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Abstract: The aim of this study was evaluated the anticancerogen properties of limonoids and their biochemical
structures. The term limonoids was derived from limomn, the first tetranortriterpenoid obtained from citrus bitter
principles. Compounds belonging to this group have exhuibited a range of biological activities like msecticidal,
insect antifeedant and growth regulating activity on insects as well as antibacterial, antifungal, antimalarial,
anticancer, antiviral and a number of other pharmacological activities on humans. Limonoids found in citrus
fruits have been able to stop the progression of neuroblastomas in the laboratory. It also produces no side
effects unlike the currently used toxic cancer drugs. Further research is needed to determine how the substance
achieves this effect and how it may be used in human cancers. Both flavenoids and limonoids may be capable
of stopping, slowing or killing cancer cells. Ultimately, these compounds could be used as food additives as
a preventative measure. The effects of D-limonene and citrus, orange o1l and lemon o1l on induced neoplasia
of the lungs and forestomach of female mice mnhibited pulmonary adenoma formation and the occurrence of

forestomach tumors,
carcinogen-induced neoplasia.

thus demonstrating that non-nutrient constituents of the

diet may inhibit
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INTRODUCTION

Limonoeids are naturally-occurring compounds found
i citrus fruit. This multidisciplinary, multi-state, multi-
institute integrated project will focus on the isolation,
purification, identification and evaluation of biological
activiies of limonoids in citrus. The reactivities of
limonoids will be tested based on several enzymatic,
tumor cell and ammal models in order to evaluate the
mmpact of specific limonoids on oral and colon cancer and
the ability of limonoids to detoxify certain carcinogens,
cancer-causing compounds (Roy and Saraf, 2006). Citrus
limonoids have potential for prevention of certain chronic
diseases such as cancer and cardiovascular diseases.
Exploring biological activittes of limonoids 15 wvery
essential. Educating dieticians and graduate students
about phytochemicals is needed to improve human
consumption of fiuits and vegetables.

Citrus fruits possess a wide variety of bioactive
compounds with health-promoting, disease-preventing
properties that have been shown to be effective against
cancer. Unique among these and less studied are the
limonoid glucosides, a class of furan-containg
triterpenes found mainly mn the Rutacacae and Meliacease
families of fruits and that differ from flavonoids in

chemical structure. To date, 53 limonoids have been
identified and characterized.  Although,
aglycones are water-insoluble compounds that are
responsible for a bitter taste m fruits, the limonoid
glucosides are water-soluble and tasteless. Two enzymes,
UDPG-limoneid glycosyl transferase and limonoid D-ring
lactone hydrolase, perform the mterconversion of free to

limonoeid

carbohydrate-bearing moieties. The transferase gene has
been isolated and cloned. Recent studies demonstrated
health benefits and chemopreventive action from limonoid
ingestion or treatment. For example, limonoid aglycones
or glucosides at micromolar concentrations were shown
torestrict HI'V replication in human mononuclear cells,
act in the capacity of antimalarial and anti-inflammatory
agents and mnhibit proliferation of breast cancer cells in
culture (Guthrie et al., 2000). In animal models, these
compounds have antineoplastic activity against
chemically induced cancers of the colon, stomach, buccal
pouch and blood.

Limonoid glucosides taken through the diet
reportedly lowered serum cholesterol. Some if not all of
these properties appear to be associated with the effects
on cells and cell growth. This report focuses on the
mechamsm for blocking cancer cell growth (Kweon ef af.,
2004, Poulose et al., 2005). Limonoids are secondary
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metabolites produced in plants found in the order Rutales.
Withm this order, limenoids are most often found m the
family Meliaceae and less frequently in the families
Rutaceae and Cneoraceae. Limonoids are described as
modified triterpenes having a 4,48 trimethyl-17 furanyl
steroid skeleton. Arrangements of subgroups and ning
structures within this basic building block provide a host
of characteristics that have generated interest in this plant
product.

These characteristics include insecticidal, msect
growth regulation, nsect antifeedant and medicinal
effects to animals and humans such as antibacterial, viral
and antifungal properties. Of recent great interest,
limonoid's possible anticarcinogemc properties are being
explored. Limonoeid Anticarcinogenis and Antimutagenic
activity. Some of the most exciting applications of
limonoids and compounds derived from them are their use
1n the treatments of specific cancers.

