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Abstract. Extraction of glucomannan from crude porang
flour by acid hydrolysis and ethanol precipitation was
studied. Effects of acid concentration, temperatures and
time were investigated, kinetics model of the process was
developed and the parameters were evaluated based on
experimental data. New data on yield and purity of
glucomannan under various conditions were obtai ned.
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1. Introduction

Glucomannan is one of the neutral polysaccharides
that is composed of f-1,4 linked D-mannose and
D-glucose with the molar ratio of mannose and glucose of
about 1.6:1. The backbone structure is lightly branched
(an approximate degree of branching of 8 %), with short
side branches at the C-3 position of the mannoses[1]. The
chain has 5-10 % acetyl group substitutes |ocated at every
9 to 19 sugar units, which is believed to play important
role in the solubility and gelling properties [2]. Being an
amorphous polymer the average molecular weight of
glucomannan ranges between 10° and 10° g/mol [3].
According to Yao-Ling et al. [4] glucomannan has been
used in traditional Chinese medicine for millenniums for
the healing of asthma, cough, hernia, breast pain, burns,
and skin disorders. Further, recent clinical studies have
revealed the potentials of glucomannan to reduce blood
sugar, lower blood cholesterol, control body weight, and
promote healthy microflora in intestinal [5]. Due to
biodegradability and good ge-forming ability,
glucomannan is also widdly used in the pharmaceutical
field for controlled release drug delivery system [6]. In
addition, due to its specific rheological and gelling
properties, glucomannan is also abundantly used in food
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and beverage industries as emulsifying and stabilizing
agent for various food, drink, and cosmetic products[4].

Although glucomannan can be acquired from
various botanical sources, the tuber of porang
(Amorphophallus oncophyllus) plant, which beongs to the
Aracea family, has been found to be the most potential
source in view of its high glucomannan content and
sustainable availability [7]. Generally, fresh porang tuber
may contain 8-10 wt % of glucomannan [2]. Prior to the
extraction of glucomannan, the porang tuber is washed,
dliced, dried and milled; and the porang tuber flour (PTF)
of refined powder is further separated by wind shifting.
The glucomannan content in the crude porang tuber flour
(CPTF) usualy ranges from 50 to 70 wt % [8], whereas
purified porang tuber flour (PPTF) should have
glucomannan content of no less than 90 wt%. The
impurities trapped in CPTF particles are usually coming
from the tissue space [4], which mainly comprises starch,
lipid, protein and ash [2]. As the main impurity, the starch
may seriously affect the purity and quality of
glucomannan, such as reducing viscosity and increasing
turbidity [9].

High-quality porang flour can be obtained through
separation of glucomannan granules from the smaller
starch granules by conventional dry or wet processing.
The dry process method includes grinding of dried porang
tuber chips into CPTF, which is later purified via wind-
sifting [10]. Unfortunately, porang flour obtained using
this method is of low purity and is therefore sold as a low-
price food commodity [11]. To overcome this problem, a
number of wet extraction methods have been devel oped to
extract glucomannan from CPTF, such as enzymatic
hydrolysis[12, 13], diaysis and ethanol precipitation [14],
washing with water, agueous alcohol [15] and benzene-
ethanol solution [16], high energy centrifugation [8], or a
combination of the aforementioned  methods.
Unfortunately, most of those processes are complicated;
require higher operating cost and sometimes still result in
low yield and product purity. Therefore, it is apparent that
development of more efficient methods is needed to
substitute the existing ones.
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Starch and glucomannan molecules may interact
with each other and make their separation even more
difficult due to the low solubility of starch under mild
condition. Fortunately, gelatinization characteristics may
efficiently boost starch solubility in water. Geatinization
temperature of crude porang flour is 341.5-350.6 K [17]. In
fact, glucomannan molecules possess better swdling ability
than starch molecules and become insoluble in aqueous
ethanol, whereas the starch molecules do not. Glucomannan
has the lowest solubility when ethanol concentration in the
solution is about 45 val %, by which its separation from the
solution may take place via precipitation [11]. Alcohol also
contributes to unfold glucomannan molecular chain and
expose the impurities on the surface or trapped inside of
porang flour particles to the solution for easier removal
[18]. Obvioudly, these properties are favorable for
extraction of glucomannan from porang flour by removal of
the darch via hydrolyss [19] followed by ethanol
preci pitation of glucomannan [20].

