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Abstract

The high prevalence of type 2 diabetes in Mauritius during the last
decade has been an alarming situation that needs scrutiny for a
healthier future Mauritian population. The widespread consumption
of sugar combined with sedentary lifestyle is often associated with
this problem and have led to the search for alternative sources of
sweetness. To date, a countless number of sugar substitutes, both
of natural and synthetic origins, have been introduced on the market.
Many of these have the advantages of being sweeter than sugar,
containing a low number of calories, as well as acting as prebiotics.
One of the most common natural sweeteners consumed by Mauri-
tians is stevia, while the most used artificial sweetener is aspartame.
Lately, the safety of existing sweeteners has been a controversial
subject and highly debated because various studies have suggest-
ed that some of them may also be the causative agents of disease
like cancer. Hence, the search for new sugar substitutes that are
devoid of health hazards is ongoing worldwide. The island of Mau-
ritius is home to a plethora of endemic plants which has had little
attention when it comes to its sweetening potential. Coincidently,
some of these plants are from families that have been document-
ed to possess sweeteners. These include economically important
plant families such as the Asteraceae, Fabaceae, and Sapotaceae,
among others. The review highlights the need for sugar alternatives
in Mauritius while listing some Mauritian endemic plants that repre-
sent an array of potential for naturally occurring sweet biomolecules.
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Introduction

Diabetes mellitus is the collective name of metabolic abnormali-
ties primarily caused by a defect in the secretion of insulin hor-
mone by the pancreatic islets. A decrease in the effectiveness of
insulin on target tissues consequently leads to a series of irregularities
that affect both the biochemistry and physiology of the human
body. The disease is chiefly manifested in the form of elevated levels
of'blood glucose. Poorly controlled diabetes can lead to the damage of
multiple organs, including the eyes, kidneys, nerves, and cardiovascu-
lar system [1] Among the two most common types of diabetes, Type 1
occurs when the insulin producing cells in the pancreas are destroyed
by the immune system and there is usually no cure, while in Type 2
diabetes there is insulin resistance and relative insulin deficiency [2].
Genetic susceptibility and environmental influences seem to be the
most common factors responsible for the development of the condi-
tion. Diet, on the other hand, is considered a universal factor linked to
type 2 diabetes [3].

The multi-ethnic island Mauritius which is around 1.2 million ac-
cording to World Bank, 2017, has an estimated 257,442 people be-
tween the ages of 25 and 79 years living with type 2 diabetes. The
island was ranked fourth in the IDF’s 2019 list of countries having
the greatest prevalence of type 2 diabetes, with a rate of 22%. In
2020, the percentage climbed to 25.3%, and since the outbreak of
COVID-19, these values are projected to change much further. Type
2 diabetes is the second leading cause of death on the island, with a
death percentage of 24.1% in 2016. The disease kills one out of every
four Mauritians. During World Diabetes Day in November 2017, it
was stated by the Minister of Health that 450 amputations are due
to diabetes, while around 1500 people with diabetes undergo
dialysis annually. Furthermore, it is estimated that 30-40% of people
with type 2 diabetes will develop chronic renal disease. There is also
a high occurrence of pre-type 2 diabetes in the country, a condition
associated with an increased risk of subsequent diabetes. These fig-
ures are alarming and constitute a significant threat in terms of the fu-
ture social and economic burden of type 2 diabetes complications for
Mauritius. This relates to both the direct medical costs and national
productivity due to the impact of the disease on the workforce.

Sucrose, commonly known as table sugar, is the most widely used
additive to provide sweet taste to edibles across the world. Unfor-
tunately, its use has been linked to various disease states, including
obesity, diabetes mellitus and tooth decay among others. Adramatic
rise in the prevalence of type 2 diabetes mellitus worldwide has
been paralleled by the increasing dietary consumption of sugar [4].
Due to ongoing climate change, Mauritius experiences unseasonably
hot weather from November to April, with the highest temperature
hovering around 38°C. Individuals with a preference for sweetened
beverages are more likely to give in to their cravings during heat
waves and drinking fizzy sugary drinks can end up contributing to
most of a person’s daily sugar intake and the resultis a higher risk of
type 2 diabetes. The main source of sugar in Mauritius is cane sugar,
although there are other sources. Being a tropical island with ideal
conditions for sugarcane growth, the crop is presently cultivated on
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72, 000 hectares, representing 85% of the arable land. An average
of 600 000 tonnes of sugar is produced each year, of which about
40 000 tonnes are for domestic consumption and the rest are for ex-
port to the European Union. When refined, the sugar is made of pure
carbohydrates, which has devastating effects on the body and health
in general. It is considered “empty calories” as it offers no nutritional
substance and only elevates blood sugar levels. Furthermore, during
processing, there are harmful ingredients that are added to the sugar,
such as phosphoric acid, sulfur dioxide, and formic acid [5].

