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Abstract

Averrhoa carambola, or star fruit, is a tropical fruit found throughout Southeast Asia and is usually consumed fresh or as fruit juice. The fruit
is a very good source of natural antioxidants, phenolic compounds such as gallic acid in gallotannin form, catechins, and epicatechins.
Various medicinal uses for carambola are found in folk medicine. In India, the ripe fruit is administered to halt hemorrhaging, and the
dried fruit or the juice may be taken to counteract fevers; star fruit jam is said to allay biliousness and diarrhea and to relieve a hangover
from excessive indulgence in alcohol. In Brazil, carambola is recommended as a diuretic and for the treatment of eczema. Because
of the high concentrations of oxalic acid present in carambola, the excessive consumption of its fruit by dialysis patients can cause
neurotoxicity and impair cognitive abilities and, if there is no immediate relief, even death. In addition to oxalic acid which is responsible
for nephrotoxic phenomena in subjects with impaired renal function, caramboxin has recently been identified as a substance that acts on
the central nervous system causing symptoms such as sobbing, confusion, and in more serious conditions, convulsions and death.
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Introduction

Averrhoa carambola belongs to the family of Oxalidaceae. It
originated in Sri Lanka, India and the Moluccas and found
throughout Southeast Asia. Moreover, it is cultivated in
Brazil, Ghana, Guyana, and French Polynesia. A. carambola
is a small tree with a short trunk and a branched round
crown. Its leaves are arranged spirally, measure 15-20 cm in
length, and alternate from light green above to whitish and
hairy in the lower part. They are light-sensitive and tend to
bend all together during the night. Its flowers are collected in
small pedunculated bunches, like lilacs; the fruits are showy
in shape, measure 7-15 cm long and 9 cm broad, and have a
thin skin and orange-yellow flesh when ripe. When they are
sliced in cross sections, they show a characteristic star shape.
The fruit has a pronounced odor of oxalic acid and different
flavors from very sour to sweet.!

The concentrations of the principle nutrients vary between
the unripe fruit and the ripe one, both the sour and sweet
variety, and the concentrations of organic acids. Two varieties
are known. The first, Averrhoa bilimbi, is native to Cuba. It
has small, green, acidic, and sour fruit not suitable for food.
However, it can be used as an aliment for bees, an anti-rust
agent for cleaning metals, a stain for dyes, and a stain remover
for cloth. Their fruity smell is the basis of many perfumes
and colognes. The second variety, A. carambola, with its
large, sweet, golden-yellow fruit is widely used in Asian food,
and its juice is an excellent thirst-quencher in the summer.
Its chemical composition has antioxidant and antimicrobial

properties: it acts above all against Escherichia coli, Klebsiella,
Staphylococcus aureus, and Pseudomonas aeruginosa. The
fruit is also used as a remedy against sunburn.?

Chemical Composition

Carambola is a low-calorie fruit with only 34 cal/100 g.
The chemical composition is protein 0.38 g; lipids 0.08 g;
carbohydrates 9.38 g; fiber 0.80-0.90 g; water 80%; vitamins
A, E, group B, and C; Ca, Fe, Mn, Mg, P, Na, Zn, and a high
concentration of K; flavonoids such as quercetin, lutein, and
zeaxanthin; and o and B carotene. Among the organic acids,
oxalic acid is present in a higher concentration: up to 7 mg/g
in sour varieties and 0.4-0.8 mg/g for sweet varieties. The
fruit also contains citric, malic, fumaric, tartaric, succinic
and a-chetoglutaric acids. The amino acid composition was
determined by gas chromatography according to the Chaves
das Neves method® (Figure 1), and the concentrations of the
identified amino acids are shown in Table 1.*

There are also high concentrations of insoluble fibers,
mucilage terpenes, enzymes, and tannins in the fruit. Recently,
caramboxin was identified as a substance characterized by
a structure similar to phenylalanine, which is considered
responsible for the toxicity of the fruit on the central nervous
system.

