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Abstract

Phenolic acids are regarded as harmful materials in food and environment science but recently, as useful
materials, and thus adsorption is recommended as an effective separation technique to recover or remove phenolic
acids from diluted solution. If the adsorbed phenolic compounds were useful materials, the materials should
bhe recovered through desorption. Desorption using supercritical carbon dioxide(SC~COz) was tried to separate
food-borne phenolic acids from charcoal in single solute system. In the comparisons of desorption amounts,
gallic acid had the lowest solubility to SC-CQ:. Gallic acid has more hydroxy [unctional groups than the
other phenolic acids, which was immiscible with nonpolar SC-CQs. Ferulic acid was yielded more than p-
coumaric acid, because ferulic acid had much bigger molecular weight, which was allected more by van der
Waals force. It was found that the most affecting factor on desorption amounts was the solubility of phenolic
acids to SC-CQs. The second affecting factor was van der Waals force. Response surface methodology (RSM)
was conducted to read the trend of desorption. Increasing density of SC-COs raised solubility of phenolic acids.
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INTRODUCTION

The term of phenolic compounds embraces a wide
range of compounds that possess an aramatic ring bear-
ing a hydroxy substituent, including their functional de—
rivalives, Phenolic compounds present in many plants
are directly related to the characteristics of foods such
as taste, palatability, nuiritional value, pharmacological
and loxic effects, and microbial decomposition(1-4}. Mo
regver, many researchers have been interested in these
compounds because of their abilities recovering or re-
moving ironic jons and their properties of anti-cancer,
anti~mutant and inhibitors of bindings hetween HIV and
CD4 proteins(5-10). No matter what phenolic compounds
are recognized as harmful or useful materials as men-
tioned above, they need to he removed or recovered. In
order to separate the compounds from agueous matrix,
adsorption using charcoal has been widely emploved. Af-
ter adsorption, desorption is carried out for regeneration
of adsgrbent and recovering of adsorhate. Desorption of
phenolic acid using SC-COs(supercritical carbon dioxide!
was employed in this study.

The critical temperature and pressure of COs are 31°C
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and 7.3MPa, respectively. Supercritical zone over critical
point is called a supercritical fluid having characteristics
of hoth gases and liquids. It has the similar density of
a liquid and functions like a liquid solvent, but it diffuses
easily like gas. The high density of a supercritical fhud
allows it (o dissolve large quantities of organic com-
pounds that normally have low solubility in the ordinary
liquid or gaseous states of the same fluid(11-13).

The purpose of this study was to find out the pos-
sinlity of removing or recovering adsorbate hy SC-C0q
and figuire out desorption dynarmics. Model system was
compesed of p-coumaric acid, gallic acid and ferulic acid,
which were widely distributled in food or plant ma-
terials. Desorbed amounts depending on consumed CQOs,
desorption isotherms, response surfaces for desorption
according to changes of temperature and pressure were
investigated.

MATERIALS AND METHODS

Preparation of desorbent

According to the method described by Lee et al.(14),
charcoal was screened to 0.84~1.00mm mesh, washed again
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5 times with deionized water and dried for 48 howrs at
105°C. Then 4g charcoal was soaked in 500ppm phenolic
acid solutions(11.) and shaken under condition of 200rpm,
25°C for 24hr. The charcoal containing phenolic acids
was dried for 24hr at 40~50°C, 660 ~760mmHg. The dried
charcoal was used for desorption Inspection.

Charcoal as desorbent has physical properties of 26.227
m®/g total pore area, 26.02% porosity and 0.8093g/ml bulk
density. BET specific surface area was 1,{)40mz/g calL.

Reagents

Phenclic acids used for desorption were p—coumaric
acid. gallic acid and ferulic acid, which had over 99% pu-
rity. To analyze phenolic acids, bis-lrimethylsilic acet—
amide and acetonitrile were used for TMS and p-hy-
dorxy benzoic acid was used as internal standard. Al
reagents for this study were purchased from Sigma Co.
(St. Louis, MO 63178, USA).

