
GENERAL CHARACTERISTIC OF TRITERPENES
AND STEROLS

Triter pe nes are a large group of natu ral sub stances oc -
cur ring in the plant en vi ron ment. They have a cy clic
struc ture com posed of a car bon skele ton based on six iso -
prene units. Ex cept for squalene, all of them have a cy clic
struc ture. They can be con structed from four (tet ra cyc lic)
or more, of ten five cir cles (pen ta cyc lic struc ture). These
com pounds usu ally have one dou ble bond and a sec on dary
al co hol group. They dif fer in their dis tri bu tion, number and 
type of oxy gen func tional groups. Triter pe nes are two ba sic 
sys tems: prostane and dam marane. These sys tems dif fer in
con figu ra tion at C–8 car bon at oms, C–14, C–17 and C–20
[23]. The most com mon triter pe nes are in the form of acid,
less com mon in al co hol and ke tone com pounds [51].

Up un til re cently more than 3000 of these com pounds
were noted. Cy clic triter pe nes com pounds are fixed, non-
 volatile, lipo philic and solu ble in or ganic sol vents. Af ter
the ad di tion of ace tic an hy dride and con cen trated sul fu ric
acid they ex hibit a col our change (Lieberman- Burchard
re ac tion). In par ticu lar, one can of ten find them in juice
prod ucts, res ins and the cor ti cal tis sues of trees (mainly
ac ids and triter pene al co hols). They are also found in

other plants such as fungi and liche nes [25]. One plant
may con tain up to 30-40 triter pene struc tur ally dif fer ent
com pounds. This usu ally de pends on the amount of sugar, 
which can be as high as  8-10, and the types of com pound
con nec tions [57]. The best known com pounds are triter -
pene: α- and β- amyrin, ur so lic acid, oleanolic acid, be tu lin. 
Re cent stud ies in di cate that the triter pene com pounds ap -
pear in the fam ily Ro saceae, Po ten tilla erecta in the
spe cies, Rubus fru ti co sus, mush rooms Gano derma and Ino-
no tus type, of which their are more than 50 com pounds [25].

Triter pene saponins are the most val ued in terms of
phar ma col ogy. They have anti- inflammatory, hy po gly ce -
mic and most im por tant anti- cancer ac tiv ity [21].

Plant ster ols (phy toster ols) have a hy droxyl group at
po si tion C3 or a dou ble bond and the pres ence of an ali -
phatic chain at po si tion C17. These are tri cyc lic com pounds
with vary ing de grees of satu ra tion of the pri mary chain
with a dif fer ent number and type of side sub stitu ents [43].
Naturally- occurring ster ols are de rived from hydro car bon 
sys tems: er gostane, stig mas tane and cho lestane. Ster ols
are pres ent in both free and bound- in form of gly cosides
and es ters. Es pe cially preva lent in the world of taller
plants are si tos ter ols (mainly β- sitosterol, less com mon
areα - and  γ- sitosterol). These are such as er gos terol (er got
fun gus Claviceps pur purea spore), stig mas terol (Glycine
soya, Phy sostigma ve ne no sum), si tos terol (es sen tial ger -
mi nat ing ce real).

Plant ster ols are pre cur sors for the syn the sis of ster oid
hor mones, in clud ing es tro gen and tes tos ter one [27,54].
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Ster ols have many ac tivi ties, in clud ing cholesterol- lowering
ef fect, anti- thrombotic, anti- atherosclerotic, anti-cancer,
anti- ulcer and they also in hibit al ler gic re ac tions [1,7].

Triter pe nes and ster ols cer tainly give a much needed
hope for me dici nal ad vances and new drugs. The de vel op -
ment of sci ence and tech nol ogy al lows for even bet ter
op por tu ni ties for sepa ra tion and iso la tion of these sub -
stances. Ex tracts are nor mally mix tures of many compo-
unds hav ing dif fer ent po lari ties. Con se quently, the pu ri fi -
ca tion step is very im por tant [4].

