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ABSTRACT

Pressurized hot water extraction (PHWE) is a very useful technique for recovering bioactive molecules
from natural materials using subcritical compressed liquid water in the temperature range of 50-150°C.
A novel process has been developed for making a natural sweetener from licorice (Glycyrrhiza glabra)
roots involving selective chemical reaction and easy separation, for recovering mono-ammonium gly-
cyrrhizate (MAG) using hot water with dissolved ammonia and pressurized with carbon dioxide. The
performance of the novel PHWE process has been evaluated to ascertain the optimum process param-
eters to maximize the recovery of MAG by varying the parameters, such as temperature (30-120°C),
pressure (1-10atm), extraction time (60-120 min), water-to-feed ratio (20-40 ml/g), number of stages
(1-3), stirring rate (0-350 rpm), ammonia concentration (0.01-4%, w/v), and grinding. The quantification
of MAG recovered in the extract has been based on the vanillin sulfuric acid method using UV spectropho-
tometer. The maximum recovery of MAG from licorice roots has been achieved at 110°C and 5 atm with

the ratio of 40 ml/g of 0.01% (w/v) ammonia solution to powdered feed after 90 min of extraction.

1. Introduction

Licorice (Glycyrrhiza glabra) roots and rhizomes are extensively
used in herbal medicines for their emollient, anti-inflammatory,
anti-viral, anti-allergic, anti-oxidant, gastro-protective, and anti-
cancerous properties. It is widely used worldwide in food,
confectionery and pharmaceutical products, such as cough syrups,
herbal supplements, chewing gums, drinks, and candy. It is a pow-
erful natural sweetener, 50-170 times sweeter than sucrose. The
chemical constituents of the roots include several bioactive com-
pounds, such as glycyrrhizin (~16%), different sugars (up to 18%)
flavonoids, saponoids, sterols, starches, amino acids, gums and
essential oils. Kitagawa [1] reported the detailed structures of 33
constituents in licorice roots and their sweetness. Glycyrrhizin is
a water-soluble pentacyclic triterpenoid glycoside responsible for
the sweetness of licorice and its aglycone is responsible for various
medicinal attributes and clinical applications in the treatment of
spleen, sore throat, bronchitis, liver, kidney, and ulcer. The glyco-
side usually occurs in a combined calcium or potassium salt form

of glycyrrhizic acid (GA) which is a weak acid containing three car-
boxyl and five hydroxyl groups. The acid form of glycyrrhizic acid
is not particularly water-soluble, but its ammonium salt is soluble
in water at pH greater than 4.5. The mono-ammonium salt of GA
is used as an anti-inflammatory and anti-allergic remedy for the
treatment of bronchial asthma, eczemas and other diseases.
Methods of preparation of glycyrrhizic acid (GA) from licorice
roots were investigated by different researchers and some
important methods are summarized in Table 1. Most accepted tech-
nologies of the extraction of GA from the roots include extraction
with hot water at ambient pressure in the presence of various addi-
tives like alkalis, mineral acids, ethyl alcohol, etc., such as, aqueous
ammonia [2-4], methanol [5-7], ethanol [8]. The primary aqueous
extract of licorice roots contains GA and many other water-soluble
substances and then it is subjected to further processing for more
purified products. Pure glycyrrhizic acid (GA) may be prepared from
the licorice root by using alcohol as the solvent for extraction [9]
using an ultrasonic device followed by purification. The most com-
mon purification procedure involves acidification of the extract
by adding acids such as H,SO4 or HCl acids [4,5] for the forma-
tion of the solid product of salt of GA (at pH 1-2). The molecules
of GA can also be extracted into the organic phase from aqueous
solution by interacting with the polar functional groups of organic
extractants through hydrogen bonding. So the nature of organic
extractant and pH are the crucial factors for purification of GA. Sev-
eral procedures are reported in the literature on solvent extraction
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Table 1

Summary of important processes for extraction of glycyrrhizin (or mono-ammonium glycyrrhizate) from licorice roots