Limomn, nemilin, 12, hydroxyamdorastatin and
isofraxinellone are limonoids or their derivatives that have
been shown successful in treatments with in vitro
bioassays on human tumor cell lines. Limomn and nomilin
were described earlier as bemng bitter principals for citrus
fruits. Both limonoids have been found to induce
increased activity of the detoxifying enzyme glutathione-
S-transferase.

The increased enzyme activity was correlated with
the ability of these compounds te inhibit chemically
induced  carcinogenisis in  laboratory  animals.
Admimnistration of nomilin by gavage to a specified strain
(ICR/Ha) of mice reduced the incidence and number of
forestomach tumors per mouse induced by Benzol(a)
Pyrene (BP), a potent epoxide former. Addition of nomilin
to the diet at various concentrations inhibited BP induced
mice lung tumor formation. This was attributed to the
limonoid's inhibition of the formation of BP-DNA adducts
in the lung.

Topical application of limonoids was found to mhibit
both the and promotion phases of
carcinogenisis in the skin of (SENCAR) mice. Nomilin
appeared to be more effective during initiation stage

mitiation

induced carcinomas, while limonin was more potent as an
mhibitor during the promotion phase of the carcinogenisis
(Hasegawa et al., 1989). These and other findings suggest
citrus limonoids may be useful as cancer chemo-
preventative agents.

Recent studies mto induced oral cancers i hamsters
suggests that limonin can act as a capture chemical,
intercepting compounds such as benzo(a)pyrene and
other mutagens before the formation of adducts to cell
macromolecules. Since oral cancers are on the rise in

human populations, the treatment by an easily isolated
and obtamed compound would be of great interest to the
oncology profession. Current literature for the last two
years is devoted to the identification of Rutaceae and
Meliaceae species containing limonoids.

Extraction and 1solation methods make up abulk
of recent publications with eventual study of the
limonoids as to biological activity exhibited toward insect
species. Lethal concentrations to 50% of test insect
speicies (LC50) of most limoneids studied fall in the range
of 50 parts per million (ppm) or lower with some extubiting
LC50 s as low as 0.625 ppm depending on the insect
studied.

The effect of ring structure and chemical oxidation
state parameters 18 a focus of why limonoids exhibit
activity against insect herbivores. The variety of
additional biological properties exhibited by limonoids has
also contributed to their interest to the scientific
community (Jacob et af., 2000; Poulose et af., 2005). This
study reviews the inhibition effects of limonoid
components on various cancer or tumour cells.
Biochemistry and anticancerogenic activities of
limonoids: Nutritional research on the health benefits of
substances in plant foods has recently advanced to a new
stage. The research frontier has moved from study of
classical vitamin deficiency diseases to study of the
thousands of phytochemicals that may have important
physiological effects.

Recent research suggests that citrus fruit consumers
may be getting another health benefit from orange juice
and other citrus products called limonoids, which appear
to possess substantial anticancer activity. Limonoids are
highly oxidized triterpenes present in Rutaceae and
Maliaceae families. Several citrus limonoids have recently
been subjected to anticancer screening utilizing
laboratory amimals and human breast cancer cells.

The experimental results described that citrus
limonoids may provide substantial anticancer actions. The
compounds have been shown to be free of toxic effects in
animal models, so potential exists for the use of limonoids
against human cancer in either natural fruits i1 citrus
fortified with limonoids or in purified forms of specific
limonoids. Although, the initial studies are very promising
they have been conducted primarily with in vitro cell
culture and ammal medels. Thus, research 1s needed to
determine whether the limonoids may be useful in
preventing or treating cancer in humans (Maier et al.,
1977, Patil et al., 2007).

Limonoids are umque highly oxygenated triterpenoid
compounds long recogmzed as sigmficant biologically
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Fig. 1: Limenin (C,,H,;0;, molar mass 470.52 g mol ™',
other names limonoate D-ring-lactone, limonoic
acid di-delta-lactone)

Table 1: Activity of citrus limonoids against proliferation of breast cancer

cells
Estrogen MCG-7 Estrogen MDA-MB

Limonoid tested (+) Dependent® -133 (-) Independent®
Limeonin 2.00 12.50
Limonin glucoside 35.00 75.00

Nomilin 0.05 0.04
Limonoid glucoside 0.05 0.08

mixture

Tamoxifen 0.04 90.00

*IC50 in mg mL~ (concentration of test compound that inhibits growth by
500%)

active natural compounds. Citrus limonoids appear in
large amounts in citrus juice and citrus tissues as water
soluble limonoid glucosides or in seeds as water insoluble
limonoid aglycones (Maier et al., 1977, Ozaldi et al., 1995;
Tanaka et al., 2000a, b, 2001). General formula of limonin
was given Fig. 1.