METHODS OF TRITERPENES AND STEROLS
EXTRACTION

One of the most im por tant goals for each phy to chem ist
is find ing the proper ex trac tion method, as well as the sol -
vent. Thus, in or der to op ti mize sepa ra tion of the
triter pene ac ids (ur so lic acid, oleanolic acid, barbiner vic
acid, ro tun genic acid and 24- hydroxy ur so lic acid) in
Diospy ros kaki leaves, Fan et al. com pared sev eral ex trac -
tion meth ods such as: Soxh let ex trac tion, re flux ex traction,
ul tra sound as sisted ex trac tion, mi cro wave as sisted ex trac -
tion. As the most ef fec tive micro wave as sisted ex trac tion
was cho sen. Fur ther ex peri ments showed ex trac tion time
and sol vent to solid ra tio were sta tis ti cally most sig nifi -
cant fac tors on to tal triter pe noid ex trac tion. The fi nal
ex trac tion was per formed un der mi cro wave power of
365.3 W for 13 min, with 60.27% etha nol as a sol vent to
solid ra tio 22.26 [10]. The so lu tion of metha nol (70%) in
wa ter was used for choos ing the proper ex trac tion method
of triter pe noid saponins from Pul sa tilla turc zani no vii.
Microwave- assisted ex trac tion (MAE), ul tra sonic ex trac -
tion (USE) and heat re flux ex trac tion (HRE) were
com pared and MAE with a solid/liq uid ra tio of 1:20
(g/ml), a mi cro wave power of 500 W, an ex trac tion tem -
pera ture of 80°C and an ir ra dia tion time of 3 min was the
most ef fec tive [65]. Simi larly MAE in a closed sys tem
was, com pared with the clas sic tech niques (mac era tion,
Soxh let and heat re flux ex trac tion) and other mod ern
tech niques (ul tra sonic ex trac tion and ac cel er ated sol vent
ex trac tion), the most ef fec tive tech nique for ex trac tion of
two triterpenic ac ids: ur so lic and oleanolic from Lamii
albi flos. Ur so lic acid were ex tracted in high est yield with
100% of gen era tor power for 10 min, whereas for
oleanolic acid longer time but lower en ergy was needed
(30% gen era tor power and 30 min) [60]. 

Some ex peri ments showed that for those com pounds
ul tra sound ex trac tion was much bet ter. Both uro sloic and
oleanolic ac ids were ex tracted from Ligus trum lu cidum
when ul tra sonic ir ra dia tion was ap plied and less po lar sol -
vent was used (95% etha nol, 10 min at 40°C with the ra tio
of ma te rial to liq uid at 1:20) [62]. Oleanolic acid, ur so lic
acid, hy droxyur so lic acid, hy droxy oleanolic acid and eus -
caphic acid were also ex tracted by soni ca tion in 100%

etha nol from Prunella vul garis. Be fore, mix tures of al co -
hols with wa ter were tested, but in ter fer ing com pounds
were also ex tracted, whereas pure etha nol re duces the ex -
trac tion of po lar in ter fer ing mole cules [28]. 

Ster oids and triter pe noids from stems, leaves and flow ers
of Chre sta ex succa, C. scapigera and C. sphaero ceph ala
were ex tracted by mac era tion (24 h, room tem pera ture)
and ul tra sonic ex trac tion (30 min, 30°C) us ing or ganic
sol vents (hex ane, di chlo ro meth ane and metha nol) and
simi lar re sults were ob tained. Stig mas terol, Δ7- stigma-
stenol, β- amyrin, β- amyrin ace tate, α- amyrin, α- amyrin
ace tate, lu peol, lu peol ace tate, β- amyrinonil ace tate and
α-amyr in onil ace tate were ex tracted by both ex trac tion
meth ods, whereas the triter pe nes: β- amyrin ace tate,
α-amyrin ace tate, and lu peol ace tate were more ex tracted
by the ultrasound- assisted pro cess, the triter pe nes 11-
 oxoolean- 12- ene, 11- oxours- 12- ene, β- amyrinonil ace tate,
and α- amyrinonil ace tate were bet ter ex tracted by mac -
era tion [9].