In the case of glucomannan extraction via starch
hydrolysis, the utilization of acid hydrolysis has never
been widely studied. Operating variables such as
temperature, reaction time, type of acid, acid
concentration and solid-to-liquid ratio play critical rolesin
obtaining optimum acid hydrolysis of starch [21]. It is
reported that the catalytic activity and selectivity of
hydrochloric acid during hydrolysis of starch is higher
than that of sulfuric acid [22] and phosphoric acid [23].
This high catalytic activity, non-disturbing residue after
neutralization (sodium chloride) on glucomannan
precipitation using alcohol and its simplicity are the
advantage of using hydrochloric acid as catalyst over the
other mineral acids. The drawback of acid hydrolysis is
only dslower reaction rate as compared to enzymatic
hydrolysis [4]. The governing factor of the homogeneous
acid catalysis turned out to be the acidity (pH) of the
solution, which is directly proportiona to the
concentrations of the hydroxonium ions (Hz0") existing in
the solution [24]. On the other hand, the temperature and
the reaction time have been reported to have less influence
on the hydrolysis reaction [25]. Jacobsen and Wyman [26]
found that 5 wt % solid concentration could provide good
uniformity of the reaction system with ignorable mass
transfer effects on the degradation of lignocellulosic
biomass. Thus, 1 wt % solid concentration or about 1:100
solid to liquid mass ratio was employed in this study.

There is very little information from previous
studies on the influences of the extraction parameters on
the extraction of glucomannan from CPTF using starch
hydrolysis [13]. Only one literature source reported a
simple modeling of the ethanolic extraction of
glucomannan from CPTF [27]. There is also no rigorous
report on the mathematical modeling of the extraction of
glucomannan from CPTF available in the literature. In
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view of the above, a smple acid hydrolysis process at
various acid concentrations, temperatures and time was
developed for the extraction of glucomannan from CPTF.
In addition, a comprehensive mathematical model emplo-
ying reaction kinetics and mass transfer approaches was
also proposed to describe the real extraction phenomena.

2. Experimental

2.1. Materials

The crude porang tuber flour used in this study was
obtained from PT. Prima Agung Seahtera-Surabaya
(Indonesia) with average particle size of 80 mesh. All of
the chemicals used for extraction and analysis were of
analytical grade (purity > 98 wt %) and procured from
Sigma-Aldrich via authorized chemicals distributor in
Semarang-Indonesia. All the chemicals were directly used
without prior treatments.

2.2. Extraction Procedure

The extraction of glucomannan from crude porang
flour was conducted via starch hydrolysis utilizing
hydrochloric acid as catalyst. 10 g of crude porang flour
were dispersed in 1000 ml of hydrochloric acid solution of
predetermined concentrations (0.03125 to 1.0 M) in
2000 ml Pyrex® three-neck round bottom flask at room
temperature. The mixture was heated in a water bath
heater to achieve desired extraction temperatures
(323, 333, 343 and 353K) under continuous stirring.
While the temperature was maintained at a desired value,
continuous stirring was held to permit acid hydrolysis of
starch and extraction of glucomannan. When the desired
reaction time (0.25, 0.5, 1, 2, and 3 h) was reached, 50 ml
sample was taken out of the extraction flask for reducing
sugar analysis. Removal of insoluble materials was
performed by diluting the remaining reaction mixture to
1000 ml with demineralized water and followed by
centrifugation (9000xg, 30 min, 298 K). Afterward, rotary
evaporation was carried out to reduce the volume of the
filtrate to ~1/3 of the original volume. Glucomannan
present in the solution was precipitated overnight by the
addition of 95 val % of ethanol at 277 K, and followed by
centrifugation (9000xg, 40 min, 298K). The resultant
pellets were washed twice with anhydrous ethanol and
further isolated by vacuum filtration, before being freeze-
dried for 48 h. The dried material was milled and sieved to
obtain purified glucomannan and was then subjected to
purity analysis and yield determination.

2.3. Analyses

Starch content of crude porang flour was
determined by acid hydrolysis method [28], while the
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Kjeldahl method was applied to obtain the total nitrogen
content for protein determination [29]. The protein content
was then calculated by applying the nitrogen conversion
factor of 5.7, as proposed by the U.S. Food Chemicals
Codex (FCC) and European Commission [10]. In
addition, the ash and fat contents were examined per
AOAC Method 920.153 and 948.15 [30]. The reducing
sugar of the sample was determined following the phenol-
sulfuric acid colorimetry method [31]. Glucomannan
purity was analyzed based on the reducing sugar content
of the hydrolyzate and porang flour sample solution using
the method previoudy used by Chua et al. [32]. The
glucomannan yield was then calculated as the mass
percentage of glucomannan obtained from initial mass of
glucomannan in CPTF.