Growing health awareness, increasing public interest in fitness
and figures, and the rising imbalance between calorie consumption
and expansion are factors that led to the demand for ood products that
support better health. Alternative sources of sweetness that lack the
disastrous effects of sugar help people satisfy their sweet tooth with-
out suffering the aftermath. The use of sugar substitutes is one way to
overcome the dangers of sugar consumption [6]. These are natural or
chemical food additives that are used to mimic the sweet taste of sugar
and enhance the flavor of foods and drinks. Sweeteners usually do not
provide calories, do not influence blood glucose, and can be metabo-
lized without insulin. Unlike sugar, they are thought to be non-con-
tributive to tooth decay and obesity. However, the safety of these
sweeteners has been dubious for a long time due to studies proving
that they may lead to a number of diseases. Even the alleged health
benefits of sweeteners regarding type 2 diabetes control have been
lately subjected to clinical controversy. Despite the fact that sweeten-
ers were originally devised to aid diabetics in controlling blood sugar,
epidemiological data suggests the contrary. Though both forward and
reverse causalities have been proposed, it is apparent that the rise in
the percentage of the population that has diabetes correlates with the
increase in the widespread consumption of food products sweetened
with sugar substitutes.

Currently, about 677 plant species have been spotted in Mauritius,
with 277 being endemic to the island and 147 exclusively found in
the Mascarene Islands [7]. This represents a hub of Mauritian
plants to be explored in the quest for biomolecules with sweet-
ening capacity. Moreover, several of these endemic and indigenous
plants belong to the same plant families from which natural sweeten-
ers have been extracted in other countries. For example, the common
natural sweetener Stevia is obtained from the plant Stevia rebaudi-
ana, which belongs to the Asteraceae family. Psiadia arguta, Psia-
dia lithospermifolia, Psiadia viscosa, Distephanus populifolius, and
Psiadia terebinthina are all Mauritian endemic plants that equally
belong to the Asteraceaec family but have not been thoroughly
explored. Other plant families include the Fabaceae and Sapotaceae.
After living an almost furtive life, hidden in unreachable regions, the
Mauritian endemic species have a chance of getting recognised on
the international level thanks to the work of dedicated specialists.
The high rate of type 2 diabetes, coupled with the increasing interest
in Mauritian endemic plants, creates opportunities for the discovery of
novel sweeteners.

Sucrose Metabolism and Diabetes

Sugar has been used for sweetening worldwhile since ancient times
and is highly sought for its taste and led to humans having a penchant
for it [8]. These sugary foods can however take a toll on our health.
Every gram of sugar provides the human body with 4 calories [9]. Over
the years, its evolution in taste, availability, and popularity has made
it an essential food ingredient and is now considered a necessity. Su-
crose is composed of one molecule of glucose and one molecule of
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fructose linked by a glyosidic bond (Figure 1). While glucose is an
important energy source that is needed by all the cells and organs
of the human body, especially the muscles and brain, sucrose and
fructose are not essential components of men’s feeding. Yet sucrose
represents 10-25% of total energy intake in most parts of the world,
and sweetened beverages are the major contributors [10]. There is
strong evidence that the fructose component of sucrose is essentially
responsible for the adverse metabolic effects of a high sucrose diet.

Figure 1: Structural formula of sucrose.

Upon ingestion, as sucrose passes through the gut, it is split
into glucose and fructose for absorption into the portal blood (Fig-
ure 2). Glucose is the main catabolic and anabolic substrate for most
organs in the body. It undergoes intestinal absorption, hepatic produc-
tion, and extrahepatic usage, mainly by the brain, the skeletal muscle,
and the adipose tissue. Once inside the intestinal lumen, glucose is
taken up by enterocytes that express two glucose transporters: sodi-
um-glucose co-transporter 1 (SGLT1 on the apical membrane) and
GLUT2 (on the basal membrane). SGLT1 helps the transport of one
glucose molecule and two sodium ions, which provides the energy to
drive glucose accumulation in the enterocyte against is concentration
gradient. Sodium is then transported into the blood vessels by the
Na+/K+-ATPase. Glucose is phosphorylated and accumulates within
the cell. Dephosphorylated glucose is then passively transported
out of the cell through the basolateral membrane by GLUT2. As
a result, accumulated glucose in the enterocyte diffuses out of the
cell through GLUT2 into the blood stream. GLUT2 transports the
glucose to the liver cells where it is converted into glucose-6-phos-
phate by glucokinase in the presence of insulin. Glucose-6-phosphate
then enters the glycolysis pathway where it is converted into pyru-
vate. Fructose also undergoes intestinal absorption. It is then main-
ly mediated by the liver and, to a lesser extent, by the kidneys. In
the intestinal lumen, fructose is taken up by enterocytes in the pres-
ence of GLUTS, where it is phosphorylated by fructokinase to fruc-
tose-1-phosphate using ATP as a phosphate donor and enters into the
circulation through facilitated passive transport across enterocyte
membranes by GLUTS itself. Once absorbed in the intestine, fructose
reaches the liver through the hepatic portal vein, where it is
metabolized by hepatocytes. Glyceraldehyde and dihydroxyacetone
phosphate are produced by the splitting of fructose-1- phosphate
by the enzyme aldolase B. Triokinase catalyzes the phosphorylation
oglyceraldehyde by ATP to form glyceraldehyde-3-phosphate. Thi
process does not require the presence of the hormone insulin and does
not depend on the energy status of liver cells. Therefore, all of the
fructose that goes into the liver is metabolized into triose phosphates,
which are secondarily converted into glucose, glycogen, lactate, and
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lipids. Due to the hepatic synthesis of this large amount of triose phos-
phates, which are lipogenic precursors, fructose is probably the most
potent lipogenic nutrient in a diet [11]. A high amount of fructose con-
sumption rapidly produces a slight but significant increase in fasting
plasma glucose and in hepatic glucose production, leading to some
degree of hepatic insulin resistance [12].