Ef fi cient and se lec tive su per criti cal fluid ex trac tion
was com pared to Soxh let ex trac tion with n-he xane and
etha nol. Those meth ods were ap plied for iso la tion of
β-amyrin and β- sitosterol from Tarax acum of fici nale.
The ef fects of the pres sure (150-450 bar) and tem pera ture
(35–65°C) were tested. Ex trac tion un der 450 bar at 60°C
were the most ef fec tive. The yield ob tained by SFE un der
men tioned con di tions was slightly lower than that by hex -
ane ex trac tion but the con cen tra tions of tar get com pounds 
was higher. The yield of al co hol ex trac tion was the high est
but it is worth no ticing that etha nol ex tracted un wanted,
bal last ma te ri als from the plant and the fi nal con cen tra tions 
of tar get ac tive com pounds were very low [48].

Con ven tional Soxh let ex trac tion us ing a va ri ety of sol -
vents and su per criti cal fluid ex trac tion were also
com pared in or der to check the ex trac tion ef fi ciency of
oleanolic and ur so lic acid from seeds and leaves of Plan -
tago ma jor L. When di ethyl ether was used in first tested
method, the ob tained re sults were simi lar to SFE. Sim ple
SFE-CO2 ex trac tion with out po lar modi fier was found not 
to be a suit able due to the low con tent of lipo philic and
vola tile com pounds [52]. Ur so lic acid was also iso lated
from Oci mum sanc tum leaves and a stirred batch ex trac -
tion was per formed. The in flu ence of vari ous pa rame ters
has been stud ied and ex trac tion for 40 min with metha nol
as a sol vent at the tem pera ture 50°C, speed of agi ta tion
1000 r/min and sol ute to sol vent ra tio of 1:120 were op ti -
mum ex trac tion con di tions [55]. 

In or der to quan ti ta tive triter pene dis tri bu tion in vari -
ous plant ma te ri als eg. Aes cu lus hip po cas ta num, Aloe
vera, La van dula an gus ti fo lia, Thy mus vul garis, Olea eu -
ro peae ac cel er ated sol vent ex trac tion (ASE) with ethyl
ac etale was used [20]. Triter pe nes were also ex tracted for
2 h un der the re flux from Gano derma lu cidum. The so lu -
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tion of etha nol and wa ter (9:1) was used as ex trac tion
sol vent and tem pera ture was kept at about 80°C [15].

THIN LAYER CHROMATOGRAPHY 
IN IDENTIFICATION AND SEPARATION 
OF TRITERPENES AND STEROLS

TLC (thin layer chro ma tog ra phy) is an analy sis tech -
nique of iden ti fi ca tion and sepa ra tion. The most widely
used ad sorb ent in TLC tech nique is sil ica gel. Com ple -
men tary to sil ica gel plates are re versed phase C8 and
C18. The com bi na tion of both tech niques (sil ica gel and
RP18 ad sorb ent) can im prove the sepa ra tion of ana lytes.
The most com monly used sol vents are pre pared for TLC
on sil ica gel and con tain dif fer ent pro por tions of chloro-
form- methanol- water (see Ta ble 2). The use of other al co -
holic sol vents such as etha nol or iso pro pa nol can
sig nifi cantly im prove the sepa ra tion. In case of more po lar 
com pounds, sol vents should be acidi fied with ace tic acid.
Sol vents should be se lected de pend ing on the type of the
ana lyzed sub stances. Non po lar and middle- polar sol vents
(in clud ing ethyl ace tate and chlo ro form) are de signed for
sim ple ex trac tion of de riva tive triter pe nes, the agly cones
or mono glu co sides. For more com plex com pounds such
as saponins re ferred type, aque ous metha nol or etha nol
are used. Triter pene com pounds ex hib it ing high po lar ity
are bet ter sepa rated af ter us ing a mix ture of n- butanol-
 acetic acid- water (BAW) [2]. The sepa ra tion of ster ols is
quite dif fi cult and is car ried out us ing a mix ture of hexane-
 diethyl ether (97:3) [22]. Sepa ra tion of triter pe nes, de pend -
ing on the oc cur ring dou ble bonds is pos si ble by us ing a
spray with con cen trated aque ous metha nolic AgNO3 on the 
sil ica gel and ac ti vated for 30 min at 120°C [19].

