Tap chi Khoa hoc Y Dwoc Ba Néng, Online First DJ M P

Review

PHYTOCHEMISTRY BIOACTIVITIES AND PRODUCT
DEVELOPMENT POTENTIAL OF MORINDA CITRIFOLIA L.

Hoat tinh sinh hoc va tiém ning phat trién san pham tir cay nhau
(Morinda citrifolia L.)
Thai Phuong Pham', Dinh Vien Ho' , Duy Dieu Nguyen?"

'Binh Duong University, Ho Chi Minh City, Viet Nam
2University of Management and Technology Ho Chi Minh City, Ho Chi Minh City, Viet Nam

*Tac gia lién hé | Corresponding author: dieu.nguyenduy@umt.edu.vn

ABSTRACT

Morinda citrifolia L. is a tropical medicinal plant with long-standing traditional use and increasing
relevance for phytochemical, pharmacological, and noni-based healthcare product development.
This narrative review synthesizes available evidence on medicinal characteristics, plant parts
used, phytochemical constituents, biological activities, and requirements for product
standardization. The fruit is the principal raw material for juice, fermented preparations, dried-fruit
tea, powders, and capsules, whereas leaves, roots, seeds, and stem bark provide comparative
information on the distribution of bioactive constituents. Major compound groups include iridoid
glycosides, polyphenols, flavonoids, coumarins, organic acids, polysaccharides, anthraquinones,
and lignans. Deacetylasperulosidic acid, asperulosidic acid, scopoletin, rutin, and damnacanthal
are important quality-related constituents, depending on the plant part and intended product.
Preclinical studies support antioxidant, anti-inflammatory, antibacterial/antifungal, glucose-
metabolism-modulating, neuroprotective, and anticancer-related activities; however, most
findings remain derived from chemical assays, cell models, animal experiments, or non-
standardized extracts. Therefore, development of noni as a science-based medicinal material or
healthcare product should prioritize plant-part authentication, batch-to-batch chemical
standardization, safety assessment, bioavailability evaluation, drug-interaction studies, and
controlled clinical validation.

Keywords: Noni; Morinda citrifolia L.; biological activities; iridoid glycosides; phytochemistry;
herbal standardization; healthcare products.

TOM TAT

Cay Nhau (Morinda citrifolia L.) 1a mét cay thubc nhiét déi co lich st str dung 1au ddi trong y
hoc ¢ truyén va ngay cang cé vai trd dang ké trong nghién ctu héa thye vat, dwoc ly va phat
trién cac san phadm cham séc strc khde tir nhau. Bai tdng quan twong thuat nay tdng hop cac
bang ching hién cé vé dac diém dworc liéu, cac bd phan cta cay dwoc st dung, thanh phan hoéa
thwe vat, hoat tinh sinh hoc va cac yéu cau di véi tiéu chuan héa sén phdm. Qua la nguyén liéu
chinh dé san xuét nwéc ép, cac ché pham lén men, tra qua kho, bdt va vién nang; trong khi 14,
ré, hat va vé than cung cép thong tin so sanh vé sw phan bd clia cac thanh phan cé hoat tinh sinh
hoc. Cac nhédm hop chét chinh bao gébm glycosid iridoid, polyphenol, flavonoid, coumarin, acid
hiru co, polysaccharid, anthraquinon va lignan. Acid deacetylasperulosidic, acid asperulosidic,
scopoletin, rutin va damnacanthal la nhirng thanh phan quan trong lién quan dén chét lwong, tay
thudc vao bod phan cla cay va loai sdn phadm duw kién phat trién. Cac nghién cru tién Iam sang
cho thay nhau cé hoat tinh chéng oxy héa, chéng viém, khang khuan/khang ndm, diéu hoa chuyén
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héa glucose, bdo vé than kinh va cac tac dung lién quan dén chdng ung thw; tuy nhién, phan Ién
cac két qua hién nay van chd yéu xuét phat tir cac thir nghiém héa hoc, mé hinh t& bao, thi
nghiém trén déng vat hoac céac dich chiét chwa dwoc tiéu chuan héa. Vi vay, viéc phat trién nhau
thanh nguyén liéu dworc liéu hodc san phdm cham séc strc khde cé co s& khoa hoc can wu tién
xac thwe bo phan thuwe vat st dung, tiéu chuan héa thanh phan héa hoc gitra cac 16, danh gia an
toan, danh gia sinh kha dung, nghién ctru twong tac thudc va xac nhan bang cac thir nghiém Iam

sang c6 déi chirng.