2.4. Mathematical Modeling

In the solid-liquid extraction, the mass transfer of
an extractable solute from the inner part of the starting
material particles to the bulk of the liquid may take place
in two consecutive steps: first — the diffusion of solute in
the inner particle and second — the convective mass
transfer at the solid-liquid interphase. In the case of very
fine porous particles, the diffusion of solute in the inner
particle can be assumed to be very fast. The average sizes
of porang flour and porang starch particles are 177 and
1.2-1.3 nm, respectively. While the amylose content of
porang starch ranged from 17.4 to 18.2 % indicating that
the CPTF particlesare very tiny and porous. Then, therate
controlling step during extraction of glucomannan from
CPTF may be assumed to be the rate of glucomannan
transfer from the particle surface to the bulk of the liquid.
Previous researchers also revealed that particle size less
than 2040 mesh (400-841 mm) presented little limitation
on the hydrolysis rate of the biomass[33].

Extraction of glucomannan from CPTF particles
was supposed to consist of severa Smultaneous
mechanisms, i.e. dissolution of soluble sugar, hydrolysis
of starch and dissolution and hydrolysis of glucomannan.
In this study, the rate of the volumetric mass transfer of
soluble sugar and glucomannan from CPTF particles
surface to the hydrochloric acid solution was assumed to
be the controlling step. The volumetric dissolution rate of
soluble sugar from CPTF particles in the hydrochloric
acid solution follows the following equation

L = A Co) @
where Cg is the concentration of soluble sugar in the
solution, g/ml; Cgs is the equilibrium concentration of
soluble sugar in the solution in contact with solid surface,
o/ml; ke, isthe volumetric masstransfer coefficient, 1/h.

A Henry like equation was used to represent the
equilibrium correlation between concentration of soluble
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sugar in the solution in contact with solid surface and the
concentration of soluble sugar in the CPTF particles.

Cq = H;*Coss 2

where Hj is Henry like congtant for soluble sugar, g/ml.
The soluble sugar content of the CPTF particlesis determi-
ned by mass balance of soluble sugar in the extraction flask.

3

where Cgss is the concentration of glucomannan in
particles, g/g; Csso is the initial concentration of soluble
sugar in particles, g/g; M isthe mass of CPTF particles, g;
V isthe volume of solution, ml.

The glucomannan volumetric mass transfer from
CPTF particle surface may be assumed to be in the similar
mechanism to that of soluble sugar. Unfortunately, under
harsh condition hydrochloric acid solution may further
hydrolyze glucomannan into sugar [34]. Therefore, the
mass balance of glucomannan in the liquid phase can be
written as:

dC .

% =Ka(CoLu - Coru) - ki Ceru 4
where Cgy is the concentration of glucomannan in the
solution, g/ml; CoLu is the concentration of glucomannan
in the solution in contact with solid surface which is
assumed to be the equilibrium concentration, g/ml; Ke is
the volumetric mass transfer coefficient, 1/h; k; is the
reaction rate constant for glucomannan hydrolysis, 1/h.
The correlation between the equilibrium concentrations of
glucomannan in the solution with concentration of
glucomannan in the CPTF particles is assumed to follow
the Henry like equation.

CeLu =H2Cerus ®)
where H; is Henry like constant for soluble sugar, g/ml.

Then, the glucomannan content of the CPTF
particles can be calculated by means of mass balance of
glucomannan in the extraction flask.

MC -VC
Cerus = GLU?VI Gy (6)
where CgLys is the concentration of glucomannan in the
particles, g/g; CoLuo is the initial concentration of
glucomannan in the particles, g/g; M is the mass of CPTF
particles, g; V is the volume of hydrochloric acid solution,
ml.

According to Saeman [35], the acid-catalyzed
polysaccharide hydrolysis to glucose in a dilute acid batch
system obeys the first-order pseudo-homogeneous kinetic
model. Trgjano and Wyman [36] reported that the
crystallinity of polysaccharide played a significant role in
resisting the dilute acid hydrolysis of starch. The
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hydrolysis of starch is initiated by the cleavage of f-1,4-
glycosidic bond of anhydroglucose. However, the crystal-
linity of starch significantly retards the hydroxonium ions
to penetrate into the starch and catalyzing the cleavage of
the p-1,4-glycosidic bond [37]. As a consequence, only
parts of the f-1,4-glycosidic bond in the starch linear
structure has the tendency to be broken down. According
to this point of view, the reactive portion of the starch that
is not hindered by crystdlinity was defined as (1)
starch. Hydrolysis of amorphous fraction of starch of
CPTF to produce reducing sugar can be written as:

s = kColt- a) G
where a is the degree of crystallinity, linear structure has
more susceptibility to be broken down [38]; Cs is the
starch concentration in the solution, g/l; k; is the reaction
rate constant for starch hydrolysis, 1/h.