All triter pe nes (with the ex cep tions of glycyr rhizic acid
and cucur bi taci nes) de vel oped in sil ica gel are visi ble un der
UV light as black spots. To elimi nate this, it is rec om mended 
to use dif fer ent types of rea gent spray. There are 50 dif fer ent
rea gent sprays cur rently know (see Ta ble 1) [31].

Ta ble 1. Spray rea gents used for triter pe nes and ster oids TLC
de tec tion [58].

REAGENT COLOUR OF SPOTS
Blood reagent White zones on a reddish background

Ehrlich reagent Red coloration of furostanol derivatives,
spirostanols do not react

Komarowsky reagent Blue, yellow and red

Liebermann-Burchard Blue, pink, green, brown, yellow in visible
light, also seen under UV

Water Sterols give white, not wetted spots
Vanillin-sulfuric acid Blue, blue-violet and yellowish

Anisaldehyde-sulfuric acid Blue red-violet in visible light and reddish 
or blue in UV-365

For the de vel op ment of col our spots, it is nec es sary to
heat the sprayed ar eas at 105°C-110°C for a few min utes.
It should be noted that over heat ing can ruin the re sults,
also that the col oured dots are not very sta ble [58]. Sepa -
ra tion and de ter mi na tion of saponins in plant ex tracts is
per formed us ing 1D and 2D di men sional modes of TLC.

This method is very ef fi cient, but there are sev eral dis ad -
van tages as so ci ated with the par al lel run ning of these
ap pli ca ble stan dards, varia tions be tween plates and col our 
re ac tions with rea gent sprays [58].

An ad di tional method of de ter min ing quali ta tive and
quan ti ta tive com po si tion of triter pe nes is the TLC-
 colorimetry method. Test sub stances are sub jected to the
col or imet ric de ter mi na tion in a crude ex tract and re ferred
to their pres ence in the sam ple or the TLC sepa rated bands
are trans lated, ex tracted with etha nol and treated in an ap -
pro pri ate rea gent (usu ally Ear lich or va ni lin rea gents). Any
mis state ments may be a re sult of the pres ence of these com -
po nents in the ex tract, for ex am ple ster ols and ac ids with
hy droxyl groups. The clean- up stage (SPE) of an in verted
phase con ducted be fore the fi nal de ter mi na tion, ef fec tively
elimi nates the dis ad van tages of this method [58].

Ta ble 2. TLC meth ods of triter pe nes and ster ols de ter mi na tion.
Plant species Compounds TLC solvent Ref.

Brassica oleracea L.
(Brassicaceae)

α-Amyrin
β-Amyrin
Lupeol

C18 MeOH-CHCl3
(1:1) [33]

Hieracium pilosella L.
(Asteraceae)

α-Amyrin
β-Amyrin

n-C7H16-C6H6-EtOH
(50:50:0,5) [16]

Arnica montana L.
(Asteraceae)

Arnidiol,
Faradiol

CH2CL2-EtOAc 
(9:1) [47]

Betula pendula Roth.
(Betulaceae) Betulin n-C6H14- C2H4- C2H2

(2:1) [11]

Cucurbita pepo L.
(Cucurbitaceae)

