per wet weight”. This 
reporting makes their melatonin values much lower compared to dried 
products. Modest amounts of melatonin (10-113 pg/g wet tissue) were 

quantified by HPLC in cabbage, onion, cucumber, asparagus, Indian 
spinach and carrot. Highest amounts of melatonin are found in the 
Japanese radish (Bassica campestris, 657 pg/g) and ginger (Zingiber 
officinale, 0.6 ng/g) [83] and these levels were confirmed using GC-MS 
[86]. The melatonin content in tomato (Lycopersicon esculentum) has 
been widely studied and levels vary greatly (2.2 pg/g to 114.5 ng/g fresh 
weight) dependent on the variety of tomato and the year of harvest, 
[83,86-90].

A large number of edible fruits (i.e., strawberry, kiwi-fruit, 
pineapple, and apple) have melatonin levels between 12-48 pg/g wet 
tissue. Levels of melatonin in strawberries range between 1.4-11.3 ng/g 
melatonin fresh weight dependent on the variety [83,88]. Melatonin 
has been detected in fresh-frozen Montmorency (13.5 ng/g), and 
Balaton tart cherries (2.1 ng/g, Prunus cerasus) and in both the leaves 
and whole fruit of figs (Ficus carica, 12.9 ng/g for leaves and 4 ng/g 
whole fruit) [91,92]. Melatonin levels within fresh cherries varied based 
on variety (tart vs sweet) with sweet cherries containing much lower 
levels of melatonin (0-0.22 ng/g fresh fruit) than tart, but not on the 
orchard of origin nor the time of harvest [93].

Food products derived from plants show substantial amounts 
of melatonin and the food production process can either increase or 
decrease melatonin content in the product. Coffee (Coffea canphora 
and Coffea arabica), for example, has been shown to contain significant 
amounts of melatonin (5,800 to 12,500 ng/g dry weight in green beans 
and 8,000 to 9,600 ng/g in roasted beans) [94], however, brewing the 
coffee reduces the melatonin to about half these levels.

Grape (Vitis vinifera) cultivars, Nebbiolo, Croatina, Sangiovese, 
Merlot, Marzemino, Cabernet Franc, Cabernet Sauvignon and 
Barbera, were found to contain between 2.4 to 428 pg/ml (0.005-0.97 
ng/g) melatonin in grape skin extracts with varieties of Nebbiolo and 
Croatina containing the highest amounts [95,96]. It is also shown 
that the melatonin content in wines increases following indoleamine 
synthesis by yeasts during the fermentation process [97]. Rodriguez-
Naranjo and co-workers [98] analyzed eight red wines (Jaen Tinto, 
Merlot, Palomino Negro, Petit Verdot, Syrah, Cabernet Sauvignon, 
Prieto Picudo and Tempranillo) and found between 140 and 277 pg/
mL melatonin. Additionally, although melatonin was not detected 
in pomegranate fruit, levels up to 5.50 ng/mL were detected in 
pomegranate wine [99].

A wide variety of beers has also been shown to contain melatonin, 
with levels ranging from 51.8 to 169.7 pg/mL [100] where no 
correlation existed between melatonin content, the type of beer (lager, 
bitter or stout) or with the barley or hop source; however, there was a 
correlation with alcohol content (r = 0.56, p = 0.045), perhaps due to 
the yeast fermentation process similar to that observed for wine.

The melatonin contents of the leaves of seven edible herbs used 
in a Thai traditional sleeping formula based on Ayurveda traditional 
medicine have also been determined by HPLC and ELISA. The 
melatonin contents of the extracts of Baccaurea ramiflora (L.), Sesbania 
glandiflora (L.), Momordica charantia (L.), Senna tora (L.) and 
Sesbania sesban (L.) Merr. Was 43.2, 26.3, 21.4, 10.5 and 8.7 ng/g dry 
sample weight, respectively. The highest melatonin content was from P. 
nigrum extract (1092.7 ng/g dry sample weight) suggesting that it may 
be very effective as a traditional sleeping medicine especially when used 
in combination with other herbs with sedative properties [101].

Bioavailability of Melatonin in Food Sources
It has always been questioned whether or not food sources can 
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Abbreviations: ELISA = enzyme-linked-immunosorbent assay; RIA = radioimmunoassay; HPLC = high performance liquid chromatography; SPE = solid phase extraction; 
LC-MS-ESI = liquid chromatography, mass spectrometry, lectrospray Ionization mass spectrometry

Table 2: Food sources and their melatonin content.