Ref.no.  Title Inventor Year Method used
[2] Separation of major components in licorice using Beasley et al. 1979 Aqueous extract is dissolved in 4% ammonium hydroxide solution for
high-performance liquid chromatography separation of at least eight major components in licorice extract using
a gradient, reversed-phase HPLC system
[3] Separation of glycyrrhizic acid and liquiritin from Shen et al. 2007 Dried licorice slices are extracted with aqueous NHs solution (0.5 vol%)
Glycyrrhiza uralensis Fisch extract by three-liquid-phase by sonication. Three-liquid-phase systems contained four components
extraction systems that are organic solvent, inorganic salt, polymer and the treated
licorice extract.
[4] Purification of glycyrrhizin from G. uralensis Fisch with Tianweietal. 2002 Powder is extracted by 0.01% NH4OH at 90-100°C, filtered,
ethanol/phosphate aqueous two phase system concentrated, dried under vacuum then added in mixture of EtOH,
water and K;HPO4, After settling, upper portion collected and
precipitation by H,SO4
[5] Preparative purification of glycyrrhizin extracted from the Jiang et al. 2004 Powder of licorice roots is extracted by 70% aqueous-methanol
root of licorice using high-speed counter-current solution, then filtered and HCl is added for precipitation. Precipitation
chromatography is dried by freeze-drying and separation of components is carried out
by HSCCC
[6] Separation and analysis of glycyrrhizin, 183-glycyrrhetic Sabbioni 2005 Powder of root is extracted by a solution of methanol and water 1:1 at
acid and 183-glycyrrhetic acid in licorice roots by means of ~ etal. 60 °C for 25 min under stirring, and then centrifuged for 10 min at
capillary zone electrophoresis 3000 rpm. The supernatant is filtered through a cellulose acetate
syringe filter. Then analysis of G was performed
[7] Determination of nine flavonoids and coumarins in licorice ~ Zeng et al 1990 100-mg into a micro-Soxhlet is refluxed with 10 ml of MeOH for 2 h in
root by high-performance liquid chromatography a water-bath (70 °C). The methanolic extract is concentrated at 70°C to
less than 3 ml, after cooling to room temperature, is made up to 5 ml
with methanol then used for HPLC
[8] Microwave-assisted extraction of glycyrrhizic acid from Xuejun et al. 2000 Extraction is performed in microwave-assisted extractor by water,
licorice root EtOH, EtOH-water, ammonia solution (different concentrations) or
ethanol-water-ammonia and analyzed by HPLC
[9] Determination of three active principles in licorice extract Tung-Hu and 1991 Extract of coarse roots with solution (water, 0.05 (M) NaOH, 50%
by reversed-phase high-performance liquid Chieh-Fu ethanol, 95% ethanol or methanol). The solvent filtrates, condensed
chromatography under reduced pressure, dried by lyophilization and after preparing
suitable solution it is subjected to HPLC
[10] The application of macro-porous resins in the separation of ~ Bogiangetal. 2005 Powder is extracted with EtOH/H,O (70:30, v/v) by sonication in an
licorice flavonoids and glycyrrhizic acid ultrasonic bath, solution was centrifuged and supernatant is
concentrated to 1/10 of original volume in a rotary evaporator. Then
solution is passed though different type of resins
[11] Isolation and purification of inflacoumarin A and Wang et al. 2004 Roots are extracted with ethanol-water (95:5) by sonication,
licochalcone A from licorice by high-speed counter-current concentrated by vacuum rotary evaporator; residue is dissolved in 2%
chromatography NaOH and then filtered. Precipitation takes place by adding HCl in

filtrate. Precipitate is washed by water and freeze-dried

by various organic solvents, purification by ion-exchange and poly-
meric resins, adsorption, chromatographic separation, supercritical
fluid extraction, foam separation [5,10], microwave assisted extrac-
tion (MAE) [7] and multi-stage counter-current extraction (MCE)
[11] to extract GA. Most of the existing processes for the extraction
and purification of the sweet ingredients from the licorice roots
involve a number of steps and large amounts of solvents/chemicals.
In order to obviate these difficulties, a novel process has been
developed in the present work using hot water pressurized with
carbon dioxide and dissolved ammonia for production of the nat-
ural sweetener in the form of mono-ammonium glycyrrhizate
(MAG). The objective of this work was to evaluate the performance
of the PHWE process and to ascertain the optimum process param-
eters to maximize the recovery of MAG by varying the process
parameters, such as temperature, pressure, ammonia concentra-
tion, extraction time, solution-to-feed ratio, number of stages of
extraction, stirring, and grinding.