Cucurbitacin
Diethyl ether-hexane-MeOH
(70:30:5)
CHCl3-MeOH (95:5)

[35]

Cucurbitacin 
B, D, E, I

MeOH-H2O 
(45:55; 70:30)

[38]

Cucurbitacin
C

EtOAc-C6H6 (75:25)
Spray reagent:
anilin-orthophosphate in EtOH

Glycyrrhiza glabra L.
(Fabaceae) Glycyrrizin BuOH-OHAc-H2O (5:1:4)

Spray reagent: 10% H2SO4

Gypsophila repens L.
(Caryophyllaceae) Gypenosides

BuOH-OHAc-H2O (4:1:5)
Spray reagent:
phosphortungstic acid

Olea Europea L.
(Oleaceae)

Oleanolic
acid

CHCl3-Et2O-MeOH (30:10:1)
Spray reagent: anisaldehyde
10% H2SO4

C6H6-Me2CO (36:13) 
Spray reagent:10% H2SO4

Panax ginseng C.A.
Meyer (Araliaceae)
Protopanaksadiol

Proto-
panaksatriol

CHCl3-MeOH-H2O (13:17:1) [66]
CHCl3-MeOH-H2O (10:3:1)

[36]
C18 MeOH-H2O (7:3)
CHCl3-MeOH-H2) 
Spray reagents: 
NH4HSO4 in 15% H2SO4

BuOH-EtOAc-H2O (4:1:2)

[38]

C2H4Cl2-BuOH-MeOH-H2O
(30:40:15:25)
CHCl3-MeOH-H2O (65:35:10)
Spray reagents:
10% H2SO4

CHCl3-MeOH-H2O (21:11:4)
Spray reagents:
Vaniline in H2SO4

None of the cur rent chro ma tographic tech niques pro -
vides the op ti mum qual ity that 
is re quired for the reg is tra tion of me dici nal plants but the
TLC meth ods are still rec om mended by U.S. Phar ma -
cope ial Fo rum if con fir ma tion of peak iden tity is re quired.

The phy to chemi cal work aimed at iso la tion and iden ti -
fi ca tion of natu ral prod ucts, the TLC is be com ing
pref era bly a sup port ing tech nique in the analy sis of triter -
pene frac tions, ob tained from the col umn chro mato-
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Ta ble 3. HPLC meth ods of triter pe nes and ster ols de ter mi na tion.
Plant species Standard HPLC solvent Column Ref.

Brassica oleracea L.
(Brassicaceae)

α-Amyrin
β-Amyrin
Lupeol

ACN: 6.5% H2O in ACN 0.8 mL/min
Total time 35 min

Hypersil BDS C18
3 μm, 250 mm x 3 mm, 20°C [33]

Betula pendula Roth.
(Betulaceae)

Betulin ACN: H2O (80:20)
isocratic mobile phase 1 mL/min

Supelcosil C18
(Sigma-Aldrich)
5 μm, 250 mm x 4.6 mm, 20°C

[11]

Lantana camara L.
(Verbenaceae)

Betulinic acid ACN: H2O (80:20 v/v)
1 mL/min.

Hypersil BDS C18
250 mm x 4.6 mm [49]

Boswellia serrata Flueck
(Burseraceae) Boswellic acid Gradient from hexane to EtOAc and finally

MeOH. Eluted with EtOAc-hexane (1:1)
C18 Superspher 100 
250 mm x 4mm [6]

Wilbrandia ebracteata Cogn.
(Cucurbitaceae) Cucurbitacin ACN: H2O (40:60)

1.2 mL/min
Supelco C18
2-5 μm, 150 mm x 4.6 mm [39]

Ganoderma lucidum P. Karst.
(Ganodermataceae)

Ergosterol ACN 1.0 mL/min C18 Diamonsil, 40°C [30]

Glycyrrhizae glabra L.
(Fabaceae)

Glycyrrizin

ACN: H3PO4 
1.0 mL/min.