Tw khéa: Nhau; Morinda citrifolia L.; hoat tinh sinh hoc; glycosid iridoid; héa thyc vat; tiéu
chuan héa dwoc liéu; sdn phadm cham séc sirc khde.
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I. INTRODUCTION

Viet Nam has abundant medicinal plant
resources, including many species that have
long been used in folk medicine and are
increasingly studied in modern pharmaceutical
sciences. Noni (Morinda citrifolia  L.),
scientifically known as Morinda citrifolia L. and
belonging to the Rubiaceae family, is a familiar
medicinal plant in central and southern Viet
Nam. It is also known internationally as noni or
Indian mulberry. In traditional medicine, the
fruit, roots, and leaves of noni have been used
for multiple purposes, including digestive
support, pain relief, diuresis, blood circulation
support, and the management of some external
inflammatory conditions.’*

Interest in noni is not based solely on
traditional experience. Modern studies have
reported numerous secondary metabolites in

the fruit and other plant parts, particularly iridoid

glycosides, anthraquinones, flavonoids,
polyphenols, coumarins, organic acids,
polysaccharides, and lignans.>’ These

compounds have been associated with several

biological activities, including antioxidant, anti-
inflammatory, antibacterial, antifungal, glucose-
metabolism-modulating, neuroprotective, and
anticancer-related effects in  preclinical
models.>3

A central problem in current noni research is
the disconnection among botanical source,
plant part, extract type, chemical markers,
biological model, and product form. Studies on
fruit juice, fermented fruit, leaves, roots, seeds,
or isolated compounds are often discussed
under the same name “noni”, although their
chemical profiles and safety considerations can
differ substantially. This creates uncertainty
when preclinical findings are translated into
quality specifications, product positioning, or
clinical recommendations.

On this basis, the present narrative review
aims to systematize available evidence on the
noni plant, clarify the relationship among plant
parts, major compound groups, reported
biological activities, and product-development
requirements, and identify priorities for product
standardization,

safety assessment, and

appropriate clinical study design. Because fruit-
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based preparations are the most common
commercial forms, the fruit is discussed in
detail, while data from leaves, roots, seeds, and
stem bark are included to avoid inappropriate

generalization across plant parts

Il. REVIEW METHODOLOGY

This paper was conducted as a narrative
review to systematize data related to the noni
plant (Morinda citrifolia L.), with particular
attention to fruit-based materials and products.
Literature was selectively searched in academic
databases and sources, including PubMed,
Scopus, Web of Science, ScienceDirect,
SpringerLink, and Google Scholar. Records
available up to the period of manuscript
preparation were considered. English and
Vietnamese keywords were used either alone
or in combination, including Morinda citrifolia,
noni, noni fruit, phytochemistry, iridoids,
deacetylasperulosidic acid, asperulosidic acid,
scopoletin, damnacanthal, antioxidant, anti-
antimicrobial,

inflammatory, antifungal,

anticancer, antidiabetic, neuroprotective,
toxicity, safety, fermentation, and medicinal
product development.

Documents were considered when they
directly addressed botanical characteristics,
plant parts wused, chemical composition,
biological activity, safety, toxicity, processing
technology, or application-oriented
development of noni. Priority was given to
original research articles, review articles,
phytochemical studies, in vitro and in vivo
pharmacological studies, toxicity studies,
product-related studies, and pharmacognostic

references of scientific value. Records were

excluded when the study object was unclear,
the content was not directly related to Morinda
citrifolia L., the material was mainly promotional,
the methodology was insufficiently described,
the content was duplicated, or the scientific data
were not verifiable.

The reviewed evidence was organized into
four thematic groups: medicinal characteristics
and ftraditional use; distribution of major
compound groups by plant part; relationships
between chemical composition and biological
activities investigated in chemical assays, in
vitro models, in vivo models, or product-based
studies; and

requirements for product

development, including chemical-marker

standardization, quality  control, safety,
bioavailability, and clinical validation.

Because this is neither a systematic review
nor a meta-analysis, no formal risk-of-bias
scoring system was applied, and no pooled
treatment effect was estimated. Instead, the
paper emphasizes evidence trends, research
gaps, distinctions between preclinical and
clinical evidence, and practical implications for
standardizing noni raw materials and

developing noni-based healthcare products..

lll. MEDICINAL CHARACTERISTICS AND
PHYTOCHEMICAL BASIS OF MORINDA
CITRIFOLIA L.