2. Experimental
2.1. Materials and chemicals

Two types of feed namely licorice roots (1-1.5 cm diameter and
4-5cm length) and powdered roots (mesh size 250) have been sup-
plied by pharmaceutical shop, Jadavji Lallubhai & Co. in Mumbai,
India. Milli-Q water purified on a Milli-Q® Ultrapure Water Purifi-
cation Systems has been used for extraction. Sucrose with 99.94%
purity from Sisco Research Laboratories Pvt. Ltd., 98.4% concen-

trated H,SO4 from Ranboxy Fine Chemicals Limited, vanillin with
99% purity from Sd Fine-Chem Limited, ethanol with 99.9% purity
from Hayman Limited, 25% aqueous NH3; from Merck have been
used in the present work. CO, gas has been supplied by Sicgil
Industrial Gases, India, with 99.99% purity. For making 0.01% (w/v)
NH;3 solution, 0.88 ml 25% NHs3 solution (density of 25% ammo-
nia solution=0.9106 gm/ml) was added in 2000-ml distilled water.
Similarly other solutions were prepared to have 0.01-4.0% (w/v)
NH3 solution.

2.2. Pretreatment

Licorice roots are cut into small pieces (1-1.5 cm diameter and
1-1.5 cm length), soaked with cold water and kept for 24 h for soft-
ening which leads to easier extraction later. Dry powder is also
pretreated with absolute ethanol to remove undesired constituents.
Pretreatment with ethanol (at 1atm, 60°C), methanol (at 1atm,
50°C) and n-hexane (at 1 atm, 40 °C) have also been tried. But noth-
ing was extracted when n-hexane was used for pretreatment. As
the powdered licorice roots pretreated with ethanol and untreated
powder have resulted in the same recovery and color of the aqueous
extract, pretreatment with ethanol is considered redundant.

2.3. Pressurized hot water extraction

All PHWE experiments in the present work have been conducted
in batch mode. The experimental set-up consists of a 2.5-L auto-
clave made of SS 316 which can be operated at a pressure up to



Cooling O Cooling
water out water in m
V3P AR iThermocouple
V4<—[><}I
I

V2 V1

Heating CO,
System

VE] E
V1 = Opening valve of gas reservoir
V2 = Inlet valve to extractor
V3 = Sample collection valve
V4 = Gas Purging valve
V5 = needle valve for collection of extracted soln

Gas Reservoir

Fig. 1. Experimental set-up of PHWE.

200bar and a temperature up to 250°C. A schematic diagram of
the experimental set-up is shown in Fig. 1.

For MAG to be formed from GA as its salt during PHWE, water
with ammonia (0.01-4.0% w/v) is used. Two types of feed are used
here namely small pieces of licorice roots and dry powder. A known
amount of roots is charged in the PHW extractor with known
amount of the NH3 solution of different concentration. CO, cylin-
der is used to pressurize the system. The solution is filtered after
extraction using the vacuum filter and the residue is again extracted
at the same condition. The solutions obtained from two consecu-
tive extractions are mixed together and the mixture is processed
for purification.

2.4. Purification

The higher is the concentration of ammonia in water, the higher
is the number of ammonium group in the salt produced. For extrac-
tion of MAG, the optimum concentration is found to be 0.01%
NH3 (w/v). The primary aqueous extract (with 0.01% NH3; w/v)
of licorice roots contains, in addition to mono-ammonium gly-
cyrrhizate (MAG), other water-soluble undesirable substances, and
further processing is needed for its purification. The process flow
diagram for extraction and purification of MAG is shown Fig. 2. The
filtrate is concentrated in vacuum rotary evaporator and then 70%
ethanol is added (3:1) to this. The precipitate is separated from the
upper portion of the solution and discarded. The upper portion of
the solution is concentrated to remove ethanol which is again recy-
cled back. The concentrated solution free from ethanol is then taken
for acidification. Drop-wise H,SO4 is added in the solution and
pH is monitored. White precipitates of MAG are formed when pH
becomes 1-2 and no further precipitation takes place. With a higher
concentration of aqueous NH3 for PHWE, dark colored precipitates
of di- and tri-ammonium glycyrrhizate are formed. The precipi-
tates are separated out from the solution and washed with absolute
ethanol to remove sulfuric acid and other undesirable substances.
White precipitated material is then dried under vacuum and is char-
acterized as the crystal of mono-ammonium glycyrrhizate (MAG)
which is the desired natural sweetener.

2.5. Characterization

The quantification of the yield of MAG is done by colorimetric
method followed by a UV measurement, as given by [12] with some
modification. As the authors have well established the procedure
for quantification of active ingredients in roots and leaves by spec-
trophotometric method, this method was used in the present work.
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Fig. 2. Process flow diagram of extraction and purification of MAG.