Kromasil C18
4 μm, 4.6 mm x 250 mm, 35°C [63]

ACN:0.05% H3PO4 1.0 mL/min.
Time: 11 min

Agilent Eclipse Plus C18
1,8 μm, 4.6mm x 50 mm

[40]

MeOH-perchlorate buffer (pH 7,5-7,7)
from 1:9 to 10:0 in 120 min

LiChrospher C18
5 μm [53]

Phosphate buffer (pH 2.5): ACN
0 min 100:0
10 min 80:20
50 min 70:30
73 min 50:50
110 min 50:50
125 min 20:80
140 min 20:80

Mightysil C18
5 μm, 4.6 mm x 250 mm, 40°C

[59]

Panax ginseng C.A. Meyer
(Araliaceae)

Ginsenosides

0.2% formic acid water (A): ACN(B)
20-30% B 0-3 min
30% B 3-10 min
30-50% B 10-17 min
50-90% B 17-19,5 min
90% B 19,5-24 min
90-100% B 24-25 min

Agilent Zorbax Extend-C18
1.8 μm, 4.6 mm x 50 mm, 25°C

[41]

MeOH- H2O (440:560)
Porasil
μBondapak C18

[50]

water(A):ACN/ H2O (80+20 v/v)(B)
24% 0 min
24% 8 min
32% 18 min
40% 25 min
48% 42 min
100% 43 min
100% 44 min
24% 45 min

Agilent 1100 series-C18
5 μm, 150 mm x 4 mm, 25°C

[3]

ACN: H2O
1.0 mL/min

Kromasil C18
5 μm, 250 mm x 4.6 mm, 25°C

[5]

CH3CN(A)-H2O(B)
20-22% A 10 min
28% A 11 min
42% A 25 min
100% A 26-30 min

Phenomenex Synergi Hydro RP
2 μm, 150 mm x 2.0 mm, 20°C

[14]

Hedera helix L.
(Araliaceae)

Hederagenin

CHCl3-MeOH
21:1 → 2:1

Cosmosil 5SL-II 
250 mm x 10 mm [18]

Sodium acetate (pH 6.5):ACN
Concentration gradient 7-20%, 1.0 mL/min

Lichrospher ODS 100-5 RP-18
5 μm, 250 mm x 4.6 mm, 55°C [17]

Viscum album L.
(Loranthaceae)

Oleanolic acid
MeOH- H2O (9:1) +0 .05% TFA C18 YMC R & D ODS

4,6 mm x 250 mm [34]

Hexane/ethyl acetate (50:50)
LiChrosorb Diol C18 
5 mμ , 4.0 mm x 250 mm, 25°C

[24]

Calendula officinalis L.
(Asteraceae)

Oleanolic acid,
Ursolic acid

0.05% acetic acid in ACN(A): 0.5% acetic
acid in H2O(B) 0.6 mL/min.
Total time: 110 min
0.00-15 min. 20% A
45 min 46% A
50 min 55% A
50-90 min 55% A
95 min 90% A
105 min 20% A

Eurospher 100-C18
5 μm, 250 mm x 4 mm

[26]

Prunella vulgaris L.
(Labiatae)

0.01M phosphate buffer: MeOH
(12:88 v/v) 0.8 mL/min.

Phenomenex Luna C18
5 μm, 250 mm x 4.6 mm, 25°C [28]

Lamium album L.
(Labiatae)

ACN: H2O:1% H3PO4 (85:15:0.5 v/v/v)
0.8 mL/min.

LiChrospher 100 C18
5 μm, 250 mm x 4 mm, 10°C

[60]

Ligustrum lucidum W.T. Aiton
(Oleaceae)

ACN: 0.5% acetic acid in H2O (90:10 v/v)
0.8 mL/min.