Carambola as Food
Ripe carambolas are eaten as fresh fruit, cut and served as
salads, or used as a garnish to avocado or fish dishes. Asian
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Figure 1. Gas Chromatogram of Amino Acids.

Table 1. Amino Acids Identification

Amino acids Mcg/g
Asparagine 108.34
Threonine 94.10
Serine 407.75
Glutamic acid 354.58
Proline 26.48
Glycine 15.01
Alanine 481.08
Valine 19.92
G-amino-butyric acid 79.40

populations cook with these fruits in different ways, from
jams to sauces and sausages to cakes. Malaysians, for example,
usually prepare a sauce by boiling the fruit with sugar, cloves,
and apples; the Chinese cook the fruit with fish; Thais boil the
unripe fruit with shrimp.

The fruit that are not completely ripe are marinated, salted,
and put in vinegar. After being left to macerate in honey for
one night, they are cooked for a short time, transformed into
jams, and put into sterilized jars.> In many cities in China and
Taiwan, carambolas are cut into strips and boxed for export.®
Even the juice, with its sour taste, is used as a refreshing drink
or as a condiment on fish. An excellent sorbet is prepared
from the juice after sugar, lemon juice, and gelatin are added
and the mixture is left for some hours at low temperatures.

It is also possible to obtain an alcoholic beverage from
carambola by allowing ripe and fresh carambola to ferment
with the addition of yeasts such as Saccharomyces cerevisiae,
which transforms the sugars naturally present in the fruit into
alcohol and CO,. After 5 days of fermentation at 25°C, the
process reaches the final stage with the production of a fruit
wine with an alcohol content of over 11°/L.”®

Even the flowers and leaves of this plant are used in salads,
to which they confer a slightly sour and delicate taste. Because
of its original shape, it is used as a garnish on pastry and in the
preparation of drinks with an exotic taste, while the pulp can
also be transformed into candied fruit.

Pharmacological Activity

In traditional Indian medicine, the ripe fruit is used to
curb bleeding, while the dried fruit or juice is used to treat
fevers. A fruit sauce is a soothing treatment for liver crises,
especially after excessive ingestion of alcoholic beverages;
an ointment made from the fruit is also used to relieve eye
pain. In traditional Chinese medicine, carambola juice is
indicated to calm thirst, induce salivary secretion, and as an
anti-fever agent. A decoction of fruit and leaves also serves
to combat vomiting. The crushed leaves tied to the temples
offer relief from migraines. A poultice of its leaves and buds
is applied on skin rashes in cases of varicella. The leaves
are used in traditional Brazilian medicine for the treatment
of hypertension®'® and in the prevention of diabetes. Its
roots pounded with sugar are considered an antidote of
poisoning; a decoction of crushed seeds has galactogenic and
emmenagogue action, and the seed flour has sedative action
in cases of asthma and colic. The insoluble fibers obtained as
waste from the production of carambola juice have the ability
to retain large amounts of water, more than cellulose, helping
the regular movement of the intestine. Moreover, they have
the ability to lower blood glucose by slowing the absorption
of carbohydrates in the body.'>"

Carambola fruit is widespread and widely used by
populations in Asia and South America both as a fruit
and as a juice, especially for its thirst-quenching effects.
Phytochemical and pharmacological studies have highlighted
the presence of many beneficial substances for the body.
Extracts of the star-fruit plant leaves, fruit, and roots contain
saponins, flavonoids, alkaloids, and tannins which are known
to confer antioxidant and specific healing properties. The
flavonoids and the mucilage present in the leaves have anti-
inflammatory effects on both the mucous membranes of the
internal organs and the skin, reducing eczema and acne, with
consequent antibacterial action.'*"

Waste products from the extracted juice contain
high concentrations of fibers consisting of pectic and
hemicelluloses, substances with water retention capacity,
swelling properties, and cation exchange capacity superior to
those of cellulose. Studies have shown that, because of their
ability to absorb glucose and reduce amylase activity, such
tibers could help control postprandial blood sugar.'"¢