1. Botanical Characteristics, Ecological
Distribution, and Plant Parts Used

Morinda citrifolia L. is a small perennial tree
or shrub, commonly reaching approximately 3-
8 m in height. The leaves are simple, opposite,
large, glossy, and entire. The flowers are small,
white, and arranged

in globular axillary

inflorescences. The fruit is a syncarp, ovoid to
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oval in shape; when ripe, it turns ivory-white to
pale yellow, becomes soft, and develops a
characteristic pungent odor. The plant is light-
demanding, adapts well to hot and humid
climates, and can grow along rivers, field

margins, alluvial soils, coastal sandy soils, or

(c) eaf ]

mildly saline areas.® Its broad ecological
adaptability is an important advantage for
developing noni as a medicinal raw material in

Viet Nam. Representative morphology is shown

in Figure 1.

(d) Fruit

Figure 1. Representative morphology of noni (Morinda citrifolia L.). (Image Source: medlatec.vn)

From a pharmacognostic perspective,
several parts of the noni plant can be utilized,
but they should not be treated as chemically
equivalent materials. The fruit is the most
studied part because it is used both as a food
ingredient and as a raw material for noni-based
healthcare products, including juice, fermented
preparations, dried-fruit tea, powders, and
capsules. The roots are rich in anthraquinones
and are often used in folk remedies related to
pain, blood circulation, or digestive support. The
leaves contain flavonoids and phenolics and
have been used externally, as decoctions, or as
experimental materials for anti-inflammatory,
antioxidant, and wound-healing research.
Seeds and stem bark are less common in folk

use but have research value because they

contain oils, phenolics, lignans,

anthraquinones, and other  secondary
metabolites.*®
2. Nutritional Components and Major
Secondary Metabolites in Noni Fruit

Noni fruit contains both basic nutrients and a
diverse set of secondary metabolites. In the
fresh fruit, water is the dominant component; in
juice form, water content may exceed 90%,
whereas protein, lipid, and carbohydrate levels
vary with maturity, cultivation region, and
processing method.>*” In  addition to
macronutrients, the fruit contains vitamin C,
carotenoids, niacin, trace minerals, and various
organic acids that contribute to the
characteristic flavor of noni.>” The coexistence

of nutrients, organic acids, and secondary
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metabolites places noni fruit at the interface of

food ingredient, medicinal material, and
healthcare-product raw material.

Iridoid glycosides are among the most important
quality-related constituents of noni fruit.

Phytochemical studies have isolated or

quantified asperulosidic acid,
deacetylasperulosidic acid, asperuloside, and
other iridoids from the fruit.®>'® Among them,
(DAA) and

asperulosidic acid (AA) are commonly used as

deacetylasperulosidic  acid

important markers for assessing the quality of
fruit-based raw materials because they can
reflect differences in plant part, cultivation
source, maturity, and processing method.”'° In
product development, separate quantification of
DAA and AA

measuring only total extract content, because

is more meaningful than

total extract does not adequately reflect quality
variation among raw-material batches.

Besides iridoids, noni fruit also contains
polyphenols, flavonoids, coumarins, lignans,
polysaccharides, and some anthraquinones at
lower levels than in the roots.>®'" Scopoletin, a
coumarin often reported in the genus Morinda,
is notable because it has been linked to
biological activities such as antioxidant, anti-
inflammatory, and cellular-response-
modulating effects. Flavonoids and phenolic
acids, including rutin, kaempferol glycosides,
gallic acid, salicylic acid, and other phenolic
free-radical

derivatives, contribute to

scavenging capacity and oxidative-stress
modulation.>"" Polysaccharides from the fruit

and fermented products are also of interest

immunomodulation, redox balance, and gut-
microbiota regulation.
3. Distribution of Compound Groups across
Plant Parts

Each part of the noni plant accumulates
secondary metabolites in a distinct pattern. Noni
leaves are rich in polyphenols and flavonoids,
among which rutin, quercetin, and kaempferol
are frequently reported. Leaves also contain
iridoids, triterpenoids, saponins, and tannins.
This profile provides a plausible basis for
experimental findings related to anti-
inflammatory, antioxidant, and wound-healing
activities.>12

The roots are notable for anthraquinones,
particularly damnacanthal, nordamnacanthal,
related derivatives.