Agilent Zorbax Extend C18
5 μm, 250 mm x 4.6 mm, 27°C

[62]

Vaccinium macrocarpon L.
(Ericaceae) Ursolic acid

2% aqueous acetic acid (A):
MeOH with 2% acetic acid (B)
100% A 0-15 min
100% B 15-45 min
100% B 45-60 min

Nova-Pak C18 RP
20-μL, 150 mm x 3,9 mm

[37]

Pulsatilla turczaninovii Krylov 
et Serg.
(Ranunculaceae)

Pulsatilla saponin A3,
pulsatilla saponin B4,
23-hydroxybetulinic acid,
pulsatilloside B,
pulsatilloside C,
cirenshenoside S,
oleanolic acid

eOH + 0.1% formic acid (A): 
0.1% v/v aqueous formic acid 
700 mL/min

Sapphire C18 
5 μm, 250 mm x 4.6 mm, 30°C [65]



g ra phy. This is a very good tech nique that pres ently can -
not be re placed with any other method.

HIGH PERFORMANCE LIQUID CHROMA-
TOGRAPHY (HPLC) IN IDENTIFICATION
AND SEPARATION OF TRITERPENES 
AND STEROLS

Cur rently, there are many tech niques for the iden ti fi ca -
tion and sepa ra tion of triter pen com pounds. HPLC is the
best and most val ued tech nique used for this pur pose be -
cause HPLC can deal with non vola tile, highly po lar
com pounds. This method has been widely used for the de -
ter mi na tion of both in tact agly cones and saponins.
Com pound se lec tion is usu ally pre pared as stan dard (sil -
ica gel) and re versed phase (C8, C18) col umn, of which
C18 is more de sir able, oc ca sion ally -NH2 and diol ad di -
tives are used. Re search has shown that car bo hy drate and
NH2 -modi fied col umns are more ef fi cient when it comes
to the sepa ra tion of some ster oi dal saponins and gly coal -
ca loids [46,64].

The main prob lem within the HPLC method is the de -
tec tion of triter pe nes be cause a large group of triter pe nes
has no chro mo phore groups nec es sary for UV de tec tion
[63]. Only a few com pounds show su pra maxi mal ab sorp -
tion in the UV range- detection at 254 nm (con tain ing
saponins: glycyr rhizin and glycyr rhetinic acid) [45].
Cucur bi taci nes are the sec ond group, which can be moni -
tored with UV de tec tors (maxi mum ab sorp tion of 232
nm). The use of precolumn de ri va ti za tion solved the prob -
lem of low- wavelength UV through the in tro duc tion of
a chro mo phore to the triter pene mole cule and al lowed UV 
de tec tion at a higher wave length. Sub stances used for de -
ri va ti za tion in clude bro mo phena cyl bro mide (triter pe nes
with a car boxyl group), ben zo ate es ters (hy droxy ster oids
and saponins) and 2,4- dinitrophenylhydrazine (DNPH)
[8,12,13]. Evapo ra tive Light Scat ter ing De tec tion
(ELSD) in tro duced to the de tec tion of saponins also
elimi nates the prob lem of UV de tec tion [44]. 

The method being increasingly used to identify
saponins in plant extracts in recent years is a mass
spectrometry combined with liquid chromatography. This 
technique is most reliable, and it provides qualitative and
quantitative composition. However, unfortunately, this
method is not perfect, because the structural information
concerning the composition is limited.

Be tu line is one of the first sub stances ex tracted from
plant ma te rial; its iso la tion from the bark of the birch tree
was made in the way of sub li ma tion. Cur rently, there is a
pos si bil ity of di rect ex trac tion of be tu lin and its struc tural
ana logues of plant ex tracts us ing the MIP tech nol ogy.