Therefore, if the purification of glucomannan from
CPTF dtrictly involves all of solubilization of soluble
sugar, starch hydrolysis, and glucomannan hydrolysis then
the concentration of total sugar (Cre) in the solution will
be:

dCrg. _ dCg  dCs +

= - C 8
R T
d *

Cra _ Kea(Css - Cx5) +K,Cs(1- @) +kCq ©

dt

The simultaneous differential equations (Egs. (1),
(4), (7), and (9)) were solved numerically using the
Runge-Kutta method to obtain the volumetric mass
transfer coefficient for soluble sugar and glucomannan as
well as the reaction rate constant for glucomannan and
starch hydrolysis by minimization of the sum of square
error (SSE) between the calculated values and the
experimental data of glucomannan, starch and total sugar
concentrations.

3. Results and Discussion

During the extraction process, it was dearly
observed that the dispersed porang flour particles
absorbed water and swelled. As the heat was continuously
supplied to the mixture, the starch in the flour experienced
gdlatinization. Therefore, the shearing effect of stirring
was expected to intensively remove the gelatinized outer
part of the starch molecules and dissolves them into the
solution [39]. Thus, hydrolysis occurred immediately.

3.1. Proximate Composition of Crude
Porang Tuber Flour

From the applications point of view, an ideal PPTF
should possess high purity (containing 3 90 wt % of gluco-
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mannan) [40]. However, CPTF produced by the
traditional method generally contains significant amount
of protein and starch, which essentially affect its quality.
The chemical composition of CPTF used in this study is
presented in Table 1.

It can be observed in Table 1 that glucomannan
content of the porang flour used in this study was dlightly
lower than that of porang flour manufactured in China
[15, 41], but still within the range of glucomannan content
of porang flour produced in Thailand [8]. The protein
content fell within the range of that mentioned in the
literature [41]. However, the starch content was in the
upper range of that given in the literature [41], suggesting
that more extensive starch removal via acid hydrolysis is
required to obtain high purity glucomannan. Ash, the total
amount of inorganic compoasition, is a crucia parameter
for evaluating quality. No fat content was detected in
CPTF used in this study. Fat was aso reported to be
absent in porang flour manufactured in China [15, 41]. In
the food production, including glucomannan, ash is highly
essential to be kept in a controlled range; otherwise, the
material may be considered as contaminated or
disgualified. The differences in chemical composition of
porang flour may be influenced by ecological
environment, growing condition and harvest time [42].
Furthermore, the utilization of fertilizers, shades, planting
densities and flour manufacturing process also may
significantly affect the chemical compaosition of porang
flour [18, 43, 44].

3.2. Effect of Catalyst Concentration

The effect of catalyst concentration ranging from
0.125to 1 M was studied by extraction of CPTF at 333K
using CPTF: water ratio of 1:100 for 1 h. The profile of
yield and purity of glucomannan are presented in Fig. 1.
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Fig. 1. Effect of catalyst concentration
on yield and purity
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Tablel
Chemical composition of porang flour (wt %)
Component Thiswork Literature[15] Literature [41]
Glucomannan 57.6 74.1 59-60
Starch 24.6 8.89 10-30
Protein 743 3.67 5-14
Soluble sugar 4.86 247 35
Ash 5.51 4.26 3453

As seen in Fig. 1, glucomannan yield increased
drastically when catalyst concentrations increased from
0.125 to 0.5M. However, a further increase in catalyst
concentration had caused a gradual decrease of the
glucomannan  yield. Highest glucomannan yield
(98.34 wit %) was obtained from extraction of CPTF using
05M hydrochloric acid solution. The highest
glucomannan purity (90.18 wt %) was also achieved at
that extraction condition. With this in mind, the starch
removal from CPTF through acid hydrolysisislikely to be
successful. Since pseudo-homogeneous acid hydrolysis of
starch is influenced by the acidity (pH) of the solution,
which is directly proportional to the concentrations of the
hydroxonium ions (HsO") existing in the solution [24],
then the concentration of hydroxonium ions at that
condition is 0.5 M. Based on this principle, smilar result
was reported by Tanaka et al. [45] for recovery of
glucomannan from porang flour using sulfuric acid. The
highest recovery was achieved using 0.25 M sulfuric acid,
which coincided with 0.5 M hydroxonium ions.

