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ABSTRACT
Saponins are secondary metabolites with high molecular weight. They present in a wide range of
plant species and are distributed throughout the bark, leaves, stems, roots and even flowers.
Saponins are bitter in taste and in recent years, they have received considerable attention because
of their various biological activities including hepatoprotective, anti-ulcer, anti-tumor, antimicrobial,
adjuvant and anti-inflammatory activities. Saponins are composed of a lipid soluble aglycone
consisting of either a sterol or more commonly a triterpenoid and water soluble sugar
residues, due to their amphiphilic nature, they are highly surface active and their biological
activities are related to their chemical structures. Both steroidal and triterpenoids saponins show
detergent properties. The aim of the present article is to review the saponin and methods of
evaluation and also, their application based on the recent studies.
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Table 1. Occurrence of triterpenoid and
steroid saponins in economically important
crops [16]

1. INTRODUCTION
Saponins are secondary metabolites synthesized
by many different plant species [1]. Their name is
derived from Latin word “sapo” meaning soap,
due to their surfactant properties which allows
forming stable soap-like foam upon shaking in
aqueous solution [2,3]. They have many
medicinal uses including, microbial, anti-tumor,
anti-insect [4] hepatoprotective, haemolytic [5],
and anti-inflammatory activities. They also
decrees blood cholesterol level and may be used
as adjuvant in vaccines [6-12]. In addition,
saponins are used in preparation of soaps,
detergents, fire extinguishers, shampoos, beer
and cosmetic [13]. Many saponins exhibit
haemolytic activity, have a bitter taste and are
toxic to fish [14]. They are large molecules and
contain a hydrophobic part, composed of a
triterpenoid (30 carbon atoms) or steroid (27
carbon atoms with a 6-ring spirostane or a 5-ring
furostane skeleton) backbone and a hydrophilic
part consisting of several saccharide residues,
attached to the hydrophobic scaffold through
glycoside bonds. Terpenoid and steroid saponins
are usually found in dicotyledonous and
monocotyledonous plants, respectively [2,7,15].
Occurrence of triterpenoid and steroidal saponins
in economically important crops are shown in
Table 1 [16]. Saponins are derived from different
parts of plants and their distribution among the
organs of plants varies considerably (Table 2).
Saponins with a glucuronic acid moiety at C-3 of
oleanolic acid are found in the flowers, while
saponins with a glucose moiety at the same
position are found in the roots [17]. Due to their
amphiphilic nature, saponinmolecules form
micelles in aqueous solutions. The size, shape,
and structure of the saponin micelles depend on
their plant origin, pH, temperature and the
presence of electrolyte in the solution [7].
Several steroidal saponin based drugs have
been used for treatment of some diseases. For
example, “Di-ao-xin-xue-kang,” which has an
ingredient composition of several steroidal
saponins (dioscoresides C, D and E) is supplied
from Dioscorea panthaica. The compound is
administered orally and is useful for treatment
and prevention of cardio- and cerebrovascular
diseases in China. “Chuan-shan-long injection,”
is another steroidal saponin based drug that is
prepared from Dioscorea nipponicaand (dioscin,
gracillin and pseudo-protodioscin) and is
employed
for
treatment
of
rheumatism
[17,18,19].

Triterpenoid saponin
Poaceae
Avena strigosa
Avena sativa
Chenopodiaceae
Beta vulgaris
Chenopodium quinoa
Leguminosae
Pisum sativum
Glycine max
Medicago sativa
Medicago truncatula
Phaseolus vulgaris
Theaceae
Camellia sinensi

Steroid saponin
Poaceae
Avena strigosa
Avena sativa
Panicum virgatum
Panicum coloratum
Solanaceae
Capsicum frutescens
Solanum lycopersicum
Solanum tuberosum
Alliaceae
Allium sativum
Allium nutans
Alium porrum
Allium cepa
Allium schoenoprasum
-

Table 2. Different saponin containing plant
parts [20]
Plant part
Root

Leaf
Fruit

Bark
Flower
Stem

2. CHEMICAL
SAPONINS

Plant
Allium nigrum L
Bupleurum chinense
Chiococca alba
Allium nigrum
Beaucarnea recurvata
Silphium asteriscus
Solanum xanthocarpum
Tribulus terrestris
Momordica charantia
Yucca schidigera Roez
Harpullia austro-caledonica
Agave offoyana
Caryocar villosum
Momordica charantia
Silphium asteriscus

