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Unnurtured and untapped super sweet
nonsacchariferous plant species in India

R. Snehi Dwivedi

Thirteen species of plants accumulating nonsaccharides as the sweet principles have been identified
in India: most species being indigenous. The active sweet principles stored in these plants can be
grouped under: terpenoides, steroidal saponins, dihydroisocoumarins, dihydrochalcones, proteins,
etc. in nature.These are not only low in calorific values and therefore health compatibile but also
are 100—-10,000 times sweeter than sucrose on a unit weight basis. Common and scientific names of
these plants along with their popular names in Indian languages,; salient information on their
distribution, propagation, morphological features; and the corresponding chemical structure of the

sweet principles have been presented in this paper.

THE sacchariferous sweet plants (plants accumulating
saccharide as the sweet principle) such as sugarcane,
sugarbeet, sweet sorghum, few fruit trees, tuber crops, etc.
are known to meet the requirement of sweeteners for
human beings. However, due to fast burgeoning popu-
lation. while the world’s requirement for sweeteners is
expected to double (= 250 mt sucrose) by 2025-2030,
India’s requirement will be = 38—40 mt sucrose by 2015
2020. Since the geographical area of the earth cannot be
increased, the vertical jump in sucrose productivity,
although an arduous task, is the only available option. The
discovery of nonsacchariferous sweet plant species (plants
accumulating nonsaccharides as the sweet principle which
are at present over 15 in number), the sweetening prin-
ciples of which have been recorded as 100-10,000 times
sweeter than sucrose on a unit weight basis', augur well
for future breakthrough in meeting this requirement for
additional sweet principles.

The nonsaccharide sweetening agents, having low
calorific values and therefore health compatible, unlike
sucrose’?, are: terpenoids, steroids, steroidal saponins,
dihydrochalcones, proteins, etc. On the other hand, due to
regular use of traditional saccharide sweetening agents,
except fructose syrup, human diseases such as dental
caries, cardiovascular disease, diabetes mellitus, obesity
and micronutrients deficiency have increased alarmingly’.
Furthermore, synthetic sweetening agents such as
saccharin, aspartame, and cyclamate used as substitute for
sucrose 1n USA have been found to be carcinogenic and
more harmful than sucrose®. Hence, in Japan, China,
USA, Australia and Europe the nonsaccharide sweete-
ners are being consumed. Thus, with the increase in
their demand there is a necessity for identification of
these nonsacchariferous plant species, as well as the
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identitication of their active sweet principle. A schematic
representation of the types of sweeteners and their origin
is given below.
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Sacchariferous sweet plants

The first plant frutt mentioned as ‘sweet’ in the Bible is fig
(Ficus carica L.) (Moraceae); the dried fruit of which was
recovered from excavation of Gezar located in Judean
Mountains and i1s dated 5000 BC (ref. 5). The sucrose,
derived from Sanskrit word Sarkara, was being extracted
from sugarcane in India, and had been identified about
6000-10,000 BC as mentioned in Rig and Atharva Vedas.
It was introduced in non-Asiatic continents by Alaxander
the Great (c. 325 BC) (ref. 6). Another sweet plant,
Saccharum spontaneum, (Kush in Sanskrit) has a mention
in Ramayana by Maharishi Balmiki. The plant was used
in cloning and culturing of a new child in the place of lost
child ‘Lav’ (son of Goddess Sita). This plant accumulates
saccharides as the active sweet principle; the structural
and chemical formulae are mentioned in Figure 1.
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Sacchariferous sweet principles have high calorific
values (36004000 cal g'). Raw form of sucrose, i.e.
Gur and Khandesari and cane juice are also a source of
energy. However, high fructose corn syrup (HFCS) is
different. Since it has been found to be health compatible,

it has replaced sucrose in soft drinks and food industries
to an extent of 10% (ref. 7).

Nonsacchariferous sweet plants

The oldest sweet-tasting plant containing nonsugar prin-
ciples, for example glycyrrhizin, is Licorice, Glycyrrhiza
glabra L., (Leguminosae). Its active sweet principle is
100 times sweeter than sucrose on a unit weight basis. It
appears to have been 1n use approximately around 500 BC
(ref. 8). Theophrastus (c. 300 BC), called it as sweet
scythian root. Thaumatococcus daniellii (Bernett) Benth.
(Marantaceae) was identified in 1855 by Deniell’ from
which thaumatin was extracted. This was found to be
10,000 times sweeter than 7% sucrose on a molar basis'®.
Subsequently in 1905, another intensely sweet plant,
European polypody fern, Polypodium valgare L. (Poly-
podiaceae) was identified''. Sweet principle, osladin, was
extracted from its rhizome'’. Presently, as many as
15 species of nonsacchariferous sweet plant have

been identified. In this article, are the details relating to
these in Indian context.