Desorption using SC~CQ-

SC-COy exttraction apparatus(ISCO Model SFX2-10,
Lincoln, NE, USA) was shown in Fig. 1. Carbon dioxide
was compressed to desired pressure and supplied to ex-
traction column by a syringe pump. The system was de-
signed to maintain the constant extraction pressure at
any temperature and flow rate. The volume of extraction
column was 10ml, Carbon dioxide was flowing down-
ward in the column because the materials were solid and
channelling could be prevented. The phenolic acids laden
carbon dioxide tended to flow to the hottom of the ex-
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Fig. 1. Schematic diagram of supercritical COz desorpiion
system.
1. Liquid COp cylinder 2. Syninge Pump and Con-
troller 3. Check valve 4. Constant temperature bath
5. Preheater 6. Extraction column 7. Tilter 8. Capillary
restrictor 9. Heating chamber 10. Solvent trap V1-V4.
Valves

traction(15), The restrictor was stainless steel capillary
restrictor{(OD 300um).

The system was vented with gaseous CO; at low pres-
sure for Smin to remove air from the extraction system,
After the extractor reached lo the desired temperature,
the system was pressurized to the desired pressure. Af-
ter sample was allowed to stand for 10min for the equi-
librium of temperature and pressure. the extraction was
performed as the CO» flowed through the column, and
the extracted phenolic acids were separated by pressure
reduction and then collected in the test tube containing
distilled water. Desorption was carried out at different
pressures of 20.67, 34.46 and 4824 MPa and tempera-
tures of 40, 60 and 80°C. The COz flow rate was 1.1~2.0
g/min. The desorbed phenolic acids was collected at 30
min intervals, Charcoal. which was equilibrated with 500
ppm phenolic acid through adsorption, was used to in-
vestigate the relationship ol desorbed amount changes
depending on consumed CQOs under 41.35MPa, 70°C. De-
somption isctherms was predicted by Freundlich equation,
which were come from relations between desarbed
amount and equilibrium concentration under the same
condition.

Desorption experimental design for RSM

Response sutface methodology(BSM) of SAS program
was employed to Investigate the trend of desorption and
oplimum condition. Experiments were designed according
to central composite design which has three levels as
summarized in Table 1. It was assumed that one mathe-
matical function is present for the response variable(de-
sarption yield of phenolic acids) in terms of two inde-
pendent processing factors.

To approximate the function, second degree polynormial
equation was used;

£ k&
Y= ﬁ0+ EIBzXfI_ EIJZ]]IBUXzXJ_i_ £

where By, B, By, and By are constant coefficlent and Xi

Table 1. The central composite design by RSM com~-
puter program during supercritical carbon di—
oxide desorption

Uncoded
Coded u
Temperature(°C) Pressure{MPa)
-1 40 2067
60 34.46
1 &0 48.24
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is the coded independent variable. Statistical Analysis Sy-
stem was used to fit the second order polynomial equa-
tion to the experimental data. Significances were consi-
dered as p<0,05.

Analysis of phenolic acids

Phenolic acids were analyzed by Hobert and Senter's
method(16). Phenolic acids in 10ml effluent solution were
re—extracted by ethy! acetate and om! re-extracts were
dried under vacuum. The diled phenolic acids were dis-
solved with 1001l acetenitrile and added HS0Ml BSA
{N.O-his-trimethysilyl acetamide) reagent and 2511 p-
hydroxy henzoic acid as internal standard. After TMS
for 5 minutes at 90°C the preparing sample was analyzed
by gas chromatographyv(Pye Unicam Series 304, Philips,
England} equipped with a flame ionization defector.
Packing material was SE-30 60--80meshiShimadzu Co.
Japan) and glass column was used, which was 4mm LD.
and 1.5m length. The oven temperature was programmed
from 180°C to 240°C increasing 2°C/min. The injector and
detector temperatures were 260°C and 270°C, respectively.
Nitrogen flow rate as carrier gas was 30ml/min.

RESULTS AND DISCUSSION

Desorbed amounts in single solite system

Desorbed amounts of phenolic acid depending on con-
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Fig. 2. Desorption of phenolic acids depending on con—
sumed carbon dioxide from charcoal at 70°C,
41.35MPa.

sumed carbon dioxide which were showed in Fig. 2, Lin-
ear increments of desorbed phenolic acid were thought
that charcoal has a little ink bottle on surface area and
adscrbate concentration was too higher than desorbed
concentration The slopes of ferulic acid, p—coumaric acid
and gallic acid in single solute system were steep, mo—
derate steep, almost canstant, respectively. Ferulic acid
had mast steep slope, p—coumaric acid was next and gallic
acid was low. Ferulic acid slope had 40 folds steeper than
p-coumaric acid and 300 folds than gallic acid(Table 2.)