Common name Scientific Nam Melatonin Detection method Reference
Herbs
St. Johns Wort (flower) Hypericum perforatum 4,390 ng/g dry wt HPLC, RIA [134]

Fever few(fresh green leaf) Tanacetum
parthenium 2,450 ng/g dry wt

Chinese skullcap
Huang-qin

Scutellaria
Blacalensis 7,110 ng/g dry wt

Chantui Periostracum cicadae 3,771 ng/g dry wt SPE followed
by HPLC-FD [79]

Shiya tea-leaf Babreum coscluea 2,120 ng/g dry wt
White mulberry
(leaf) Morus alba L 1,510 ng/g dry wt

Chinese rhubarb Rheumpalmatum L. 1,078 ng/g dry wt

Indian gooseberry Phyllanthus
emblica 9.4 ng/g wet wt Ethanol extraction/HPLC [81]

Siamese rough
bush, khoi Streblus asper 8.2 ng/g wet wt

Black pepper
(leaves) Piper nigrum 1,093 ng/g dry wt ELISA, SPE followed by HPLC [80]

Seeds
White mustard Brassica hirta 189 ng/g dry wt RIA, HPLC [82]
Oat Avena sativa 1.8 ng/g wet wt RIA [83]
Sweet corn Zea mays 1.37 ng/g wet wt
Rice Oryza sativa 1.0 ng/g wet wt
Barley Hordeum Vulagare 0.4 pg/g wet wt
Vegetables and
Fruits

Cabbage Brassica
Oleracea 112.5 pg/g wet wt RIA [83]

Onion Allium cepa 31.5 pg/g wet wt

Cucumber Cucumis
Sativus 24.6 pg/g wet wt

Asparagus Asparagus
officinalis 9.5 pg/g wet wt

Indian spinach Basella alba 38.7 pg/g wet wt

Carrot Paucus
Carota 55.4 pg/g wet wt

Ginger Zingiber
officinale 583.7 pg/g wet wt

Montmorency tart
cherry

Prunus
Cerasus 13.5 ng/g HPLC-EC [91]

Sweet cherry
Cultivars

Prunus
Avium

0 - 22.4 ng/100g fresh
fruit LC-MS- ESI [93]

Tomato Lycopersicon
esculentum

4.1 ng/g to 50 ng/g
fresh wt LC-MS [88]

Strawberry Fragaria
ananassa 1.4–11.3 ng/g fresh wt [88]

Fig Ficus carica 4.0 ng/g (wet fruit); 12.9 ng/g 
(dry leaves) ELISA [92]

Food Products

Coffee

Coffea
canphora
and Coffea
arabica

5.8 to 8.8 (green) and
8.0 to 9.6 μg/g
(roasted) dry wt

HPLC and
LC/ESI-MS [94]

Wines Vitis vinifea 25 to 428 ng/g HPLC and
ELISA [95, 96]

Pomegranate
wine

Punica
granatum 5.50 ng/mL [99]

Virgin Spanish
olive oil

Olea
europaea 650 and 119 pg/mL ELISA and

immunoprecipitation [135]

Beer 51.8 to 169.7 pg/mL [100]
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provide enough melatonin to derive any therapeutic benefit from 
them. Similar to taking a melatonin supplement, melatonin, when 
consumed in food, will be absorbed from the gastrointestinal tract 
and go through first-pass metabolism in the liver with the remainder 
being distributed into different parts of the body before being excreted 
mainly as a soluble metabolite (6-sulfatoxymelatonin, aMT6s) in urine. 
Of the few bioavailability studies performed in animals, most have 
shown that foods rich in melatonin increase significantly blood levels 
of melatonin. In the first animal study, comparing plasma melatonin 
levels in 2-week old chickens fed a diet high in melatonin content (i.e, 
3.5 ng melatonin/g diet) to those fed a diet low in melatonin (less than 
100 pg/g diet), it is shown that chickens fed the high melatonin diet had 
significantly higher levels of plasma melatonin ranging from 20 pg/mL 
to 34 pg/mL after 1.5 hrs (p<0.01) compared to the 8 pg/mL observed 
in chickens fed the low melatonin diet [83]. Similarly, in another 
study comparing serum melatonin concentrations in rats fed walnuts 
(Juglans regia L.; melatonin content 3.5 ± 1.0 ng/g) to those fed regular 
chow, it is shown that rats fed the walnuts had significantly higher 
serum melatonin concentrations than chow fed rats (38.0 ± 4.3 pg/mL 
vs 11.5 ± 1.9 pg/mL; p<0.01). More importantly, these higher levels of 
melatonin correlated with increases in ‘total antioxidant power’ of the 
serum measured by trolox equivalent antioxidant capacity (TEAC) and 
ferric-reducing antioxidant power (FRAP) methods [102].