rubiadin, alizarin, and

Damnacanthal is often regarded as an
important chemical marker of the roots. In
addition to anthraquinones, the roots contain
iridoids, flavonoids, sterols, ftriterpenoids,
lighans, and coumarins, indicating a metabolite-
accumulation pattern that differs clearly from
the fruit and leaves.>'® Noni seeds contain oil,
minerals, phenolic acids, and lignans, although
data on seeds are much more limited than data
on fruit, leaves, and roots.>® Stem bark has
been less extensively studied, but available
data suggest the presence of anthraquinones,
polyphenols, flavonoids, alkaloids, and
terpenoids.>®

This difference has practical implications:
data from roots, leaves, or seeds should not be
generalized to noni fruit when developing

quality standards for fruit-based products. If a

because they may participate in product is labeled as “noni fruit”’, its chemical
specifications  should  prioritize  iridoids,
Da Nang Journal of Medicine and Pharmacy, Online First (In-press) 5
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scopoletin, total polyphenols, total flavonoids,
polysaccharides, and selected safety indices. If
the product uses roots or a whole-plant
combination, anthraquinone-related criteria and

appropriate toxicity assessment should be
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constituents are presented in Figure 2, while

Representative quality-related

the distribution of major compound groups by

plant part is summarized in Table 1.
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Figure 2. Representative quality-related constituents of noni. Chemical structures were redrawn by

the authors based on structures reported in the cited phytochemical literature.

4. Implications of Phytochemical Data for
Product Standardization

From a product-development perspective,
noni should be standardized according to the
declared plant part and product form. For fruit-
based products, DAA and AA can serve as
primary iridoid markers, while scopoletin, total
total and

polyphenols, flavonoids,

polysaccharides may be used as
complementary quality indicators. For root-
containing materials, damnacanthal and other
anthraquinone-related constituents should be
considered because the root profile differs from
the fruit. Whole-plant products require a broader
specification and should not be assessed using
only fruit markers.

Processing is a major source of chemical
variability. Fresh juice, fermented juice, dried
fruit, fruit powder, and organic-solvent extracts
may have markedly different contents of
iridoids, polyphenoils, flavonoids, organic acids,
and polysaccharides. Fruit maturity, harvest
season, fermentation

drying temperature,

conditions, storage time, and extraction solvent
can all influence the final chemical profile.”1%15
Therefore, product dossiers should clearly
specify plant part, maturity stage, processing
method, extraction solvent, marker-compound
content, microbial quality, heavy-metal limits,
solvent residues, and stability data rather than

simply referring to the raw material as “noni”.

IV. BIOLOGICAL ACTIVITIES AND
PRECLINICAL PHARMACOLOGICAL
BASIS

The biological activities reported for noni
should be interpreted in relation to plant part,
extract type, experimental model, and level of
evidence. Table 2 consolidates representative
activity groups, potentially related compound
groups, and application-oriented implications.
This structure is intended to link phytochemistry
reduce

with biological outcomes and to

overgeneralization from isolated preclinical

findings.
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Table 1. Relative distribution of major compound groups according to the plant part used in

Morinda citrifolia L.

Plant Prominent compound Representative
Pharmacological relevance
part groups examples/markers

Fruit Iridoid glycosides, DAA, AA, Main raw material for juice,
polyphenols, flavonoids, scopoletin, rutin, fermented products, teas,
coumarins, organic acids, gallic acid, vitamin powders, and capsules; closely
polysaccharides, C related to fruit-based
vitamins, and trace phytochemical, nutritional, and
minerals antioxidant data.” %"

Leaves Flavonoids, polyphenols, Rutin, quercetin, Source of bioactive constituents
iridoids, triterpenoids, kaempferol, for research on inflammation,
saponins, tannins aucubin, oxidative stress, wound healing,

asperulosidic acid  and immunomodulation.5'2

Roots Anthraquinones, iridoids, Damnacanthal, Chemically distinct from the fruit;
flavonoids, sterols, nordamnacanthal, relevant to cellular-activity and
triterpenoids, lignans, rubiadin, alizarin, hypoglycemic studies;
coumarins scopoletin anthraquinone-related safety

should be considered.™™*

Seeds Seed oil, phenolic acids,  Caffeic acid, vanillic Potential auxiliary material for
lignans, flavonoids, acid, morindolin, nutritional or cosmetic products,
minerals americanol, seed although data remain limited