Figure 2: Uptake of glucose versus uptake of fructose by enterocytes [13].

There are several other mechanisms by which fructose may, in the
long term, induce insulin resistance (Figure 3). Experiments showed
that short-term fructose administration significantly increases intra-
hepatic and intramuscular lipid concentrations. Because ectopic lip-
id deposition seems to cause insulin resistance, the observation is a
warning that the long-term effects of fructose consumption may be
associated with significant lipotoxicity and eventually lead to more
generalized insulin resistance. Another alarming fact about fructose
is that its intake may contribute to the development of non-alcohol-
ic fatty liver disease. Furthermore, high consumption of sucrose or
fructose, when associated with a hyperenergetic diet, is expected
to increase body weight and body fat mass, which may secondarily
cause insulin resistance. Fructose administration produces oxidative
stress through the generation of reactive oxygen species and triggers
an endoplasmic reticulum stress response, which may be associated
with impaired insulin signaling. Fructose also increases the produc-
tion of uric acid because it is rapidly and completely phosphorylated
to fructose-1-phopshate, which produces massive hepatic degradation
of ATP to ADP and AMP. The ensuing hyperuricemia may cause en-
dothelial cell dysfunction, resulting in impaire postprandial muscle
vasodilation, and this phenomenon may also contribute to insulin re-
sistance.

Sugar Substitutes

Sugar substitutes are usually made up of molecules other than su-
crose, glucose, or fructose. Hence, they do not trigger a demand for
insulin and lack the diabetes-causing effect with the additional benefit
of being sweeter than sugar. They are required in smaller amounts to
provide the same level of sweetness as sugar and have a low number
of calories or may even have no calories. Existing sugar alternatives
are either of natural or synthetic origin. These are intensively used
in the food industry to sweeten sugar-free products such as baked
goods, carbonated beverages, powdered drink mixtures, jams, jellies,
and dairy products. Such products are usually consumed for weight
loss, dental care, diabetes mellitus, and reactive hypoglycemia due to
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Figure 3: Potential mechanisms for fructose-induced insulin resistance.

ROS: Reactive oxygen species ER: Endoplasmic Reticulum

N

the small number of calories they contain. More than half of all hu-
man consumption is accounted for by the use of artificial sweeteners
in beverages [14]. Artificial sweeteners are also available in tablets,
powders, and liquids for use as table-top sweeteners. Other uses of
artificial sweeteners are to mask the unpleasant tastes of pharmaceu-
ticals, especially those used by diabetics. They are used in cosmet-
ics, mainly in oral hygiene products like toothpaste and mouthwash.
Artificial sweeteners provide health benefits but can be toxic at high
concentrations in the long run.

According to studies, their consumption causes mild to severe
side effects ranging from headaches to severe brain damage. Exper-
iments showed that the artificial sweeteners saccharin, acesulfame-K
and aspartame induced DNA damage in human peripheral lympho-
cytes, while sucralose has been found to deplete beneficial microor-
ganisms [15].

The most popular artificial sweetener, aspartame, a non-nu-
tritive artificial sweetener, was discovered in 1965. Even though
aspartame contains the same 4 kcal/g as sucrose, it is 200 times
sweeter. Therefore, the amount needed to attain the same degree of
sweetness is so small that its caloric contribution is negligible [16].
Aspartame is made up of the amino acids L-aspartic acid and L-phe-
nylalanine (Figure 4). When consumed, aspartame is hydrolyzed
in the intestinal lumen and converted into the hydrolytic products
phenylalanine (50%), aspartic acid (40%), and methanol (10%) [17].
These are further broken down to form formaldehyde, formic acid,
and diketopiperazine [18]. Unlike sucrose, none of these processes
are known to cause insulin resistance. However, studies suggest
that the methanol produced contributes to toxicities to some extent.
The hydrolysis of aspartame in the gut has been related to gastrointes-
tinal problems. Moreover, the production of the amino acid phenylal-
anine can be hazardous to people suffering from the genetic disease
phenylketonuria [19]. Phenylalanine has also been thought to cause
brain damage as it plays an important role in neurotransmitter regu-
lation. Hence, the possible harmful properties of synthetic sweet-
eners increase the demand for natural sweetening agents, especially
those that are non-sacchariferous, since they are highly potent, useful,
safe, and low-calorie sugar alternatives with fewer fatal to no side
effects.