STRUCTURE

OF

Saponins
are
glycosylated
compounds
composed of two main parts: a water soluble
glucidic chain and a liposoluble structure [15,21].
The structure of saponin is shown in Fig. 1 [21].
The non-sugar and sugar components are called
aglycone and glycone, respectively. Aglycone
portion is composed of a triterpenoid or steroid
backbone [22]. L-arabinose, D-xylose, Dglucose, D-glucuronic acid, D-galactose, Lrhamnose and D-fructose are among the sugars
constituents of saponins [21]. The sugar moiety
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is linked to the aglycone through an ester or
ether glycosidic linkage at one or two
glycosylation sites [23]. The aglycone may
contain one or more unsaturated C–C bonds.
When the oligosaccharide chain is attached at
the C3 position the molecule is called
monodesmosidic saponin, while saponins which
have an additional sugar moiety at the C26 or C28
position, are named bidesmosidic [24]. The
structure of saponins from different plant is
depended on the types and amount of sugars, as
well as the composition of steroid ring. It was
observed that young plants have higher saponin
contents than mature or old plants, although
several factors such as physiological state and
environmental factors affect the saponin contents
[22]. Saponins are classified in two main groups
according to the nature of their aglycone;
saponosides with steroidic aglycone and
saponosides with triterpenic aglycone. The
steroidic aglycones have a skeleton with 27
carbon atoms. These molecules come from an
intramolecular cetalisation which intervenes
after oxidation in C16, C22 and C26 of a
cholestanic precursor taking into account spironature of C22; this hexacyclic skeleton is
usually indicated by the spirostane term.In
fresh plants, it is not rare that hydroxyl in
C26 is engaged in a connection with a sugar.
The structure may be pentacyclic; which is called

furostane. The triterpenic aglycones, come
from the cyclization of the (3S)-2,3-epoxy-2,3dihydrosqualene.
This
cyclization
gives
pentacyclic compounds like dammaranes,
oleananes, ursanes, and hopanes. The majority
of triterpenic sapogenins belong to these four
basic skeletons. Different possible structures of
saponins are shown in Fig. 2 [21].

2.1

Isolation
Saponins

and

Identification

of

The extraction techniques employed in saponin
extraction include the conventional and the green
technologies.The
conventional
extraction
techniques are maceration, Soxhlet, and reflux
extraction, where the green technologies are
microwave-assisted, ultrasound-assisted and
accelerated solvent extraction (Fig. 3). The
conventional extraction is based on the solubility
of solute from plant materials into solvent. So, it
often utilizes a large quantity of solvent to extract
the desired solute and sometimes is aided with
elevated
temperature
by
heating,
and
mechanical stirring or shaking. The green
extraction method is involved less hazardous
chemical synthesis, safer chemicals, energy
efficiency and pollution prevention.

Fig. 1. Structure of saponin [21]
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Fig. 2. Different possible structures of saponin aglycones [21]

Fig. 3. Current extraction techniques employed in extraction of saponins from plant
materials [20]
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3. CONVENTIONAL METHODS
Maceration extraction: In the method, plant
material is extracted by soaking the plant
material in a specific solvent for a period of time.
Ethanol and methanol are usually used as the
extraction solvents to extract saponins from plant
materials.
Reflux and Soxhlet extractions: The only
difference between reflux and Soxhlet is that
Soxhlet apparatus consists of a thimble to house
the plant material. This technique involves
heating a solution to boiling and then returning
the condensed vapors to the original flask.
Subsequent extraction: The method is performed
on plant materials using two extraction methods
subsequently. Using this method may be lead to
highly purify the extract before subjecting to
HPLC analysis for isolation and identification of
saponin.

3.1 Green Extraction Technologies
Ultrasound-assisted extraction: The phenomenon
of ultrasound creates cavitation bubbles in the
solvent to denature the plant cell wall when the
bubbles collapse at rare fraction resulted in a
greater extraction yield of bioactive compounds.
Microwave-assisted extraction: Microwaves are
non-ionizing electromagnetic waves with a
frequency range from 0.3 to 300 GHz.
Microwaves are able to penetrate into
biomaterials and generate heat by interacting
with polar molecules such as water inside the
materials. The water content of a plant material is
responsible for the absorption of microwave
energy which leads to internal superheating and
cell structure disruption, and consequently,
facilitates the diffusion of bioactive compound
from the plant matrix.