In the carambola fruit, some enzymes were found that,
in addition to being involved in the ripening process of the
fruit, exert cleavage action on antioxidant substances such
as catechins, epicatechin, proanthocyanidins, and saponins
present in the fruit and have well-known hepatoprotective
properties.'”'® These enzymes are also responsible for the
aroma of the fruit as it results from the cleavage activity of
an enzymatic fraction on carotenoids isolated from the
fruit peel of A. carambola.” The enzymatic activity detected
spectrophotometrically showed the degradation of -carotene
to B-ionone with the release of the characteristic aroma of the
fruit.

Some phenomena of nephrotoxicity related to the high
concentration of oxalic acid present in it appeared following
the intake of high quantities of the fruit and caused alarm.
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Numerous research results, even contradictory ones, are
present in the literature regarding the toxicity of the fruit. The
studies concern the damage to which nephropathic patients
can be exposed in case of consumption of this fruit; nausea,
vomiting, and abdominal pain followed by renal blockage
are symptoms caused by the ingestion of large amounts of
carambola juice.?**!

Undergoing hemodialysis and having pathological
examinations show changes typical of nephropathy for
oxalates, patients resumed normal renal function without
other treatments after 4 weeks. In other cases, in addition
to the acute renal failure caused by not only the obstructive
effect of calcium oxalate crystals, but also the apoptosis of
renal epithelial cells, some authors have reported the presence
of neurotoxic symptoms (intractable hiccups, vomiting,
insomnia, back pain, mental confusion, epileptic seizures)
that were fatal for patients.”>*

The neurotoxic activity shown following ingestion of
star fruit dates back to 1980, when the fruit extract injected
into the peritoneal cavity of mice at a dose of 8 g/kg caused
convulsions’® attributed to oxalic acid.** New studies have
attributed the neurotoxic effect on the central nervous
system to caramboxin, a substance that acts by inhibiting
the GABAergic system with the onset of confusion, hiccups,
convulsions, and death. The severity of symptoms was dose
dependent, having occurred in patients with kidney disease
who were unable to eliminate toxic substances and had
consumed up to eight carambola fruits or drunk more than
2 L of juice. The lethal dose of oxalate that can cause acute
oxalate nephropathy for humans varies from 2 to 30 g, and
the concentration of soluble oxalate in star fruit varies from
80 to 730 mg/100 mL. Furthermore, research has shown that
attributing toxicity to the fruits of carambola is unjustified;
when only one fruit is consumed by individuals who do not
suffer from kidney disease, both oxalic acid and caramboxin
are eliminated without causing any harmful effects.”

Conclusions
The presence of new tropical fruits on the market, even if only
at certain times of the year, requires a thorough study on the
nutritional value, edibility, and genuineness of the product
so as to positively influence the consumer. No studies to date
have highlighted the importance of the food use of carambola,
despite it being a fruit with a low caloric content and a
negligible lipid concentration. Studies on carambola mainly
relate to the toxicity of oxalic acid in subjects suffering from
kidney disease or in dialysis. Subjects with efficient kidney
function showed no toxicity after taking a regular dose of the
fruit; only in rare cases was a passing hiccup reported.
Commercial carambola juices are usually prepared by
placing the fruit in brine. The dilution process considerably
reduces the oxalate content, while the pure juice obtained
from the fresh fruit and used in traditional medicine is
slightly diluted after the brine and contains high amounts of
oxalate. An empty stomach and a state of dehydration could
pose an additional risk for kidney damage. To avoid toxicity,
neither pure carambola juice nor the undiluted juice should

be consumed in large quantities, especially on an empty
stomach or in a state of kidney failure.

Currently, scientists are focusing their research on methods
to lower the concentration of toxic substances in the fruit,
such as the precipitation of oxalic acid from the juice® or the
removal of caramboxin. Genetic studies will also be conducted
to determine methods for reducing the biosynthesis of these
such substances specifically to improve the nutritional
qualities of the fruit.
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