TLC and HPLC could not be conducted in the present work for quan-
titative and qualitative determinations due to the nonavailability of
pure components as reference samples which are rarely available
in the market.

The colorimetric method used here is known as the vanillin
sulfuric acid method. The sample is prepared by diluting (1:50 to
1:100) the aqueous extract with distilled water. For this method
8% vanillin solution in absolute ethyl alcohol and 72% sulfuric acid
solution are prepared. 1 ml of the dilute solution is put into a 25-
ml test tube placed in an ice bath and then 1 ml of 8% solution of
vanillin in absolute alcohol and 5 ml of 72% solution of sulfuric acid
are added. The mixture is shaken to obtain a homogeneous solution.
Then the test tube is heated in a water bath at 60 + 0.5 °C for 10 min
and then cooled in an ice bath for 2-5 min. The blank solution is
prepared similarly, but instead of 1 ml of the dilute solution, 1 ml
of distilled water is added to the test tube. The absorbance of the
colored (greenish brown) solution is measured on a spectropho-
tometer (Helios Alpha UV-Vis spectrophotometer model, Thermo
Electron Corporation) at a wavelength of 470 nm. After getting the
absorbance, the concentration of the sweet components equivalent
to sucrose is calculated from the calibration plot. The calibration
curve is prepared from samples of sucrose of different known con-
centrations ranging from 5 to 60 pg/ml and their absorbance at
470 nm as plotted in Fig. 3. The error of measurement and calcula-
tion of yield is +3.5% maximum.

3. Results and discussion

PHWE from licorice roots has been performed for 60-120 min
with constant stirring up to 350 rpm at temperatures ranging from
30 to 120°C and pressure ranging from 1 to 10atm as shown in
Table 2. Experiments have been conducted with different ratios
of solution-to-licorice roots and different percentages of NH3 in
water. Two types of feed namely small pieces of licorice roots and
powdered licorice roots have been studied. During extraction by
aqueous ammonia solution, a chemical reaction between ammo-
nia and glycyrrhizic acid produces mono-ammonium glycyrrhizate
(MAG), as shown in Fig. 4.
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Fig. 3. Calibration plot of sucrose according to vanillin sulfuric acid method.

For pressurization of hot water, gaseous CO, has been used at
a moderate (2-20bar) pressure eliminating the need for steam
injection or a pump. The role of CO, in the innovative process is
multi-fold. One of them is lowering of pH enabling selective sep-
aration of major components. It also removes air from the system
and provides inert environment, so that no degradation or oxidative
reactions/conversions take place. Even an “inert” gas (e.g., nitro-
gen) is used for flushing the system off from oxygen (from air). This
step is simultaneously avoided. Presence of slight residual CO, after
extraction helps in slowing down degradation before and during
subsequent steps. Thirdly it provides an easy means to pressurize
the system without using a steam boiler and for easy controlling

of the CO, solubility for the above two purposes. Fourthly, CO, is
a gas and is removed from the aqueous slurry unlike HCI or other
acids. This eliminates the subsequent steps for neutralization of pH
after extraction and other additional steps, if a mineral acid is used.
Finally usage of CO, reduces cost of production, as CO, is cheaper
than nitrogen plus acid and chemicals used for other steps. Accord-
ingly usage of CO, is not equivalent to addition of acid. This is one
innovative aspect of the process, namely, the usage of CO, in extrac-
tion of natural sweetener from licorice along with pressurized hot
water, which is distinct from the available prior art.

3.1. Parametric study

3.1.1. Effect of temperature

Fig. 5 shows the variation of the yield of MAG with temperature
varying from 30 to 120 °C with 40 ml/g of water. Table 3 shows that
the yield in the first extract is 7.8% at 30°C whereas it is 14% at
120°C and at temperatures above 60 °C, the total MAG recovered
increases with rise in temperature up to 110 °C after that it is almost
constant. It can be observed that the effect of temperature on the
recovery is very significant. As temperature increases, properties of
water like viscosity, density, surface tension, and polarity decrease
leading to a decrease in resistance to mass transfer. So at a higher
temperature more MAG is recovered from the licorice roots.