There are several
methods used for
determination of saponins in plant material.
Spectrophotometry, a simple and practical
method, may be used to measure the amount of
saponins [25]. Thin-layer chromatography (TLC)
has been used successfully in the separation,
purificationand determination of a large number
of saponins in plant extracts [26,27,28]. Solvents
which have been reported as suitable for
developing thin layer plates are shown in Table 3
and different spray reagents that can be used
which give characteristic colors with saponins are
summarized in Table 4. Also, high performance
liquid chromatography (HPLC) technique is
widely employed for quantitative analysis of
saponins (Table 5) [29]. C8 column (4.6×150
mm, 5 µm [30], C18 (25×0.4 cm, 5 µm) [31], C8
(250×4.6mm, 5mm I.D.) [32] and C18 column
(250×10 mm, 5mm [10] are commonly used for
HPLC detection. High-speed counter-current
chromatography (HSCCC) is a continuous liquid–
liquid partition chromatographic technique that in
comparison
with
conventional
column
chromatography, eliminates the complications
arising from the solid support matrix, such as
stationary-phase deactivation, tailing of solute
peaks, and contamination. It has been widely
used to separate a variety of natural products
including saponins [33].
Nuclear magnetic resonance (NMR) and fourier
transform infra red (FTIR) are carried out to
investigate unknown saponins in plant [27].

Accelerated solvent extraction: It is an automated
rapid extraction technique that uses minimal
solvent at elevated temperature and pressure.
These processes are usually completed in 15–25
min using only 15–45 ml consumption of solvent.
Using increased temperature enhances the
solubility and mass transfer of solute to solvent,
and elevated pressure keeps the solvent below
its boiling point, enabling fast, safe, and efficient
extraction of material from the plant [20].
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Table 3. Reported TLC solvents and their
ratios for detection of saponins [34]
Solvent
Chloroform/methanol/water
65:20-30:10
Chloroform/methanol/water
65:35:10
Acetic acid/ethanol/water
70: 15:15
n-Butanol/et hanoi/water
1:1:1
n-Butanol/ethanol/1 M
ammonia
60:13:30.5
n-Butanol/ethanol/l 5 M
ammonia
7:2:5

Type of saponin
non-polar
neutral and nonpolar
acid and neutral
acid and neutral
polar and acid
polar and acid
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Table 4. Spray agents suitable for detection saponins in TLC procedure [34]
Name
Carr Price
Liebermann-Burchard
Vanillin-phosphoric
acid
Ekkert

Composition
Saturated antimony trichloride
in chloroform
30% Acetic anhydride in 50%
osulphuric acid
2% Solution of vanillin in
phosphoric acid/ethanol (1:4)
1% p-Anisaldehyde in acetic
acid/sulphuric acid (98:2)

Condition
Heat at 105°C for 15 min
Heat at 90 °C for 10 min
Heat at 120 °C for 10-20
min
Heat at 90 °C for 10 min

Colors
green-bluegrey
green-blue
grey-bluemauve
grey-laluemauv

Table 5. Different HPLC systems for analysis of saponins
Sample
Codonopsis lanceolata

Column
C-18

Moringa oleifera

RP-C18

Tribulus terrestris

ODS-2

Mobile phase
acetonitrile: methanol:
0.1% aqueous formic
acid (3: 2: 5, v/v/v)
acetonitrile: water

Detection (nm)
207

Authors (Ref)
Zhao et al. 2012 [35]

250 -500

phosphoric acid buffer
with pH 3
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Sharma and Paliwal,
2013 [27]
Ivanova et al., 2010
[36]