Limonin is a limonoid and a bitter white, crystalline
substance found in orange and lemon seeds. Tt is also
known as limonocate D-ring-lactone and limonoic acid
di-delta-lactone. Chemically, it is a member of the class of
compounds known as furanolactones. Limonoid
glucoside concentrations can reach levels of 350-400 ppm
m orange Juice. The
responsible for the development of delayed bitterness
in citrus (Maier et al., 1977) and are converted to the non-
bitter limonoid glucosides during fruit maturation
(Hasegawa et al., 1989; Maier ef al., 1977, Poulose ef al.,
2005).

Several citrus limonoids have recently been subjected

limonoid  aglycones are

to anticancer screen procedures utilizing laboratory
amimals and human breast cancer cells m culture. In mice,
it was found that five limonoid aglycones (limonin,
obacunone, acid, ichangin)
mduced  significant of Glutathione-3-
Transferase (GST) m the liver and intestinal mucosa
(Lam and Hasegawa, 1989; Lam et al., 1994, Maier et al.,

nomilin, isoobacunoic

amounts

Trichirabine B

Fig. 2: Examples of structural complexicities in limonoids
of Melaceae

Tircalane

Euphano

Fig. 3: Precursor of limonoids

1977). GST is a major detoxifying enzyme system which
catalyzes the conjugation of glutathione with many
potentially carcinogenic compounds which are highly
electrophilic in nature.

A study of the inhubitory effects of two limonoid
aglycones (limonin and nomilin) on the formation of
benzo(a)pyrene induced neoplasia in the forestomach
of ICR/Ha mice showed that incidence of tumors
could be reduced by =509 at 10 mg dose (Lam and
Hasegawa, 1989).

In hamster, limonin was found to be a potent
inhibitor of 7, 12-dimethylbenz(a)anthracene induced
(Miller et al, 1989). Topical
application showed a 60% reduction in tumor burden.
Nomilin was less effective. Topical application of the
limonin glucoside to the same oral tumors in hamsters

oral carcinogenesis

showed a 55% reduction in tumor burden (Miller ez af.,
1992).

This added  sigmficance
considering the predominance of limonin glucoside

observation  has

among the large amount of limonoid glucosides present in
fruit tissues and juice. Most recently several limonoid
aglycones and a mixture of limonoid glucosides were
admimstered in vitro to estrogen dependent and estrogen
independent human breast cancer cell lines (Table 1)
(Guthrie ef al., 2000).

The results showed that the limonoids were equally
potent as tamoxifen for inhibiting the proliferation of
estrogendependent breast cancer cells and more potent
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Fig. 5: Biologically important limonoids

than tamoxifen for activity agamst estrogen-ndependent  fed to rats have also been shown to increase GST
cancer cells. Structural complexicities in limonoids of  and quinone reductase activities in liver and colon

Meliaceae were givenin Fig. 2. Limonin and obacunone mucosa ana was correlated with the prevention of colon
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carcinogenesi in rats (Jacob et aol., 2000; Ozaki et al.,
1995). Some limonoids and the chemical structures of
limonin, nomilin and their glucoside derivatives are shown
mn Fig. 3-7.

RESULTS AND DISCUSSION

Limonoids are heavily oxygenated, modified

triterpenes dominant mn the plant family Meliaceae and

— Limonol

== limonin 17-beta-D-glucopuranoside

to a lessor extent in Rutaceae. The latter has received
considerable attention due to the bitter taste of most
limonoids Rutaceae mcludes the citrus species of
commerce. The major limonoid in this family is limonin,
accountable for the bitterness of poor quality juices.
Other members of the Meliaceae are far more common in
tropical flora and bring important examples of structural
diversity and impressive topography in the three
dimensional display of chemical functionality an untapped
resource.