oil compared with the fruit.58

Stem Anthraquinones, Morindone, Limited data; further studies on

bark phenolics, flavonoids, rubiadin, and quantification, safety, and
alkaloids, terpenoids phenolic application value are needed.>®

compounds

1. Antioxidant Activity

Antioxidant activity is one of the most
extensively studied directions for noni fruit and
leaves. Several in vitro models,
DPPH, ABTS, and FRAP assays, show that

noni extracts can scavenge free radicals or

including

increase reducing capacity, particularly in
fractions rich in polyphenols, flavonoids, and
iridoids.>® Fruit maturity, fruit part, and drying

method clearly influence total phenolic content,

ascorbic acid level, and antioxidant activity;

incompletely ripe fruit may show higher
antioxidant indices under some testing
conditions.™

Mechanistically, polyphenols and vitamin C
may participate in free-radical neutralization,

whereas iridoids, polysaccharides, and

coumarins may contribute to the regulation of
oxidative stress and inflammatory responses.
in vitro results cannot

However, replace
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evidence of biological efficacy in humans
because bioavailability, metabolism, and dose
may substantially alter actual effects.
2. Anti-inflammatory Activity

RAW  264.7

lipopolysaccharide (LPS)-activated systems,

macrophage models,
arthritis models, and colitis models have

provided preclinical evidence for anti-
inflammatory effects of noni. Leaf extracts
containing  scopoletin, epicatechin, and
flavonoids may reduce inflammatory mediators
such as nitric oxide (NO) and TNF-alpha, while
also affecting the expression of genes related to
inflammatory responses. In fruit juice,
compounds such as asperulosidic acid, rutin,
nonioside A, and tricetin have been identified as
LPS-induced

in macrophages.'®

inhibitors  of inflammatory

responses Fruit-derived
polysaccharides also reduced inflammatory
markers in an experimental colitis model."”
These findings suggest that noni may be a
source of natural anti-inflammatory agents.
Nevertheless, most evidence remains at the cell
or animal-model level. Translation to clinical
application requires data on equivalent dosing,
toxicity, and interactions with nonsteroidal anti-
inflammatory  drugs, corticosteroids, or
immunomodulatory agents.
3. Antibacterial and Antifungal Activities
Noni fruit juice has shown inhibitory activity
several bacterial strains

against in agar

diffusion assays, including Staphylococcus

aureus, Escherichia coli, Pseudomonas
aeruginosa, and Proteus spp.'® Noni leaves
also provide antibacterial compounds such as
5,15-dimethylmorindol,  ferulic  acid, p-

hydroxycinnamic acid, methyl ferulate, and

hydroxybenzoate/hydroxycinnamate
derivatives.™

The significance of these data lies in the
potential development of preservative, hygiene,
cosmetic, or skin-care-support products.
However, for the treatment of infections, MIC,
MBC, spectrum of activity, host-cell toxicity, and
possible effects on the normal microbiota must
be determined.
4. Preclinical Anticancer Potential

Several extract fractions from noni fruit and
leaves have been evaluated in cancer cell lines
and animal models. Ethyl acetate extracts from
the fruit inhibited the proliferation of MCF-7 and
MDA-MB-231 breast cancer cell lines and
reduced ROS generation in the investigated
model.?' Epicatechin- and scopoletin-rich noni
leaves were reported to modulate pathways
related to inflammation, angiogenesis, and
apoptosis in leukemia models.?? In a lung
cancer model, leaf extract showed inhibitory
A549 cells

endogenous antioxidant responses, apoptotic

effects on and modulated
genes, and inflammatory responses.?® Recent
reviews also describe noni as a medicinal-plant
source with anticancer potential while
emphasizing the need for caution when
extrapolating preclinical findings to human
cancer treatment.®

From a pharmaceutical perspective, these data
are valuable for guiding active-compound
isolation, target investigation, and supportive-
product development. Current evidence is not
sufficient to regard noni as a cancer treatment
or to recommend its use as a substitute for

standard therapeutic regimens.
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5. Effects on Glucose Metabolism and Blood
Glucose

Fermented noni fruit has been studied in the
context of metabolic disorders. Some data
indicate that fermented fruit juice may affect
glucose metabolism through the regulation of
the transcription factor FoxO1 in a high-fat-diet-

induced obese mouse model.?° Noni roots also

development implications
Direction-setting preclinical
evidence only. Selective toxicity,
pharmacokinetics, long-term
safety, and controlled clinical
trials are required; noni should
not be presented as a cancer
Exploratory evidence. Active
constituents, equivalent dosing,
blood-brain-barrier relevance,