Artificial or synthetic sweeteners

Synthetic sweeteners are artificial sweeteners, found in
the form of salts and also synthesized through chemical
reactions. For example saccharin, an inorganic substi-
tuted artificial sweetening agent, is a white crystalline
powder, odourless with alkaline and alkaline earth metal
salts; while its salt formed with heavy metals are bitter.
Sodium or ammonium salt of saccharin are sweet and
came 1nto use in USA and Europe at the beginning of
20th century'”. The synthetic sweetening agents such as
saccharin, cyclamate or sucaril, and P-4000 (Figure 2)
have been found to be 300-500, 30-100, and 4000 times,
respectively, as sweet as sucrose. Acesulfam-K, a pure
organic salt synthetic sweetener, is 80 times sweeter than
sucrose, whereas aspartame made from two amino acids is
130 times sweeter than 4% sucrose’. The chemical
structures of some of these are mentioned here. Regular
use of artificial sweetening agents results in disorders of
liver, kidney, blood cells, digestion, thyroid functions,
brain, neuroendocrine regulation, etc. and these are not
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Figure 1. Accumulated active sweet principles of sacchariferous sweet plant, Saccharum spontaneum
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safe for human consumption, since these are non-nutritive
and carcenogenic as declared by US Food and Drug
Administration (FAD) (ref. 13).

I1abitat of nonsacchariferous super sweet plant
species in India

A survey of literature and fields and collection of
information from herbarium of National Botanical
Research Institute, Lucknow; Central Institute of Medi-
cinal and Aromatic Plant, Lucknow, its field station;
Botanical Survey of India, Calcutta, Allahabad, Port
Blair, Shillong and Coimbatore and Regional Research
Laboratory Jammu and Bhavagar, were undertaken to find
out the details of nonsacchariferous sweet plant species In
India. In the following section, information on sweet plant
species Is presented in order of sweet principles chemical
configuration/group similarities.

Group: Terpenoides

1. The plant species, Perilla frutescens (L.) Britton
(Labiatae), commonly known in various regional
languages as: bhanjira (Hindi); ban tulsi (Bengali);

Table 1.

Active sweet
principle

Botanical name
and family

Chemical
structure

Group: monoterpenoid
(Perillartine)

L. Perriila frutescens L.
(Labitae)

Group: diterpenoid
(Stevioside)

2. Stevia rebaudiana
Bertoni
(Compositae)

Ri; R; represent:

B-gic; B-gic*-B-gle,
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Jjhutela (Kumaun), is indigenous to India and found
almost throughout Himalayas up to an altitude of
3500 m and on the hills of Assam and Bihar'. It is
propagated mainly through seeds, Some of its
characteristic features are: aromatic, bushy annual height
150 cm. Leaves; broadly ovate, acuminate, coarsely
serrate or crenate. Flowers; small, white in axillary and
terminal racemes. Nutlets commonly called seed:
rounded, pale brown, with reticulate markings, weighing
250mgto 1l g.

The sweet principle, Perillartin® is a type of mono-
terpenoid. Volatile oil is produced from leaves and
flowering tops. Perrilla seeds contain 30-50% volatile oil.
The volatile o1l provides flavour to sauces, confectionery
and 1s 370-450 times/2000 times sweet as sugar on a unit

weight basis, and 4-8 time as sweet as saccharin'®

(Table 1).

2. The plant species Stevia rebaudiana (Bertoni) Bertoni
(Compositae) is reported to be native to Paraguay and
south Brazil, and cultivated in Japan, southeast Asia,
USA, etc.!™®  put grows in India as well at some
semitropical areas, humid Himalayan hilly regions, and
humid hills of Assam. It is propagated through seeds and
cuttings. The seedlings raised from seeds are transplanted
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Super sweet principles of nonsacchariferous sweet plant species

Sweetness compared

(glc = D-glucorono pyranosyl)

3. Glycyrrhiza glubra L.
{Leguminosae)

Group: triterpenoid
(Glycyrrhizin)
(Glycyrrhizic acid)

RO
R represents:

B-gl CA%B-gl CA,

to sucrose
(times on a Native place of
unit wt. basis) - plant species Refs
400-2000 India 15
Sino—Japan
Southeast Asia
200-300 Paraguay and South 20
Brazil
..pCOCH 100 Mediterranean 21

Countries and China

(gl CA = D-glucurono pyranosyl)

4. Abrus precatorius L. -do-
(Leguminosae)

5. Achras sapota L. -do- -do-
(Sapotaceae)
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India 22

S. America 22
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