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Noni is a versatile medicinal plant, enriched
with a variety of phytochemicals and
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for a wide spectrum of therapeutic benefits
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Abstract
Morinda citrifolia, commonly called noni, has a long history as a medicinal plant
and its use as a botanical dietary supplement has grown tremendously in recent
years. This has prompted a concomitant increase in research on the phytochemical
constituents and biological activity of noni. A relatively large number of scientific
publications on noni have been published in recent years, including a number of
review articles. The goals of this review are to provide an updated categorization of
the phytochemical constituents found in noni and to provide perspective for its
extensive utilization as a major botanical dietary supplement. Included herein are a
comprehensive list of known ethnobotanical uses and common names of M.
citrifolia, a brief summary of relevant biological studies and a discussion of the
safety of noni as a supplement.
Introduction
Morinda citrifolia L. (Rubiaceae), known popularly as noni, is a small evergreen
tree or shrub, native to South Asia, that currently grows throughout the tropics
(Abbott & Shimazu 1985). The fruits of M. citrifolia are very distinct and easy to
recognize (Figure 1). The white tubular flowers form in clusters on the young fruit.
The syncarpous fruit grow to be about 5–10 cm long and turn from a greenish to a

translucent yellowish-white colour when fully ripe (Nelson 2003). The surface of
the fruit is covered with polygonal segments that surround postfloral nectarines,
which continue to function during the development of the fruit (Keller 1985).
Noni has a long history of use as a medicinal plant in Polynesia, South and
Southeast Asia, Northeastern Australia and the Caribbean, and has been used to
treat a wide variety of ailments. While applications have been reported for all parts
of the plant, the leaves have the most prevalent traditional use and the plant is
usually used topically. This contrasts with the current popular use where the fruit
juice, and less commonly the leaves and roots, are primarily consumed orally.
Responding to noni’s ethnobotanical and popular use, a substantial number of
biological and chemical studies have been performed on this species dating back
more than 100 years. Many secondary metabolites of noni have been established.
These include iridoid glycosides and triterpenoids, such as ursolic acid, which are
the major constituents of the fruit, and a number of anthraquinones, which
primarily accumulate in the roots, but have also been found in trace quantities in
the fruit.
There are currently two recognized varieties of M. citrifolia (M. citrifolia var.
citrifolia and M. citrifolia var. bracteata) and one cultivar (M. citrifolia cultivar
Potteri). The most commonly found variety, M. citrifolia var. citrifolia, has the
greatest economic importance. It is morphologically diverse with both large and
small fruits and its leaves exhibit a wide range in size and shape, being variously
described as elliptical, long and strap-like, and ovate or rounded. M. citrifolia var.
bracteata has smaller fruits subtended by bracts and is found in countries between
the Indian and Pacific Oceans. M. citrifolia cultivar Potteri is an ornamental plant
distributed throughout the Pacific, with green and white leaves (McClatchey 2002b;
Nelson 2003). Variations among M. citrifolia trees are known by traditional healers,
who use leaf size and shape in addition to fruit odour to differentiate among
individual trees. In at least some situations, local healers preferentially select
specific trees, based on their morphology or odour, for a particular purpose
(McClatchey 2002a, b). However, most research has not distinguished between the
different noni varieties and this review paper will not attempt to make such
distinctions. The first section will review the documented ethnobotanical uses and
common names of M. citrifolia. The second section will describe its current usage
as a dietary supplement. The third section presents a compilation of the chemical
constituents. In the fourth section, published data on the biological activity of noni
extracts or pure compounds will be presented and in the fifth section, the safety
and toxicity of noni will be discussed. Various aspects of the uses, phytochemical

profiles and biological activity of M. citrifolia have been reviewed previously
(Wang et al 2002; Pawlus et al 2005b; ChanBlanco et al 2006; Potterat &
Hamburger 2007). This review covers literature published on noni through March
2007.