4. ORIGIN OF SAPONINS
Saponins are usually isolated from Agave
attenuate,
Cestrum
parqui,
Calliandra
pulcherrima, Panax ginseng, Glycyrrhiza glabra,
Allium sativum,A. nutans, A. minutiflorum [37],
Saponaria
officinalis,
Quillaja
saponaria,
Gynostemma
pentaphyllum [38],
Achillea
fragrantissima [39], Sesbania grandiflora [40],
Sapindus mukorossi [41] and Medicago
sativa[21,42]. The crude saponin extracts from
flowering A. fragrantissima and vegetative part
are 4 and 2.6%, respectively [39]. It has been
reported that Platycodi Radix contains 1-4%
triterpenoid saponins [43].In A. nutans, the
concentration of saponins was determined to be
4% of total dry plant [16]. These compounds can
be obtained from some marine organism [26]
such as starfish, sponges and sea cucumbers
[2,27,44]. Saponins are also found in defensive
secretions of certain insects [21]. The two major
commercial sources of saponins are Yucca
schidigera, which grows in the arid Mexican
desert, and Quillaja saponaria, a tree that grows
in arid areas of Chile [45].

5. ACTIVITIES OF SAPONINS
5.1 Biological Action
5.1.1 Defensive role
It was shown that saponins protect plants from
phytopathogenic microorganisms, insects and

phytophagous mammalian [42]. Their insecticidal
activity may be related to the ability of producing
alterations in the feeding behavior, in the molting
process, interacting with hormones that regulate
the growth and causing death in the different
stages of development. Also, saponins can
interact with the cell membranes and affect on
the
hydrophobic-lipophilic
balance
and
permeability of these, because they are capable
to form complex with cholesterol and reducing
the rates of absorption [46].
Sea cucumbers are marine animals that are
characterized by a slow motion and the absence
of prominent structural defenses. So, they are
vulnerable to predation. The body wall and
viscera of these organisms contain saponins as
defense systems to protect them [47]. Su et al.
in 2008 investigated the bacterial resistance and
immune response of white shrimp Litopenaeus
vannamei against Vibrio alginolyticus while the
shrimp were immersed in sea water containing
different concentrations of saponin of Q.
-1
saponaria (0, 0.5, 1 and 2 mg L ) for 24, 48and
72 h. Their results showed that phagocytic
activity was enhanced with increasing the
saponin concentration. Phagocytic activity of
shrimp immersed in 1 and 2 mg L-1 of
saponinwas significantly higher than control
group. Hyaline cells, the total haemocyte count,
respiratory burst, superoxide dismutase activity,
and glutathione peroxidase activity increased
with enhancement of the saponin concentrations,
whereas phenoloxidase activity was decreased.
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They were concluded that L. vannamei immersed
in water containing saponin could protect against
V. alginolyticus infection [48].

5.2 Medicinal Applications
5.2.1 Antimicrobial activity
Hazem et al. in 2012 reported that saponin
extracted from flowering aerial part S of Achillea
fragrantissima showed antifungal activity against
Aspergillus, Fusarium and Rhizopus [39]. The
saponin isolated from Capsicum frutescens,
exhibited antifungal activity against Candida spp
and Aspergillus fumigatus, with MICs ranging
-1
from 4.0 to 16 mg mL [49]. Yang et al. in 2006
investigated the antifungal activity of C-27
steroidal saponins against Candida albicans,
C.glabrata, C. krusei, Cryptococcus neoformans,
and Aspergillus fumigatus. These saponins
showed significant activity against C. neoformans
and A. fumigates that was comparable to the
positive control amphotericin B [18]. Soetan et al.
in 2006 studied the antimicrobial activity of
saponins extract of Sorghum Bicolor against
three
pathogens,
Escherichia
coli,
Staphylococcus aureus and C. albicans. The
saponins inhibited the growth of the S. aureus,
but not had inhibitory effect on E. coli and
C.albicans.
They
demonstrated
that

ineffectiveness of the saponins from S. bicolor on
gram-negative bacteria and fungus may be as a
result of the protective effect of the microbial
membranes. The saponins may not be able to
penetrate the cell membranes of the
microorganisms [11]. Tsuzuki et al. in 2007
evaluated the antifungal activity of saponin
extracted from Sapindus saponaria. The isolated
saponins showed strong activity against C.
parapsilosis
[50].
Khanna
et
al.
in
2008investigated the antimicrobial activity of
saponin extracted from the leaves of Gymnema
sylvestre and Eclipta prostrate. Their results
revealed that the saponin fractions have
significant antibacterial and antifungal activities
[51]. Deshpande et al. in 2013 evaluated the
antimicrobial activity of saponins isolated from
roots of Cassia auriculata against Pseudomonas
vesicularis, Streptococcus faecalis, Aeromonas
hydrophilia, Salmonella typhae, Staphylococcus
cohni, Serratia ficaria and E. coli at
concentrations of 12.5, 25, 37.5 and 50 mg/ml.
According to their results, saponins showed the
best antimicrobial activity against P. vesicularis
and least against E. coli at 50 mg/ml [52]. It has
been previously reported that C. albicans, and C.
tropicalic were sensitive to the saponins of G.
glabra and Q. saponaria [53]. Other researches
that evaluated the antimicrobial activity of
saponins are summarized in Table 6.