Limonoids are of moderate polarity being insoluble in
water soluble in DMSO, ethanol, toluene; insoluble in
Citrus highly oxigenated
triterpenoids (Lam and Hasegawa, 1989, Lam et al.,
1994). Limoneids are abundantly present in Rutaceae
(citrus fruits) and Meliaceae (neem) families.

hexane. limoneids  are
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Table 2: Chief sources of limonoids

Family Plant species Plant part
Meliaceae Agalia andamanica Leaves
Azadirachta indica Seed oil, leaves, seeds
Carapa granatum Fruits, leaves
Cipadessa fruticosa Fruits
Khaya amthotheca Stem bark, fruits
Melia azedarach Leaves, ripe fiuits,
kernel
Munronia henryi Whole plant
Quivisia papinae Seeds
Sandoricum koetiape Leaves
Swietenia mahogany Stem bark
Teucrium Aerial parts
fomentosim
Trichilia pallida Roots, leaf, seeds
Trichilica rubescens Leaf
Turraea flovibumda Seeds
Turraea wakefieldii Root. bark
Rutaceae Bowichardatia Acerial parts
RENFOCOCca
Citruy reticulcta Seeds
Citrus unshiu Peels
Clausena excavate Rhizomes and roots
Hortia colombiana Wood
Railinoa echinata Stems and leaves
Simaroubaceae Harrisonia abyssinica Root bark
Harrisonia perfordate Leaves

Sources of some limonoids were given in Table 2.
Thirty six-limonod aglycones and seventeen limonoid
glucosides have been isolated from Citrus and its hybrids.
Limonoids impart bitterness to citrus juices and not
favored by citrus juice industry for long time. However,
bitter limonoid aglycones tum to glucosides with maturity
of fruit and limonoid glucosides are tasteless and water
soluble. Recent research results shows that limonoids has
many biological functions: anticancer activity; antifeedant
activity against insects and termites. Limonoids have
shown to reduce the risk of following cancers: oral cavity,
larynx, esophagus, stomach, pancreas, lung, colon and
rectum. More than twenty epidemological studies suggest
an inverse relation between consumption of citrus fruits
and many types of cancer. Limoncids have ability to
mduce detoxifying enzyme system, glutathione S-
transferase and this may be the possible mode of action
of limonoids in cancer chemoprevention (Jacob et al.,
2000).

There have been enourmously experimental studies
concerning DNA, limonoids, tamoxifen, interleukin ana
interferon, cancer cells. Limonoids have been shown to
mtubit breast cancer cellular proliferation m Estrogen
Receptor negative (ER") ana positive (ER") cells. Nude
mice were given limonoids in both treatment ana adjuvant-
based models to observe their effects on the proliferation
of established ana resected tumors, respectively. Tt was
found that limonoids, particularly limomnin slowed down

J. Anim. Vet Adv., 9 (7): 1099-1107, 2010

tumour grwth ana was able to prevent or delay the
regrowth of resected tumows in these models.
Additionaslly, limonoids were detected in mammary tissue
samples of mice from the treatment model experiment
indicating that these compounds are bioavailable and
were responsible for the observed results.

highly  oxygenated, modified
terpenoids with a prototypical structure either containing

Limonoids are

or derived from a precursor with a 4,4,8-trimethyl-17-
furanylsteroid skeleton. All naturally occurring citrus
limonoids contain a furan ring attached to the D-ring at C-
17 as well as oxygen containing functional groups at C-3,
C-4, C-7, C-16 and C-17. The structural varations of
limonoids found m Rutaceae are less than n Meliaceae
and are generally limited to the modification of A and B
rings, the limonoids of Meliaceae are more complex with
very high degree of oxidation and rearrangement exhibited
in the parent limonoid structure. As a health conscious
soclety with increasing concemn and desire for effective
cancer treatments, the limonoids are extremely attractive.
With over 300 similar compounds, the bicassay of known
limonoids for their anticancer and antimutagenic activities
will encourage much more investigation. Like many of
their secondary plant metabolite cousins, limonoids
appear to be a source of countless possible resources that
can benefit the human race (Kweon et al., 2004).
Extraction methods too should be optimized
evaluation and establishment of pharmaco-dynamic and
kinetic principles and structure activity relationships
should be a key goal associated with limonoids so that
they cen be safely mtroduced in the arsenal of
pharmaceuticals to safeguard the humanity from the wrath
of disease and its discomfort. Recent studies
demonstrated health benefits and chemopreventive action
from limonoid mgestion or treatment. For example,
limonoid aglycones or glucosides
concentrations were shown to restrict HI'V replication in