Ethnobotanical uses of noni
Originating in South Asia, noni has spread across the tropical world and is known
to local populations throughout this area for its medicinal properties. Table 1
presents a long, but necessarily partial, list of its traditional uses. The majority of
the entries in the table are local to South and Southeast Asia and the South Pacific,
reflecting noni’s geographic origin, but there are also traditional uses in east Africa,
the Hawaiian Islands and the Caribbean. Noni’s medical applications are as diverse
as its geography. Its root, stem, bark, leaves and fruit can be used externally as a
poultice, internally as an infusion or applied directly to the body. It is also
prepared, in some cases through fermentation, and administered orally. Its external
indications primarily consist of sores, cuts and inflammation, but also include
stings from poisonous fish and even headaches. The internal uses are even more
diverse, ranging from regulation of menstruation to the treatment of cancer.
Paralleling this wide range of traditional uses, Western consumers have also been
turning to noni for the treatment or prevention of a wide variety of ailments. This
will be discussed in the next section.
Noni as a botanical dietary supplement
The use of noni has recently grown tremendously in North America, Western
Europe and elsewhere and it is now widely available in health food stores,
pharmacies, grocery stores and through the Internet. According to the Nutrition
Business Journal (www.nutritionbusiness.com), noni juice was number one in
2005, for sales of single herbs in the USA, with sales estimated at $250 million, up

from $33 million in 1999. It is cultivated for commercial use in the Pacific islands,
particularly in Tahiti and Hawaii, as well as Australia, and, more recently, Florida. A
description of the growing, harvesting and processing of noni can be found in the
recently published book by S. C. Nelson and C. R. Elevitch (Nelson & Elevitch
2006). Noni’s rise in popularity as a dietary supplement is most likely due to the
increase in its publicity and marketing as a general cure-all or panacea for a number
of chronic conditions (Solomon 1998; Elkins 2002; Fairchild 2004), as well as to
the growing number of scientific studies reporting data, however preliminary, on
its potential benefits (see Table 3). The popular publicity, in the form of books,
marketing pamphlets and Internet sites, promotes a wide number of indications for
noni, such as cancer, depression, diabetes, drug addiction, heart disease and
obesity, and presents anecdotal evidence claiming somewhat miraculous cures
obtained through its use. A significant portion of these advertisements and
informational publications attribute these wide-ranging benefits to an alkaloid
called xeronine, which is reported to exist in noni as its precursor, proxeronine
(Heinicke 1985). A number of books and web-sites make scientifically astounding
claims about the benefits of xeronine, complete with cartoons and schematics
showing xeronine converting sickly cells into healthy, robust-looking cells (e.g.
Solomon 1998). This xeronine theory began with a 1985 publication in a botanical
journal by Dr Heinicke. Unfortunately, this publication lacks supporting data and,
to date, the presence of xeronine and proxeronine has not been confirmed in any
peer-reviewed scientific publication. Furthermore, the structures of xeronine and
proxeronine have never been provided.
While the fruits and leaves are sold as tablets and as herbal teas, noni is most
commonly sold as a juice derived from the fruit. Such fruit juices are frequently
prepared by diluting the dried powdered fruit with other juices, such as grape juice,
to increase palatability. While it is not known which compounds may be most
beneficial, some products report that they are standardized to a given percentage of
polysaccharides. This presumably stems from studies demonstrating the potential
anti-cancer activity of the polysaccharide-rich partition of the fruits in mice
(Hirazumi etal 1994; Furusawa etal 2003). These investigations were performed by
injecting a polysaccharide-rich fraction into the peritoneal cavity of mice with preinjected cancer cells. While the results seem promising and warrant further
investigation, it is still unknown whether beneficial anti-cancer activity would occur
with oral administration in man.