Desorption isotherms in single solute sysiem

Freundlich model equation was commonly adapted to
predict desorption isotherms(17-20). Desorbed amounts
depending on concentration increment of phenolic acids
were showed in Fig. 3. Gallic acids had a litlle increment
while p—coumaric acid and ferulic acid increased exponen—
tially. Maximun desorbed amounts of p-coumaric acid,
gallic acid and ferulic acid in single solute system were
5,27, 0124, 23.32% respectively.

Tahle 2. Desorption rate constant of phenolic acid in
single solute system

Mixture type Phenolic acid Slope
p~Couwmaric acid 3.88E-3

Single solute Gallic acid S5H0E-4
Ferulic acid 15h0E-1

50
@ p-Coumaric acid
40 + A Gallic acid
& Ferulic acd
—— Freundlich

Desorbed amount of phenclic acids
from charcoal {mg/g)

0 20 40 60 80 100 120 140
Equilibrated uptake amount {mg/g)

Fig. 3. Desorption isotherm of phenolic acids from ch—
arcoal in single solute system 70°C, 41.35MPa,
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Table 3. Freundlich parameters and correlation coef-

ficient of each phenolic acids

Mixture Phenolic acid K COH‘?.IEI.HDH
system coefficient
Sinele »-Coumaric acid 1.23E-10 1.96E-1  (.8322
solfte Gallic acid 204E-42 053E-1 (09345
Ferulic acid  993E-4 477E-1 09663

-comanc acid

from charcoal (Mg/g)

Desorbed amount of o

Fig. 4. Desorption response surface of p—courmaric acid

from charcoal.

The correlation coefficients and parameters of pre-
diction model were presented in Table 3. Correlation co-
efficients of gallic acid and ferulic acid were gver 0.95,
suggesting Freundlich equation was the acceptable model
to predict food-borne phenolic acid desorption 1sotherms.

Desorption trends using RSM

Response surfaces were composed by the central com-
posite design which had 3 levels of temperature and pres—
sure. RSM was conducted to determine maximum des—
orption conditions and to find overall desciption trend ac—
cording to precess variables. Densily increment of SC-
O with increment of pressure raised solubility of phenolic
acids,

p-Coumaric acid was affected more by pressure than

Desorbed amount of gallic acid
from charcoal (maly)

Fig. 5. Desorption response surface of gallic acid from
charcoal.
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Fig. 6. Desorption response surface of {erulic acid from
charcoal.

by temperature and the desorbed amount was almost
linearly increased with pressure(Fig. 4). Gallic acid was
descrbed constantly with changes of temperature and
pressure in Fig, 5. Gallic acid having more hydroxy func—
tional groups than the other phenolic acids has higher
polarity. The polarity made il difficult to desorb pgallic
acid from charcoal, because a polar gallic acid was

Table 4. Polynomial equations calculated by RSM program for phenolic acid desorption

Response Polynomial equation R-square
e . . Y = — 0409523 — 00029905x; + 0.001409x2 + 0.000239%;
p-Coumaric acid — 0.000001163x1xs ~ BATAS3TE-8 7 0:9969
. . Y = 0381733 — 0014784x -+ 0.000184x: + 0.000119x" +
Gallic acid 0.000000285xix; — 15344798 x7 00402
Y = 26568682 — 0677991x — 0.004943x; + 0.003898x%" +
Feruhc acid

0.0000648202x 138+ 0.249E-6 x°

0.9339
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immiscible with nonpolar SC-CQ.. Ferulic acid was
recovered more than p-coumaric acid as shown in Fig. 4
and 0. Because ferulic acid has a bigger molecular weight
than p-coumaric acid, ferulic acid was more affected
than p-coumaric acid by van der Waals effect. It could
be said from the results that the most effective factors
affecting desorbed amount were the first sclubility of
phenolic acids t¢ SC-COs and van der Waals force.
Respense surface equation was expressed in Table 4.
Corvelation coefficient was over 0.93 and the equation was
acceptable to explain overall desorption trends. The more
increment of pressure resulted in the more desorbed a—
mounts, which means high density of SC-COs rise solu—
bility of phenolic acids up. The similar results were reported
for rice bran and soyhean oil extractions using SC-COa.
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