 This method was de vel oped by French sci en tists and is 
based on im pronted poly mers syn the sized by ther mal po -
lym eri za tion of be tu lin as the tem plate, meth acrylic acid

(MAA) or ac rylam ide (AA)-fun ctional mono mer, eth yl -
ene gly col di meth acry late as crosslink ing agent and
chlo ro form as poro gen. The next step was to com pare the
AA- and MAA- MIPs of their non- imprinted poly mers
(NIPS). This en abled the as sess ment of se lec tiv ity verses
be tu lin and its de riva tives. Ob tained triter pene com -
pounds were ana lyzed by HPLC at the MIP-SPE pro to col. 
Analy sis showed that af ter us ing the SPE op ti mi za tion,
the MAA- imprinted poly mer was char ac ter ized by high
se lec tiv ity and re cov ery (above 70%) from be tu lin and the 
great est af fin ity for its ana logues. Se lec tive wash ing with
chlo ro form and ace to ni trile re moved re dun dant ma trix
com pounds (fatty ac ids) from the SPE car tridge (metha -
nol as the elu tion sol vent). MAA-MIP method has been
suc cess fully used for the frac tiona tion of a metha nolic ex -
tract from plane bark of be tu lin and be tu linic acid [4].

An other method is for si mul ta ne ous de ter mi na tion of
triter pe nes by HPLC and sam ple prepa ra tion with ma trix
solid phase dis per sion (MSDP). Chi nese sci en tists pre -
sented it on the ba sis of the analy sis of Chi nese herbs. The
ana lyzed sam ple was placed in an ag ate mor tar and mixed
with sil ica gel to ob tain a ho mo ge ne ous mass. The next
step was to trans fer the mix ture to a tef lon car tridge and
triter pe nes frac tion eluted from the car tridge with the sol -
vents dichloromethane- acetone (85:15). Af ter evapo ra tion
of the sol vent, the resi due was dis solved in metha nol.
Triter pene com pounds were sepa rated on a ZORBAX sta -
ble bound (4.6 mm x 100 mm, 1.8 μm) C18 col umn by
gra di ent elu tion (with ace to ni trile and water- mobile
phase) and iden ti fied with evapo ra tive light scat ter ing de -
tec tion. This method is sim ple, se lec tive and sen si tive,
and pro vides good re pro duci bil ity and sen si tiv ity for the
de ter mi na tion of the seven ma jor triter pe nes (be tu lin, be -
tu linic acid, ace tyl ur so lic acid, ur so lic acid, oleanolic
acid, po mo lic acid and erytho diol) [29].

OTHER METHODS USED IN THE IDENTIFI-
CATION AND SEPARATION OF TRITERPENES 
AND STEROLS

 The hemo lytic ac tiv ity of triter pene com pounds is an -
other method of iden ti fi ca tion. Some saponins have
hemo lytic ac tiv ity and they can be used for the de vel op -
ment of semi quan ti ta tive tests for their de ter mi na tion
[32]. Hemo lytic prop er ties can be used for spot ting hemo -
lytic saponins on TLC plates. De vel oped plates should be
gen tly dried from the sol vent resi due. Af ter this, they need 
to be cov ered with a layer of gela tine/blood so lu tion. Af -
ter a few hours, whit en ing spots on the plates can be
no ticed, show ing the pres ence of saponins [56].

Lat est tech niques al low re search ers to de ter mine the
se quence of mono sac cha rides in the sugar chain, the link -
age of sug ars or the lo ca tion of the sug ars on the agly cone. 
These in clude mass spec trome try (MS) and the nu clear
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mag netic reso nance spec tros copy (NMR). How ever, us -
ing these meth ods is lim ited due to the high costs of
equip ment.

Re search is be ing con ducted on im prov ing ex trac tion
tech niques. One of them is the use of a mi cro wave oven,
which has be come a very use ful method for the ex trac tion 
of oleanolic acid and ur so lic acid from plant ma te ri als
[61].

The GC-MS tech nique is sen si tive and spe cific, it can
there fore be used for the si mul ta ne ous iden ti fi ca tion and
de ter mi na tion of a wide range of triter pene com pounds in
a va ri ety of plants, even in trace amounts [42].
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