Phytochemical constituents of Morinda citrifolia
Phytochemical investigations of M. citrifolia have resulted in the isolation of
approximately 200 compounds, as summarized in Table 2. These primarily consist
of a number of anthraquinones and anthraquinone glycosides, fatty acids and their
derivatives, iridoids and iridoid glycosides, lignans, neolignans, flavonol glycosides,
phenylpropanoids, saccharides, triterpenoids and fatty acids. The majority of these
compounds have been isolated and identified through NMR spectroscopy and
mass spectrometry while gas chromatography-mass spectrometry was used
primarily in the identification of the fatty acids. The names of the compounds
found are listed in Table 2 and the chemical structures of the majority of these
isolates are shown in Figure 2. Additionally, the chemical structures of several
iridoids have recently been revised by Schripsema etal (2006) as indicated by their
previous names in parenthesis in Table 2.
M. citrifolia has also been evaluated for its nutritional content for potential use in
geographical regions where specific nutritional deficiencies are prevalent. One
study examined the carotenoid content in the leaves, bark and fruits and found that
the leaves were a substantial source of carotenoids and had the potential to treat
vitamin A deficiency (Aalbersberg etal 1993). In another study, fruits from
Australia were found to contain 158mg of vitamin C and 2012mg of potassium per
100g of dry weight. These levels approximate the recommended daily allowance of
these nutrients (Peerzada etal 1990). Recently, the polysaccharide content of noni
fruits (noni-ppt) collected in Vietnam has been investigated using monosaccharide
analysis and glycosyl linkage analysis. The most abundant monosaccharides found
were arabinose (Araf), galactose (Galp), galacturonic acid (GalAp) and rhamnose
(Rhap). The polysaccharide composition, deduced by the monosaccharide linkage
data, was found to be mostly pectic polysaccharides, of which homogalacturonan
(49.5%), type I arabinogalactan (12.3%) and rhamnogalacturonan I (10.8%)
predominated (Bui etal 2006).
Biological activity of Morinda citrifolia extracts and pure constituents
A number of in-vitro and, to a lesser extent, in-vivo biological studies have been
performed on both the crude extracts and several pure constituents of noni. These
pertain to analgesic, antibacterial, anti-cancer, anti-inflammatory, antioxidant, antitubercular, cancer-chemopreventive and cardiovascular actions, as summarized in
Table 3. The invivo results include the increase of lifespan of mice implanted with
cancerous cells injected intraperitoneally with the EtOH-ppt, as mentioned above.
In this study, the EtOH-ppt activity was shown to be blocked by

immunosuppressants, such as ciclosporin, and increased survival by concurrent
administration with chemotherapeutic agents, vincristine, 5-fluorouracil, cisplatin
and adriamycin. This activity was demonstrated in several models, including mice
injected with Lewis lung carcinoma cells and sarcoma 180 tumour cells (Hirazumi
et al 1994; Furusawa et al 2003). Other in-vivo studies include the reduction of
blood glucose levels in mice with streptozotocin-induced diabetes, hypotensive
effects in dogs by the intravenous injection of the water-soluble extract from the
roots and an analgesic effect of the aqueous extract injected intraperitoneally in
mice (Youngken et al 1960; Younos et al 1990; Yamaguchi et al 2002; Nayak et al
2007). On the other hand, the subcutaneous injection of an aqueous extract of
noni was found to be ineffective in the prevention of pregnancy in animal studies
(Matsui et al 1967). The in-vitro studies demonstrated antioxidant and antibacterial
effects of both noni extracts, but no antiviral activity has been demonstrated
(Wang & Su 2001; Su et al 2005). In-vitro studies have also suggested noni may
have anti-angiogenic activity, which could be important in preventing the spread of
cancer (Hornick et al 2003). In addition, a methanol leaf extract upregulated lowdensity lipoprotein (LDL) receptors in HepG2 liver cells, a mechanism for
reducing LDL blood levels, a risk factor for atherosclerosis (Salleh et al 2002).
Additionally, some promising biological activity was found with pure compounds,
particularly anthraquinones and lignans. For example, in-vitro tests using a quinone
reductase bioassay with hepa1c1c7 cells on the anthraquinone, 2-methoxy1,3,6trihydroxyanthraquinone (27), found it to be a highly potent phase II enzyme
inducer and showed no toxicity to these cells (Pawlus et al 2005a). Damnacanthal
(11) is another anthraquinone with potent biological activity in-vitro; it is a potent
tyrosine kinase inhibitor and, similarly to morindone (33), exhibits topoisomerase
II inhibition (Faltynek et al 1995; Tosa et al 1998). Several lignans from noni have
demonstrated activity in antioxidant-related bioassays. For example, americanol A
(90), 3,3′-bisdemethylpinoresinol (92), isoprincepin (94) and morindolin (95) all
inhibited copper-induced LDL oxidation (Kamiya et al 2004). Additionally,
americanin A (88) demonstrated DPPH free-radical scavenging activity and
narcissoside (64) demonstrated antioxidant activity against the free-radical
ONOO− (peroxynitrite) (Su et al 2005).