Evidence level and

clarification.

contain iridoids and anthraquinones with
hypoglycemic effects in streptozotocin-induced
diabetic mice. These findings are consistent
with research directions on medicinal plants for
supporting type 2 diabetes management.
However, blood-glucose control is a high-

safety-demand area. Before broad

bioactive-rich fractions and neurological safety need

Potentially related
compound groups
Scopoletin,
epicatechin,
polyphenols, semi-
polar fractions,
anthraquinone-related
constituents
Polyphenols,
flavonoids, iridoids,

recommendation, effective dose, risk of
hypoglycemia when combined with antidiabetic
drugs, effects on hepatic and renal function, and
stability of fermented products must be clarified.

6. Neuroprotective and behavior-modulating
potential

Available reviews and preclinical data
suggest that noni may influence responses
related to oxidative stress, inflammation, and
neurological function, but studies specifically

addressing neuroprotection remain limited.®

Extract fractions showed effects on
cancer-cell proliferation, oxidative
responses, inflammation, angiogenesis,
apoptosis-related pathways, or related
endpoints in preclinical models.?21-23
Potential effects relate to oxidative-stress
and inflammatory pathways, but disease-
specific neurological models and active
targets remain insufficiently defined.®

Main findings

Current data are scattered, lack specific
neurological-disease models, and have not
clearly identified the main active constituents or
targets. Therefore, this activity group should be
regarded only as an exploratory research
direction requiring clarification of equivalent

dosing and neurological safety before being

inferred from antioxidant
and anti-inflammatory

Scattered preclinical data
mechanisms

leaf extracts in leukemia
and review-level

Fruit extracts in MCF-7
and MDA-MB-231 cells;
and A549 lung-cancer

models; review-level
interpretation, mainly

Plant part/form and
synthesis

model

interpreted in an application-oriented manner..
7. Evidence Stratification and Clinical

Extrapolation

Table 2. (Continued)
Activity

Preclinical
anticancer

potential
Neuroprotec

tive /

behavior-

modulating

potential

The biological activities of noni should not be
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flavonoids; coumarins, including
scopoletin;  anthraquinones,
polysaccharides; organic acids;

Chemical Constituents
and essential oils.

A

-9

‘ Plant Parts Containing Bioactive Compounds

The fruit is rich in iridoids, organic
acids, and phenolics; the leaves
are rich in flavonoids; the roots are
rich in anthraguinones; and the
seeds contain phenolics and lignans.
. S

DAA: deacetylasperulosidic acid; AA: asperulosidic acid; ROS: reactive oxygen species

°
Iridoid glycosides; polyphenols and —> %0.0

Reported Biological Activities

Anti-inflammatory, antioxidant,
antibacterial/antifungal, ~glycemic-
,y- regulating, neuroprotective, and
preclinical anticancer activities.

=} Potential Mechanisms Involved
« m .
5 b Reguiation of ROS, NO, and TNF-et; attenuation
é of inflammatory responses in  LPS/colitis
g models;  mogulation of is-related

genes and insulin/Fox01 signaling.

Standardization of marker compounds including
DAA,  AA, scopoletin, and  damnacanthal;
evaluation of toxicity, drug interactions,
bioavailability, and clinical efficacy.

Figure 3. Integrated phytochemistry-bioactivity map of noni. Source: authors' synthesis

interpreted as having the same level of
certainty. Based on the number of studies,
reproducibility across models, and proximity to
human application, current evidence can be
stratified into three groups. The group with
relatively consistent preclinical evidence
includes antioxidant, anti-inflammatory, and
antibacterial/antifungal activities because these
effects have been repeatedly observed in
chemical assays, cell systems,
microorganisms, or animal models.>121516.18.19
Even within this group, differences in plant part,
extraction solvent, fruit maturity, fermentation
procedure, and quantitative markers limit direct
comparability among studies.

The group with promising but mainly
mechanism-oriented evidence includes
hypoglycemic, neuroprotective, and preclinical
anticancer effects. Related studies often show
notable biological signals, such as FoxO1
metabolic-disorder

modulation in models,

effects on behavioral or neurological

mechanisms, or inhibition of cancer-cell

proliferation.>81420-23  Nevertheless, these

results are insufficient to conclude therapeutic
efficacy in humans because data on equivalent
dose, pharmacokinetics, selectivity, long-term
toxicity, and controlled clinical trials remain
lacking.