By the year 2002, over 100 plant-derived sweet compounds, of
which 20 were major structural types had been isolated from around
25 different plant families. Several of these products are marketed as
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Figure 4: Structural formula of Aspartame and its hydrolytic products
[20].

pure compounds, compound mixtures, or refined extracts, in dif-
ferent countries [21]. Plant extracts have also been used to screen
compounds with inhibitory effects on intestinal GLUT2 and GLUTS
transporters for the prevention of fructose-induced diseases. In vitro
studies showed that natural phenol phloretin of plants inhibits GLUT2
in mammalian cells. Chamomile tea containing epigallocatechin gal-
late effectively inhibits fructose transport through GLUT2. Green
tea catechins on the other hand inhibit D-fructose. Chinese blackber-
ry tea extracts prevented the transport of GLUTS-mediated fructose
in liposomes reconstituted with human GLUTS. Likewise, astrag-
alin-6-glucoside inhibited GLUTS-mediated fructose transport in
proteoliposomes

[22,23] found that demethoxycurcumin and curcumin from tur-
meric extracts inhibits fructose transport by GLUT2- and GLUT5-me-
diated fructose uptake, respectively. Catechin from guava leaf inhibits
GLUTS-mediated fructose uptake, whereas quercetin inhibits both
GLUTS- and GLUT2-mediated fructose transport. The effects of
hesperidin, a flavonoid present in oranges, on fructose uptake in
Caco-2 cell monolayers was studied by [24]. The compound inhibited
fructose uptake in cells when fructose was the only source of sugar.

The most popular natural sugar substitute is stevia. Discovered in
1899, the zero-calorie natural sweetener has been used for centuries.
It is obtained from the plant Stevia rebaudiana, the leaves of which
are extracted and purified to obtain a high-purity stevia leaf extract
containing steviol glycosides. Steviol glycosides pass through the
gut intact. Upon reaching the colon, gut bacteria hydrolyze them into
steviol, which is then absorbed via the portal vein and primarily me-
tabolized by the liver, forming steviol glucuronide, which is excreted
in the urine (Figure 5). Research shows that there is no accumulation
of stevia or any component or by-product of tevia in the body after
excretion [26]. Stevia seems to be gaining more popularity in many
countries due to its unique characteristics of zero glycemic indexes
and zero calories.

Steviol glycoside biosynthesis in Stevia appears to be a deviation
from the biosynthesis of the plant growt hormone gibberellin [27].
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Figure 5: Graphical representation of stevia pathway in the human body
upon ingestion [26].

Following bifurcation, the steps catalyzed by ent-kaurenoic acid-13
hydroxylase and three UDP-glycosyltransferases encoded by genes
SrKA13H, StUGT85C2, StUGT74G1, and STtUGT76G1 are involved
in the synthesis of steviol glycosides. UGTs are multisubstrate acting
enzymes that are both regio-specific and regio-selective. Previous-
ly, StUGTs of steviol glycoside biosynthesis were investigated for
their reactivity against various known substrates of the pathway [28].
SrUGT74G1 is predicted to catalyze the conversion 284 of steviol to
19-O-b-glucopyranosyl steviol. This compound is the source of rubu-
soside and stevioside. Furthermore, STUGT74G1 is predicted to act
on steviolmonoside to synthesize rubusoside. Rubusoside is metabo-
lized again to stevioside. HPLC assays revealed that StUGT74G1 has
an equal affinity for steviolmonoside and steviolbioside. STtUGT74Gl1
reacts with steviolmonoside to produce rubusoside. Steviol glycosides
and 289 gibberellins share a common origin. Following the common
metabolite ent-kaurenoic acid, these biosynthetic routes split into two
distinct pathways. (Figure 6). As a result, there is a direct metabolic
flux of STKA13H and SrtUGT85C2 between the steviol glycoside and
gibberellin biosynthetic pathways. This could be because these genes
encode enzymes that catalyze the downstream steps of steviol glyco-
side biosynthesis. Data also suggests the presence of alternative steps
in the biosynthesis of steviol glycosides.