Safety, toxicity and adverse effects of Morinda citrifolia
There are several studies involving the administration of noni to laboratory animals
with no perceived toxicity (West et al 2006; Westendorf et al 2007). There are
however, several published case reports of possible toxicity in man. In one of these
clinical reports, there was a suspected adverse event related to noni juice
consumption from a patient with chronic renal insufficiency (Mueller et al 2000).
This patient demonstrated elevated potassium levels despite claims of compliance
with a low-potassium diet, but was reported to be taking a shot glass of noni juice
before each meal. The authors found the potassium level of a specific noni juice
product to be 56.3 mEqL−1 , which is similar to levels found in orange and
tomato juices. The authors concluded that because the recommended dose is 1–3
oz of juice per day, noni juice does not pose a great threat of hyperkalaemia to
those on a potassium-restricted diet unless they exceed the recommended dose.
Unfortunately, they were unable to confirm which product the patient used or
whether he was compliant with the manufacturer’s recommended dosage. In a
second report, a 41-year-old female developed coumadin resistance after beginning
the daily consumption of noni juice product (Noni Juice 4 Everything) (Carr et al
2004). In a related report, noni juice has been found to inhibit angiotensin-Iconverting enzyme (ACE) (Yamaguchi et al 2002). Since ACE inhibitors cause a
decrease in potassium secretion, this activity, in addition to its potassium content,
may contribute to hyperkalaemia in patients on potassium-restricted diets.

In addition to these reports of hyperkalaemia, there are several reports linking noni
fruit juice consumption to hepatotoxicity. In one case at the Medical University of
Innsbruck in Austria, a 45-year-old male patient presented with complaints of
malaise and non-specific thoracic discomfort. Routine blood work showed a
clinically significant elevation in liver enzymes, including transaminases and lactate
dehydrogenase, suggesting some form of hepatic injury. This patient was not on
any chronic medications but had begun taking a glass of noni juice every day for
the previous few weeks. After exclud ing other potential causes of these elevated
liver enzymes, the authors concluded that the toxic symptoms were most likely
caused by noni juice. After discontinuing for one month, the patient’s liver
enzymes returned to normal (Millonig et al 2005). In 2005, Stadlbauer and coworkers at the Medical University of Graz in Austria reported on two patients
suffering from hepatotoxicity while consuming noni juice (Stadlbauer et al 2005).
In one case, a 29-year-old male patient presented with acute hepatitis. The patient
was taking noni (1.5 L of the fruit juice), along with a mixture of herbal drugs from
Chinese traditional medicine listed in the case report as bupleuri, condonopsis,
glycyrrhizae, paeonia, pinellia, schizonepeta and scutellaria. This patient
subsequently underwent a liver transplant. In the second case, a 62-year-old female
presented with nausea and vomiting. Routine blood work showed an increase in
liver enzymes, indicative of acute hepatitis, and a liver biopsy was consistent with
the type of hepatitis found in idiosyncratic drug reactions. The patient reported
taking 2 L of noni juice between April and July of that year. Nine months after
discontinuing noni juice, the patient’s liver enzymes returned to normal (Stadlbauer
et al 2005). Another case involved a young female patient in Germany with
multiple sclerosis who was being treated with interferon beta-1a. This patient
presented with jaundice and high transaminase and bilirubin levels. Fine-needle
aspirations were performed and autoimmune hepatitis was ruled out, but signs of
drug-induced toxicity were found. The patient stated she had been consuming noni
juice over the past four weeks and her liver enzyme levels returned to normal levels
one month after discontinuing noni (Yüce et al 2006). Since the majority of these
patients were also taking other medicines or herbs, any direct correlation with noni
ingestion has been challenged (Jensen et al 2006; West 2006; West et al 2006). In a
safety review of noni by West et al (2006), the animal and human studies
performed previously on noni were summarized, including those that examined the
effect of noni on liver enzyme levels. Additionally, a list of reports in the literature
of noni being used as a food was provided. The general conclusion was that the
animal and human studies indicate that noni is safe for consumption (West et al
2006).