at  micromolar

human mononuclear cells act m the capacity of
antimalarial and anti-inflammatory agents and inhibit
proliferation of breast cancer cells in culture. In animal
models, these compounds have antineoplastic activity
against chemically induced cancers of the colon, stomach,
buccal pouch and bloed.
Limonoid glucosides taken through the diet
reportedly lowered serum cholesterol. Some 1f not all of
these properties appear to be associated with the effects
on cells and cell growth. This study focuses on the
mechanism for blocking cancer cell growth (Miller et al.,
1989, 1992, 2004; Patil et al., 2007; So et al., 1996). Oranges

rich mn vitamm C offer another important yet lesser-known
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nutritional bonus: citrus limonoids. In laboratory tests
with amumals and with human cells, citrus limonoeids have
been shown to help fight cancers of the mouth, skin, lung,
breast, stomach and colon. Citrus
responsible for the bitter taste in citrus fruits. The most

limonoeids  are

prevalent limonoids are limomn and nomilin. They are
present in the rutaceous plants that mclude lemon, lime,
orange and grapefruits. An important characteristic of this
class of compound 1s a substituted furan moiety.

Tt has been determined by animal studies that citrus
limonoids have certain biological
activities that may be used as chemopreventive agents for
cancer. Glutathione S-Transferase (GST) 13 a major

and derivatives

detoxifying enzyme system that catalyses the conjugation
of glutathione with electrophiles that induce activated
carcmogens. The glutathione conjugates are usually less
reactive and more water soluble and hence, facilitate
excretion. An increase m GST activity caused by a
substance 15 therefore an elevation in the mechamsm that
protects against the noxious effects of xenobiotics
including carcinogens.

Many chemicals that are GST enhancers have been
found to inhibit chemically induced carcinogenesis 12, 13.
The structures of the naturally occurring furanoids that
have been found to induce GST activity range from the
simple 2-alkyl substituted compound 2-n-heptyl furan
and the sulphur analogue 2-n-butyl thiophen formed
during the roasting of meat to more complex molecules
such as kahweol and cafestol, 1solated from gren coffee
beans and salannin identified in the seed of the mythical
neem tree of India.

The presence of the furan moiety appears to be
essential for enzyme induction. When the furan ring in
cafestol 18 saturated by hydrogenation, its activity as a
GST
nomilin, the friterpene structure appears to play a part
in determining the relative GST inducing activity of these

inducer is lost. In the case of limonin and

compounds. The structure activity relationships of
limonin and nomiln have been studied and discussed.
The chemical structures of himonin, nomilin and their
glucoside derivatives are shown m. A great number
of epidemiological studies have shown that citrus fruit
consumption 1s protective in a variety of human cancers.
Tt is presumed that most if not all of his protective
effect is due to vitamin C. This suggests that citrus fruits
contain not one but multiple cancer chemopreventive
agents. Citrus fiuits including oranges, lemons, limes and
grapefruits are a principal source of such important
nutrients. They contain vitamin C, folate and dietary fibre
and other bicactive components such as carotenoids and
flavonoids, which are suggested to be responsible for the

prevention of degenerative disease. Citrus fruits are
particularly high m a class of phytochemicals known as
the liunoncids 3. Therefore, citrus fruits could be
categorised as functional foods containing components
shown to have health promoting and anticancer activities.
These components include the bitter
limonoids, ascorbic acid (vitamin C),
{(especially p-carctene), folate, flavonoids and dietary
fibres and have been shown to prevent a variety of

substances
carotenoids

cancers and cardiovascular diseases (Kurowska and
Manthey, 2004; Silalahi, 2002).

This terpene subclass, found in citrus fruit peels,
appears to be specifically directed to protection of lung
tissue. In one study, a standardized extract of d-limonene,
pinene and eucalyptol was i clearing
congestive mucus from the lungs of patients with chronic
obstructive pulmonary disease. Additionally, limoenoids
may be specific chemopreventive agents. In animal
studies, suggest that the chemotherapeutic
activity of limonoids can be attributed to induction of
both Phase T and Phase T detoxification enzymes in the
liver. Cancer is caused by an abnormal overgrowth of cells
with >100 cancer subtypes depending on which cell
grows. In many cancers, the cells clump together to form
solid tumors but in some the cells are dispersed around

effective

results

the blood stream (leukemia) or the lymphatic system
{(lymphoma). Prognosis of cancer has improved greatly in
modem times owing to treatment advances and early
detection programs. However, although survival rates
have improved, cancer still remains the 2nd top cause of
death, second only to heart disese in the USA.