Table 6. Some example of antimicrobial activity of saponins
Saponin
Quillja saponaria

Cyamopsis
tetragonoloba

Microorganisms
Pythium ultimum,
Fusarium oxysporum,
Alternaria solani,
Colletotrichum coccodes,
and Verticillium dahliae
S. aureus, Salmonella
Typhimurium, E. coli and
Lactobacillus spp

Solanum
xanthocarpum and
Centella asiatica

Klepsella pneumonia

Anisopus mannii

E. coli, K. pneumonia,
Shigella dysentriae and
Pseudomonas aeruginosa.

Result
The highest concentration (4%) of
Q. saponaria showed moderate
growth inhibition
(35.9–59.1%) of all fungi except
C. coccodes
100% MeOH fraction exhibited
antibacterial activities against S.
aureus, Salmonella Typhimurium
and E. coli, but 20%
and 60% MeOH fractions
stimulated Lactobacillus spp.
growth
Saponin of S. xanthocarpumand
C. asiatica inhibited the growth of
K. pneumonia with diameter of
zone of inhibition 19 and 21 mm,
respectively.
The saponin was more
potent on E. coli (22.2 mm) and
least on K. pneumonia (13.0 mm)
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Chapagain et al.,
[54]

Hassan et al., [55]

Kannabiran et al.,
[56]

Aliyu et al., [57]
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5.2.2 Anticancer activity
Yan et al. in 2009 evaluated the anticancer
activity of steroid saponins isolated from the
rhizome of Paris polyphylla var. yunnanensis.
The saponins showed anticancer activity against
lung adenocarcinoma cell line, both in vitro and
in vivo. They demonstrated that the saponins
could be regarded as promising drugs for cancer
therapy [58]. Su et al. in 2011 investigated
antitumor activity of polysaccharides and saponin
extracted from sea cucumber. These results
indicated that the in vitro anti-tumor effect of
saponins is more potent than polysaccharides
[44]. Several reports have been demonstrated
that plants saponins can reduce the risk of
colorectal cancer. Kim et al. in 2008 studied the
apoptotic effect of crude saponins isolated from
the roots of Platycodon grandiflorum in HT-29
human colon cancer cells. Their results showed
saponins could inhibit HT-29 cell proliferation and
induce apoptosis. The apoptosis was induced by
DNA fragmentation and poly ADP-ribose
polymerase (PARP) cleavage [43]. Rejinold et al.
in 2011 prepared and evaluated saponin loaded
chitosan nanoparticles as a cancer therapeutic
agent for an enhanced and sustained release.
They extracted saponin from Sapindus
emarginatus and evaluated the cytotoxicity of the
nanoparticles at different concentrations (0.1,
0.2, 0.4, 0.6, 0.8 and 1mg/ml) on mouse
fibroblast cell line (L929), mouse embryonic
fibroblast cell line (NIH-3T3), oral cancer cell line
(KB) and prostate cancer cell line (PC3).The
nanosaponin showed specific toxicity on prostate
and oral cancer cells, while did not show any
toxicity on normal L929 and NIH-3T3 cells. Many
studies demonstrated that the induction of
celldeath in cancer cells by anticancer saponins
appeared in a dose and time-dependent manner.
The results of Rejinold et al. study is in
agreement with them. According to their results
nanosaponin with higher concentrations of
saponin could induce cancer cell death within
24h. They were concluded that the nanosaponin
could be an efficient therapeutic agent for
treatment of cancer [59]. Various mechanisms of
growth inhibition of tumors cells are shown in Fig.
4. Some of saponins induce pore formation in
mitochondrial membranes and induce apoptosis.
In vitro studies in human glioma cells have
showed that saponins may reduce protein
expression which appears to be mediated
through repressing the kinases MAPK1, MAPK3,
MAPK8 and MAPK14. Saponins of Acacia
victoriae promoted apoptosis by activation of