Generally, the rate of hydrolysis and the reducing
sugar formation rise with increasing acid concentration,
possibly due to the increase in the activity of hydrogen
ions taking part in the reaction as a catalyst [22]. As
expected, the purity of glucomannan increased steadily as
acid concentration increased from 0.125 to 0.5 M. Thisis
because more starch as the main impurity of CPTF being
hydrolyzed into reducing sugar. However, purity of
glucomannan decreased when the catalyst concentration
was higher than 0.5M. Commonly, the treatment with
concentrated acid and/or high temperature causes the
degradation of polysaccharides to form byproducts such
as monosaccharides, furfural and hydroxymethylfurfural,
thus reducing glucomannan purity [34]. Over-
decomposition of glucomannan into other products may
have been the possible cause of this phenomenon [45].

3.3. Effect of Temperature

The effect of extraction temperatures ranging from
323 to 353K was investigated by extraction using 0.5 M
hydrochloric acid solution employing CPTF.water ratio of
1:100 for 1 h. The results are shown in Fig. 2. Generally,
the rate of starch hydrolysis and mass transfer rise with

increasing temperature, possibly due to the increase in the
activity of hydrogen ions taking part in the reaction as a
catalyst [22], solubility [46, 47] and diffusivity coefficient
of starch [48, 49]. Increasng extraction temperatures
increased the mohility of starch granules, which further
facilitated dispersion of starch molecules in water [50] and
led to acid hydrolysis. The release of proteins from CPTF
particles increased with increasing temperature [51] and
so did the soluble sugar [15]. Similarly, acid hydrolysis
increases the solubilization of ash from CPTF particles
[52]. Proteins, soluble sugar and ash are not precipitated
during glucomannan precipitation in 45wt % agueous
ethanol solution. Therefore, the yield and purity of
glucomannan increased steadily as temperature raised
from 323 to 333 K. Glucomannan with the highest purity
(91.03 wt %) was obtained from extraction of CPTF at
343 K as more starch molecules were hydrolyzed than at
lower temperatures.
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Fig. 2. Effect of temperature on yield and purity

However, the yield of glucomannan decreased
when the temperature was further increased to higher than
333 K. Possble degradation of glucomannan via acid
hydrolysis to form byproducts such as reducing sugar and
other lower molecular weight fractions due to harsh
extraction conditions at high temperature may be the
cause of this phenomenon [53]. All those by-products are
soluble in ethanol [54] and therefore are not recovered
during ethanol precipitation step resulting in the reduction
of glucomannan yield.
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3.4. Mathematical Model Validation

In order to test the accuracy of the proposed
mathematical model, a series of the experiments were
conducted at temperatures ranging from 323 to 353K
using 0.5M hydrochloric acid solution by employing
CPTF.water ratio of 1:100 for 3 h. Concentrations of
glucomannan and total sugar in the solution at certain
extraction temperatures and times were taken. They were
then used to verify the proposed model and find the
optimum value of extraction parameters. The results are
presented in Fig. 3and Table 2.

Fig. 3a confirms that the crystalline region of CPTF
darch exigts at the studied temperatures, thereby resisting the
hydrolysis of porang starch to some extent. As presented in
Table 2, the value of o decreased with increasing reaction
temperature, declining to 44.2, 17.42 and 8.61 % at 323, 333
and 343 K, respectively. Asthe temperature further increased
to 353K, the value of a was significantly reduced to zero,
which showed that the mgjority of crystaline starch was
transformed to an amorphous structure, thus acid could easily
penetrate into the dtarch and catalyze the cleavage of the
S-L4-glycosidic bonds. It is aso observed in Fig. 3a that
sugar concentration increased proportionally to the reaction
time at the beginning of the hydrolysis process, and foll owed

3,50

Sugar Concentration (g/L)

2
Time (hr)

15

25 3 3.5
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by a gradual increase after 1 h. Prolonged reaction time only
dightly increased the sugar concentration, which was
supposed to be the contribution of degradation of
glucomannan into monosaccharides[55].

Fig. 3a and Table 2 indicate that at low
temperatures (323-333 K), the total sugar concentration
yield was more sensitive to variations in the parameter o
than the rate constants k; and k.. Hence, o could be
considered as the key factor in controlling the production
of simple sugar under these experimental conditions.
However, at elevated temperatures (343-353 K), because
the value of o was almost negligible, its influence on
simple sugar yield declined to an imperceptible level, thus
the simple sugar production could be predominately
controlled by the rate constants k; and ko.