Misdiagnosis of cancer is naturally possible but not
common if professional medical advice 1s sought because
physicians will usually perform comprehensive diagnostic
testing if cancer is a possibility. Diagnostic tests have
also improved in accuracy including newer tumor
marker blood tests. Self-diagnosis of cancer is usually
incorrect and quite commeon 1s for people to fear that they
have cancer based on a symptom (e.g., weight loss,
persistent cough, lumps or frequent urination), only to
find out they have other less severe conditions (Loo,
2003).

On the other hand, sadly common 1s for people to
have cancer but be unaware of it because many types
have a slow insidious onset without early symptoms. For
this reason, regular screening for particular types of
cancer 18 valuable n preventing severe cancer cases.
There are a number of cancer treatments including
surgery, radiation therapy, drugs  and
biological therapy. Patients with cancer often are treated
by a team of specialists, which may include a medical

anticancer
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oncologist, a surgeon, a radiation oncologist and others.
The doctors may decide to use one type of treatment
alone or a combination of treatments. The choice of
treatment depends on the type and location of the cancer,
the stage of the disease, the patient's general health and
other factors. Limonoids in large concentrated therapeutic
doses (500 mg) in humans have been reported to support
detoxication of hormones and related substances that can
have a negative effect on cellular DNA and cell
proliferation (Block, 1991; Milner, 1994; Tian ef al.,
2001).

The future course of their study focus may well
evolve mto their use against cancer, bacteria, viruses and
fungi. Antitumor activities of certain limonoids have been
showed inhibition of MCF-7, CYP1Al, CYP1B1 and
CYP3A4 and enhancing apoptosis through downstream
mduction of Caspase 3/7 m cell culture. Furthermore,
ammal studies have been demonstrated induction of
glutathione S-transferase and enhancing apoptosis. In
another study, long term exposure of limonoids seems to
suggest that high levels of limonoids caused potentially
unsafe changes. Considering the potential benefits of
citrus bicactive components and little toxicity to human
health, studies have been conducted to enhance bioactive
compounds through several preharvest and postharvest
storage conditions. Limonoids are either stable or
increased at marginal levels. Compounds through several
preharvest and  postharvest storage conditions.
Limonoids are either stable or increased at marginal
levels (Block, 1991; Milner, 1994; Tian et al., 2001; Lam
and Hasegawa, 1989; Poulose et al., 2005).

CONCLUSION

Cancers are neuroblastomas often found in the neck,
chest, spmal cord or adrenal gland. Limonoids found in
citrus fruits have been able to stop the progression of
neuroblastomas in the lab. Tt also produces no side effects
unlike the currently used toxic cancer drugs. Further
research 1s needed to determine how the substance
achieves this effect and how it may be used in human
cancers. Both flavencids and limoneids may be capable of
stopping, slowing or killing cancer cells. Ultimately these
compounds could be used as food additives as a
preventative measure. Limonoids have effects of natural
cancer inhibitor.

Therefore, limoneids can prevent tumorogenesis and
development of cancer cells. Recent research suggests
that some natural chemical compounds found in fruit may
help prevent certain types of cancer . The compounds are
known as limonoids and were tested on rats. The results
showed that limonoids caused an increase in the secretion

of an anti-cancer enzyme in the rats’ stomachs providing
them with added protection against stomach tumors and
stomach cancers. Limonoids are the natural compounds
that create the slightly bitter taste i some fruits mcluding
oranges, lemons, limes and grapefruit. Citrus fruits are full
of flavonoids, a type of antioxidant that has anti-
inflammatory and anti-tumor properties.

Flavonoids inhibit tumor cell growth and can activate
important detoxifying enzymes. These polyphenols called
limoneids inhibit tumor formation by stimulating a
detoxifying enzyme, which catalyzes the formation of less
toxic and more water-soluble compounds that can be
easily excreted from the body. Polyphenols cause the
bitter taste in citrus fruits and tanginess in many fruits
and teas.
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