3.1.2. Effect of pressure

Fig. 6 shows the effect of pressure on the yield of MAG at 90°C
and the values are also presented in Table 4. The recovery is almost
invariant with pressure at pressures above 5 atm. A higher pressure

Table 2
Various experiments with licorice roots for extraction of MAG
Feed Solvent Temperature (°C) Pressure (atm) Time (min)
type Name Solvent: feed (ml/gm)
Powder Water (0.01% (w/v) NH3) 40 30, 60, 90 1 120
Powder Water (0.01% (w/v) NH3) 40 90, 110, 120 5 120
Powder Water (0.01% (w/v) NHs) 40 90 10 120
Pieces Water (0.01% (w/v) NHs) 40 90 1 120
Powder Water (0.01% (w/v) NHs) 20 90 1 120
Powder Water (0.01% (w/v) NHs) 60 90 1 120
Powder Water (0.01% (w/v) NHs) 80 90 1 120
Powder Water 40 90 1 120
Powder Water (0.1% (w/v) NH3) 40 90 1 120
Powder Water (0.15% (w/v) NHs) 40 90 1 120
Powder Water, methanol (1:1, v/v) 40 60 1 60
Powder Water, Ethanol (1:1, v/v) 40 60 1 60
Powder n-Hexane 20 40 1 60
Powder Water (1% (w/v) NaOH) 40 60 1 60
Powder Water, EtOH (25%, v/v), NH3 (4%, w/v) 40 60 1 60
Powder EtOH 20 60 1 60
NH,* +3H,0 |:>
HooC HOOC
HO 5 HO 8
Hoog, 0 ooc H0
HO o P o P
HO
HO
oK HO
b
Glycyrrhizinic Acid Mono Ammonium Glycyrrhizinate (MAG)

Fig. 4. Reaction between glycyrrhizic acid and aqueous ammonia to produce MAG.
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Table 3
Yield of MAG from licorice roots at different temperatures

Temperature (°C) Yield (%, w/w)

Extract 1 Extract 2 Total

30 7.8 3.1 10.9
60 9.1 2.7 11.8
90 121 23 144
110 13.6 1.5 15.1
120 14.0 1.4 15.4
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Fig. 6. Effect of pressure on yield of MAG of aqueous extract at 90 °C.

is maintained in the extractor to keep the water in liquid form and
it also reduces evaporation loss. Solubility of ammonia in water
increases with pressure and so sufficient ammonia is available in
the solution to react with glycyrrhizic acid to produce MAG. When
pressure is raised to above 5 atm, evaporation of NH3 is suppressed
and yield is increased.

3.1.3. Effect of extraction time
Fig. 7 shows the effect of extraction time on the yield of MAG
from licorice root powder. At 60 °C, the yield increases sharply with

Table 4

Yield of MAG from licorice roots at different pressures at 90°C

Pressure (atm) Yield (%)
1 12.1
5 12.8

10 12.7
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Fig. 7. Variation of yield of MAG with 40 ml/gm water with time.

time and it reaches a fixed value after 75 min whereas at 90 °C, the
variation of the yield is not much with time. It can be seen that
after 100 min, the yield of MAG is almost constant. Because initially,
when there is no MAG in water, yield increases sharply with time. As
more and more MAG is formed, the driving force for mass transfer
decreases and the rate of mass transfer also decreases accordingly.
After 90 min 40 ml/g of water gets saturated with MAG from 5 g of
roots and the yield reaches a fixed value.

3.14. Effect of grinding

PHWE experiments have been performed using small pieces
(1-1.5cm diameter and 1-1.5cm length) of licorice roots with
40 ml/g water (with 0.01% NH3z w/v) at 90°C for 2 h. This extrac-
tion gives 5.7% yield whereas powdered licorice roots yields 12.1%
at the same condition. Very large surface area provides more mass
transfer from powdered licorice roots whereas for the solid pieces
of roots, the surface area is very less and the most parts of the roots
are not accessible for extraction of the acid.

3.1.5. Effect of water-to-feed ratio

The values of yield of MAG with different water-to-feed ratios
are shown in Fig. 8 for PHWE from 5g powdered roots at 90°C
at 1atm for 120 min. It can be seen that an increase in the water-
to-feed ratio for PHWE increases the yield. However there is no
significant change if the water-to-feed ratio goes beyond 60 ml/g of
powdered feed. So the optimum water-to-feed ratio is considered
as 6ml/g.
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Fig. 8. Variation of yield of MAG with water-to-feed ratio at 90°C.
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Fig.9. (a) Comparison of yield with combination of 80 ml/gm water-to-feed ratio at
90°C. (b) Comparison of yield with combination of 60 ml/gm water-to-feed ratio at
90°C.