Fig. 3b revedls that at the beginning of the process,
the higher temperature promotes faster extraction rate as
shown by rapid increase in glucomannan concentration. This
phenomenon may be due to the effect of temperature on
solubilization of glucomannan inside of the CPTF particles
[56]. However, the glucomannan concentration decreased
after 1 h, which is likely to be caused by degradation of
glucomannan into monosaccharides [55]. Almost, no
glucomannan degradation was observed at low temperature
(323 K) asits concentration remains congtarnt after 1 h.
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Fig. 3. Comparison of mathematical model (—) and experiments on sugar (&) and glucomannan (b)
concentration profiles carried out at various temperatures, K: 323 (U); 333 (" ); 343 (A ); 353 (+)

Table2

Optimum value of extraction model parametersat various temperatures

Temperature, K

Parameters 323 333 343 353
k.10°, T/h 501 505 625 68.0
k., Uh 483 578 703 722
k., Uh 115 125 0.84 0.82
ke, D 8.14 147 144 10.3
Hy, gl 0.08 0.19 012 0.10
Ho, gl 102 211 154 144
) 0.44 017 0.09 0
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Since the solutes (glucomannan, starch and soluble
sugar) are water soluble compounds, the beginning of the
extraction process is basically dominated by dissolution
rate of those compounds. It is observed that the
temperature significantly influences the dissolution rate of
those compounds. The increase of the mass transfer
coefficient during the extraction at 323 and 333K is more
likely due to the decrease of CPTF size, which leads to the
change of the limit layer thickness and water diffusion
process inside the granule. Solid-liquid contact surface
decreases with the increase of temperature and leads to
increase of the volumetric mass transfer coefficient.
Higher value of mass transfer coefficients (ke and k)
means higher rate of extraction and the extraction may
reach equilibrium in a shorter time. Therefore, increasing
temperature is favored for extraction because increased
extraction rate reduced extraction time and led to higher
glucomannan yield. The higher value of H at higher
extraction temperature indicated that final concentration
of solutes (glucomannan and soluble sugar) increased.
When temperature increased, al the extraction kinetic
model parameters increased. This phenomenon was also
reported by other authors [57, 58]. Unfortunately, the
mass transfer coefficients (ke and ksa) values appear to
level off after 333 K. The gelatinization of CPTF starch at
343K or higher have caused the solution became more
viscous, which led to lower diffusivity, and therefore mass
transfer coefficients values[59].

4. Conclusions

An efficient method for extraction of glucomannan
from crude porang flour via starch removal using acid
hydrolysis has been investigated. Catalyst concentration,
temperature and reaction time essentially affected the
yield and purity of glucomannan. Unfortunately, possible
degradation of glucomannan under harsh conditions was
observed. Confirmation of experimental data and
mathematical model indicated that catalyst concentration
and temperature significantly influenced the mass transfer
and kinetic hydrolysis of glucomannan and starch in the
porang flour. Glucomannan with the highest purity
(91.03 wt %) was obtained from acid hydrolysis of porang
flour using 0.5 M hydrochloric acid at 343K for 1 h. The
combined mass transfer and reaction approach has
successfully described the extraction phenomena by
which optimization of its application in industrial scale
can be made.
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KHUCJIOTHUH T'IPOJII3 TA OCA/UKEHHS
ETAHOJIY 11 EKCTPAKIIIi T TIOKOMAHHAHY
3 KJIYBHIB AMORPHOPHALLUS ONCOPHYLLUS

Anomauin. [locniodceno excmpakyilo 2OKOMAHHAHY 3
MYKU CUpUX KIyOHi8 KUCTOMHUM 2IOPONI30M A OCAOHCEHHAM ema-
Hony. JlocniOdceHo 6niue KOHYeHmpayii KUciomu, memnepamypu
ma uacy i po3pobnena Kinemuyna mooeis npoyecy ma it napamem-
DU OyiHeHi Ha OCHOGI ekcnepumenmanvhux oanux. Ompumari HOGI
Oami w000 8UX00Y MA YUCIMOMU 2THOKOMAHHAHY 30 PISHUX YMO8.

Knwuosi cnosa. znmiokomanuan, excmparyis, KUCiOmMHUu
2I0poii3, MOOENIOBANHS, MACOOOMIH, KiHEeMmUKdA.