Apart from stevia and aspartame, many other sweeteners are now
being discovered. In fact, the sugar substitute market is estimated to
grow in developing countries due to the rise in health problems relat-
ed to sugar consumption and increasing awareness and preference for
low caloric food and beverage products. The global market for sugar
substitutes has been growing exponentially in the last few years. The
market was projected to be valued at USD 13.26 billion in 2015 and
was expected to rise to USD 16.53 billion by 2020. The food industry
has responded to people’s demand for sugar substitutes by producing
sugar alcohols (polyols or polyhydric alcohols) as sweeteners. These
are compounds produced by catalytic hydrogenation of carbohy-
drates, while some are also found in nature in fruits, vegetables, or
mushrooms. These low digestible carbohydrates are obtained by the
substitution of an aldehyde group with a hydroxyl one. The majori-
ty of sugar alcohols are synthesized from their corresponding aldose
sugars [29]. Polyols are widely utilized in the food, beverage, con-
fectionery, and pharmaceutical industries throughout the globe. They
are actually used in bulk because they are less sweet than sugar and
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Figure 6: The steviol glycoside biosynthetic pathway is derived from the
same commo substrate, ent-kaurenoic acid, which also provides the basis
for the gibberellin biosynthetic route.

are known to promote dental health and exert a prebiotic effect. Their
lower number of calories might help consumers reduce their energy
intake and lose weight [30]. Sugar alcohols also do not induce a rise in
blood glucose or insulin secretion and can be eaten by diabetics. Some
sugar alcohols have even been found to increase the bioavailability of
minerals in humans and rats. Due to slow and incomplete absorp-
tion in the intestine, sugar alcohols are low in nutritional value when
compared to sugars and are thus metabolized through fermentative
degradation by the intestinal flora. The products of fermentation in-
clude short-chain fatty acids and gases. Hence, polyols are known for
their potent laxative effect and other gastrointestinal symptoms such
as flatulence, bloating, and abdominal discomfort when consumed in
excess. Products containing more than 10% of these polyhydric alco-
hols usually include the advisory statement “excessive consumption
may produce laxative effects” [25]. Only seven sugar alcohols are
defined as nutritive sweeteners according to EU legislation. These are
sorbitol, mannitol, isomalt, maltitol, lactitol, xylitol, and erythritol.

Prebiotics are low-digestible food ingredients that are beneficial
to the growth or activity of some probiotic bacteria in the intestine
[31,32]. These bacteria usually include bifidobacteria and some
gram-positive bacteria. Administration of sweeteners usually affects
the intestinal microbiome. The roots of Stevia rebaudiana are known
to contain inulin and fructans that have a positive effect on human
health [20]. Fructans have fermentation capacity as they are
used as substrates by gut microorganisms. Reported that fruc-
tans derived from S. rebaudiana improve the growth of bifidobacteria
and lactobacilli that are important for bowel function. In the gut, the
sweetener glycyrrhizin is de-glycosylated to glycyrrhetic acid by Eu-
bacterium and Bacteroides and to 18-glycyrrhetic acid
3-O-monoglucuronide by Bacteroides and Streptococcus. The
production of glycyrrhetic  acid from 18-glycyrrhetic
acid Omonoglucuronide is also mediated by Eubacterium spp. These
glycyrrhizin metabolites are potent cytotoxic agents against tumor
cells and exert potent inhibitory effects on viruses and platelet aggre-
gation activity [33]. Some data suggest that the relationship between
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glycyrrhizin and the intestinal microbiota exerts positive effects on
the host. Polyols, including isomaltose and maltitol as they reach the
colon, increase bifidobacteria numbers.

Mauritian Endemic Plants as Target in the Search
for Sugar Substitutes

The science of chemotaxonomy is employed for the classification
of plants based on their chemical constituents. All plants produce sec-
ondary metabolites that are derived from primary metabolites. The
chemical structure of the secondary metabolites and their biosyn-
thetic pathways is often specific and restricted to taxonomically re-
lated organisms [34]. Many popular plant families have been studied
through chemotaxonomy. It can be deduced that taxa (species, genera,
and families) have characteristic compounds. Thus, it is highly ex-
pected that plants belonging to the same family produce many similar
biomolecules due to analogous biosynthetic pathways. Biomolecules
also include sweeteners. Figure 7 shows a schematic representation of
the different molecules obtained from plants that are used as seww-
teners,

Figure 7: Schematic representation of plant derived sweeteners.

The African continent in which Mauritius is situated is diverse in
plant species, and southern. Africa has even been reported to contain
almost 10% of the world’s flora. The neighboring islands of Re-
union, Rodrigues, and Madagascar equally harbor unique plant
species, accounting for around 10,000 plants in total. Table 1 shows a
list of some common natural sweeteners, their origins, and the plant
families to which they belong, as well as Mauritian endemic and in-
digenous plants belonging to these plant families.