The weakest evidence concerns specific
clinical recommendations, including therapeutic
indications, optimal dose, duration of use,
appropriate patient groups, and drug-interaction
risks. Thus, this paper regards noni as a
potential source for product development, not
as a source of evidence strong enough to
replace drugs or standard treatment regimens.
Such should be

maintained in and in

cautious interpretation

future studies
communication about noni-derived products.
An integrated overview linking the major
phytochemical constituents of noni with

reported  biological  activities,  potential

mechanisms, and product-development

perspectives is presented in Figure 3.
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V. PRODUCT APPLICATIONS, SAFETY,
AND STANDARDIZATION
REQUIREMENTS

In practice, noni fruit is developed in many
forms, including fresh juice, fermented fruit
dried-fruit tea, fruit

preparations, powder,

capsules, extracts, and combinations in
healthcare products. Leaves and roots are
more common in folk remedies or experimental
preparations, whereas seeds may provide oil for
cosmetic or skin-care products. From a product-
development perspective, fruit-based materials
have the strongest commercial relevance
because the fruit is easily recognized, has a
longer history of food-related use, and has more
chemical and processing data than other plant
parts.®’

Quality requirements should be defined
separately for each product form. For fresh or
pasteurized juice, relevant criteria include
botanical authentication, fruit maturity, microbial
limits, pH, soluble solids, organic acids, DAA,
AA, scopoletin, and storage stability. For
fermented preparations, the fermentation strain
fermentation

or spontaneous process,

fermentation time, alcohol content where
relevant, microbial safety, organic-acid profile,
and stability of iridoids and phenolics should be
controlled.” For dried-fruit tea and powders,
moisture content, drying temperature, particle
size, microbial contamination, heavy metals,
pesticide residues, and marker-compound
retention are important. For organic-solvent
extracts or capsules, additional requirements
include extraction solvent, drug-extract ratio,
residual solvent, marker content, and batch-to-

batch reproducibility.

A plant-part-specific marker strategy is
essential. Fruit-based products should prioritize
DAA and AA as iridoid markers, with scopoletin,
total polyphenols, total flavonoids, and
polysaccharides as complementary
indicators.’®' Root-containing products should
include

anthraquinone-related controls,

particularly damnacanthal or related
constituents, because the root phytochemical
profile differs from the fruit.">'* Whole-plant
combinations should declare the proportion of
each plant part and should not rely on fruit

markers alone.

Safety assessment should also be product-
specific. A history of traditional use and
available safety data on noni fruit juice provide
useful

background information, but

concentrated extracts, enriched fractions,

fermented products, and multi-herbal
combinations may have risk profiles different
from traditionally consumed fruit.?* Important
safety endpoints include acute toxicity,
subchronic toxicity, reproductive toxicity where
relevant, hepatic and renal safety, allergenicity,
microbial safety, and heavy-metal or solvent-
Because  noni

residue contamination.

preparations have been investigated in glucose

metabolism, inflammation, and blood-
circulation-related contexts, potential
interactions with antidiabetic drugs,

anticoagulants, antihypertensive agents, anti-
inflammatory  drugs, corticosteroids, and
immunomodulatory agents should be evaluated
before broad recommendations are made.

For clinical translation, the most realistic
near-term direction is not to position noni as an

independent therapeutic agent, but to develop
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well-standardized healthcare products with
cautious and evidence-appropriate claims.
Exploratory clinical trials should use chemically
characterized materials and clearly defined
endpoints, such as oxidative-stress biomarkers,
inflammatory markers, postprandial glucose or
insulin-related indices, gastrointestinal
tolerance, and quality-of-life indicators. Trial
reports should specify dose, duration, product
form, marker content, participant
characteristics, concomitant medication, and
Without

elements, preclinical activity cannot be reliably

adverse-event monitoring. these
converted into product claims or therapeutic

recommendations.
VI. DISCUSSION

The scientific value of noni lies in the
combination of a diverse phytochemical profile
and relatively consistent preclinical
pharmacological signals. Compound groups
such as iridoid glycosides, coumarins,
polyphenols, flavonoids, polysaccharides, and
anthraquinones provide a plausible basis for
reported antioxidant, anti-inflammatory,
antimicrobial, glucose-metabolism-related, and
anticancer-related activities. However, this
value currently remains mainly at the stage of
medicinal-material development and is not
sufficient to

support therapeutic

recommendations.