3.1.6. Effect of number of stages

The effect of number of stages is illustrated in Fig. 9a and b. From
the values of yields obtained at 90°C as compared in Table 5, one
can note that the total yield is 14.4% by the water-to-feed ratio of
40 ml/g (for the 1st stage) and 40 ml/g (for the 2nd stage), whereas
the total yield is 13.7% by the water-to-feed ratio of 80 ml/g (for
the 1st stage). The total yield is 14.6% by the water-to-feed ratio of
60 ml/g (for the 1st stage) and 20 ml/g (for the 2nd stage) whereas
the total yield is 11.5% by the water-to-feed ratio of 20 ml/g (for
the 1st stage) and 40 ml/g (for the 2nd stage). The total yield is
13.5% by the water-to-feed ratio of 60 ml/g (for the 1st stage). From
Fig. 9a and b, it is thus noted that the combination of 60 ml/g
for the 1st stage of extraction followed by 20ml/g for the 2nd
stage extraction is the best combination so far as the yield is
concerned.

3.1.7. Effect of stirring

Atatemperature lower than 60 °C, the powdered roots of licorice
have a tendency to settle down and accumulate on the bottom of the
extractor and so the solid to water ratio becomes very high there.
At a temperature more than 90 °C, the circulation of particles takes
place throughout the solution due to convective flow of liquid when
stirrer is off. So for a temperature higher than 60 °C, stirring is not
necessary. Otherwise, extraction without stirring is very inefficient
as most of the materials are not accessible to water. However the
yield increases by increasing the rpm and less time of extraction is
needed for the same yield [13].

3.1.8. Effect of NH3 concentration

NH3 concentration in the extraction medium, i.e., water, is a cru-
cial factor for extraction of glycyrrhizic acid from licorice roots for
production of mono-ammonium glycyrrhizate (MAG). The effect

Table 5
Effect of number of stages on extraction yield

Extract 1 Extract 2 Total yield (%)

Water: feed (ml/gm) Yield (%) Water: feed (ml/gm) Yield (%)

20 7.3 40 4.2 11.5
40 12.1 40 23 14.4
60 13.5 20 1.1 14.6
80 13.7 20 1.0 14.7
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Fig. 10. Variation of yield of MAG with ammonia concentration at 90°C.

Table 6
Yield of MAG with different concentrations of ammonia at 90°C

NH3 (%, w/v) Yield (%, w/w)

0.01 12.1
0.1 13.5
0.15 13.6
Table 7

Summary of optimized parameters for PWHE and maximum yield
Material Licorice
Parts used Powdered roots
Water (ml): feed (g) 60
Temperature (°C) 110
Pressure (atm) 5

No. of stages 2

NH; (%, w/v) 0.01
Time (min) 90
Maximum yield (%, w/w) 13.6

of ammonia concentration on the yield of MAG by PHWE at 90°C
is shown in Fig. 10. The values of the yields are also shown in
Table 6. A controlled amount of ammonia is required for production
of MAG which is white in color. Otherwise it leads to production of
tri-ammonium glycyrrhizate which is bitter in taste. As the concen-
tration of ammonia increases in the aqueous solution, the color of
the extract becomes dark brown. So the formation of MAG can be
visually monitored.

4. Conclusions

A novel process has been developed for the production of a nat-
ural sweetener in the form of MAG from licorice roots involving
chemical reaction and selective separation by the PHWE tech-
nique using subcritical CO, for pressurization and with dissolved
ammonia for the ease of subsequent purification. A systematic para-
metric study has been undertaken to evaluate the performance of
the process at different process conditions and to optimize the
process conditions for the maximum yield of the sweet active
ingredient and easier purification. Two types of feed have been
investigated, namely the roots cut into pieces and ground roots
and PHWE has been carried out at temperatures (30-120°C), pres-
sures (1-10 atm), extraction time (60-120 min), water-to-feed ratio
(20-40ml/g), number of stages (1-3), stirring rate (0-350rpm),
ammonia concentration (0.01-4.0%, w/v) with and without stirring.
The colorimetric method namely the vanillin sulfuric acid method



using a UV spectrophotometer has been used to analyze MAG. The
maximum amount of MAG is recovered from licorice roots at 110°C
and 5atm with the ratio of 60 ml/g in 1st stage and 20 ml/g in
2nd stage of 0.01% (w/v) ammonia solution to powdered feed after
90 min of extraction, as summarized in Table 7.
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