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The purposes of the STSM

üTo enrich the Glycyrrhizic acid ammonium salt known as

biological effective fractions from licorice roots

(Glycyrrhiza glabra L.) by isoelectric focused adsorptive

bubble separation technique with different foaming

agents.

üTo learn isoelectric focused adsorptive bubble

chromatography known as different isolation technique

üTo use and to set-up Isoelectric focused adsorptive

bubble chromatography mechanism.



Licorice Roots (Glycyrrhiza glabra L.)

Plants are a wide source of

productsused in the effective

chemicals industry (pharmacy,

flavors, fragrances, and

pesticides).



Licorice Roots (Glycyrrhiza glabra L.)

Glycyrrhiza glabra (Licorice) is a

ligneous perennial shrub growing

in Mediterraneanregion and Asia

widespreadin Turkey, Italy, Spain,

Russia, Syria, Iran, China, and

Israel. (Asada, Li, & Yoshikawa,

2000; Casulli& Ippolito, 1995).



Distribution of Glycyrrhiza glabra

Distribution and general imaging of Glycyrrhiza glabra is

showedin Turkey suchasGaziantep,Iĵdēr,Kars,Siirt, Bitlis,

Diyarbakir,Kahramanmaraĸ,Muĸ,Samsun,ķanlēurfa.



Significant and Use 

Liquorice Roots

Glycyrrhiza glabra (Licorice) is a favourableherb usedin food and

medicinal remediesfor thousandsof years. This herb has long been

valuedas a demulcent(soothing,coatingagent),to relieve respiratory

ailments (such as allergies, bronchitis, cold, sore throats and

tuberculosis),tomachburnincludingheartburnfrom reflux or anyother

cause, gastritis, inflammatory disorders, skin diseasesand liver

problems(Xu etal., 2002).

The roots of Glycyrrhiza glabra haveantiulcer,expectorant,diuretic,

laxative, sedative (Hikino, 1985), antipyretic (Lata et al., 1999),

antimicrobial, antiviral (Ceremelatherosclerosisli et al., 1996) anti-

inflammatory (Yokota et al., 1998), antioxidant, significant antitumor

activity (Fu Y. et al 2004), angioinhibitory activity (Sheela, 2006),

memory enhancementeffect (Dhingra et al. 2004), and anxiolytic

activities(Ambawadeetal., 2001).



Significant and Use 

Liquorice Roots

Nonetheless,the skin whitening (Lee et al. 1996), skin depigmenting

(Thorel 1996), skin lightening(Nohataet al., 2005; Haris et al. 2007),

antiaging, anti-erythemic(Donaldet al. 1998), emollient(Chatterjeeet

al. 2005), anti-acne(Nam et al., 2003; Brookeet al. 2004), a potential

cancer chemopreventiveagent (Chin et al. 2007), cardioprotective

effects(Haleagraharaet al. 2011) andphotoprotectioneffects(Akhtar et

al. 2011) weremainlyattributedto liquoriceextract.



Significant and Use Liquorice 

Roots

The root contains various sugars (up to 18%), flavonoids,

saponoids, sterols,amino acids,starchand gums. The effective

ingredient in liquorice is mainly glycyrrhizin, a triterpenoid

glycoside,which constitutesup to 14% of total soluble solids

content (Baran & Fenercioglu, 1991) giving the characteristic

sweettastefrom theliquoriceroot. Glycyrrhizin hasfew calories

and can be used in the form of ammonium glycyrrhizin or

monoammoniumglycyrrhizin in the foods and beverages.

ammonium glycyrrhizin is about 50 times as sweet as cane

sugar,impartsa tancolorationandslight liquoriceflavour.



Isoelectric Focused Adsorptive 

Bubble Chromatography (ABS)

Surface active compounds enrich 

on the interface between gas and 

fluid.

The concentration at the interface 

is indirect proportional to the 

distribution coefficient n

n =

C1 (Conc. 

Interface)

C2 (Conc. 

Solution)

Collecting the foam and repeating the foaming, a

great number of equilibriums is obtained, leading to

the separation of the target compounds. This

phenomenum occurs along the column.



Separation of two Substances 

by ABS along the Column

I. Step II. Step III. Step IV. Step V. Step

During the first phase, both compounds form bubbles. The blue compds. are more surface activ. Along the

column, the bubbles are destroyed and flow back to the initial solution. Thereby, more equilibrium steps occur.

The blue compd. move faster. The bubbles with these compds. are more stable than those of the red ones. The

molecules of the blue compds. reach the end of column at first for leave. Upon continuing the foaming, also the

red compds. can be isolated in pure form.



Adsorption of Surface Active Molecules on the 

Gas-Liquid Interface

Gibbs adsorption equation for dissolved molecules with a polar and an unpolar part:

C

C
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1
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Once bubbles are formed, 

the compounds enrich on 

the interface according to 

their polarity.

Due to a defined stationary 

phase (e.g. buffer), we 

have a gas-interface-fluid 

distribution, which is very 

effective for the enrichment.



Adsorption of Surface Active 

Molecules on the Gas-Liquid Interface

t = x t = 2x

D L1 D L2

At t = x, adsorbed molecules with greater polarity

have already been desorbed from the bubble surface.
Unpolar molecules remain at the interface layer.

At t = 2x, only very unpolar molecules are present and can be
isolated in pure form.



Scheme of the Adsoptive Bubble 

Seperation Aparatus



Adsorptive Bubble Chromatograph with 

Different Additional Substance



Regression equation, retention time, correlation 

coefficient of reference compounds on HPLC

No

Sample 

Concantration 

(mg/L) (ppm) 

Retention 

Time 

(min)

Regression equationa

Correlation 

coefficient 

(r2)

1. 138

3,04 y = 0,0016x - 21,842 0,99172. 207

3. 276

y = 0,0016x - 21,842
RĮ = 0,9917
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Calibration Curve of Glycyrrhizic Acid Ammonium Salt



Enrichment Ratio (E)

Amount of 

Licorice Root 

Extraction

Additional 

Substance 

(mg)

Foam Volume 

(ml)

Start

(C) (mg/ml)

Foam (C) 

(mg/ml)

Residual (C) 

(mg/ml)

Enrichment 

Ratio (E)

Exp 1 30mg ɓ-

Lactoglobulin

4,19ml and 

12ml Eluent A

0,012 4,42 0,014 368,3

Exp 2 29,9mg 

Albumin Bovine

8,14ml and 8ml 

Eluent A

0,024 2,17 0,031 90,4

Exp 3 30 mg Starch 

(soluble)

5,33ml and 

10ml Eluent A

0,348 3,26 0,026 9,4

Exp 4 Without additive 10,64ml and 

9ml Eluent A

0,36 2,10 0,026 5,9

Enrichmentratios and start, foam, residualextract concantrations

(mg/ml) of Glycyrrhiza glabra with ɓ-lactoglobulin, Albumin

Bovine, Starch(soluble)preferredas foaming agentsand without

additive.



Enrichment Ratio (E)
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In conclusion

These results indicated that it is possible to enrichment of

glycyrrhizic acid ammonium salt from Glycyrrhiza glabra root

extract almost quantitatively by isoelectric focused adsorptive

bubble separation technique at the both additive and without

adding a surfactant. The enrichment glycyrrhizic acid

ammonium salt obtained from Glycyrrhiza glabra root extract

may use in industry as pharmaceutical agent, cosmetic,

sweetener, food additive and confectionery food.
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