In a recently concluded phase I clinical trial, funded by the National Center for
Complementary and Alternative Medicine (NCCAM), National Institutes of
Health, Bethesda, MD, capsules containing freeze-dried noni fruit were
administered to cancer patients at doses in the range 2–10 g. The purpose of this
study was to determine possible benefits to these patients in addition to
determining dosing, toxicity and biomarker compounds for bioavailability and
pharmacokinetics studies. There was no observed toxicitiy or tumour response, but
there was a significant alleviation in pain with activity, and an improvement, not
considered statistically significant, in fatigue and physical functioning (Issell et al
2005). A full report on this clinical trial has yet to be published. With regard to its
safety in pregnant and lactating women, noni has not been clinically evaluated. It
has been reported that the ingestion of a large amount of the fruits can cause an
abortion and the root bark has been used as an abortifacient in the Pacific island of
Futuna. This activity has not been confirmed experimentally (Cambie & Brewis
1997).
Conclusions
Morinda citrifolia has been used as a medicinal plant for centuries and its use has
continued to grow; it was disseminated throughout the tropics as a canoe crop,
brought by early Polynesian settlers, and now has spread to the developed world as
a popular dietary supplement. Noni’s recent growth as a supplement is most likely
due to marketing claims and is supported by at least some recent scientific studies
suggesting broad potential health benefits from its use. Biological testing on crude
extracts and pure compounds has been performed showing antioxidant,
antiinflammatory, antinociceptive, anti-cancer, anti-diabetic and antihypertensive
activity. This activity was primarily found in preliminary in-vitro test systems and
needs to be verified in more complex models. Additionally, the majority of the
animal studies were undertaken by injecting the plant material into the test subject.
Therefore, caution must be exercised before assuming that these results can be
extrapolated to oral consumption in man.
Notwithstanding the need for caution, noni studies have provided several
biological results that warrant further investigation. For example, the
polysaccharide-rich precipitate should be further investigated. The relevant
questions are whether the activity is specific to noni and whether it can be
replicated orally. If not, further research would be necessary to afford a practical
method of administration in man. However, these compounds are not the only
ones in noni with promising biological activity. For example, according to in-vitro
testing, the anthraquinone, 2-methoxy-1,3,6-trihydroxyanthraquinone (27), is one

of the most potent quinone reductase enzyme inducers so far known and it did not
demonstrate cell toxicity. This detoxifying enzyme (a phase II enzyme) is
considered important in the prevention of the initiation phase of cancer. Although
compound 27 is found at very low concentrations in the fruit, its biological
properties make it such a promising candidate for further biological testing that
chemical synthesis is warranted. Another promising area of further research is the
use of noni for high blood pressure. Noni extracts demonstrated hypotensive
activity when injected into animals and have been shown to have ACE-inhibitory
activity. Since ACE inhibitors are commonly prescribed to treat high blood
pressure, this activity points to a potential therapeutic use. However, it also points
to the danger of drug and disease interactions, since ACE inhibitors cause
potassium retention, which could explain the clinical report of coumadin resistance
developing in a patient taking noni.
In addition to results from biological studies, ethnobotanical reports also provide
promising leads for research. Some reported uses are common to a wide variety of
cultures. This consistency makes it tempting to believe that noni will be useful for
these ailments. In particular, its prevalent use for open sores and inflamed areas of
the skin in multiple ethnic groups strongly suggest that it has efficacy for this
purpose. This and other more exotic traditional uses of noni present promising
areas for further research. Approximately 200 compounds have already been
identified from noni, including anthraquinones, flavonoids, glycosides, iridoids,
lignans and triterpenoids. While the structures of these compounds are known,
their biological activity as pure entities and their significance when present as
constituents of noni extracts are still just being elucidated. As the therapeutic and
preventative effects of noni become better understood and as the active
ingredients become more apparent, analytical methods for standardization of noni
in terms of its active and major constituents can be developed. This would be an
important step in the development of reproducible noni products for clinical
testing, as well as the creation of monographs for chemical methods of quality
control.
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