caspases and cytochrome C release. Another
study reported that this saponin induces the
expression of nuclear factor erythroid 2-related
factor 2, a transcription factor, which mediates
the expression of several detoxifying and
antioxidant proteins. Apoptosis was observed in
the cervix carcinoma cell line HeLa by induction
of DNA fragmentation, upregulation of proapoptotic Bax, downregulation of anti-apoptotic
Bcl-2 and caspase 3-activation. It was shown
that soy saponin inhabited cell growth and
reduced inflammatory responses by mediating
increased inhibition of the transcription factor
nuclear factor-kappa B (NFkB), which mediates
expression of inflammatory proteins. These
effects are the result of interference with
degradation of the inhibitor of NFkB, IkB [60].
5.2.3 Anticardiovascular activity
It has been reported that ingestion of saponin
containing food decrease cholesterol levels in the
bloodstream and as a results decrease the risk of
cardiovascular diseases [7, 61, 62]. It was also,
reported that ginseng saponins decrease blood
cholesterol levels in rabbits by increasing
cholesterol excretion through bile acid formation
[63].Elekofehinti et al. in 2012 showed that
consumption of saponin from Solanum
anguivifruit lead to reduction in the risk of
hyperlipidemic symptoms and heart diseases
[64]. It has been previously reported that the total
saponins extracted from G. glabra and Q.
saponaria were capable of forming complex with
cholesterol.
It was concluded that oral
administration of total saponins of G. glabra and
Q. saponaria may cause a reduction in
cholesterol absorption through gastrointestinal
system and as a result lowering the blood
cholesterol [65].
5.2.4 Anti-inflammatory activity
Patel et al. in 2012 studied anti-inflammatory
activity of saponin isolated from the Thespesia
populnea (L.) leaves. According to their results,
the saponin showed potent anti-inflammatory
activity on acute and chronic inflammation
models. They demonstrated that mechanisms for
anti-inflammatory activity might be associated
with the inhibition of prostaglandin and histamine
[66]. Yassin et al. in 2013 investigated the antiinflammatory activity of a saponin-containing
fraction derived from methanolic extract of
Gleditsia caspica fruits. They were observed that
the saponin could significantly inhibit the
progression of the inflammation in the treated
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animals. They were demonstrated that the
inhibitory effect of saponin could be due to
inhibition of the enzyme cyclo-oxygenase
oxygenase and
subsequent inhibition of prostaglandin synthe
synthesis
[67]. Different mechanisms are known for antianti
inflammatory activity of saponins. Saikosaponins
induces anti-inflammatory
inflammatory effect by suppressing
both the DNA binding activity and the nuclear
translocation of nuclear factor of activated T cells
(NF-AT) [68].Inflammation
8].Inflammation is managed by a large

amount of different pro-inflammatory
inflammatory mediators
such as cytokines, nitric oxide (NO) and
prostaglandin. Ginsenosides are biologically
active saponin compounds found in Panax
ginseng.. Some ginsenosides (e.g., G
G-Rb1,
GRd and G-Rh2)
Rh2) can block TNF
TNF-a-production
as well as the release of NO and PGE2,
through repression of NF-kB
kB activation signals.
Pharmacological targets of ginsenosides in
inflammatory responses are shown in Fig. 5 [69].

Fig. 4. The schematic
hematic illustration depicts the different molecular pathways contributing to the
anti-tumor
tumor properties of various saponins [60]

Fig. 5. Pharmacological targets of ginsenosides in inflammatory responses [69]
NO: Nitric oxide, TNF-ɑ: Tumor necrosis factor alpha, PGE2: Prostaglandin E2, cAMP: Cyclic
adenosine monophosphate, ROS: Reactive oxygen species, PKA: Protein kinase A
A, PDE:
phosphodiesterase, Akt: Protein Kinase B, P13K: Phosphatidylinositol-4,5-bisphosphate
Phosphatidylino
bisphosphate
3-kinase
215