Fabaceae

The Fabaceae, or Leguminosae, family is an important econom-
ic family of flowerin plants. It is the third-largest land plant family
in terms of the number of species [37]. The family features nearly
700 genera and around 20,000 species of trees, shrubs, vines, and
herbs. Several Leguminosae are staple human foods, and their use is
closely associated with human evolution. Cereals, fruits, and roots
have been the main products consumed from the plants in the family.
The Fabaceae have high nutritional values due to their ability to fix
atmospheric nitrogen for protein synthesis. This may lead to protein
concentrations of up to 20% and 40% dry weight in leaves and seeds
in many species. The family is also rich in therapeutic properties and
hence has been proven to be effective against a wide variety of human
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ceac Distephanus been found to be 100 times sweeter than sucrose. Along with be-
populifolius . .. . .
ing sweet, glycyrrhizin possesses various pharmacological proper-
Senccio ties such as anti-inflammatory, immunomodulatory, anti-ulcer, and
The leaves lamarckianus anti-allergy activities. The most remarkable property of glycyrrhiz-
Stevia |1 cosid of the (Bois Chevre) in, however, is its anti-viral activity against various DNA and RNA
Americe . . . .
1 mte;'tc“"? Pt viruses, including HIV and the Severe Acute Respiratory Syndrome
plani evia sathura . . . .
rebaudiana borbonica (Bois (SARS) associated coronavirus. Therefore, a large amount of liquorice
Cassant) and its extracts are on the market both as sweetening and medicinal
agents. Abrus precatorius, another plant of the Fabaceae family, is a
Noronhia . . . . . .
Thouars climbing shrub with its leaves and roots abundant in sweet-tasting
Noronhia triterpene glycoside principles. The leaves taste sweeter than the
The bark of broomeana roots as they contain triterpene glycosides called abrusosides, A, B,
the Euro- i i izi
Manni. Sugar e ulrot o Noronhia - C, D, and E, while the roots ontain glycyrrhizin. Hence, the plant can
tol alcohol p:a“? an caceas obovate also be used as a substitute for liquorice. The abrusosides A, B, C, and
raxinus
ornus D sweeteners have been found to be 30, 100, 50, and 75 times sweeter
Chionanthus . .
b nthan 2% w/v sucrose, respectively. Abrusoside E, on the other hand,
roomeana
(Bois de Coeur is marginally sweet [40]. In Mauritius, the rare plants that exist from
Bleu) the Fabaceae family are Albizia vaughanii and Gagnebina Pterocar-

pa (Figure 8). The plants usually inhabit subtropical or tropical dry
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forests and are underexplored, so little is known about their constitu-
ents.Since the history of the Fabaceae family points towards the exis-
tence of sweeteners in its members, the plants are potential candidates
in the search for sugar substitutes from Mauritian flora.

Figure 9: Albizia vaughanii.

Sapotaceae

Sapotaceae is a latex-yielding plant family, consisting of around
35-75 genera and 800 species, most of which are tropical trees [41].
The family is known for the production of edible flowers, fruits, and
oil seeds. It is also known for its wide range of chemical constituents,
especially flavonoids and polyphenolic compounds, which have sev-
eral biological activities, including antidiabetic activities. The plant
Synsepalum dulcificum produces a fruit called “miracle fruit,” native
to tropical West Africa, where it is used locally to sweeten palm wine
and other beverages. It was found that the protein miraculin, which is
approximately 400,000 times sweeter than sucrose on a molar basis,
was responsible for the sweet taste. The plant possesses other proper-
ties like antioxidant, antibacterial, and anticancer activities. The pre-
dominant form of the plant is shrubby, but it can grow up to 20 feet
high, bearing fruits after 2-3 years of growing. It produces two types
of fruits: red and yellow berries. Miraculin is found in the thin paren-
chyma layer surrounding the pit of the fruit. The miraculin present
in the fruit has taste-modifying properties and transforms sour taste
into a sweet taste that can last for up to two hours [42]. The sweetener
consists of 191 amino acids linked with an N-linked oligosaccharide.
These berries are considered a novel food and authorization is be-
ing sought for them to be introduced to the EU market. The Sapo-
taceae family also yields glycyrrhizin, especially in the latex, fruits,
and barks of the plants Achras sapota and Lucuma glyciphylla [43].
The Mauritian endemic plant, Sideroxylon grandiflorum, belonging
to the Sapotaceae family, is a green canopy tree that can grow up to
15 meters tall and its bark is dissociated into thin patches. The tree
has multiple branches that are gnarled and covered with a fine gray
duvet. Its leaves are arranged in spirals and are elliptical in shape. It
produces flowers that are yellowish and grow in clusters on the stems.
It also produces ovoid berries that are 5 cm long, reddish green, with
a fleshy pericarp. To date, no particular part of the plant has been ex-
tracted for the search of biomolecules, which presents an opportunity
to discover new compounds that have the potential to be sweeteners.
Some other Mauritian endemic and indigenous plants belonging to
the Sapotaceae family are Labourdonnaisia glauca, Labourdonnaisia
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revoluta, Mimusops petiolaris, Mimusops erythroxylum, Mimusops
maxima, Sideroxylon cinereum, Sideroxylon grandiflorum, and Sid-
eroxylon puberulum, among others. Another plant, Labourdonnaisia
calophylloides (Figure 10), a tree of 20 meters that has a characteristic
ornamental shape as its leaves bunch together at the very tips of each
twig, is equally potent for the search for sweeteners. Much research
has not yet been done on the plants and needs attention on a phyto-
chemical basis.