In addition to the animal studies, studies performed in humans 
show that consumption of melatonin-rich foods results in significant 
levels of melatonin in the blood and correlate with higher antioxidative 
capacity. For example, Japanese women consuming the highest 
vegetable intake had higher levels of aMT6s in their first-void morning 
urine compared to those who did not have the highest intake of 
vegetables; however, because of incomplete data for melatonin in the 
plants, it was impossible to estimate dietary melatonin intake from 
vegetables and/or from the entire diet [103]. In another study, healthy 
Japanese women, 24–55 years of age, who consumed 350 g/day of six 
selected vegetables (intake 1,288 ng melatonin/day) for 65 days, had 
slightly elevated urinary aMT6s from baseline (from 48.1 to 49.6 ng/
mg creatinine). This is in contrast to the decrease in aMT6s levels from 
baseline (from 55.5 to 50.8 ng/mg creatinine) observed in women who 
were asked to avoid these same six vegetables during the same period 
(intake 5.3 ng melatonin/day; p = 0.03) [104]. In another crossover 
study examining levels of urinary aMT6s following consumption of 
200 g of whole cherries (Prunus avium L., 200 g 2x/day for 3 days as 
lunch and dinner desserts) in 6 middle-aged and 6 elderly people, it was 
shown that aMT6s levels increased by 125-220% compared to baseline. 
Even more, the rise in aMT6s levels were accompanied by significant 
rises in total antioxidant capacity and improved sleep (i.e., sleep 
time, total nocturnal activity, assumed sleep, and immobility) [105]. 
Likewise, in another crossover study assessing urinary aMT6s levels in 
30 young healthy volunteers following consumption of 6 tropical fruits 
sequentially per week (with a one-week washout period between fruit), 
it was shown that the largest increases in urine aMT6s concentration 
occurred in those who consumed pineapple (266% of baseline, p 
=0.004), followed by consumption of bananas (180% of baseline, p = 
0.001), and then oranges (47% of baseline, p = 0.007); however, lipid 
peroxidation (8-isoPGF2α marker) was not significantly decreased 
after 6 weeks of the study though a trend was observed (p=0.07) [106].

Although it has been shown that levels of aMT6s correlate with 
melatonin levels in the blood [107], it is not a direct measure of circulating 
melatonin in the body and in tissues. Levels of melatonin fluctuate in 
response to the light: dark cycle resulting in serum melatonin levels 

ranging between 120-200 pg/mL at night and 10-20 pg/mL during 
the day [108]. Melatonin can also accumulate in tissues achieving 2-3 
orders of magnitude to that in serum [109,110]. It is shown that 3 mg 
nocturnal consumption of melatonin produced significant and positive 
effects on menopausal symptoms in women [28] and even though 
the source of melatonin was via capsules in this study, consumption 
of foods rich in melatonin is expected to provide the same benefit. 
The first evidence showing that ingestion of foods rich in melatonin 
increases serum melatonin levels was recently reported in young, 
healthy volunteers who sequentially consumed juice extracted from one 
kilogram of either oranges, pineapple or two whole bananas following a 
light breakfast over one week with a one week wash-out period between 
fruits [111]. The highest serum melatonin concentration occurred 120 
minutes following consumption of all fruits with the greatest increase 
occurring following consumption of pineapple juice, and then followed 
by orange juice and then bananas (Table 3). Paralleling these increases 
in melatonin were increases in serum antioxidant capacity as measured 
by FRAP and oxygen radical antioxidant capacity (ORAC; Table3). 
Overall, these data show that tropical fruit consumption can elevate 
serum melatonin up to nocturnal levels and can raise the anti-oxidant 
capacity in serum of young healthy volunteers.

Conclusions and Future Perspectives
Much of the research studying the efficacy of alternative therapies 

to prevent or treat disease is focused on a reductionistic approach trying 
to find “the” component within the plant or plant product responsible 
for the health-promoting effect. However, given the fact that plants 
and plant products contain multiple phytochemicals, research in the 
area of natural products should concentrate more on the interactions 
between these phytochemicals within the plant rather than one or 
two and determine how these interactions result in positive health 
outcomes. Melatonin found in plants and plant products is most likely 
producing its beneficial effects on health through its interactions with 
other phytochemicals like anthocyanins, vitamin C and E, polyphenols, 
Resveratrol (grape), licopene (tomato), harmanine (passion flower) 
to name a few. Also, another area that should be focused upon is the 
extra pineal production of melatonin, for example, in the GI tract. This 
is an emerging and important area of research because the GI tract 
contains the enzymes responsible for the biosynthesis of melatonin 
(i.e., serotonin-N-acetyltranferase (NAT) and acetyl serotonin 
methyltransferase (ASMT) [76]. Seeing that previous studies report 
increases in serum melatonin concentration after tryptophan product 
ingestion as a result of gastrointestinal melatonin synthesis [112-115] 
and that many of the plants investigated contain appreciable amounts 
of tryptophan and serotonin, then ingestion of these melatonin-rich 
plants may achieve even greater levels of melatonin and anti-oxidative 
capacity than that measured in serum.

Overall, because the trends are showing that more women are 
turning to alternative therapies for managing their menopausal 
symptoms as well as to maintain good health, more research in this area 
is essential. Melatonin should be another therapy investigated for its 
efficacy to manage menopausal symptoms and to prevent menopause-
associated disease like osteoporosis since research is showing 
beneficial effects in this population [28,30,44]. Research should not be 
limited to females as middle-aged and elderly men (45-50 years and 
older) experience age- or drug-related bone loss and osteoporosis; 
supplementation of their diets with melatonin starting around age 45- 
50 and continuing throughout life is expected to provide protection 
from bone loss as well as other diseases like prostate cancer [116]. 
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Use of melatonin supplements or consumption of foods naturally 
rich in melatonin or genetically engineered to produce higher levels 
of melatonin [117,118] alone or in combination with other therapies 
to enhance endogenous nocturnal levels is expected to attenuate many 
disorders associated with reduced melatonin levels caused by light 
exposure at night, menopause and aging [23,29,116,119,120]. More 
research in this area is warranted.
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