The major issue in current studies is
heterogeneity. Fresh fruit, dried fruit, juice,
fermented preparations, solvent extracts, leaf
extracts, root extracts, and commercial
products may differ markedly in chemical

Cultivation

drying,

composition. region, maturity,

harvest time, fermentation, and

extraction solvent also influence the contents of
DAA, AA, scopoletin, total polyphenols, and
total flavonoids. When these markers are not
adequately quantified, comparison among

studies and extrapolation to practical

applications become uncertain.

Data on hypoglycemic, neuroprotective, and
anticancer-related effects require particular
caution. Most evidence remains based on cell
models, animal experiments, or whole extracts.
These findings are useful for guiding
mechanistic research and future study design,
but they are not sufficient to consider noni as a
therapeutic agent or as a substitute for standard
treatment. This point should be emphasized to
avoid overinterpretation in both research and

product communication.

Regarding safety, a history of traditional use
does not mean that all product forms are safe.
Safety assessments of noni fruit juice provide
useful background evidence, but concentrated
extracts, fractions enriched in bioactive
constituents, and combination products may
have risk profiles different from those of
traditionally consumed fruit.?* Issues that
require assessment include hepatic and renal
toxicity, long-term toxicity, bioavailability, risk of
active-constituent accumulation, and

interactions with antidiabetic drugs,

anticoagulants, antihypertensive agents, or
anti-inflammatory drugs.

The most appropriate development direction
at present is to establish noni products with
clear quality specifications, adequate safety
profiles, and cautious application targets.
Future studies should prioritize raw-material
each form,

standardization for product
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simultaneous quantification of key markers,

control of microbial contamination, heavy
metals, and solvent residues, and exploratory
clinical trials with specific endpoints. This
approach is more realistic than expanding
efficacy claims beyond the current level of

evidence.

VII. CONCLUSION

The noni plant (Morinda citrifolia L.) is a
promising medicinal resource because different
plant parts contain pharmacologically relevant
constituents,

including iridoid glycosides,

polyphenols, flavonoids, coumarins,
polysaccharides, anthraquinones, and lignans.
Fruit-based materials have the strongest

product-development  relevance, whereas
leaves, roots, seeds, and stem bark provide
additional phytochemical and pharmacological
evidence that should be interpreted in a plant-
data most

part-specific manner. Current

consistently support preclinical antioxidant,
anti-inflammatory, and antimicrobial activities,
while glucose-metabolism-modulating,
neuroprotective, and anticancer-related effects
remain promising but insufficient for therapeutic
extrapolation. The main challenges are
heterogeneity of raw materials and extracts,
limited bioavailability and pharmacokinetic
evidence, insufficient long-term safety data, and
a lack of controlled clinical trials using
standardized products. Future development
should prioritize botanical authentication,
quantitative marker standardization, product-
specific safety assessment, drug-interaction
evaluation, and carefully designed clinical
validation. With these requirements addressed,

noni may be developed more rationally as a

science-based medicinal material and noni-
based healthcare product, rather than being

promoted beyond the current level of evidence.
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	ABSTRACT
	Morinda citrifolia L. is a tropical medicinal plant with long-standing traditional use and increasing relevance for phytochemical, pharmacological, and noni-based healthcare product development. This narrative review synthesizes available evidence on medicinal characteristics, plant parts used, phytochemical constituents, biological activities, and requirements for product standardization. The fruit is the principal raw material for juice, fermented preparations, dried-fruit tea, powders, and capsules, whereas leaves, roots, seeds, and stem bark provide comparative information on the distribution of bioactive constituents. Major compound groups include iridoid glycosides, polyphenols, flavonoids, coumarins, organic acids, polysaccharides, anthraquinones, and lignans. Deacetylasperulosidic acid, asperulosidic acid, scopoletin, rutin, and damnacanthal are important quality-related constituents, depending on the plant part and intended product. Preclinical studies support antioxidant, anti-inflammatory, antibacterial/antifungal, glucose-metabolism-modulating, neuroprotective, and anticancer-related activities; however, most findings remain derived from chemical assays, cell models, animal experiments, or non-standardized extracts. Therefore, development of noni as a science-based medicinal material or healthcare product should prioritize plant-part authentication, batch-to-batch chemical standardization, safety assessment, bioavailability evaluation, drug-interaction studies, and controlled clinical validation. 