Figure 10: Labourdonnaisia calophylloides.

Asteraceae

The Asteraceae family is abundant in flowering plants, accounting
for almost 1600 genera and over 23,000 species. Some of these spe-
cies, such as chamomile and wormwood, are highly aromatic and have
previously been reported to have medicinal purposes. Many species
of the Asteraceae family are good sources of natural antioxidants and
are thus frequently consumed. The famous Stevia rebaudiana plant,
from which the widely used sweetener stevia is obtained, belongs to
the Asteraceae family. In fact, the plant is often known by the names
“sweet herb,” “sweet leaf,” “honey leaf,” or “candy leaf.” The plant is
usually small, herbaceous, semi-bushy, and perennial [44]. Leaves of
the plant have been used since ancient times to cure many chronic and
non-chronic diseases. Many studies have proved that the phytocon-
stituents of the plant are nontoxic. The biological molecule respon-
sible for its sweetness is the glycoside stevioside, which is 100-350
times sweeter than sucrose. Along with its sweet taste, stevia leaves
also have good solubility in water and are easily metabolized by the
body. Furthermore, stevia leaves are rich in nutrients. They contain
80 to 85% water together with amino acids, proteins, fiber, lipids, es-
sential oils, vitamins, and organic acids. The plant is even considered
a good source of calcium, magnesium, potassium, iron, phosphorus,
sulfur, and sodium. On a pharmacological basis, the plant is known to
possess antioxidant, antimicrobial, antitumor, anti-inflammatory, an-
tifungal, and anticarcinogenic activities [45]. Steviol glycosides are
also involved in the enhancement of insulin production by directly
acting on -cells without modifying the activity of K+-ATP channels
and cAMP levels in the islets, thus proving its efficiency to cure dia-
betes [46]. Stevia and its derivatives have been shown to reduce the
risk of hypertension and heart disease. Another sweetener, inulin, is
also present in a number of Asteraceae plants. It was first discovered
in the plant Inula Helenium of the Asteraceae. Inulin is used in pro-
cessed foods to replace sugar, giving only 25-35% more energy as
compared to carbohydrates. The sweetness level of inulin is about
10% that of sucrose. It has health benefits such as increasing miner-
al absorption, being fermentable, acting as a laxative and promoting
the growth of microflora in the digestive tract. Being low in calories,
it is often considered appropriate for diabetics. Some Asteraceae of
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Mauritius include Psiadia terebinthina, the leaf decoction of which is
used against fever and asthma, Psiadia viscosa, the leaf infusion of
which is used against asthma, and Psiadia arguta (Figure 11), among
others [47]. Most of its plants are edible, making the Mauritian Aster-
aceae good candidates for sweetener identification.

Figure 11: Psiadia arguta.

Acanthaceae

The Acanthaceae family (acanthus) is composed of aroundgenera
and 2500 species, most of which are herbs and shrubs. The family
generates dicotyledonous flowering plants. Plants in this family grow
mainly in tropical countries, including Indonesia, Malaysia, Africa,
Brazil, and Central America. Many plants belonging to this family
have various medicinal uses due to the presence of important bio-
molecules. A highly sweet amino acid, monatin (Indol-3-yl)-2- ami-
no-4-carboxy-4-hydroxypentanoic acid, was isolated from the roots
of an African plant, Sclerochiton ilicifolius, of the family, a spiny-
leafed hardwood shrub. Monatin showed a sweetness capacity of
1300 times that of sucrose. S. ilicifolius is also referred to as’ Molo-
mo monate ‘, from the Sepedi name meaning “mouth nice”. The
sweetener is compatible with other sweeteners like aspartame. Five
oleanane-type triterpene glycosides named strogins 1-5 were also
isolated from the leaves of Staurogyne merguensis of the Acantha-
ceae family. After strogins 1, 2, and 4 were held in the mouth, water
elicited a sweet taste. Barleria Observatrix (Figure 12) of the Acantha-
ceae family is endemic to Mauritius. It has dark green, glossy leaves
with pale blue-purple flowers. Once planted and exposed to the right
conditions, it tends to be invasive, like most barlerias. The flowers are
usually attractive to bees, butterflies, and/or birds due to their bright
color and sweet scent.

Oleaceae

The olive family consists of about 29 genera and 600 species
worldwide. The multipurpose jasmine plant comes from this family.
In several species of the Oleaceae, the polyol manifold usually builds
up as a result of abiotic stress. It is the only sugar alcohol that comes
from natural sources. In the plants Fraxinus ornus and F. excelsior of
the Oleaceae, it was found that the leaf mannitol content increases
in response to summer drought conditions [36,48]. Mannitol is used
both as a medication and to sweeten medicines, especially those for
diabetics. Many organisms, including bacteria, yeasts, fungi, algae,
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Figure 12: Barleria Observatrix.