Moghimipour and Handali; ARRB, 5(3): 207-220, 2015; Article no.ARRB.2015.022

5.3 Saponins as Excipient

5.4 Industrial Application

5.3.1. Adjuvants activity

5.4.1 Cosmetics

The saponins are used as adjuvants in vaccines
[7]. Q. saponaria saponins can stimulate both the
humoral and the cellular immune responses
against the pathogens. So, they can be used as
adjuvants in vaccine formulations [42]. The
mechanism of immune stimulatory action of
saponins have not been clear, but it is
believed that these compounds may induce
production of cytokines such as interleukins and
interferons in animal systems, that may be lead
to stimulation of immune responses [22,24].
Kukhetpitakwong et al. in 2006 investigated
immunological adjuvant activities of extracted
saponin (methanolic fraction) from the pods of
Acacia concinna on the cellular and humoral
immune response of BALB/c mice against
ovalbumin. Their results showed that saponin at
concentrations of 40µg may activate T and B
cells. Furthermore, ovalbumin specific IgG, IgG1
IgG2a and IgG2b antibody levels in serum were
significantly enhanced by saponin as compared
with ovalbumin control group. They were
suggested that saponin might be effective on Th1
and Th2 helper T cells and at a dose of 40µg,
could be used as vaccine adjuvant to increase
immune responses [70].

Saponins are employed as stabilizers of
cosmetic emulsions, and as foam intensification
in shampoos and conditioners [7]. Alkanolamides
are often used to prepare stable foam, but
because of producing nitrosamines, they are
potentially carcinogenic compounds. Aghel et al.
in 2007 prepared an herbal shampoo using total
saponins of Acanthophyllum squarrosum. Their
results showed that the formulation containing
5% total saponin could produce stable foam in
the absences of foam stabilizer. According to
their results, alkanolamides can be substituted
the saponins of A. squarrosum in shampoo
formulation [72]. Also, saponins of Q. saponaria
are used in cosmetics for preparation of lipstick
and shampoo [73].

5.3.2 Absorption enhancer
Sajadi Tabassi et al. in 2007 evaluated the
enhancing effect of total saponin extracted from
Acanthophyllum squarrosum on intranasal insulin
absorption in rat. According to their results, the
saponin was able to improve insulin absorption
through the nose and reduce blood glucose in
rat [71].

5.4.2 Food industries
The saponin of Q. saponaria has been exploited
in food industries. It is used as foaming agents in
beverages and confectionery [73]. Saponin of
Chenopodium quinoa is used in preparation of
beer [13]. Saponin of Quillaia is permitted to be
used in food and “generally recognized as safe”
(GRAS) in the USA. The usual saponin levels in
use in the USA are shown in Table 7 [33].
The main known activates of saponins are
summarized in Table 8 [24,50,57,60,67,74,75].
Table 7. Approximate average concentration
of Quallaia saponin used in foodstuffs in the
USA
Foodstuff
Beverages
Ice cream
Candy
Syrups

ppm
95
0.12
18
6.8

Table 8. A Summary of main known activities of saponins
Saponin
Soyasaponin I
Quillaja
Asparagus officinalis
Vernonia amygdalina
Maesa lanceolata
Anabasis articulata
Gleditsia caspica
Acacia victoriae
Anisopus mannii
Sapindus saponaria

Effect
reduction of lung metastases
increases in immune-cell proliferation in vitro
Antifungal properties in concentrations of 0·5 –8·0mg/ml depending
on the type of fungus
Anti-inflammatory activity
Virucidal activity
Antibacterial activity
anti-inflammatory activity
Anti-tumor activity
Antibacterial activity
Antifungal activity
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60
24
24
74
24
75
67
60
57
50
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8.

6. CONCLUSION
Saponins are produced by plant, lower marine
animals and some bacteria. They consist of a
sugar moiety such as glucose, galactose,
glucuronic acid and xylose that are linked to a
hydrophobic aglycone which may be triterpenoid
or steroid in nature. Several biological,
pharmaceutical and industrial applications have
been
attributed
to
saponins
including,
immunostimulant, hypocholesterolaemic and
anticarcinogenic properties. They have also
many applications in food, agricultural and
cosmetics industries. The wide spread incidence
in plants and the potential pharmaceutical
applications has led to extract of saponins and
their identification in numerous species. Isolation
and identification of the structure of saponins can
be carried out using NMR, HPLC, GC and TLC.
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