N

lichens, and many plants, produce mannitol for use as an energy and
carbon storage molecule. A mannitol cycle, which is a fructose to
mannitol metabolic pathway, was discovered in a type of red algae
(Caloglossa leprieurii), and it is highly expected that other microor-
ganisms employ similar pathways. A class of lactic acid bacteria, ca-
pable of multiple fermentation pathways, has been found to be able
to convert three fructose molecules into two mannitol molecules. The
human body does not completely absorb the sweetener, and it has
laxative effects. Endemic plants from the Oleaceae family that are
present in Mauritius are Noronhia Thouars, Noronhia broomeana,
Noronhia obovate (Figure 13) and Chionanthus broomeana (Bois de
coeur bleu).

Figure 13: A: Noronhia broomeana; B-C: Close-up of Noronhia macro-
phylla; D: Noronhia obovate [49].

Rutaceae

Rutaceae, commonly known as the rue or citrus family, is a fami-
ly of flowering plants with approximately 160 genera and over 2000
species. Common fruits from this family include oranges (Citrus sin-
ensis), lemons (Citrus limon), grapefruits (Citrus paradisi), and limes
(Citrus aurantifolia). Many plants in the family have medicinal uses,
and some varieties are so lacking in citric acid that they are known as
sweet limes. Hesperidin, a sweetener, is the predominant polyphenol
consumed from citrus fruits and juices. Additionally, high antioxidant
activities of plants from the Rutaceae family were also determined
by ferric reducing antioxidant power (FRAP) and 1,1-diphenyl-2-pic-
ryl hydrazyl (DPPH) radical scavenging activity [50]. The flavone
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glycoside naringin is a second sweetener found in grapes and citrus
fruits and usually has two rhamnose units attached to an aglycon
portion and naringenin at the 7-carbon position. Naringin content in
various citrus species varies. Both naringin and naringenin are also
strong antioxidants [51]. The sugar moiety in naringin exhibits steric
hindrance of the scavenging group. Naringin is moderately soluble in
water. The gut microfiora breaks down naringin to its aglycon narin-
genin in the intestine; it is then absorbed from the gut [52-60]. The
plants Euodia chapelieri and Euodia obtusifolia (Figure 14) belong
to this family and are present only in Mauritius and the neighboring
island of Reunion. 1 Little is known about the sweetener content in
the plants; hence they remain to be explored.

Figure 14: Euodia obtusifolia.

Other plants

Many Mauritian plants, other than the ones from the above fam-
ilies, have been consumed by local people. In particular, the plants
are traditionally used in the form of infusions or decoctions of the
various parts of the plants (e.g., leaves, roots, and flowers), either
dried or fresh, to extract the active constituents into water. Following
interviews done with local plant users and planters, it was determined
that some other plant species bear epithets that may be indicative of a
sweetness sensation. Moreover, many of these plants physically have
sweet scents and have been observed to attract bees. Therefore, these
plants can equally be considered as candidates in future investigation
for potential sweet constituents. These include the leaves of Pittospo-
rum senacia (Bois carrot) of the Pittosporaceae family [61-65], Euge-
nia bojeri (Bois de clou) of the Myrtaceae family, Cassine orientalis
(Bois d’olive) of the Celastraceae family, fruits of Pandanus macro-
carpa of the Pandanaceae family, Tambourissa quadrifida of Monimi-
aceae family, Stadmania oppositifolia of the Sapindaceae family (Fig-
ure 15), Coffea macrocarpa of the Rubiaceae family and flowers of
Nesocodon mauritianus (Bloody bell flower) of the Campanulaceae
family, Crinum mauritianum (Swamp-lily) of the Amaryllidaceae
family and hibiscus Genevii of the Malvaceae family [66-72].

Conclusion

Many sugar substitutes have been discovered in plants and have
successfully been commercialized, especially in a variety of foods
and beverages as well as in pharmaceuticals. Most of these sweeten-
ers have been found to have numerous health benefits along with be-
ing non-sacchariferous, low-calorie, nutritive, and having a sweetness
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Figure 15: Other Mauritian endemic plant species which are known to
exhibit sweet taste. (Credit: All pictures of Mauritian endemic plants were
taken at the Native Plant Propagation Centre of Mauritius).

more intense than sugar. Some of these include antioxidant, prebiotic,
and even antidiabetic properties. Natural sweeteners are also easily
metabolized by the human body, while some are only partially metab-
olized and then excreted. Hence, plants will remain an essential com-
ponent in the discovery and development of sugar substitutes. Most
natural sweeteners have been isolated from tropical plants. Therefore,
the presence of potential novel sweeteners in the rich tropical Mau-
ritian endemic flora is highly anticipated. Molecules other than car-
bohydrates are to be targeted, such as proteins, which may give rise
to sweeteners that lack the destructive attributes of sugar while being
nutritive. The presence of such molecules in Mauritius is projected to
leadto the alleviation of the rising diabetic burden of Mauritians while
exposing the nutraceutical potential of underutilized endemic plants,
thus valorizing the Mauritian flora.
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